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EXHIBIT "23" - Affidavit of Earl Conrad

Herkenhoff dated 29.8.1983

IN THE SUPREME COURT No. 2313 of 1982

OF WESTEMRN AUSTRALIA

IN THE MATTER of an Agreement between

LEORGE HANCOCK , ERNEST
ARCHIBALD.  MAYNARD  WRIGHT,  WRIGHT
PROSPECT ING PTY. LTO., HANC CCK
PROSPECTING —PTY.,  LID, two other
companies and HAMERSLEY IRON PTY,

LIMITED
BETWEEN: 10
HAMERSLEY IRON PTY. LIMITED Plaintiff
AND
LANGLEY GEQRGE HANCQOCK First Cefendant
ERNEST ARCHIBALD MAYNARD WRIGHT Second Cefendant
HANCCCK PRCSPECTING PTY. LTO, Third Defendant
WRICHT PROSPECTING PTY. LTD., Fourth Defendant
L.S.P. PTY. LTD, Fifth Defendant
THE NATIONAL MUTUAL LIFE ASSCCIATION
OF AUSTRALASIA LTHITED Sixth Defendant
AFFIDAVIT 20
I, EARL CONRAD HERKENHOFF of 151 warfield Orive, Moraga, california in the
United States of America, Mining and Metallurgical Engineer, make oath and
say as follows:
1. (a) I hold the degrees of Bachelcr of Science in Mining Engineering,
New Mexico School of Mines (1936) and Master of Science in
Metallurgical Engirmeering, University of Idaho (1937). I am a
registered Professional Emgineer in the States of Connecticut and
California. I am a member of the American Institute of Mining and
Metallurgicial Engineers. I hold a numter of United States patents
in mineral bereficiaticn. I am the author of approximately 15 30

technical papers on various mineral dressing processes.

1587 EXHIBIT "23" - Affidavit of Earl Conrad
Herkenhoff dated 29.8.1983



(b) I have worked continuously in the fields of mining (both
urderground and cpen pit) and mineral dressing, including iron ore
beneficiation, for 46 years. My experience spans the basic steps
of sampling mireral deposits, conducting laboratory bench scale
tests on those samples, pilot plant testing of larger samples, flow
sheet design, engireering design and equipment selection, and
operation of the completed production facilities.

(c) I spent 7 years from 1948 to 1955 on the Iron Ranges of Minnesota
and Michigan. In that time I was fField Engineer for American
Cyanamid Co. (who were technical representatives for the Heavy
Media Processes worldwide) and then Assistant Chief Metallurgist
for Pickands Mather and Co. in Hibbing, Minnesota cn the Mesabi
Range. My direct responsibilities were for the design,
construction and technical performance of 3 major ircn ore washing
and beneficiation plants, two having each a capacity of 700 tcns
per hour. These plants incorporated crushing, washing, sizing,
heavy media treatment of coarse fractions and cyclone heavy media

separation of finer fractions.

(d) From 1956 to 1962 1 was corcerned with the development of
beneficiation procedures for the multi-millicn ton ccmplex ircn ore
deposits on the coast of Peru known as the Marcona Mires. The
production plant capacity ultimstely resched 10 million tons of
product per year. The prccesses included crushing, screening,
washing, scrubbing, heavy media, jigging, spiraling, grinding,
magnetic separation and pelletizing. My positon in 1963 was Vice
President of Technical Services for Marccna Mining Company.

(e) From 1963 to 1967 1 was Vice President - Engireering and
Development for Minera Bayovar S.A. in northern Peru where a large
phaosphate rock deposit was being studied. Processing involved
selective mining, crushing, washing, intensive scrubbing,.desliming
and froth flotation, all wusing sea water. I was also Vice
President - Operations for Texada Mines Ltd. of Vancouver, British
Columbia (Texada Mines owned Mipera Bayovar S.A.). Texada

2 e
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(f)

(g)

(h)

(1)

produced sinter feed iron concentrates and by-product copper
concentrates from complex iron ores mined open pit and underground
vtilizing crushing, screening, magnetic cobbing, grinding and froth
flotation of the sulfides.

From 1967 to 1969 1 was Vice President - General Manager for
Pickands Mather International in Sydney and acted as technical
adviser to the Managing Director of Savage River Mines in
Tasmania. This operation produwced 2 miliion tons per year of high
grade oxide pellets by crushing, grinding and wet magnetic
separation. The iron ore concentrates were transported to the
pelletizing plant on the coast by slurry pipeline. Impurities in
the ore such as nickel, titania and vanadium were held to rigid
buyers' limits in the pellets.

From 1969 to 1971 I was Technical Adviser - Senior Mineral Emgineer
to the Executive Vice President of the Speciaslty Metals Civisicn of
Kaiser Aluminium and Chemical Co. in Cakland, <California. 1 then
became Consultant to the Southern Peru Copper Zlorp. (from 1971 to
1975) in connection with the 4C,0C0 tons per day Cuajone ccpper
project in southern Peru. The project capital cost was US$740
million and involved mining, milling, smelting, thermal power and
other infrastructure.

In 1975 and 1976 1 was Manager of Technical Development for A.G.
McKee Corp. in their design offices in San Mateo, California. In
1977 and 1978 I became Consultant - Mireral Projects to both Kaiser
Engineers and A.G. McKee, lccated in the San Francisco Bay area.

After two years as Engineering Director for Phillips Uranium Corp.
in New Mexico I returned to consulting work on phosphate rock for
Zellars-Williams in Lakeland, Florida and Lima, Peru. During 1982

I was consultant to Minero Peru on base metal projects and to
Hierro Peru for cobalt recovery at the Marcona deposits.

1589 EXHIBIT "23" - Affidavit of Earl Conrad
Herkenhoff dated 29.8.1483 '
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I have been asked to advise the Plaintiff in relation to these
proceedings and I have read and ask leave to refer to the Affidavits of
Colin Roy Langridge sworn on 2nd September, 1982 and 24th May, 1983, the
Affidavit of Niles Earl Grosvenor sworn on 27th October, 1982, the
Affidavits of Peter Forbes Booth sworn on 27th October, 1982 and 30th
Jdure, 1983, the Affidavit of Christian Frederick Beukema sworn on 22nd
June, 1983, the Affidavit of Alban Jucde Lynch sworn on 22nd May, 1983,
the Affidavit of Arthur Noel Pritchard sworn on 24th May, 1983, the
Affidavit of Oesmond Evered ¥Wright sworn on 30th May, 1983, the
Affidavit of Dcuglas frederick Tompsitt sworn on 24th May, 1985 and the
Affidavit of Robin John Batterham sworn on 25th May, 1983 all filed
herein. I have also examined the exhibits (other than samples of feed)
to each of those Affidavits, including the Agreement which is "Exhibit
CRL 1", I inspected the Plaintiff's facilities at Tom Price on 26th
August, 1983.

There are two broad reascns for beneficiating iron ores: first, to
increaée the iron content and improve the physical structure by crushing
oversize particles and removing excessive fines; and secondly, to
remove or reduce the content of undesirable elements such as alumina,
phosphorus, silica, titania, sulfur, copper, zinc, nickel, alkalis and
excessive moisture in order to provide steel companies with an iron ore
feed, either in blast furnace size or sinter feed size, that will meet
and maintain their specifications and tonnage requirements.

I agree that the treatment of the ore that takes place prior to and on
the screens in the washing and screeming house in the concentrator at
Tom Price includes a scrubbing function, but the process would more
likely be referred to in the iron ore industry in North America both now
and in 1962 as "washing" because that term better describes the
cleansing effect of the water. The water by itself significantly
improves the purity of the hematite by removing adhering fines and slime
particles and 1is an essential pre-requisite to later heavy media
separation. "Screenirg" now connotes and in 1962 connoted a process of
sizing without more. That is the process which a screen without washing
attributes performs. To say that a washing process like that at Tom

IP/ed—o
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Price which itself beneficiates the ore is included in the term
"screening" is incorrect.

I am confident that paragraph 4 accurately describes industry usage in
North America both now and in 1962. Now produced and shown to me are:

(a) "Exhibit ECH 1", a true copy of Chapter 10 from Taggart's Handbook

of Mineral Dressing (1945) referred to by Mr. Booth in paragraph 4

of his second Affidavit. This text recognises both "washing" and
"scrubbing" as forms of treatment in their own right.

(b) "Exhibit ECH 2", a true copy of an extract from the Bulletin of the

University of Minnesota, Mining Directory Issue (Minnesota, 1963),

in which "“washing" 1is recognised as a process distinct from

"screening". All the references to "Crushing and Screening" and to
"Crushing, Screening" are to crushing and screening without the
addition of water. The references to "washing", include plants
where water is added to the ore feed prior to and on the screens,
just as at Tom Price.

(c) "Exhibit ECH 3", a true copy of extracts from Economic Aspects of

Iron Ore Preparation {(United Nations, 1966) in which “washing" is

regarded as part of concentration anc again as a process distinct
from "screening".

I ask leave to refer in particular to psragrsph 12 of Mr. Crosvenor's
Affidavit and to paragraph 6 of Mr. Beukema's Affidavit. I disagree
with the suggestion implicit in those paragraphs that the common
description for the pfocess is "wet screening". In North America the
process would normally be described as "washimg" or "washing and
screening". When the term "wet screening" is used it is a reference to
both aspects of a dual process. Its use would immediately inform a
person in the iron ore industry that cleaning by washing was incluced.
The term "screening" standing on its own does not include that dual
process, whether it 1is described as "washing and screening" or "wet

Wf% ol
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7. Contrary to the seventh sentence in paragraph 12 of Mr. Grosvenor's
Affidavit, the purpose of adding water is to wash the ore and increase
the iron content of the coarser fractions thus "beneficiating" the ore.
Washing is particularly relevant to the removal of alumina and sulfur.

Where washing assists the sizing on the screen, that is a desirable but

secondary effect.

SWORN by the said EARL CCNRAD

HERKENHOFF at Perlh

in the State of wWesterna QAuetralia

this 29% day of &ujud’
1583,

Before me:

Filed on behalf of the Plaintiff.

1592

S.d C. [chleg
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SECTION 10
WASIIING AND SCRUBBING

ART, ra0D ANv, racy,
SCRUDNING 5. Baud scrubbing.. ... iieiiiiiiei... 08

1. Principles of serubbing. .. c.ovevvien... 01 WASHAING
2. Jetscrubbang. .. ... .. Creacrecaraeans 02 6. Screening waahiery. | 03
3. Tumbhing scrubbers. . ....... .. veeee.. 03 7. Classi‘rer nasben. . )
4. Sturingecrubbers. . ..ottt O 8. Muedllascous sccublviog wnd wastung. .. 16

Scruhling and washing arc the counterparts of ¢crushing aud concenteation respectively,
as npplicd to the ticatment of ciudes which nre geologic residuads.  Sueh erudes nor-
mally compriso 1ock that is mure or lieas unconsolidated, in nhicl the important mnineral
apecics diffier markedly in grain size and bulk hardness.  Particle size nlone it ordinanly,
but not nccessarily, the property upon which separation is based. Water it the usuul
separating mediuim, but air is somctimes vzed.  The names carry over from paralicl
familiar houschold activitics and irmply the samae actions, ri, soaking, rubbing, pound-
ing, naitation, piaying, and the hike in the presence of water, suel reanoval of the water
from the larger solid, enrrying the sinaller solid 1n suspenainn. By these micans cluy is
washed from harder and more coarsely crystalliue munerale and 1ocks genceally: sand from
segregate, fine sund from coarse sand, loum frown fine sand: =and feomn :hieil: decotnpowed
Duc-ground froin diamondiflcrous sand aud gravel; silica sand from lump Liematite, pplios
phato, Larite und tho likc; and sluny limonite frooy sssociated granular matesial,

SCRUBBING

DeGnition, Scrubbing is disintegration cffected by forces which aro relatively light.
Judgwd by ordinury standards of Lomminution, but are sufficient to Lreak dawn solt un-
cunsolidated aterial such as clay, or to rever Lhie bonding broucht about between grams
by precipitates of salts and the Like.  Scrubling is usunlly eficeted by rubbing the tarwer
end hiarder gruins toscther, s by tumbling the mass, but in some eascs the forer of a
water jet playing agrinst a miasy of crude backed Ly a rigiel surface is suthcient.  Scrulr
Ling norinally precedes washing, but the two may procced simuitancously.

1. PRINCIPLES OF SCRUBLING

Tho materials to bo scrulibed, the forin and character of the materizl to be removed
by the serubbing, and the results detnunded determine the incthod and apparstus to
Y employed. 11, as in the preparation of luinp litnestune for burning in shaft kilirs, the
finished material iy the Juinp stone and the itnpurity 1o be washed away is udhening clay
picked up in quarrying, the method indicated is onc in which the lumps of relatively
hard atone ure rublied agamst cach other in the presence of water: the degreo of tnnhbling
tequired depends upon the resistance of the clay to disintepration and upon the purity
demanded. M the clay ix touph, adlirxive, and water resixtant, and of standieds of purity
are high, the stane must bo tuinlided until 1nost of the surfaco concavitics rre elisninated,
since only thus enn such clay he removed.  On the othier Lisnd, the clay boading in many
ro-called cernented gravels containing well-rounded sinooth boulders may be removed
by cven such light rubbing as is involved m pussare through chutes and over vibrxting
rereens, particulnrly if subjected to vicorous spravs, In gencral the smaller the frag-
tients to bo acruhiled the moro irrcgulir their surfaces, and the softer they are the n.ore
dillieult it ix to serub thon.

Materials subjected o scrubbing may Lo classified on the basis of tho form of the
It component, since thin deterinines tho mcthod of serubbing. NOOULAR MATEMIALS
o thows in which the harder grains, rancing in sizo from very small to massive, aro

10-01
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10-02 SCRUBDING

scatlered through a inatrix of clay or clay-bound sand. The important chiaractaristic of
this typo of materixl (rom the standpoint of serubbing is that the snaterial to bo disitito-
crated s inasrive and (requently tonds to forin rounded Juinps (ctaYy vatts) which are
highly resistant (o dinintegration.  CusMuNTED MATENIALS arc those in which the hardee
particles predominate, but in which there is suflicient intergranular ceinenting materinl
to form & subitantially continuaus interstitial Glling: comented gold gravely wnd soine tin
gravcls aro typienl.  Cosrrp matawrats are ususlly fine genined, relatively yucunsoli-
dated, Lut coated, and, perhaps, lightly ceinented, by Glins of decomposition producu
precipitates such na iron oxides, und the like.

Mcthods of scrubbiug aro (1) jet-iinpunet, (2) tumbling, (3) stirming. Toach inay, some-
times advantageausly, bo preceded Ly toaking.  Additionully, in diflicylt enscs, riodiics-
tions of standnrd raetbods of crushing and/or grinding arc cmployed.

2. JET SCRUBBING

Jet-impact serubbing is used for pritnary disintegration of hoth nodular and cemented
crudes, and in Hinal serublung of gravelly agrregates und, less frequently, of sunds. The
undcrlying principle is subjertion of the wohd to the micchanical impulse of the jet, at tho
snmne timc supporting it apniost a rigid or semi-rigid baelhor 20 as to utilize &8 snuch of
the jet cnergy as porsible in sctling up internal steesses tn the lump, rather than in c¢ffect-
ing transport.  The size and veloaity of the jet to bo cinployved depend upon the size of
the matcrial and the method of backing. If the lumps inove as A 1nass under the impulse
of tha jet, vncrgy in Leing wasted.  Jf tho material bong jetied is subnicsged. 0 thiat a
part of the forvo of the jet is cxpended iu moving the submernang water, cucrgy is ugain
wasted. I the material is moving toward the jet as 1t is struek therehy, thie foree of the
impact is incrcascd., 1t follows that jet serubbing is mnoat effective when mnatenial is
beld in place, as in a gravel bank suflciently stecp to perrrut fapid runofl of wuier, or
when it i3 1noving dawn a steep chute (agam pernutling rapid runod), ur 1a aupported oa
(apd prefernbly inoving toward the jet over) a ngid perforate surface.

Hydraulickiog is emploved in mining meoy nodular crudes and canented rinvels and sands, not
T only hieause such excavotion and tranipoet are relatively ebrap. Lut ahuo buenwse the full 1npact of
powerful jels ean thuy and oaly thus Le Lroucbt Lo Lenr on the Gner vauds,  Yor metbods aud cue
of Lydraulic ruituog sce Fede; fur sluwcing sca Sec, L1, ArL 06,

Monitors arc nozzles, usually l.in. diametcr or larger, supplied with water 3t pressures
of 0 to 150 L. per rq. in. and upward. ‘They are used in the plaot va lump erudes of
nodular or ceinented character, the erudes normully Leing suppourted on a grizrly Jopug
tonvard the nottle stund. A typical sivoplo arrangement s shiown in 17ig. 1 (21 ]V 250).

|
R NTTTIPT

Fia. 1. Mooitor weshing plant,

The ore was delivered on an upper track, dumped into a ¢hute A and brought to a wash-
ing platform If, where 1t was duisintegrated by mcuns of a streain {rom a nowdde C.  Dis
integrated inaterinl fluwed uver & grizrly /), washied oversiza vas eollected in a bin £,
and undersizo flowed through luunder X to a scttling tank L. Scc slso Sce. 2, g 135,

At Cuantrarox Mivinag Co.. MU Plexsant, Tean, (4¢ 69 NP 27, clavev muck rom steam-2bovel
maoing i dinintegrated un & glazzly with 11010, water from -bhvdraubic Luns, adding 1,400 g pn. (lor
125 wp.h. of subd); grisaly underuze then pames 10 an BX25-ft. bLlude 1ull and thenes to 3410,
Low-hcad acreera.

A muchlcanion of monitur acrubling was used st Morsnouw Sawo & Cuaver Co., Monroe, La. (47 #9
RP 1C). A ceinented cravel contaming sboul 209 cluy was eacavated Ly stcam ahovel and trans
ported by side~dump cure tu tLe shore of a lake, wbere 1t was durnjed. A beader with a pluwahity of
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TUMBLING SCRUBBERS 10-03

Jets uoder 25-1b. pronsure was enrried slong sbove the dump, and the dump was washed into the lake
by the jete.  Tho matcrial was then picked up LUy A suction dredge and waslied and sised ia the wsund
feahion (Seec 3, Art. 38). TVl luke served Loth for storace and tosolica sud dusategrate emall luwps
of clay Ly so3livg

Water consurmption for jet scrubbing is substantially iinpossiblo to estimate. A
1 1/ or 2-in. monitor under CO- to 100-1b. pressuro wll cffcct rough disiutegrution of
s rclatively large tonnare of suaterial per hr., suflicicut to permit passago through a1 3/~
or 2-in. grirzly, and the water therefor is readily caleulable, eg., for a 2-in. notile at
100-1b., 1,100 10 1,200 n.p.m. is requured.  Thus i exteosive nmowutor serublg is con-
templated, a large supply of cheap water is neccssary.

Jct scrubbiog on screcas.  Seo Art. G.

3. TUMBLING SCRUBBERS

Tumbling acrubbers aro rotatallo cylindrical shells, sct more or less horizontally, with
end closurcs auflicicut to maintain A body of liquid withia them, and with iaternal pro-
jections thal scrve to tumble the load on rotation.  They operate, usually, st speeds weil
below critical (Sce. 5, Art. 2) and thus depend for their scrublang action prananly on
rubbing between the lumps of hard material 1w the feed, supplonented Ly such impact
an occuts in eascading (sco Sce. S, Art. 2). At the u<ual low speeds the forces are sul-
ficient 12 brenk matcnal as soft as tho ordinary pehblo phosphates, but ay disintegrate
barito ($cc. 3, Art. 3) or nodular manganese oudes. Ordiuary clays distutegeate rela-
tively completely, if the harder snaterial is 2-mn. luinp or larger, und tne pulpas Kept thin:
tough clays, amail lump, and thick pulps all tend toward the praduction of elay balls,
which tend to float thvouph without diaintegration, he remedics nre bigcher speeds to
causc definite cataracting, introduction of u iight load of steel twinbling media, and thin
pulp; ono or moio being applied according to cucumstances.

Drum ccrubber in ils sunplest forin (1'ig. 2} is 3 eyhindrical weided-steel shell, 5 to 7 (¢,
diameter Ly 5 to 25 . long, willi plane or conical ends. It is mouuted, with azis hori-
sootal, on tires ind roullers, and revolved 10
or 12 r.pan. (170 w0 190 [.p.mu. peripheral
specd) by spur genr, Itis lined with cinlled
cast-irou or mangauese-steel bloeks, usually
in alternate courses of s:nooth and lifter
types, the hifters beinz set at an angle so
as to both clevate and convey scttlied mates
rial from feed to discharge end.  Water
and suspended fines flow through, cither
concurrent or countercurrent, by reasun of
diflerence in digincter of feed and diacharye
opeuings. Lifters of spirnl or radial types
on tbe discharge head g 1nay be used to hift
the scrublled rock to the discharge open-
ing (rcc See. 5, Art. S). Weight comglete
is from 20.009 t¢ £3.000 1bL. over the mae Fia. 2.

Drum scrubr (afier 184s-Clolmers
range $X 8- to 7 X24-(t. Alfg. Ce .

Opereting coaditions. Fcrro aurr for standard conatruction i3 ueually 4.in. limiting. Larzer
luoips, G- to 10-in., require larger feed snd dizeharpe opciinzs aod redevitined discbercehaad hilficrs
Caraciry is 8 inatter of converving rate, »hich depends upan the projection and iuchination of tha
liflers and uimn the coarencas of the feed  Manulscturery’ ratngs (or 2t drumis are 20 to 73 .p.A.,
for G-1t. from 75 10 123 Lynh., and fur 7.0t (roin 200 to JVU Lp.b., the tower values gt ¢ach site carres
spondinz, of coumc, 10 the hicher and tougher clay contenis of tbe fends. [‘Owka coNsOUPTION
vanes with the sinnunt and apeeific gravity of coarac 1natenal in the feed. and upon the hardarsy of
the saad and its raulting tendency 1o Wit the lead.  Motor sites recomnmended range fro:n 10-lip.
for 8 $XB-ft. druin to (O-hp. for « GX20-1t. end 125 hn. for tho 7Y 24-fL sske. \W\TiI CONSTMITION
depeods upon the service, Lut 13 rouzbly withun the raogo of 1 to 4 teas per toa of solid feed.

Blade mil; paddle mill (Fix, 3) is eszcatially o drum-tyme conflow scrubber witl log-
wasber teeth a of adjustable angularity (Art. 1) and without an inside wash spray. lo
ono form, it is trunnion-mounted, sath trunnions capahlo of passinz i2-w. lumps, and 1s
Gtted witly a large gravity-foed hopper, 3 lifter-type discharre for coarse wnaterial, and a
trunaion drum (sco Fig. 4) having snnular retaiming nings to aid in maineaiming level with
& gurging feed. It is built in the behiel that the higher blades (as coinpared with tho
simplo drum-type serublber) will bo more cflective in disintegrating clay Lalls. by reason

EXHIBIT "23ECHY" - BExtract, fram “Handbook
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10-04 SCRUDBBING

of a culting action; and that control of time-factor may bo cffected by edjustraent of
ho pitch of tho Llades. Sizes aro G- und 7-ft. diamicter by 16- to 30-(t. length., Perform-
snce data are not available but makers’ ratings aro
200 to 300 t.p.h.

Conc-endced scrubber is a cylindaor with 30® con-
ieal cnds and spiral lifters carried up into .the dis-
chnrge-cnd cons to aid in dischinmiging coiarse mate=
rial. It is effective for casy serubhing, such as for
Jlump linestonc; it is doubitful whether it would Lo
effectivo for difficult werk.

Super-serubber is uwd for refractory feeds that
requiro intense tumbling for disintegration. lasr-
1us aro given more projection and the inclination
fonard the discharge end 1 decransed or eliminated.
Srrruisincreaced 10 between 80 and 9094 of critical
s0 that there 13 mueh eatarncting of the charge.
Powrnr requirement is thus mnore than doulled.
Caracity is decreased by rcason of tbe deercase in
conveying thrust. Alore rood rock is crushed and
droken. The machino should be heavier and more rugged gonerally to ithstand tho
heavier duty.

Counterflow scrubber is designed to rainove clay and fine sand from gravel and stone
during the rerubbing operation.  Onc formas shown in Vig. 4. It comprises a evhindrical
shell with hished ends, trunnion mounted, with eylindricnl axis hosizontzl,  The feed end
i3 lined wiath spiral lifters a directed townrd the dischiarge end, so that material ia heaped
up beyond the inner cnds of the lifters and therealter flows by gravity to andd throurh
the discharro trunnion. The remuinder of the eylinder is lined with Iifter liners b, the
ridges ¢ parallel to the shell axis. A grate & at the feed end formng a4 perforate annulus
around the feed chute, holding Laek the coarser material, but permitting cxrcss of fines.
Liquid flov tonward this end is induced by making the Ciameter of the duscharge opening
smeller thian tho outsde diamcter
of tho grato snd fecd-trunnion
opening. Sprav pipe ¢ wvith de-
flector jets (Fig. 9) projeets into
the dischaife end as indicated.
Bpced is such that, with tho hfters,
the 10ad is largely ecatarsctend, and
the low-level discharge mitunvizes
cushioning. Counterilon acts to
deercaso in-load cushioning Ly re-
moving much fine miaterial shortly
after entey: it Also dues final swashs
ing of product with tho cleanest
wa‘cr. Usual diameters aro 5 to Tra. 4. Counterlow serulber (2fice ,tllie-Chalmers Mg Co).
7 It. and lenzths from 1- to 1 3/,-
times diaincter, Outside sereen (Tuuxxiox Tnovmel) £, Lolted to the discharge spout,
is used when close sizing nf coarse products is unnceesaary,

In anothier furm, wnath plane instead of dishied ends, a chute projeccts a2djustably into
the dischargo opening and the lifters are carried to the end of the sheil: the comianation
scrves to.clevate and Jiop serubleed matenial into the chute, and the extent of washung
noy bo varicd by the inward projection of the latter.

Screen scrubbder is an imiperfurato scction, urually at the head of a revolving scrcen
washicr (Act. G). The cover sections are steel plute or manganese-stevl castings, usuaily
unlined, with lonpitudinal lifters, wund, normally, an annular Lafle st the end (o 1ncrease
time-factor somewhat and to make the falling load slightly heavier than otherwite. The
action of a screen scrubler iy tnuch lighter than that of the drum-tyjc machuics above
deseribed; correspondingly, Jess thorounh disintegration is demasded. For further detad
of cunstruction and opceratiun sco See. 7, Art. 5.

Fiu. ). DBlade null (afirr McLanahan &
Stere Corp.)

4. STIRRING SCRUBBERS
Stirnng scrubbers aro cssentially stirring devices in which thick pulps, ordinarily too

fino or Lo soft to bo serublied cficctively Ly timbling, are treated.  Sorne of thern, such
as tho pug mills and mulchicrs, depend upon moviug Lludes to actually cut threugh colt

EXHIBIT "23BCH]" > Extract from "Handbopk
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LOG WASIER 10-05

clay lumpa: tho mojority, however, stteinpt by thorourh stirring to produco repeated
rubbing together of herd-partcle surfaces in order to rub ofl adlicrent Glnus of softer
matcerials,

Pug ouill (Fig 8) consists of & harftoatal trouph a in which is mounted & shalt or shalts b earning
tindes ¢, ususlly set ot a suflicient anglo fo tha shuit 1o hinmpart 1o tbe pulp sonie longitudinal tnoveincot.
Disseter of Liade-tip cirele ranrpes frun
10 in. 1o 3 ft. accurding 1o the duly.
Biced ranges from 10 to WO rpan. The
appiacatus s used for soft elays conduine
fng celatively amall amounts of amall
geanvlar niaterisle,  Caraciry depends
upon the ainount of dinintepeation neces-
sty and the dilliculty v cffecting it:
cach €3sn i3 nioro or less spccist, and can
Lo decided only on the Lasa of test and
espcrience. Form C, Fic. S, represents
& wisee In o revolving barrel nnd is uved wheo the charge tends to be eticky and not travel throuch the
normisl typo uf wull,

Log Wasber

A Jog washer lias two functions, ri3, (a) to disintegrate clay and ¢lay-bound sand
matriccs, and (U) Lo scparate disintegrated Ones from lump material.  Both dimstegration

Fro. 6. Stec!-log wasber.

and transport of tho coarser matcrial are performed by blade-bearing inclined revolving
rocs, which agitate and turn over tho feed 1n wuter in a bux and at the samo time jaush
tho scttled Juip mntenal up an inclined Lottom by resson of the apiral positioning ol
tho ULlades. [ischiarge of fines i effccted by ovesflow, in suspcusion in water, st tho
lower ¢ind of the Lox.

Description. l.og washers (Fig. 6) comprise cssentially ono or two hesvy inclined
members or logs (/) mounted rotatably on a slupe of 0 to 2 Vs or 3 i.p.d. in a rectangular
or round-bottnmed trough (2), with bottom on the same
slope. Logs wero wade originally (and sull are in small,
crude plants) of 12- tn 18-in. sticks, shad full length with
jron straps, and fitted with chilled-iron gudgeons (Fig. 7).
the lower gudgeon or Loth guducons passing thraugh a stafl-
ing box nnd carried 1n 3 thrust bearing.  In modern forms
the bearinps arc outside, roller-tyne, and tho lnwer (drive)
end of the rhaft passes through a water-seulud stufling box.
In the modern apparatus figured, the logs are made of § X S X
"Fro. 7. Gud Jilled-iron 3/4-in. angley welded to forin an B X 8-in. box rirder, Jlaso

imble ."':”.":v' bearing plates (3) for holding reversible alloy-steel blades (§) are

for woodun log. welded to the logs in such spacing (about 4 per L) and

ik
Moy,
S 2
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10-06 SCNUDBING

position that the blades form an ioterruptled spiral with a pitch angle of 65 to 70° end
a diamcter of 20 to 40 in.  l.ogs aro mado in 20- to 35-ft. lengths; in 2-log tnacbines tata-
tion iw in onposito directiona, rising in tha center. Boxes arc normally of steel. but often
of wuod, with adjustalile overflow (5) and sand-dischargo spout (). Clearanco between
blado-tip circlo and box Lottoni should Le greater than the largest lump of feed. The
uppcr 8 to 10 {2, ol the box is usually sprayed. Normal speed range 1s 140 to 190 {.p.n.
peripheral, tho higher figure correrponding to the greater blude-tip circle; speeds up to
240 f.p.an. are showo in Table 1.

Table 1. Performances of 2-log washers on stone and gravel (After Amios and Paticraon)

Waber Tower, hp.
Water,

Feed Feed, Lenech | i r Cooruwed wns | Neject,

L toes st v iteh pesr tous

waierial Site. ia. Per Bos of tip of Sn«% In- Per | toa per

As. logv, |arcle [ blades, | rymlitaled wa of br,

. : . | e | deg. Towll o | feed
feed

<lisy TR \Vrod 25 » Qs N [S] 39 2.4 0.7 4.2

J2vg~vizd 15¢ | Wood LY 1PN IS DRV B 109 | 91 +3¢6e|leoey.. .. .
<ty 8¢ | Ward 2% ¥ |y D &0 &4 |11 22 )]

<134 Q Wood Al 23 ¥ | Ly 0 | ... 2.00] 30 9.5
13/(~1/49 010 70| Weeu b % ... bt 10 |...... 1.5¢( 0.8k [10t02
] 80 Steel 13 ¥ | 21%n 15 L PO 0.51]2.8 8to 10
Jd <kl |l Sieed 25 3% |15 16 &0 |...... RN Y T U
VY y~V/ad §S¢ | . ..., 0 J...... P LN 39 O

€ Coat (10135), 4 G¢ per ton of mazhed praduct, of which ponwer was 637,. Labor,) uiso to 2 machine.

b Foreign material, red clay 10 balls aud coating the stoue.

¢ Washied product.

d Mefuse from hund loading st Quarry Iace; includes Joam aad clay balla I to Cin. diem.; also comue
dayanenred lurger rock.

¢ Casicr w ahing thian material in Cral Une of table because clsy bad somewhat westhiered. Nepain
and orintenance, 0.17¢ ner ton of feed

{Cemented. Ouing (A inctcaming cemantation a rotary washiag screeo with sccubber sectioa would
00 longer clesn the product sufficiently,

¢ Vbrough 2-i0. riug, oa 1/¢-i0. Viliraling screea.

A Slope, ) i.pd.

{ Estimated.
- & Miumuro operable with this feed. Supply Umited.

! Crovented.

m it run,

n Kepaire estimaled at 1 to 2/ per Loo of Bnisbed product.

o Clay-<coated

2400 g.p.n,

¢ <!/4-ia removed Ly vibrating screcas.

Turbo washers are log wesbernn with perferated falro Lottoms throuzh wldch satet ia foreed vader
pressure  They wadh the Jump matenal more thorougbly than the ordinary log washer doea

Opcratlon. LusGru of machine sffects tuno that matrisl is subjected to the action of the lows and
therefuro tbe catent of disintecration asd cleaning of sand. Lut 1t does not affect rato of sand roove-
meol and, therefore, hay no cfiers on capucity,  Stoer afTects the run-biaek rate from the eands: the
ateeper tbe elupe the Letter the clenimaz, all viber things Leing equat. Witkio amail Lreats, alvo, slupe
affecta rate of aand trave! and thuy coatrnly eappacaity. Srrro aflecta the Jorea nf the Llade Liows end
thercby thie divintezrating; Licher spead. honever, increnses transport rate and eorrespondingly des
crcanen LUime-Iactor; wsual range 19 20 1o 28 r.p.m. fur the larger tnaclunes.  Slow 1aceds must be used
for difficult wasling  \Warew CO:NsOnFTION varies according tn the amount of solid to Le carticd
over; figures raore from 1 to 8 tous per ton of feced The larger quuntitics are tequred with sandy
and loumy inatenial; with sl ciay thicker pulp sida Unintegrrtion, and when coarse matensl iv to be
overflownd a thiek pulp 19 necetanry for Luoyaney., Unlews denining 19 nccessary, soray water sbould
be sdded A3 near the upper cnd as porwble, at pressures of 20 or 20 |b. or niore. Lstra wuter added
to iocrensne volumne of overflow aliould be intreaduecd 1n the corocrs at the discbarre end ia otder to
oive s counterlow effect. [onra requirted 1a fram 1S hip, for & sinall aingle-log :nechine 10 100 hp,
for a large doubile-lag machiae; the 1axjuircarcnt e generally Jower the hipher the cliuy content; con-
sumption Giurea As low an U 5 bp-br. per tun aro repoeted.  Fueon is introduced un the upcorming nide
of & aingle Jug ve Letween double lers and, 10 order 10 save poner and wcar, as near the licad end as
will produce & clean produet. When the feed varnes widcly in amount of dirt, it sheuld be Lrought in
bigh ennuizh above the washer 10 perinit the actiial feed o1t to bo chnnged with the duty denanded.
Mazimwn sise of feed is uasuslly about J-in,, Lut 4-in, atane can be haudled in larrs logs.  large tock
teads to worl dasn-slope and jam in the Inwee ¢nd of the bos; this cun be preveuted Ly feeding over &
grisdy, with oversisg dulivered {artbest up-siope.

EXHIBIT “23ECI1" "

- ma_ct - £rom "Handbook

of VMineral DressingV.by' A.Fh: Taggart

2(

3¢

w

6



LOG WASHER : 10-07

Concentrating action fu s log wazber. Apart {roin the cdaasifying action, which js
simply n rough siting, a log washer forms a atirred bed in which reversa classifeation, aided
by the lifting action of the paddles, keeps tho coarser matcrial st tho top., where it is
most readily traoelerred up-siope.  If the fued is 3 mixturce of minerals of different apecific
gravitics, the coarsc particles of lower gravity suply float on the bed.  The coarsu parti-
cles of higher ravity aro prevented fromn sinking in it Ly the stirring.  Thoe finer materiad
nnt in suspension. which percolates, stratifies acecordio Lo specific gravity: a part of the
Jighter ean then Le forced to overflow, whilo the heavier Lotlom inaterial i carried up-
slopo Ly the conveying sction of the logs. If the log is overfcd. Loth scrulling and
washing decrease mackedly; if the pulp 13 too thick, fino light materinl is carried ioto a
heavy-minorul log product. ’

Cepaclty. Maziinur capacity is determined by the traiuport ahility of the logy sctiog a3 a hlade
cooveyor. Manulucturess' eatings of this capacity al blade-lip srxceds of 20010225 (.p.m, 1ance from
80 t0 80 t.p.lu for & 3G-in. tip circle on material of 2.7 op. v, Performance Bxures are in (hw ruoge.
Meumum capacitics for smaller 1iaes may Le estienated rom these 0o the praportion of the squires
of tbe diaoretcrs of the Lip circles. Total capaeity i3 the raking ecapacity pluy the discard Whean
wasbing Is dificult, aped must be reduced; then reduce estimated rakiog capecity proporticoately,
For material of lugh srecific gravily, increasc tonnage ctlimalcs proportionately. Ao overvise slowe
asoca of 235 to 207, should be inade Lo take care of surges.

Petformance. Al the Coleraine plant of Otriver luox Miw, Co., washing hematile oce at <250,
1ing, 3IG-Ui. X 25-(t. turbo-type doublelug nasbera at 14 r.p.n. received 100 t.p.b. cach apd miade <O
tors of concentrate, OverOow way sent a3t the rate of 107 t.ph esch lo 20 X16-11. 2152 turbo
mechines at 9 r.p.m., wluck niade 32 tons each of conceotrate. Dotb concentrates sveraged 55T, Fo
sad 107 Si0:. In Alabama (105 » (35) lor nasbcrs are wed to nash clay ¢ad crevel frem nndylar
Lmouite  Usual capacity of 36-10, 2-10z ascluner, 22160 (1 Juag. 30 121015 r.p.in s M to 7S L.p. AL
with 8 (o 257, of tbe (ccd Leing 1ahed up as concedtrate carrvaing 40 Lo 455 Yoo  Mazimum sisc of
feed Is about J-iu. Tresting 1nancadese ores (Al 737 US('S 52) o doutde 23-(¢. loz makiog 12 to
1Sr.p.m. treated 40 to SUtona et 24 hr, with & water consumplion of 20 tu 7S ¢ p m. and 20 to 28 hp.

Perlcrruancss at a number of 1ncteilatinng wathrog himestones sod gavels are gaven 1o Table ) (129
A 148). Yor use in mills sce Sean. 2 s0d 3.

Chorgcter of productfs. Log washers ara largely sizers 30 [ar as the coarse product is
concermned and this must usually, therefore, Lo [urther cooeentrated. The ordinary means
are picking, jigaing, or sink-Noat separation. There iy some difTerential settfing of fine
maitcrial, but overfiuw cannot Le considercd finished tading cxcept fur low-cost mincral,
or {or one not further concentratable.

Scrow washer (Fiz. 8) is a modification of the log washer designed for light scrubbing
snd washing of coarser sand. It comprixes an clined tank with sudes built up at the
lower cnd to accornmodate a pool. the depth
of which is controlled by nicana of an adjust-
able over@ow weir at a. The screws b,
usually 16 o 20 in. diameter, are cast or
sheot-stecl spirals carried in beariops out-
side the tank. Provision for tlrust iy made
fn tho lower bearnings, and the stuffing box
st tho lJower end is water-sealed. Urual
speed rango is 2045 r.pan.. and should Lo
an opcerating ndjustment.  Feed is intro-
duced into the poot at a limiting site usually
3/e- L0 1/3-in.; the loration of tha feed point
is searer the high end the couracr the feed.
Spray water is introduced on the upcoming
side of s mingle apiral, or between oppositely
rotating doulle sercws ncar the hugh end,
the location of the topmost ict being a com-
promise bLetween reyuiremeats for cleanli-
ness and deyners of sand.  LrNcTit is usually 15 to 20 ft. Piremis 31/s to 4 V- ipo.,
usually incrensing with length. Caracity ranges from about 10 t.p.h. for a L6-in, single
screw doing difficult cleaning and inaking n relatively dry 2and 10 70 t.ph, when making
AN easy scparation in a 20-in. 2-screw mechine. Doubl=acretv capacity for A given speed
is substantially twico that for n single screw; capacity is directly proportional to speed
snd to the sruare of the dinmncter of spirnl.  I’rovisinn may be made to introduce bottom
water nesr the shallow end of the pool; this tends to maka a clenncr saad.

Fic. 8. Doublescrew sand wasber,

Modified log washer for sand washing, used st P. J. Weinre, Inc, Corous, Calif, (4 $8 R 65 ia
production of glaas sand, bad alteenste radinl and €5 tiades, 13 I/=n. radive, mnunted on s 1 13/

ehafLio & horisontal tank.  ‘I'he squecsing cffertcd by the radiel blades is reporiad (o bave.lcen cfco- -

Uve in disintegrating smiell cley Lalls (sca See. 3, Fig C1)
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10-08 WASIING

5. SAND SCRUBBIOIG

8and scrubbing is cssentially rewvoval of films or coatings. i.c., disintegration of clay
ningscs or tho like iv nounally not involved. Tho metlod einpluyed depends upon the
sulractoriness of tho coating.

Scuffing is n niume recently applied to a form of serubbing. the object of which is. in
genersl, to remove fine-grained crumbly or particulate incrustations froin sandy tnaterials,
Thus clay and finc phosphato slimes ure removed from pebble-phosphiate particles prior
to oiling for tablc Nlutation (Sce. 12, Art. 30: Sec. 3, Figs. 51, 51); deco:nposed feld~patlic
matorial is removed in preparing spodumene for froth flotation (Sce. 12, Art. 53); and
fine powdery hematito is rubbed from Quarts grains ju treatment of the odlitic Lematites
of tho southern U. S. .

Tho mecthods employed for scuffing depend upon the difliculty of the job. Tumbling
mills (Sce. 5) with light Joads of 10ds or balls are used in phosphate and hernatite treat-
went; chnser mitly nre used for some glass sands, tumbling milis with 3 load of slugs for
others (48 1 RP 10.): vigorous stirring 1n a thick pulp in a Leater box sucht as the agita-
tion cotnpartmient of nn sgitation-fruth 1nachine (Sec. 12, Art. 27), with a dispersant
present Lo provent redeposiion (Sce. 12, Art. 7) is auflicient in other cases.

Separation in scrudling is ncver clean, When cleanliness is desired tho scrubbed
matcrisl inust bo suljccted to some further forin of waslung or other mcthod of concen-
tratiou.

WASHING

Washing is, properly. sepoeration on a site basis hetween particles Jiffering so sidely in
site that tho smalicr arc readily suspended in s fluid current whieli fails completely to
etuspend the Jarger.  Tho terin is applied also, however, o classification, paiticularly
the 3and snd gruvel industrics and an those concentrating operations in wheeh the crude
scparations possible in classiBiers nio suflicient, ¢.¢., for certan irou Ores, 1auganese ores,
phosphatcs, and the like.

Washing usually involves more or less serubbing.  Thisis particularly true with crudes
which requirc light acrubbing ouly, such as crushed stone, dredged shell, aad inapy sands
and gravels.

Tho principsal apparatus used for woashing arc screens for sizes ¢narser than l/g-in.; sand
tanks, incchanical classiicrs end hindered-scttling hydraulic classifiers for scparations
in tho range froin 10- to 100-m.; and hydro-bowls und air ¢classifiers in tho finest rauge.

6. SCREENING WASHERS

A washing scrcen is an ordinary screen provided with more or lecss powerful water jets
playing ou tho oversize material, suitably housed to lesd awsy liquid undersize and coa-
fino splash.

Rotary washing screens arc used when a considerable amount of disintegration, usually
of claycy niaterial, is neceasary, swhen (umbluig snd somes resultant breakage of oversite
are not haninful, and when separation is to boe madc at sizes not finer than ¥/g-in.

Tha greatest developinent of rotary washing screens hes been in connection with gold
and Un dredging.  lu this service single-jacket screens up 0 9 L, in diameter and SO (¢,
‘ong, usually with a scrubhing section, have been built.  See Sec. 2, Art. 20, for detnils
of conatruction and opcration in gold and tin dredging.  Sce Sce. 7, Art. S, for the forins
ordinarily used in treating industrial minceals, Such serecns when used (or washing
differ from those uscd for screcning alonc in tho fact that they sre norinally cquipped
with lifters, they liave internal speays, and nay have rewrding rings o thicken tho bed
snd thus cause a certuin awount of wn-load rubling,

Rotary screens without hifters have bLeen widely used for light washing and sizing
erushed stono and gravel. They have been largely displaced, however, by vibrating
screcns in ost modern instullations of this type, particulerly when but little disintegra-
tion is required, or where heavy scruhbing is dane separately (Aet. 1), The only sacrifico
ia such substitution is lnzs of the transport and distributinn to bina effected by tho usual
rotary. Tlis loas is more than compensated for by the smaller weight, greater compact-
ness, and ligher capacity and cfficiency of the vibrating type.

Rotary &kcreens are pre<ciminent in washing dredged shell.  Ja this servico thero is
considurable marl to be dialudged (rata the chell cavities and tumbling is cssential o
present both [aces of tho ahell repeatedly to the washing jets. Tho accompanying sand
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SCREENING WASHERS 10-09

{s fino 80 that screcning, even at somcwhat under /g-in. on the outer jacket, Is casy, and
the shcll is n chenp cnough commoditly to malke it unnceeasary to reduce aperture to
effcet the hiphest possible shell recovery.

Chains of heavy rod, huog in lonns from tha lifters, have been proposed for inaterial that requircs
considcrable scrvobinr, sud s deGaent in conrre heavy lunipw,  The ehains are to Le hung in the
errulbing and/or coarsc-screening acctions, It is dilicult 1o 10e bow they could aid; 3ny «lap that
they might csert would La on the Jownecomung side. wluch earries no bed; on the upconmnng sida the
teudency would be to awing out and dulodie matenal froun the Llter shelves at a lower clevativa
than atberwise, thus decreasing impeaet,

Capacity depcnda upoc the requircincnts 33 to clesnlinem of oversiee, the size 3L nlieh separatico
I made, and the suunt of neaz-mesh mstenal preaent. Tor Lroken rock and unt more than 50€)
of aversitg Lo any giveu serecing sutlnce, A baxe rate of 1 ton jer 24 Lr. per 9q. (1. of sereen sutface
frcr mem ol apcrture is gafe: tlug rate inay Le increand 100 to 2U0% 1n tlhe case of the Gucr apcrtuies
(3/3- to V/g-1n) owing tu tha presence of plentiful wash water, For loowe l1ee-runniug and generally
rounded cravel of lone wiilorne runze, add 20 to 257,  For bully, irregular muaternials such aa shiell,
apgdy o factor proportiunal to the decrease in Lulk weight, and a furcber avubisplecr wlach tiay Lo 0.25
or simsllcr for Wlinding tendeney, [ comsiderable propurtions of nexr-nesh matenal are present,
apply 8 hall-aise factor /f of the general order of mazmitude gncnan See, 7, Art 9, I Lizh waslung
flicicney iy necrmanry, a finsl efficicncey [acter, depending oo thie rtouzhness aad fines-halding nature
of thie surlaca and the sdhiauive charactrr of the fine matenial, mint o applied: thng will Le o divisor,
the nagnitude of »lich Moy he ax ureat as 10, i, asin the ezne of oyster sbell for stz lugh-punity
fime, the surince hias sucesacd rouclisesa and if the sbicll has Leeu dug froin a deprosit contailung coa-
siderable day,

Shaking-screcn washers have been installed on a few dredges (Sac. 2, Ast. 21). They
have boen cutensively used in washing pebble phosphiate, and, following this practice,
have been emploved in treatrmicnt of sindur ores such as barite 2and minngancse. They
have niso been used as the exclusive means lor screen washing of anthracite.

The pliniozophy underlying the use of tiio shaker in phosphate washing was that sepa-
ration liad to Lo innde at a fine rmesh, disintegration liad already been effected in log
warhers (Art, 4), the shaker was e« cflicicnt as the tromunel, had much higher capacity
per sQuare (oot of fluor apace and of finc-screen surface, and was cheaper 10 nstall,  The
tnodern (rend i3 townard vaibrating scecens, which actuully have most of the advaotages
stiributed to the shakers.

Sprays for phosphate washing are reported to have been most cffcetive with 50-1b.
pressure; Jight londs on the screcus are essential for yood washing.

Washiog of snthracitc 00 shaking screens v, escepnt for the bull screen, entirely secondary tosising:
the scscens wore wnd arc scleetad fur tlus letter service because they cause the least Lreakage of soy
scrocn Availalle

For construction and operation of shaking scrcena sce See. 7, Art. 6.

Vibrating screcns arc usced for niost modern sizini; and nashing of rock. gravel, and the
like down (o {fg-in. sizes when the scnubhing requieemens are light.  The types of screen
which ean run on low slopes aro preferalile of scrubbing must te done, and, in general,
the cleancr tho oversize product required, the flatter the sercen chioten. The sercens
should ho operuted 0 as to produce a relatively tun lted snd high sctivity of oversize,
sinco turning of oversizo for subsjection of all sides to water 13 desirable.

Capacifics may he reckoned on the basic rates givea in See. 7, Art. 9, nith the additional
Wash sprays.  Various forins of spray nozzles have been devised 1o produce cffcctive
Jes and spray strcams.  Two formy are shown in Fig. 9. lican a elampas to the header so
flector being shapad o produce the forns of
jet desited. Itern b iy welded or clamped -,L?-:.'.""
i position.  The inner surlace of the de- i ""
undirected spray. Spray water should be s (AN 1

{actors discussed under Rolgry washing screens (ante).
a3 (0 hood n urnilicd orifice therein, the de-
)
V7D Q
ficctors is polished in a!l cases to climinate Sooase % m

. [4 L
applied under at feast 25-10. pressure. The &~ THNAR
heders are run ubove the sercen box, trans- \\"‘"_/ toned / //'l \\ W
veraely to tho flow: they shnuld be closa g,':,'\'.'l' ?.";-:- 71TV
cnuugh to the bied of material to iinpinge a N

A3 sheets rather than as spray, nnd should
1w %0 spaced rs w farm & continuous sheet
of water acruas i screen box nt the level of the upper surface of the bed.  The number
of ¢ross headers depends upon the amount of washing required; spacing is sumectines s
clone 83 G ot 8 in. between headers. Spray pipes should be wsseinblad, if possille, so that
the entira assztally cec be Jiftesd to Lermit sercen change.

Fia. 9. Spray nostles.

EXHIBIT "23EQHI"
of Mineral Dressing"

1602

= Extract fram

"Handbook

:by’ A.F. . Taggart

10

20

30

40

50

60



10-10 WASIIING

Vibrating sarubber (Fig 10) I+ a modified cccentric-drive vibrating scrcen with the screcn bos rebuily
to farin Lwo separate Uanaverse deep pockets o with hopncred screen Lottowna.  Fishitad sprays arq
provided slove cach poeket. ludepeudent Iced strenms nre brourht 1o ench trourh at the hacel side
ol the screen box in the Apure, and the scrubbed materiy
discharges throunh the screen-Lor wall at the front. Tle
dovico is effective, st any ¢conmnin capacity, only when
tde sinount ol scrulbing neceasary iv very sntall, since the
superincurnlient load is light and turnover u shglt, if
any, and alniost wholly undireciexl and sccidenwal, = hily
the spray is clcetive on the paruicles in the upper layer
only. :

A. E. Reed (PO) reporta that 2 @ 2X0-1t, scrubbery
handic up to PO t.p b cach of ¥ ¢~I/gin. stons 1o mule
satisfactory temoval of clay: and that & pelidle rhmnhae
containing J3% clay 19 fod at 100 tpb 0 @ 2Xo (.
scrubbcers in series, witlh Intermediate screening ¢a 20-m.
Fflum-mers, prwducing 3 washed pebble cleaner than was
mado on log washess, with less lom, snd =il 8 saviog of
Fi10.10. Niagara scrubber. 6G%e in power and 207, in maigicnance.

Stationary-screen washers must ordinarily be sct on such a steep slope that insuf-
Beient timno is available for even tho most cursory washing.

At Lawxiwcr Sront & Gnaver Co., Nlenbeim, 8. C. ({5 €2 RIP 4{). an 8X10-1t. stationsary screes,
on 5° slope, with 6-in. sncriure. forms the bottnm of the duinp box fur & 10u. dredze line. A Ulzak
plate purallel to and about 1 /2 in. Lelow the scrern causes the undersite and water to susge up sod
dowa tbroush the screeo, Loth washiug the gravel and preveasuing screcas Llindiug

7. CLASSIFIER WASEHERS

Tho elassificrs used for sizing coarse and intermediate sands are, in crder of decreasing
usg: (o) sand tanks, utually of automatic-diacharge types: (U) wholeecurrent and surlace-
current scttlers: (¢) launder- or trough-type: (J) incchumeal classiGers: and (¢) hivdered-
settliog liydraulic clussiGers.

Sand taoks are usunlly of the continuous tvpe with sautomatic cnntrnl of sand discharge.
Bco SRcc. 6. Art. B, for descripliou and discutvoa of the forms cominonly usod in concen-
tration practice.

Tiltiog tank. Tig. 11 shows n form of tilting tank widely used in clecaning concreto
sands. Tank a, which is pyramidal, with a juiniinuin side slope of 50° (Letter CO* or C3°)

1 /ﬂ 1 /
e .
1T = T
\ b

Fro. 11. Cyclo of s tilting 3aud tank (afier Sicphene-Adamien Co.)

is supported necar the hack on knifc-edze pivots, and is counterhalanced by the swinging
arms ¢, curricd at tho outer ends of the cuntilever frame d atlached to the box, the mccha-
nisin Leing s0 arranged that av d tilta downwaird to tho left, counterweight ¢ 1§ raised R
shown initem 3, and the sand spugot opens by (alling anay from the Ered atape. When tho
tank has cmipticd itsclf of sand, and has enrienponthingly deerensed in weight, the counter-
weiglht ¢ restores it to position with tho <pinot openiog pressing azaninst the claser stop.
This may Lo a picco of rubla:r Lelt or aofter rubber, suitably backed for stiffncas, or a
flatly conicul rubber, wood, ur metal plug.

Many fonins of tilting tanks have been Luilt.  Sensitivity is igereassd Ly placing the counterweirht
on the ungmite side of the fulcrurn, inerearing the horaoutal nrojcctions of the distances irom weichit
and caunterwcipht to the fulerumn, and Ly lowering the latter toward tlo conter of cravity of the
system, but cranlisess 1ncrenses st thic samo tune.

“ig. 12 showy a form of tank pivated at A in which the counterweight arm C, pivoted
at B on D, is so conpeetad through aroy £ and bell erank F to vulve plate /f that ay tho
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CLASSITIER WASHERS 10-11

tank tilts and raises C, the Lell erank swings up and out and the valvo opening is thus ine
creased over that caused by simple swing of the tank as in Fig. 11, Counturweight is
set 80 thnat with tbo tank filled as indicated tho weight of the small amount of additional
sand nccessary to causo water to back up on the (ced udo of Lafflo K and of tho
water backed up tilts the tank slightly; tho
relatively laigo valve opening perimits rapd
discliarge and (all of sand with relense of
Lacked-up water, whercupon the valve again
closes.

Tho cyclo of tho apparatus atarts with thoe
tank purtly fuled with acttled sand and over-
flowing water and suspended material as n
item 1, Fig. 11. Sand continucs to build up
(and the overflow tends to bLecome coarser)
until at, say, the condition shown in item 2,
tilt occurs nnd a thick mixture of sand and
watler discharges asinitem 3 until the counter-
weight restores nt some condition as initem |
before break-through of thin pulp occurs. The
shorter the fluctuation of top-of-sand, v.e., the
more {recquent tho tilts for a given sand flow,
tho morc uniforin the product.

Copacity of a tank depends upon the quantity of water overflowing, the separating
moesh, and tho dimnensions at overflon ievel.  For all practical purposes, all of the water
entering can bo conaidered ns overflowing vertically, which gives u rising water velocity
V o Q/A, where A 1s the tank cross-section at overflow level, Q is tho volutne of nater
flowing per unit of time, nnd Vs veloaity, the units being chiosen to correspond.  Scithing
velocitics of the sands normally treated may Le considered s hying in the Newton range
(Sce. 8§, Art. 1), and the cquations for (allng velocitics there given apply. The determin-
ing sand size s that of tho separating mesh.  Free-scttling prevails. Ienco tho maximum
liquid voluine that can bo sent to a tank of & given size1s that which will give an overflow
velocity not to exceed that of the settling velocity of the grain of scparating mesh: excess
liquid will carry over coarser sand, a deGait in hiqud will perinst fiuer sand to scttle.

Fro. 12, Tilting sand tank with lever valve
(after Snith Engineening Vorks).,

Shaw ({{ 8§ R/ {7 reports capacities as about 03 to 033 ¢yd of corrse serd 1xr hr. per cu. I8,
‘of tank voluine, and capacity for fine sands a3 35 to COT of those for coance. Water capneity shea
catching coanc sand renges from 10 g.p.an. per sq. It for S-fL tsnks 10 20 g.p.on. per oq. (L for 12.(0
tanls; for fine sand, water cspacily 9 about T3% of these bgurea

Bofles. 1t is apparent that nithout some means of adjustment in overflow arca, the
character of the sand from such 8 tank nill vary widely under the fluetuating conditions
of strenm flow normally prevailing.  This may bo compensated t0 a certain extent by
installing & cross LafAe (Fig. 12, item K') adjustable in its distance from the overflow
lip. Only that part of the tank on the overflow side of the baffle 15 non to Lo figured for
rising current, whence it follows that the rising veloeity for a given water flow inereases
a3 the LafMo is moved toward the overflow ip.  If, at the samo time, sensitivity is in-
creascd Lo the point that the luctuation in top-of-sand 1s sma.l, scour under the baflc enters
as an clement in determining size of overflow (:ce Sec. 8, Art. S), and the cone becomes
substantinlly automatic for a given setung of the bafBo over n consideruable rango in feed
volume. Adjustment in depth of Laffle permits somo control of sharpness of separauon.

Spigot density of sand concs is given by Shaw (/4 §7 RP 87) as ranguig from sbout
30% water by weight for fine sands Lo 259, for coarse sands.

Spigol discharges at the above densities sre at the rato of about 200 1b. solid per min.
per 8q. in. of spigot arca for dinineters of 2 /s in. or lurger (i3 10 RP 41); discharge rate
{alls rapidly for smaller sizes (Sce. §, Art. 12 and Tig. 41). Shaw (/3 88 RP }9) recom-
mends that in calculating sizes for rougher-pocket spigots, an additional area of 209,
over that required to dischargo an equivalent voiume of water under tbe same becad be
allowed to compenante for tho rand content.

Whole—current classifiers in tho form of slourhing-off boxes or V-tanks are useful for
sand sottling when rough sizing of the scttled fands 1s desired. Action thereun and
design requirecments and cqQuations are given in Sec. 8, Art. 8. Usual sizes sre 6 to S ft.
wido at tho top and 15 or 20 to 40 or 50 (¢, long, with gates of slide or molasses type at
about 5-ft. intervals. The shorter boxes arc sometimes used as receiving boxes lor dredge-
pump bines, Lut tho sizing that they cffect is & disadvantage in thiy scrvice, since the
gate products must usually Lo mixed sgain for further treatment, and incomplete mixiug
results in uneveu foed to the subscquent apparatus.
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10-12 WASHING

Surface-current clossificrs are uscd for desliming fine sands, and at the same time
eficcting o size scparation of tho deslimed material.  Analysis of action and design equa-
tions nre given in Scc. 8, Art. 9. A forin reported by Dull (43 #6 12/ 29) 13 shown in
Fig. 13. Spigots a are made of rubber hose with pineh clamps and aro long cnough to
enable thein to bo snung over any ooce of tho thrre dewatering conveyors b, thus permitting
almost any desired blending.

d M
=" 4 _q—’_,; LFw
L)
( 7
a
Fio. 13. A multispigot  surfscecurreat Fia. 14. Launder pocket for coarse
classiber (a/ter Dudl). or mediwa 130ds (after Show),

Lauonder classifiers are frequently used for bleeding off sands from Bumes. The usual
arrangemnent is one or more rouglung pockets wrth adjustable bafMes (sco Sce. 8, Arts. 10,
1, 12) and s transverse slot iu the bottom of the pocket (Iiz. 14); U hydraulic water is
used, a pressure pockct with spigot dischargo 13 piaced below the roughing pocket (sce
Sce. 8 a3 above). Dull (43 6 RP 29) deseribes such an apparatus with $ or 10 pockets
alung a length of launder such that all were visible W an operator centrally stationed;
P spigot discharpes wero regulated by molasses gates operated by
means of levers from the station. Dull (ibud)) also descnbes an
adjustable slicer (Fig. 15) for drawing off conrse sand; )io recom-
mends nMing a short distance ahcad of the shicer in oider to throw
the sand i1nto suspcnsion and so0 wnithdraw only the quickest
F 15, Launde 4 scttling matenal, Sce also Art. 20, See. 3.
‘°"me'r (a/u\v' U“Zn'”" Scrubdbing in ARumes. Any Sume or launder carmying conrse
tnaterial causcs & certain amount of rubbing together of tho
conrser, rolling lumps, snd thereby does a certain amount of scrubbing. Tho action is
accentuated by trapsverso rifling and by drops in the Lno (sce Sec. 11, Art, 20).

At llzoatex Gaavrt & Sunp Co., Lileswiite, N. C. (25 52 RP 4#), 200 t.p.h of crude gravel mth
209, clay and 2,000 g.p.Mm. i transported in ap unnflled 2X230-1t, Jumae, on s 139, grade Nonnaly,
suflicient dusintegration 1 thuy effected  If it i3 insuthcieot, prosision 13 owade for detour through a
62 24-{L drum scrubber, ths discharge Of whueh re-enter the Bume

Sizing in flurnes. l.ong-range products of ono specific gravity stratily on a sizo baais
in Juincs, irrespective of the velocity of flow, but when the flow rate is such that the
larger particles are never in suspension, tho nature of the stratification is different accord-
ing to tho nature of the bottom of the tlumo. If the bottom is smooth, the largo and
flat grains forin a slon-moyving bottoin layer, deagged slong on the water-lubricated and
substuntially sand-free luma bottom by ths frictional pull of the overlying material.
This is the action in the trough washers used to retnove 8at slate and bono froin the more
rounded coal. Tho more roundcd particles steatify more or less according to siso above
this lower layer, and progress by A combination of rolling and shding. If, however, the
bottom of the trough iy riflled sutliciontly to forco roiling of the sctiled coarser particles,
roverse clasvification (Sec. 11, Arts. 2, 20) occurs, and tho matenial not in actual *aspen-
sion stratifics with coarse on top and fnc bencath. Thus Ly suitablo combinations of
bottom churacter, water velocity, and skimming arrangements, it is possiblo to use a
Bunio to make rough cuts on Jong-range leeds of onc specific gravity between flat and
rounded coarse material, betwoen intermediato sands and the remainder (an under-
current, Sce. 11, Art. 26), Letween simo and tho remainder, or betwween fine sand and
aliines and tho remainder.

Mechsnical classifiers (Sce. 8, Arta. 2 o 7) are used both for grading and dewatering
industrial sands (sco Sce. 3), and for making o rongh gravity-sizo separation of iron and
manganese ores Sce. 2). Their advantage over sand concs lics in tho saving in sand fall
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CLASSITIER WASHERS 10-13

throu;h_ l_h_o machiac, a possiblo larger capacity per unit of mill volume, dricr sands, and
no possibility of choking of sand dischargs. Ou the other haad, a scuaitive automnatio
cone, will operated, probably mukes E -

A closer cut at the separating nicai, Table 2. Sizing-assay test on rake product of a

Par(igullrl)' with fluctunting feed. bowl-rake classifier ircating wash iron ore (Aflcr
Bizing test of ono of the moro Do Vaney and Coghill, It1 3148)

siliccous concentratcs mado Ly a
bowl-rako classificr on Mecsabi ore Fercentages Distribution, %
i» given in Tablo 2. Mah :

. : Weight Fe Tasol. Fo Jasol.

Docr ore washer conasists easentislly of

a combination of a standard rake clasi- 4 3.6 Ji.8 52,6 2.6 $.3
ficr and & wash trouunel  The trominel é 1.0 36.0 481 0.8 (.4
is mounted transverscly sbove (he classi- 8 1.3 8.0 3.4 (] 1.6
Ber jool, at cuch & height that s luwce 10 1.3 42.2 38 1.4 1.6
scginent s submerged, and  nstenal 14 2.2 €3.) 36.2 2.1 2.)
therein is, therefore, subjccted 1o under- 0 3 9.3 36,1 4.2 ‘s
water scrubbing. Overmite u Lilted to o 8 s.0 40.5 40.5 1.2 9.4
discharges chute above 1ol level by a 38 12.0 39.4 2.2 10.6 14.7
scoop device similar 10 that used in the N 16.4 1.0 38.9 15.4 8.4
ducharge liead of & grate Lall or tube mull 63 18.0 3.7 3.1 18.3 17.2
(Sce. 8. Fig. $6). Tbe inanufactuser ro- 100 16.1 49.9 7.0 17.9 12.6
pocts that & 16X 30:(t. macbine has the 200 1.5 | 383 15.6 16.3 5.6
capacily iniron-ore washing of 2@ X 25> | <200 32 9.1 56.2 3.1 3.2
ft. 2-log washers making 65-in, overflow, - '
and a test on wash iron ore at Minnesots Totals , 100.1 | 44.8 3.8 Lo

8Scbool of AMines is reported (Bul ¢ MS M)

fo wlich the washer wade 90T, rccovery scainst 857 in o log wasber, and dclivered s bigcher
grade of coocentiate. The data givea in Table 3 ere rcpocted fromu Masbon and Counselmao
(1307 810,

Tabdle 3. Performance of Dorr washer at Mcsebi Chief

Percentages
Weich lroo

tight, S:Oh 11:0  : Recovery

dey Dry Natursl
LTI T 100.00 4168 38,91 | 36.0) 8.80 ‘ .......
Wasling barvel conaentrate. . 31.38 $1.3) 8,76 2.1 s.00 ..., .
Nake conccotrate. .. ........ 3).98 $3.08 51,22 18.19 .00 |..........
Total concentrate, .. ....... 65.36 $3.28 50.06 20.37 6.05 s1.61
Taiing. . ... 34 .64 1908 |.......... 7008 0 . Lol

Shovel end sand wheels aro uscd to & contiderable cxtent for rough tvashing and de-
watering. Typical forms arc descnbed 1n Sce. 15, Art. 1.

Dorreo sand washer compriscs & shallow circular tank with st bottom inciined at a slope of ¢ i.p.1.,
and & slowly revoivinz wheel enuipicd with periphcral buchets, just clesring the tand Lottora  Sand
{s picked up Ly the Luckews, carricd above water level onto an inclined drainage deck and 13 dircharged
therefrony throuzh a chute Eaccas water overfows s periphersl hp on tbe lower wall of tue tanic
Tha 12-(t. (diam.) unit Las & rated capacily of 150 to 200 tp.b of sand. Rouch seuarations are
cleiined poasible at any mesh between 20 and 100, and it is arserted that the machiny may be snerated
10 deliver a sand product containing aot inore than 1 1o 8% <100-ni. Saes. MNoisture coutent of
sand is hugher than that obtuned 1n drags sod mechaoicsl classibers.

Hindered-settling hydraulic classifiers aro used both for making multiple splits of
industrial sands at meshes (rom 10 to 100, and also for desliming. Muitiple-spizot
machincs, usually of the sutomaticdischarge typo (Sce. 8, Art. 11), aro used :n grading
servico (Sce. 3) snd for concentration (Table 5); hydro-bow!ls (See. 8§, Art. 7) aro used
widely in desliming (Sces. 2, 3).

Performance of sn 8-apigot sutomatic-discharge classifier making asphalt sand (S o7 RP 21) is
showa in 1'ablo 4. Further data 0a perfortnauces of such clasaibers are given in Scc. 8, Tables 36 to 39.

Character of classifler-washed products. A hydraulic classifier puts together in the
various spigot products the bulk of tho cqual-setiling grains in tho feed which are fairly
presented to the spigot and capable of setthing aguinst tho rising currevt thesun, nius any
moro rapid-Scttling grains carried past tho preceding spigots aud now fairly presented,
plus some grains too smnll to sctile normally against the nominal rising current in tho
spigot, but which scitle navertbeless because of cutanglement in a crowded mass of heavier
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10-14 WASHING

Table 4. Sizing tests of feed and products of an 8-3pigot automatic-discharge hindered.
settling ¢lasssifier on & cingle-gravity natural sand

Weicht retained, %
Seseen, :
. Spigot No.
mesh Feed : v—
1 b 3 [] b 3 ? 3
>8 0.7 8.3 0.8 1...... ... U PN N
10 1.3 12.8 (] 0. |o.feen oo oo .
16 8.2 ] 50.6 ( 20.4 3 0.2 0.1 [+ T I SO N
20 $.2 ] 22.5132.2] 1.9 2.2 9.8 0.} 0.2 9.1
30 ’8 4.5 384 4.9 2.1 19.0 1.9 0.2 0.1
40 19.9 Q.4 2.2 36,20 9.4} 6t 4] 28 .4 10,5 0.6
50 22.2 0.2 0.1 1301480 18,01 59.3 01 67,11 23,4
80 14.3 0.1 0.1 1.9 0.1| 0.1 8.9 18.1 ] 65.6
100 7.4 0.2 0.1 0.3 0.7 0.4 0.9 3.8 9.1
200 .2 0.} 0.1 0.1 0.2 0.1 0.1 0.2 1.0
<100 3.8 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1

& OvesrDow not sampled.

grains, or because of eddics in the sorting column. This distribution for a single-gravity
fced to an 8-spigot hindered-scttling classifier is shown in Fig. 16. For any given mesh
site, grains of that size appear in & number of spigot products. Thus there are 28.m.
graina in all spigot products; material amounts in 2 10 &, some 4 or 5% 1n spigot I, and
{ractional poreentages in the others. There
are cven fractions! dercentages of 200-m,
reported in all, but this is probably duo to
abrasion in screening, at least in the coarser
products.

The 2S-m. grains in spigot J are largely
sccidental, carried down by eddying and
entanglement, since the cureent in Lthis spigot
was set for a lé-in. split. Even so, they
Fia.18. Sise distribution by sn 8-apicot Fahren- VG388 }hc most nearly Sobcncal. 20-m.

wald sizer tresting a mngle-gravity feed. particles in the feed. plus a few particles of
heavier impurity, Tbe 25-m. graing in spigut
£ and a majority of those in spigot 3 are substantially equicved: there is no prominent
shape difference between them, but closa exarmnation shows that those in epigot J are
somenhat flatter than thosc in spigot 2. The 25-m. grains in spigots & and 5 are definitely
flattencd and/or clongated. Theso two spigots (as was also truo of spigots G and 7) were
set 1o substantially the samo rising currents in order to take care of the large amounts of
35- and 48-m. sands 1n the fecd. hence there is not a great deal of difference in shape as
between the two. The 28-m. grains in spigots 6§ and 7 are tnostly thin conchnidal shell-
like fragments. A sitnilar variation in shupe of the grains of & given mesh size in sue-
ceasive spigot products holds atl along the line, and is charactenstic of closely classified
products.

When the material classificd contains grains of two (only) specifie gravitics, sizing
curves of tho products, plotted asin Fig. 16, show tno humps, separated by a valley thae
is morc or less deep and bLroad according respectively W tho efficicncy of the claszifica-
tion and the diffcrence between specific gravities.  With respeet to cither nuneral, how-
ever, overlapping occurs as with o onc-nuneral feed.

When the feed i3 a natural primary oro containing
{reo grains of both mincrals and middling grains of all
intermediate specifie gravities, tho curves loso tho
peaked character of Fig. 16, and Lecome broad
rounded bumps with marked increase in overlap.

I{ tho number of spigots is decrcased the mmagnitudes
of the overlaps butwcen successive spigots inercasos,
Thus the products plotted in Fig. 17 wero mado by . .
combining spigots I and £, 3 and 4. end S 0 3 of the Fia. :Zu i;"‘:: é‘:",";":r‘:‘”}’i':‘“:u?'“'
products of Fig. 16 and dewatering, with a certain
amount of fines rejaction, in rake classifiers. Thus the /-2 end 3-4 products of Fig, 17
both contain 25 to 30% of 28-m., and 3-4 and 6-8 Lath contaia 30 to 35% of 40-m. Per-
centages of such magnitude go far toward ectting the average sites of tho products ol .
wlich they are parts.

¢ 10 &
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10-16 WASHING

Nonhydraulic classificrs making tvo products only, such as tho sand tanks and mechaani-
enl claasificrs, show cven grenter overlaps. Thus if such s classifier is run for, say, a
100-m. split with not over 2% of <100-ni. in the sands. thero il be considerabla amounts
of 48-m. and probably, cven, soine 35 or 2S-m. matcrial in. the overflow, If, on the
other hand, <100-m. overflotr is tha aim and not over 2% > 100-m. thercin is allowable,
tho sands will contnin 20 to 50% of inaterial Giner than the separnting mesh (sce Sce. 8,
Arts. 4 0 8). ‘This cxpiains the necessity of placing & hydro-bhowl or other sand scttier
as a guard behind mechanical classifiers in sand plants when there is a deheit of fine
sands, and the advisability of desliming shead of the mechanical machines when clean
sands aro wanted.

8. MISCELLANEQUS SCRUBBING AND WASHING

Many problems encountered in beneficiating ores and industrial mincrals by scrubbing
and washing methods are not solved by the standard spparatus and methods previously
discussed. For these cases appeal s usually had Lo standard ore~dressing machines of
other typcs, or to simple modifications of thesa.

Clay balls are formed when tough clays, resisatant Lo penctration by water, are tumbled.
Such clay masscs tend to loat ou the balance of the material in tumbling and not w Lo
nippcd and subjccted to the disintegrating forces. A number of inethods have been
tricd to deal with them, none too successfully. These include crushing in smooth rolls
(41 ¥8 RP 33), in corrugated rolls, or in toothed rolls, in cach case preferably operated
with only ono roll driven 30 as to subject the matcrial to a tearing force: spearal three-roll
machines in which adjacent roll faces move in opposite direcctions, designed to accentuate
the tearing effect: unpact roilis of the hainmer type: pug miils (47 $8 R 3%); soaking,
usually accompanied Ly the usc of momtors or a plurality of high-pressure jots; or, as an
acknowledgment of failure, separation on a8 acrcen and discard, together with any and
all of the wanted material that they may have rolled up in their travels. Such discard is
usunlly cconomical-when the concentrate has Jow umit value, e.g., phoaphates: it is cer-
toinly questionable whien the concentrate is tin or gnld. The nearcst to a satisfactory
solution reported is a haminer mull naith 8 slov-moving breaker plate, tndependently
driven (34 $10 PQ 69). ‘ . .

At Viraivay Lisicsrone Core., Nipplemend. Va. ({3 812 RP 26), clay Lails were disiotegrated by
passing the crushicd sione, belore final washing and sining, theougb s 1,.000-¢cyd. bin, 40 (1. decp. tbrough
which sbout )00 g.p.m. of water [rom washing 3creens trickled  The bin was Lept rcasonably full,
and the prossure sod workung of the mass 10 mowning townard the outlct, togetber with the water, were
cective, e

Unsound stone is ordinnrily climinated to a satisfactory extent by log washing or by
light crushing and rescieenung: if 1t is of scditnentary character, ve., shale or soft sand-
stonc, which tends to form Nat particles in gravels, it can be rcmoved by jigging in the
coarscr sizes and tabling in the finer (J8 41 R 67). These apparatus also Boat over chip
stono, clay balls, and wood. Some deercase in the content of flat stone is also postible
by rescrcening over slotted screens, but the separauon is relatively erude. Use of an
impact crusher is repored (44 #2 RP (9) o have reduccd rattler loss {rom 45% to 30
or 35% in ono case. .

Iron, il it is a problem ot all, is usually 3 scrious one because of low tolerances in specifi-
:ations. lron in glass sands. if in the form of metalliciron, or magnctite or Umenite grains,
is readily removed from dried sized sands by nagnets; if the grades have been prepared
by classification, the iron-bearing grains are nsually sutficiently finer than the prevailing
sizo 10 screen out. Hematite grains are usually temoved by wet tabling, but diy tabling
and clectrostatic methods are both applicable. Iron-bearing incrustations can somctinics
be reduced somewhat by wigorous scuffing, but are usually best removed by aaid lcach-
ing and subscquent washiog.

Dry scrubbing consists in tumbling material in a dry state. usually on a revolving scecen.

At Cravire Rocx Co., Watsonwnlle, Calif. (43 57 RP 39 1bid. 68,22, 1 B 4X12-and 1 @ 4X10-
{L 2-deek vibrating screen werg wsed [or rescreeninz 3n averaze Aow of 160 t.p.h  Newly crushed
dry cravel sises cantained about 0.25F, dust, but ths Bnc sises My~ q-1n., ¥ p~V/gan., and 1/ ~1/g-in)),
whben taken from stockpules {(which never dned out), contsincd up to 2.5<% dust slter rescreening
Bubstitution of wet washing btought tbe <200-m. ia washed products dowa Lo & Lrace
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TADLE 8

LIST OF NCNEFICIATION PLANTS ON MINNESOTA 1HHON RANCES—1963

Nawe of "ant Supciintendent Coinpany Location Typo of Plant
Mesani Raxce
i ini ’ ' irals, Cyclones
q Olivere lron Mining Div, Marble Washing, 11, Spu.a .
Atﬂu.ml 1 | - F HHC_AU""' - Hescrve Mining Co. Nabbint Tucumito Concentration
powout (Inactive) E: E. Lerick - Pickauds, Mather & Co. Xeewalin Crushing, \Washing, ll.n-dr-mly
%22% \A: k'l LeClair “The Cleveland-Clilfs lron Co. Colcraine Washing and Jli-density
- L ‘ TR i Fataient
i i i The Cleveland-Cliffs lron Co. Colcraine Fines trea aent . .
c(:m,“m“~° Vo }:;k“f.)-l-‘r‘h(.:n,n.-" C;:om-l"acxﬁc Co. Clinton Crom g \Wash' e iex g,lll.-drullly
D “'l;r“‘ﬁc L. M. Decker Pickands Mather & Co. Bovey Crush'g Wash'g Jigg . Hi-density
W “Res imi Concentration
] ; - ks Rescrve Mining Co. Silver Bay Tucomte :
E. W. Davis Works {_ "‘1");‘::'; D- Cosliey Doug!ss Mining Co. Chisholm \Washing, 1li-dennity, Cyclane
l;\\r::l:.“ 1. ]. Stetson Pickands Mather & Co. Biwabik Cnulu.ng .
Y .'".I :, 1. {Inactive) e Pickands Mather & Co. A.won? Tacon.-lc Concentration
E:”t - M. E. Jolinson Oliver lron Mining Div. Virginia Taconite Arglomerating
Estaca i .\V. T. Rule Butler Pros. Cooley Wash, Hi.-d, Mag.Roast, Mag. Sep
Ianna Pilot L. D. Clover Rutler Bros. Coaley Wash’c, tli-d, Cyelonc, Spirals
U:_':_'-o-"—n L. D' C!:vcv Butler Bios. Cooley F':"“ Treatinent (Spirals)
llar"k'-w| Vines ___;_ ———— Intermational Harvesier Co. Nashwauk i_w_';c.uL’ut_ ) .
"'.“ o )_ A. Strande Jones & Laugzhlin Steel Com. Calumet Ce £ Sce'g. W !Ih.:. Hi-d, .n-:ah
”?“ Ao J‘ A. Steande Jones & Laughlin Steel Corp. Calumet Snm-htomlt_j(z'_lqtjg'_l:._Sr“l'_-\_:l)
”l." ﬁn“" ]. A. Strande Jones & Laughhin Steel Comp. Calamet Fines l.‘(‘nlul(‘nl.'(_?_!_.__ahl.E'f'LiL).
Hit TM“‘T ] R. B. Pearson The Mesaba-Cliffs Mining Co. Marble “I“l""g audlivdensity
. N' D. Pearson The Mesaba-Cliffs Mining Co. Tacunite Washing and JHi-density

Hotoan.Chfly
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TABLE 8—(Continued)

—(Cou(inucd)

Name of )ant

Superintendent

Company

Location

Type of Plant

1oyt Lakes
Hull-Rust (Inactive)
Flunner
Jessie

Julia
Lind-Creenway
Longyear
Mahouving
Marista
Mary Clico
Mecadow
Mesabi Chief
Morton

V North Uno
Patrick A
Picree
Pilotac
Plummer

v~ Rouchlcau
St. Paul
Schiey
Scranton
Security

J. H. Healy
A. C. Nelson
L. R. Sewell
Roy Amund;on
A. E. Scaberg
\V, Ball

E. R. Tyler
Wni, Kinnunen

Frank Crebenc
R. M. Cross

L. J. Morgan

L. J. Morgan

L. D. Clover

L. M. Bredvold
D. Nartiey

XK. F. MacAlpine
M. E. Johason

T. Hartkka

Mesast Ravcz—(Continued)
Pickands Mather & Co.
Oliver lron Mining Div.
Haune Iron Ore Div.
Jeswie 11, Mining Co.
Pittsburgh Pacilic Co.
Jones & Laughlin Steel Com.
Jones & Laughlin Steel Corp,
Pickands Mather & Co.
V. S. Moore Co.
Pittsburgh Pacific Co.
Pittsburgh Pacific Co.
[fanna Ore Mining Co.
Monona Ose Co.
1lanna Ore Minng Co.
Butter Rros.
Hanna Ore Mining Co.
Oliver fron Mining Div.
Oliver Iron Mining Div.
Oliver Iron Mining Div.
Pacific lsle Mining Co.
Jones & Laughlin Steel Cormp.
W. S. \Moore Co.
Rhude & Fryberger, Inec.

Aurora
Ihibbing
Coleraine
Coleraine
Virginia
Cr. Rapids
Ilibbing
Hibhing
Cilbert
Biwabik
Aurora
Kcewatin
Hibbing
Hibbing
Cooley
Hibbing
Mt'n [ron
Coleraine
Vieginia
Keewatin
Cilbert
Hibbing
Eveleth

Taconite Concentration

Crush'g, Sareen‘g. Wash'eg, Hi-d
Wash'g, Mi-d, Spirals, Cyclunes
Washing

Washing and Ili-density

Cr'c. Ser'g, \Wash'g, Jiga'e. Hi-d
Crushing, Scrcening, Washing
Crushing, Washing, 1li-deauty
Cr'g. Wadh'g, Jigg g, 1i-d, Sprrealy
Washing and }li-densuty
Crushing, Screening, Washing
Washing, Hi-denmty, Hydrosizer
\Washing

Crushing

Waslung, Hi-density, Spirals
Wash'g, Hi-d, Spisals, Cyclones
Taconite Coneentration
\Washing, Sperals, Cyclones
CYushing, Screening, Sraing
Crushie. Wash'y. Hvdro., Spiraly
Cr'g. Sce'g, Washi'g, Sprals
Crushing and \Wathing

Drying
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TADILE B—(Continued)

1.IST OF DENEYICIATION I'LANTS ON 11IF MINNCSOTA TRON HANC)S—(Continucd)

Nanie of Plaut

Supclulh'n(h'nl

Conmipany

Location

Type of Flant

Shennan
South Agnew
Stephens
Susquehanna

Trout Leke (lnactive) -

Vevy
Uno
Virginia
.\Wacontalh
Wanless
Webib
XCelibs
Weggmn
MWest i
Whiteside

Tionecr

N. C. J{clland
L. ). Morgan

1. I{. Rubow

S. V. Smith

1. Swartout

Frank Slubic

R. ). Lacke
T. J. Darker

T. J. Narker

L. M. Bredvold
L. M. Beeker
T. J. Darker

F. D. lloover

Meeaur Rance—(Continued) -
Oliver Teon Mining Div,
South Agnew Mining Co.
Oliver lion Mining Div,
Sutquebanna Ore Co.
Oliver lron Miging Div.
Rhude & Fryberger, Inc.
Pacifio 1sle Mining Co.
F.dwards Mining & Milling Co.
Pacific Isle Mining Co.
The Cleveland-Cliffs lron Co.
Snydcr Mining Co.
Snyder Minwg Co.
Philbin Mining Co.
Pichands Mather & Co.
Snyder Mining Co.

Venmnion Rance
QOlives lron Mining Div,

Chisholm
Hibbing
Aurore
iLbbing
Coleraing
Evelcth
Hibbing
Eveleth
Mi'a lron
Buhl

‘Ihibbing

Hibbing
Iibbing
Coleraine
Buhl

Ely

Crush’g Ser’ g \Wash' ¢ ) 1i-d, Spirels
\Washing

Crushing, Screening, Siang
Crushing and Screening
Washing, i, Spieals, Cyelinns
Washing, Jigeing, Mi-donty
Crushing and Sercenig
Crush'g,Scr’g Jigg . 1i-d. Syraly
Crushing end Surcenimng
Crushing

\Washing

Crushing and Screcming
Wasling

Crushing, Washing, Hi.-denaty
Cruslung and Screening

Screening and Wathing
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TABLYE 8—(Continved)

LIST OF RENFFICIATION PLANTS ON TVHIE MINNESOTA IRON RANCES—(Continued)

Name of I’lant

Supertendeut Company Location Tyve of IMant
Curuxa Muxcx

" MHuutington J. A. Cemert The 1Hanna Mining Co. Iroaton Crushing

Manuel Mitsburgh Pacific Co. Crotby Crushing, Screening, \Vaslung

Maroco J. A. Cervert Tbe Jlanoa Mining Co. Tiomorsld Wash'g, 1Hi-d, Cyclooes

Portsmoutb J. A. Cemnent Jlanas Lron Ore Div. Crosby \Washing, Screcning, Sintering
v Rabbit Lake L. M. Becker Pickands Mather & Co. Cuyuna Crushing

Yirginis Pittsdburgd Pacbie Co. lronton Wash'g.)igg'c.Hi-density, Cyclune

Faaronr CounTy
Hadland C. A. Yederien The Haana Miniag Co. Ostrander Washing
Schroeder 1. Nading Schroeder Mining Co. Chatgeld Washing

Note: The sbouve list does not include s number of crushiog and sacening plants of ymall sae or of & temporary natuse.
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2. Flowsheet for wet magnetic separation in a modern Swedish plant . . . . . . . . 213
3. Diagram of Mortscll laboratory scparater . . . . . . . . . . ... ... ... 24
4. ‘Thrce-drum scparator . . . 214
S. Effcet of drum speed on scp‘uauon lmul in dxy <cpnrnhon of 10 20 min skarn orc 218§
6. Scparation limit as a function of drumspeed . . . . . . . . . ... ... 21§
7. Scparation of banded quartzitic iron orc in heavy media ... L oL L. L L. 216
8. Plant for hcavy mecdia scparation by the ““Stripa” method . . . . e e .. 216
9. Combination of magnzstic scparation with enrichimeat in spiral <cpamtors A N
10. Layout of plant cquipped with spiral separators . . . . . . . . . . . . . ... 217 10
11. Flowshcet for hematite flotation . . . . . . . . . . . . . ... .. ... ... 218
12. Oven with tubular heat-exchanger . . . T D 1
13. Stripa: Treatment of banded quartzironore . . . . . . . .+ . . . . . . . .. 220
14. Stripa: Flowsheet for the dressing plant . . . . . . . . . . . .. ... .2
15. Griingesberg: Treatment of.lpalltc ironore . . . . e e e e e e e s 222
16. Dannemora: Treatment of calcarcous Mn-richironore . . . . . . . .. . . . . 223
17. Bodas: Treatment of Skarniron ore . . . . . . . . .. e e e e e e . 224 20
United States of America
1€, Washing plant flosv diagramy . . . . . . . . . oL L. oL L ... 2068
19. Flow Giagram—Llicavy-media circuit . . . X 19
20. Generalized flow diagram of the Canisteo s"rubbd . L0
21. Flow diagram—Hill Annex Fines Trcatiment Plant . . . . R XA
22. Two-stage grinding in closed circuit with three-stage mﬂgncuc scpara ion . . . . . 272
23. Simplificd flow diagram, Groveland Mill . . . . . ... .. ..o 00 273
24/1. Simplificd flow diagram, Beoson Mines . . . . . . . . . L L. ... ... 274 30
24/2. Simplificd flow diagram, Benson Minecs . . . ! e e e e 275
25/1. Simplificd flow diagram of the Meramec \41111'1" Co \11'1 e L 276
25/2. Simplificd flow diagram of the Mcrainec Mining Co. Nl . . . . . . . . . . 277
The following symbols have Leen used thioughout the presect study :
= figurc not available
— = mil or nepligible quantity
* = gsccretariat estinvate 40
N. A. = notapplicable
Unless othenvise spacified, tonnages are in mefric toas.
NOTE ON TERMINOLOGY AND SOURCES
In this rclatively youog industry, a world-wide terminology has not yct had time to estabush
itself and the sams terms can have a slightly different mcaning fcom oge country to acother.
In the present study, includiog the contributions by countries, the terms used have the following
mcaping:
By *‘preparation™ is meant the total of all processes which mzay be applicd to 2 run of mine 50

orein order to renderitsuitable for the blast furnace. Io some cascs this term may cover only crushing
and screening, or hand sorting, whilst in otkers it may include roasting, blending and any processes
of concentration and agglomeration which may have to be uscd. .

The term *‘ore dressing” is used synonymously with the term “*ore preparation™.

“Concentration™ covers all processes which will increcase the iron content of the ore, i.c.

“upgrade" the orc, and cluninate some of the undesirable clements. It dogs_not annly to_snuch very

simple procg;s 2% the screening out of fing materiale from a run af nvne arg, jtis ccncr..lly ac!ncvcd
through the “scparation” of the unacsiranic clements out of the oic by mcans of “'scparators”

EXHIBIT "23ECH3" - Extract from "Eccncmic
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“*concentrators™ froin which a "‘concentrate’ of purificd and "upgraded™ ore is recovered and the
waste material is climinated as “tailings™, It can also be achicved in **fotation cclis™, *jigs™ and
by various other mzthods.

The first stage of concentration, which gives only a rough, impure, product, is sometimes termed
‘‘cobbing™.

“Agglomeration® covers those processes—sintering, pelletizing, briquetting—which, by or with
the apptication of heat, transfoim orc fincs or concentiates umcitable for use in the blast furnace
in their natural state becawvss of the small size of the consiitucnt particles, into a product in which
these particles have been Londed or fused together into incremznts of a suitable size.

In the pelletizing process, the application of great heat is termed "ﬁfing" or “burning”, and
durior this stage the pelicts are “sintered™, this should not be confused with the distinct process
of “sintering' as applicd dnccetly to ore fincs.,

“Beneficiation’ is a gencral term swhich covers both “concentration™ and agglomeration™,
taken scparately or together as the case may be for a given ore.

Onec of the first processes of “ore preparation™ or of "'ore dressing' prior to or concurrent
with “bzneficiation™ is “"comminution®, which comprises “crushing' or Leeaking the ore to a coase
size, and “grinding’ or ““miiling" 1o reduce the orc to a fine powdier.

This opzration is ust.ally combined with a division of the are imto a range of lump sizes. This
is termed “grading’ of “sizing' the ore, and is frequently achicved by the use of a screen, or of
a successton of sercens, in which casc the process is termed “screcenming ™.

Frequently, the crushed ore, gencially afier “grading®, underpocs a prowess of “"homogeniza-
tion™ prior to further “bencficiation’ or to its use in the blast furrace. This is done 10 clininate
any irregularities in the physical and chenucal composition of the ote, and frequentiy to mex this
orce vath other ores or othier mmatetrials which it may be found desirabie to add. This “homoycenia-
tion'istermed blending' and is often carricd out with speaial “"bedding” or “layeruig™ cquinment,
ia which case the orc s said to have been "bedded” or “laycred™.

Apartl from current icchnical hicratuze, an important souice of information for the present
study was constituted by matern:al subimtted 1n response 1o a questionnaire winch was sent Ly the
secretaniat of the Ceonomic Commussion for Lurope, in April 1963, to ail Goyernments participatng
in the work of the Commission. Maltcrial and information were also Lindly commumicated by the
Govermnents of Austraba, Canada, ludia and Japan aad by the sectetanats of the regional cconomic
commissions for Africa, Asia and the FFar Cast and Laun Amcrica. Unless otherwase indicated,
the country revicws in part Il of the study are based on the material communicated by Governnsents
in responsc to the guestionnaire.

The designations employed and the presentation of the material in this publication do not imply
the cexpression of any opinion whatsocver on the pact cf the Secretariat of the United Nations
concerning the legal stitus of any country or territory or of its authoritics, or concerning the
delirpitation of the frooticis of any couglry or territory.
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Cuartrr 11

Methads of iron-ore preparation

As has been said in chapter ], the reasons for preparing
iron ore for use in the blast-furnace may be summarized
as follows:

() To improve the physical and mechanical prepertics
of the ore, by crushing and screening it, and to remove
the fincs;

(L) To obtain an ore which is uniform in its chemical
composition, especially as rcgards the content of iron and
of the main slag-forming components;

(¢) To raisc the iron content, i.c. to obtain “‘concen-
trates™ rich in iron; to remove the impuritics, and in
some cases (o recover valvable components of the ore
other than iron;

(4) To agglomcrate the fines or concentrales.

Ore preparation may aim at onc or morc of the above
objectives,

This chapter gives a description of the differcnt meth-
ods of iron-orc preparation as follows:

— crushing, grinding and screening;

— blending;

— concentration mcthods;

— agglomeration,

Examnples of the application of the above mcthods to
various typcs of ore arc also given,

SecTION | —CRUSHING, GRINDING AND SCRELNING

Orcis prepared for concentration by crushing, grinding
and screcning.

Crushing can be cither a basic or a preparatory opera-
tion.

It is a basic opcration when the crushed ore docs not
undcrgo concentration and is inercly crushed to produce
a lumpy product of the optimum size. Onc unavordable
drawback of the opcration is the formation of fines
(—8 or —6 mm) which arc unsuitable for direct use in
the Llast-furnace and have to be agglomerated.

The optimum size of orc preparcd for the blast-furnace
depends on its density and reducibility. Tt tends to be
higher for porous ores which are easily reducible, and
Tower for close-grained ores which are difficult to reduce.
The optimumn size for brown hematite blast-furnace ores
is about 20-100 mm, and for magnetitc ores 10-50 mm.
For high-grade steclmaling orves it is 20-40 mm.

Crushing is used as a preparatory operation in the case
of compact ores requiring further treatment.

The hinal size to which the ore will have to be crushed
depends on the grain size of the constituent minerals and
on the qualitics demanded of the concentrate. The fincr
the ore is crushed, the more completcly the ore grains
will Le separated from the waste rock and the richer the
concentrales obtained will be.

The smallest lump size obtainable with cxisting
crushers varies between 20 and 15 mm; but the only ores
which can be effectively bencficiuted at this size are some
coarsc-grained and rclatively high-grade ores. In a few
cases, orcs crushed to 20 mm can undergo preliminary
concentration; but in most cascs concentration to pro-
duce a rich product with a high metal recovery cannot

be undertakien uatl the are lias heen reduced to a size
of less than 1 mm, or somctimes (in the case of fine-
grainca quarlzites, (or instance) to 0.1 mmm or smaller.
In these cascs, crushing is followed by grinding. |

Crushing and finc grinding consume a great deal of
cncrgy and are expensive. IFor finc-grained orcs, crpendi-
turc on crushing and grinding may amount to as much
as 709 of the total expenditure on the whole preparation
cycle. Itis always esseatial, therefore, never to overgrind
the orc and to cxtiact the tailings or the Aaished con-
centrates as soon as they can be separated at cach
successive stage of the process.

The maximum luinp size of mined ore varics con-
siderably. The usual range in a mechanized mine is
0.9-1.2 m for opcn-pit operations and 0.4 to 1.2 m for
underground mning.

Modern ore crushers are designed to deal with lumps
of this size; but for most crushsrs the extent to ‘wiich
the size of the ore can he reduccd—that is, thie difference
between the maximum size of the mined ore and that
of the largest pieces of the crushed product—is fairly
small. Crushers can only reduce the lumps to a quarter
or an cighth of their original size, or, in the case of soft
ores, to a tenth by using hammer crushers. The ors may
therefore have to be crushed in several stages. Multi-
stage crushing has the advantage of producing a smaller
proportion of fincs.

The number of stages which will be rcquired depends
on the maximum size of the orc as mined, on the size
required for thie crushed product, and on the physical
propertics of the ore, hardness, ioisture content, clay
content, elc.
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Mcthads of iron-ore preparation

When a crushed product of —25 or —20 mm is
requircd, hard orcs have to be crushed in three or four
stages. Four-stage crushing may be necessary for cx-
tremcly hard ores, cspecially for those which tend to forin
Jumps 1n the shape of Nagstoncs.

Hard ores arc generally crushed in gyratory or jaw-
crushers. Softer orcs, for instancc brown heinatites, can
be crushed with impact-type crushers, Crushers of this
kind arc common in France and in Western Germany.

There are two mmcthods of grinding ore, wet and dry.

Wet grinding is used in the vast majority of cascs
because of lower encrgy coasumption, the absence of
dust and the convenicnce of transporting the product
after it is ground. [t is also used for very damp raw
matcrials or when it is followed by wet concentration.

Dry grinding is used in conjunction with dry con-
centration. The consumption of metal per ton of orc
ground is lower in dry grinding than in wet.

The commonest type of grinding mill is the tube mill,
in wlich the ore is ground by stcel rods or bLalls. In rccent
ycars, however, there has been an incrcasing tendency
to usc autogenous mills, 1n which Iarge Tumps of the ore
itsell are uscd as grinding clements. The advantages of
this Jatter type of mill include the much lower specific
consumption of mctal per ton of ore ground and in somc
cascs a certain sclectivity in the grinding process. The
risk of thc orc grains being crushed as they arc dis-
cngazed and exposed is less than it is in the conventional
mtl. 1 thus dirainishes the risk of overgrinding the ore
grains, wlich can have an adverse effect on further
beneficiation.

The optimum size of crushed ore fcd to a tube mill
is 15-20 mm, and to autogenous mills 250-200 mm.

In tubc mills the ore can be ground in onc or more

stages. Single-stage grinding is rare, and is only uscd for
ores which can be adequatcly concentrated at a size
of 1-2 mm.

When a finer product is requircd, multi-stage grinding
is used: The advantages of this procedure comparcd with
single-stage grinding arc, firstly, that the proportion of
matcrial overground is smaller, cnergy consumption is
lower and there is less wastage in the form of tailings
which arc unsuitable for beneficiation, and sccondly that
it is often possible to combine multi-stage grinding with
certain other intermediate operations and to cxtract some
of the tailings or of the finished concentrates from the
grinding circuit.

The number of times the orc is ground depends on
the size of the material at which the f{irst siages of
beneficiation can be undertaken, and afso on the size
of the final product at which the ore grains are sufTiciently
liberated and a concentrate of the required quality can
be obtaincd. It also depends to a certain exteat on the
hardness of the ores. In practice, compact ores (magne-
titcs and hematites) are usually ground in two, threc or
cven four stages.

In multi-stage grinding, rod mills arc gencrally used
lor the fist stage and ball mills for the subsequent stages.

To cnsure that the product is uniform in size and that
none of it is overground, the mills usually operate in a
closed circuit with size-grading cquipment (screcns, cias-
sifiers or hydro-cyclones). This extracts the material
which has been sufliciently ground whilst material re-
quiring further grinding is returncd to the mill,

Onc exception is the rod mill, which is often operated
in.open circuit. :

Autogenous irulls alwzys operate ta clesed circuit—
wet mulls with screens, and dry milis with pncumatic
scparators.

SccTioN 2—DBLENDING

The purposc of blending ores is to ensure that the orc
component of the blast-furnace burden is umiform 1n its
chemical composition, and to prevent fluctuations in the
composition of ores intended for further concentration
or aaglomeration.

Ores can be blended to casure a uniform coatent of
onc or of several coinponcnts, iron, sulphur, lime, ctc.

Another object of blending, for ores containing several
mincrals which have to be Leneficiated in a muliti-stage
flowshect, is to even out variations in the ratio in which
the different components (such as magnctite and heina-
tite) arc prescat, and thus to level off the load on the
various kinds of equipruent used in the beneficiation
process.

The nced for blending and the extent to which it has
to be carricd out depend, on the one hand, on the
composition and natural properties of the ore in question
and on the methods uscd to cxtract it, and, on the other
hand, on the maximum pernussible variations in the
coinposition of the prepared ore as required for further
beneficiation or for sinclting.
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Ore can be biended during micing or during the
preparation process.

During miring it is blendzd by nuxing the output frem.
different workings containing ores of differenst com-
positions.

In the prepuaration process, it can be blendad:

(a) Either by using the normal storage facilities (piles
or bunkers) which arc provided at thc orc preparation
plant or at the mme to level out the variations in the
amount of feed and to distribute an cven load throughout
the plant as a whole or throughout its individual scctions;

(b) Or Ly providing spccial blending piles or bunkers,
cquipped for mixing thie ores. Such specud piles can also
be used as interiuediate storage capacity.

Normal intermcediate storage, such as piles or bunkers,
to which the ore is dclivercd by belt conveyor and dump
trucks and [rom which it is removed by gravity flow on
10 a conveyor is not very satisfactory for blending
purposes, as the matcrial passing through the pile or
bunker is not properly mixed and there is no way of
controlling the mixing process.
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- Mecthads of iron-arc preparation

When norimal intermediate storage is uscd it is im-
possible to determine in advance how widely the amounts
of the critical components present in the blended product
may fluctuate.

Special blending piles are of two kinds. The simplest
type is a pile to whicl the ore is fed by conveyor and
from which it is removed by an cxcavator.

The eMicicney of blending carricd out in piles of this
type depends larpely on the differences in the external
characteristics of the various ores reccived for blending.
Given suitable conditions, this kind 2f biending can
reduce variations in the iron contcut of the blended
prodncl to as hittle as -{- 0.5%, starting from variations
in the run of mnie of 3 to 5% (in the Magnitogorsk
combinc in the USSR, for instancc).

A more advanced type of bicnder is the Robins-
Messiter storage yard which consists of an cven number
of piles with the ore delivered to cach pair of piles by
a conveyor cquipped with a stacker—i.c. a mobile tripper
fitted with short transverse conveyors which spread the
matcrial evenly over the top of the piles.

The ore is removed from the ends of the piles Ly

SccrioN 3—ConceN

A. General conunents

Conceatration is a trcatment aimcd at obtaining a
product (or producis) considerably richer in useful con-
stituents (in (his instance iron) than run of minc ore.

Absolute councenlration would result in a complete
separation of the uscful, i.c. mectailurgically valuable,
mincrals contained in the orc from those which arc
uscless or harmful.

Mecthods of ore concentration are bascd in practice
upon the differences in the physical and physico-chemical
propertics of the orc nuncrals. Those most frequently
uscd for iron ores arc the specific weight and the magnelic
and surface propertics, which find their application in
gravily concentration, magnctic scparation and fotation.

The optimum concentration technique will be deter-
mincd Ly the combination of all the properties of the
ore, such as its mincral composition and distribution,
grain size, hardness and other characteristics as well as
by the characteristics required of the end product.

The over-all concentration process may compnsc the
usc of onc or of scveral concentration methods.

The final choice will be determined by an econoniic
estimate of the various opcrations envisaged and of the
corrcsponding improvements ia the mctnllurglcal valucs
of the products.

Other factors which may have to be taken into account
in the cconomic cstimates of concentration are the pos-
siblc cost of transportation per unit of iron over long
distances and the possibilitics of finding a local use for
the waste products.
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travelling reclainers which rake off the material cvenly
over (he whole end of the pile and feed it onto a belt
conveyor.

Whilst ore is fed to one pair of piles, blended ore is
removed from the other pair.

Blending yards of this type are found ut many plants.
Such bicnding 1s highly cfMicient and can in theory be
pursucd to any cxtent. The greater the capacity of the
individual piles, the more completely the ore can be
blended.

Excellent results have also been obtained with the
spc‘ial orc-blending cquipment which has been designed
and inualicd at the Witkowice iron- and steel-works in
Czechoslovakia, and it has Leen decided to install a
similar unit—but with an even higher capacity—in the
iron- and steel-works at Xuncice.

Good results have also been obtained at an ore-
blending plint at Lagle Mountain in Califormiz where
the crusiicd and screcned ores are deposited on four piles
with a combined weight of up 1o 1,600 tons, cach of the
piles contanung up to 1,080 layers.

RATION

B. AMagnetic separation {or concentiation)

Mugnctic conceatration is of two kinds—first, con-
centration in low-intensity separators {500-1,200 oersteds)
which are used for recovering highly imagnetic minerals,
1.e. for magnetitc orcs, and sccondly, concentration ip
high-intensity separators (12,000-22,030 ocrsteds) to re-
cover wrakly magnctic munerals such as hematiie, siderite
and iron hydroxides.

(a) Low-intensity magnetic separation

Magnctic scparation can be used both for !lumpy
material up to 60 mm and for finc-grained ores. The
efliciency of the process depends on the magnetically
recoveradle iron content of the ore, on the sizc and
distnibution of the constituent minerals and on the
quality of the product it is desired to obtain.

Magnetite ores can be concentrated by a number of
different single- and multi-stage processcs, in which con-
centration 1s combined with crushing, grinding and
screcaing. The choice of the process and the number of
stages will depend on the nature of the ore, and on the
qualitics required of the concentrate.

The maximum iron content which it is technically
possible to achicve in magnetite concentration depends
not only on technical iimprovements or on the qualities
required of the end product, but also on the composition
of the magnctite itsclf. The iron content of magnctite
rarely rcaches the theorctical figure of 72.4%, becausc
the natural mincral usually contains a ccrtain amount
of isomorphous admixturcs—normally Mg and Ti—
which cannot be scparated from the ore Ly concentra-
tion. In maay ores, morcover, the magnetite has already
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Mecthads of ivon-ore preparation

undergone  partial oxidation (martitization). Conse-
quently, cven if a technically perfect process were feasible
and the magnctite grains were completely liberated so
that the concentrates did not contain a particle of waste,
the iron content of the coucentrate would still be lower
than 72.4%,.

In order 1o reduce the cost of crushing and grinding,
magnctic separation is usuatly applicd as soon as the ores
have been reduced to a size at which usable concentratces
or tailings can be extracted from them.

Ores above 6 mun can be concentrated only by dry
magnctic scparation. Ores from 6 to 0.1 mm can be
conceatrated by cither dry or wel magnctic scparation.
Orcs below 0.1 min cao only be concentrated by wet
magnetic scparation.

Dry magnctic scparation can only be uscd when the
orc has a low moisturc content and whea it does not
contain any argilaccous or viscous substances.

Dry magnctic separators work more cfliciently if the
matcrial fed to them is aifready screencd. With lumpy
orcs, the matcrial should first be graded as closcly as
possiblc—for example, 40-20 nun, 20-6 mm, elc.

Wet inagncetic separation has the following advantages:
the products obtained from wet grinding can be fed
dircetly to the separators; separator capacity is high; the
initial feed is casy to distribute and the products are easy
to collcet and transport; sampling of the initial, inter-
mcdiate and final products is also a simple opcration.

The main advantage of dry magnctic separation, com-
pared with thc wet scparaticn process, 1s that the con-
centrates obtinable from Anc-grained (—=0.1 mm) ma-
tcrial arc somewhat richer. The disadvantages of dry
magnctic scparation include the necd to pre-dry the
matcrial, the difficulty of distributing the feed, par-
ticularly when scveral macinines are instailed in parallel,
and thc niced for dust control.

Many concentration plants usc wet magncetic scpara-
tion for orcs smaller than 6 mm. Dry methods are
occasionally uscd to complete the concentration obtaired
by wet separation; but a major Canadian plant with a
capacity of 5.5 million tons of fine high-grade con-
centrates a yecar commenced production 1u 1964, using
spirals and clectrostatic scparators in prcfercuce to wet
magnctic scparation.

Wet magnetic separation is usually carried out in drum
separators, which are either clectro-magnctic or fitted
with pcrraanent magncets. Scparators with two drums or
morc—cnabling 2 number of successive opcrations to be
carricd out on the samec machine—are now fairly
common.

Usual flowsheets uscd on magnctite orcs are the
foliowing:

(i) Dry maznctic scparation of lumapy ore (+5 mm)
to produce concentrates and tailings, without
conceatration of the fincs (=6 nun);

(i) The samec as (i), but with wet magnctic con-
centration of the fines;

(1)) Dry magnctic scparation of the lumpy ore, with
the wasle tailings (and somctimes the concen-
trates) and the interinediate product removed (os
concenlration at a Jater stage by wel magnetic
separation, after further grinding;

(iv) Wct magnctic separation of the whole ore, aftee
crushing and grinding (i.c. —5 1inm and smaller);

(v) The same as (i) and (iv), but with the wet
scparidion concentrates further treated, aftet
drying, by dry magnetic separation;

(vi) Spirals and clectiostatic separators.

Flowshests of types (1) and (i) arc used for rclatively
high-grade, finc-grained ores. Type (i) Nowshceets arc very
simple to sct up and cquip, but they have a disadvantage
in that the iron content of the unconcentrated Ancs s
at most only slightly hicher (not more than 1 to 3%
than that of the mined ove. They are therefore used rathet
infrcquently—usually only as a teinporary measuee wher
a ncw plant is just coming into opecration. At a lates
stage, thc fnes are concentrated and the type (i) is
converted into a type (1) flowsheet.

Type (1it) Nowsiicets are often used lor concentrating
orcs of irregular structure. This type of flowsheet it
used at the Malmberget concentrating plant (Sweden)
Type (iv) Towshects arc uscd for aii fine and cvenly
grained ores, particuiarly magnetite quarizites {iaconites)
Grinding and concentration arc usuaily carnied out it
two or threc—somctimes four—stages, depending on the
hardness of the orc and the type of muncralizat:on. Roc
mills arc rormally used for the first stage of arinding
Some cxampics of plants using type (iv) Howsheets are
Silver Bay and Hoyt Lake—the largest plants in the
United States—the plants operated by the Southen
Mining and Benehiciation Comtine and the New Krivo
Rog Combine for treating guartzitic ores frem Krivo
Rogin the USSR, and the Sydvaranger piant in Norway

Other processes occasionally used for maguctite ores
in conjunction with magnetic scparation, include des
lurrying of the comminuted ore to remove the very smal
sizc fractions (10-20 microns and less) which arc ofter
low in iron. In other cases, :he magnetic scparatiot
conccatrates are recleaned by Jotation to produce
particularly hign-arade product with au iron content 0
morc than 67%. This treatment is also appiicd 1o rcmovs
the anatite which is present in certain ores. For the same
rcason, but only in cases where an cxceptionally high
grade (more than 70% Fc¢) and phosphorus-frce produc
is required, the coaocentrates arc further -treated 1n ¢
solution of nitric acid. This mecthod is uscd at th
Gringesberg Leneficiation plant, in Sweden, to preduc
a concentrate containing 71.3-71.5% [c and less tha
0.01% P.

(b) liigh-intensity magnetic separation
Industrial applications of this mcthod arc at prescn

limited to ores which have been thoroughly dried; th
possibilitics of treating wet ores are being investigated
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Mcthods of iron-orc preparation

The maximum ncceptable size of the mincral grains
is 3 nmun. Jf (he material contains over S0% of grains
below 40 microns difficultics occur, owing to adhcsion
between the various mincral grains.

This method requires the use of very powerful clectro-
magnets. The capacity of each separator is 2 tons of feed
per hour for limonitic orcs, rising to 6 tons per hour
for specularite.

C. Gravity nethods

] iethods of gravity concentration commmonly uscd on
iron orcs comprise jigeing, hcavy-media separation and
tables. In recent years, (0o, concentration 1o spiral
separitors has been more and more widely practised.

(a) Neavy media

In this mcthod the crushed ore is passed through a
hquid with a specific gravity intermediate between that
of the lumps or grains rich in iron and tbat of the lumps
or prains in which waste predominates, Jt can only work
with graius above 2 mm n sizc, but preferubly altiove
4 nun.

The heavy-media liquid is a suspeosion of fincly
powdcred ferrosilicon or magnetite in watcer; the media
is kept from sctthing by the action of the circulating
pimip. Waste is climinated as an overflew, whilst the
concentrate is collected as an underflow. The concen-
trates and waste are then washed to recover the media
which they have carnied away with them.

Very high outputs can be achicved by this mecthod.

(b) Jigging

In this method the feced is classified verticaly, ac-
cording to the weight of the individual grains and other
physical factors. The weight of each grain 1s dependent
on its specific gravity and its size; for the inethod to work
properly, the feed must therefore be sized between very
narrow Umits. The classifcation is achicved by putting
the feed into motion in waler.

Very many kinds of jig are in existence, adapted to
take diffcrent sizes and different types of ore. The output
of an individual jig is always very Jow.

(c) Tables

This mcthod is now httle used in the concentration
of iron orcs. It is generally applicd to the recleaning of
very finc concentrates.

The investinent and operating costs are Jugh; the
output of cach table is very low.

(d) Spirals

This process has been widcly applied to iron ores only
in rccent ycars. It is now becoming more and biore
popular.

The initial investment is high because the outpul of
each individual spiral is low, and because the desired

EXHIBIT

conceniration can only be achicved in several stages; but
opcrating costs are low because no power is required and
maintenance is small.

The best size range for treatment by this mcthod is
between 0.1 and 1.5 mm.

D. Flotation

Till reeently, concentration Ly flotation has heen used
much more rarcly than other methods, somctimes as a
basic, somectimes as an auxiliary, process; but there arc
grounds for believing that, withy the present tendency Lo
subjcct the ore to several stages of concentration in order
to obtain a high-quality product, flotation mcthods will
be adopted more extensively, particularly for finc-grained
hematites and mixed ores.

The present  situation  and. prospects  regarding
iron-ore flotation have recently been described and
discussed in the West German technical press.! Detailed
information is provided on the various otation reacents
uscd, and on the particular features of this technique.
Itisstated that thie only countrics where iron-ore flotation
1s now widely practised are China (mainland), the USSR,
and tle United States of America, and that the annual
output of concentrates obtained by this incthod is about
4.5 million tous. The finc Motation concentraies arc
pelletized, but in some cases they have 1o be previously
regrouad bzcause the teagents used arc liable 10 modily
their surface teasion.

In the present stage of developiment of this process,
both dircet and reverss flotation are used. Direct fetation
has been used for the recovery of ore contained in
magnclic scparatioa tailings, «nd reverse Jotation lor the
final freatiment of muagnetic concentrates. The concen-
tration flowsheets uscd with direct fotation usuaily
include two to four rc-washings of the concentrates,
whilst two to three re-washings of the {roth product are
carricd out with reverse fotation.

In some arcas the only water available is highly
mineralized, and this must be taken into account in
selecting the flotation reagents.

Talloil is tl:e 'nost conumon reagent used in the dircet
flotation of iron. Rezently this reagent has been mixed
with sundry surface-active substances, such as fatly acids
of various molecular weights and structures, high-
molecular spirits, allkylsulphides, etc. Such additives arc
very cffective in hard-water fiotation, which must be
carricd out in a weakly acid medium (pH = 6.5) obtaincd
by the introduction of sulphuric ac:d or sodium fiuo-
silicate.

When water with a low mincral content is uszd, the
orcs from many deposits can be satisfactorily floated in
cither a weakly acid or a weakly alkaline medium. In
the latter case, sodium carbonate must be added.

In recent years new rcagents have been used, such as
the heavy fraction of lignecous tar from gas producers,

' Burghardt Otmar: Srand und Auvssichien der Ei:cncn/lola/io:i
Iron-ore flotation: situation and procpects), £rsbergban und Metall-
(/tutieniresen 1964, No. 4, 173-180.
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Mecthods of iron-erc preparation

and various products containing fatty acids, such as fish
fat or synthetic fatty acid distillation residucs, cte.

For scverse flotation, talloil or cationic reagents arc
vscd as collectors.

The cconomic advantages derived from the flotation
ol magnctic tailings arc shown by thc (ollowing examples:

(a) IFlotation used for cxtracting the hematite from
magnctic tailings in concentration plants at Gubkin, one
of the main deposits on the Kursk magnetic anomaly,
gave the following results: The Fe content of the magnetic
tailings was reduced from 14-16% to 9-10%. The iron
rccovery in the concentrate was increased by 6-8%, for
the same quality of concentrate; and the cost of the ron-
centrate was reduced Ly 20-25%,.

() The fotation of magnctic tailings in the cxperi-
mental sccion of onc of the Krivoi Rog plants gave
additional flotation concentrates at half the cost of the
magnchic re-concentrates.

(¢) Simlar results have been achieved on non-magnetic
tailings at various other plants.

Flotation concentrates with a 63-70% [e content can
be obtained from various magnctic concentrates con-
taining 60-64%; Fe.

. Other processes of concentration

Washing

Certzin natural ores can be cariched by simple wash-
ing, which rcmoves soft clay, sandy matenal and fines
in the stream of water,

Roasting

Roasting is uscd scparately only on rarc occasions, for
orcs such as sidcerites or browa hematites which do not
requirc truc concentration but which contain a con-
sidcrable amount of volatile substances (CO, and H,0)
which arc thus driven off. It is donc in shaft furnaces,
grates and rotary kiins. Roasting is also uscd in com-
bination with other concentration mcthods.

It is extensively used to recover the sulphur from
pyrites.

Magnetizing roasting.

The magnetizing roasting process consists in the re-
duction of the ore to magnetite at high temperature
(600-300 °C), followed by low-intensity magoclic separa-
tion. It was first suggested for the coacentration of
weakly magnetic ores more than forty yecars ago. In the
post-war yecars cheaper methods were preferred but this
mcthod is now the object of further studics.

Magnetizing roasting has great advantages, owing to
its universality and high technical efficicacy, but it is
costly. It is applicd on an industrial scale at Krivoi Rog,
using rotary kilns.

LEorts to reduce the cost of the process have borne
mainly on ways of roasting the ore in a fluidized bed
using a cheap fuel such as natural gas. When this method

—

has been perfected, the furuaces (reactors) will be less
bulky and will have a higher capacily than the rolary
kilns, aond specific fucl consumption should be lower,

F. CLlectrostatic separation (or concentration)

Till recently, clectrostatic concentration has not Leen
used to any great cxtent for iron orcs; but a ncw
Canadian plant has now introduced his incthod to refine
spirals concentrates.

It has also been used as a preparatory step prior to
magnetic scparatiou in order to remove the dust and to
classify the material after dry-grinding,

The development of clectrostatic scparation has been
hampeied by the high voltages requircd at the electrodes
(35-80 kV) aond by. the low capacity of the individual
separators.

The clectrostatic scparators inost commonly nscd at
present are the crown-type drum and chamier units,
which can bLe used for conccntraling, classifying or
de-dusting various orcs.

Crown-type drum scparators can be used fer con-
centrating line-grained and lean magnetic and non-
magnctic iron ores which contaia both conducting ore
mincrals such as magnetite, hematite and martite aand
aon-conduciing muncrals such as quar!z, clc.

hie clectrostatic separation process does not denend
on the magnctic propertics of the ore mincrais, and only
requires relatively low-iemperature drying (compared
with the high-temperature treatinent nceessary for mag-
nctizing roasting). -

Clectrostatic scparation cxtracts all the iron minerals
from the orc as one conccntrate, which distusguishes it
{from other concentration methods. Furthermore, it ¢li-
mivates from the concentrate harmful miuerals such as
apatite, tiotite, hypersthence, cte.

Elcetrostatic scparation of quartzites from the Olycne-
gorsk deposits, ground to a size of 0.074-0.15 mmy, has
produced concentrates contaiging 8.6 Fe and ruitings
containing 6.8%, Fc from an orc contzining 33.57, Fc;
it has also produced rich super concentrates containiag
68.8% Fe from couceatrates containiug 607, I"c from the
Olyencrgorsk beneliciation combine.

Ore conceetrates at $9.4% Fe have been econoraically
obtained by clectrostatic separation from orc of the
Grensbera deposits in Canada, contairing 55% TFe and
ground to a size of 0.075-0.3 mm.

In the case of ores whosc fines [raction is ricker in
iron than thc run of mine, rich concentratcs can be
oblaincd by scparating thesc fractions in crowa-type
chamber scparators.

The combination of clectrostatic and magnetic scpara-
tion usually improves the cfficiency of both processes.
To give an example, when iron-ore fines are concentrated
by combining cloctrostatic scrccming with magnetic

separation, the concentrates obtaianed are 5-6% richer in,

Fe, and the tailings contain 5-13% less Fe, than when
magnetic scparation is uscd alone.
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Economic cfficiency of various methods of prepaving iron ores for sinelting

Preparation of the blast-furnace Lurden, and partic-
ularly of its orc component, has had, at cvery stage
of its devclopment, a considerable cifect on the technical
and economic results of blast-Mirnace opcration; cach
pew advance in picparation mecthods, in the widest
scnsc of this term, has Leen accompavied Ly improve-
meuts in blast-furnace performance.

The following cconomic evaluation of the tron-ore
preparation mcthods which arc used on a wide scale
has been compiled 1n the light of the present situation
and of the data supplied by various countrics. The
cconomy of certain competing techniques, such as
sintering and pelletizing, 1s compared, aod some mcthods
of deteriining the mctallurgical value of iron ores are
given.

The economic cfficicncy of iron-ore preparation for
snmiclting ts asscssed by the savings achieved during the
reduction proccss, excluding thc preparation costs
but including the diffcrences in transport costs. The
estirnates which follow are thercfore given both in terms
of the actval preparction costs (crushing, grading,

blending, concentration and agslomeration) and in
terms of the resultant savings achicved during the
reduction preccess.

Blast-furnace cficicncy is gencrally increased both
through better orc preparation and through lmmprove-
ments o the Llast-furpace process; not only do ihese
two factors complement one another, but ihey must
often be combined to give good results. Ttis oficn dificult
to determine thic extent to which cach of these fuctors
has 1ufluenced the end result. The cficiency of ore
preparation methods inust thercfore Le estimated o0
the basis of data obtained from various studics and
special caleulations, aud this is the approach thatl has
been used here. As differences in piice strirctures and
curreacy uniis of various countrics maie it dficuit
to compare costs, the cMcicucy of the different prepa-
ration methods is cxpressed, wheiever possibie, iz
natural or rciative values; only in certain casas is it
given in terms of actual vajues, and this only ia respect
of those countrics which subiutted the requiresd in-
formatioa. .

SecTiION | —EVALUATION OF VARIOUS IRON-ORE PREPARATION METHODS

A. Crushing and screening

These preparation methods have become an essential
part of inodern iropn-ore utiiization. Their economic
justification has Dbeen proved by numerous studies
in various countries, has beea amply confirmed in
industry, and is vo longer in any doubt.

The following applications must be distinguished:

(@) The crushing of [riable ores many of which were
previously uscd 1n run-of-minc formy;

(b) The crushing of coinpact ores to smaller particle
sizes;

(¢) The separation of fines for their subsequent
agglomcration;

(d) The division of marketable orcs into two or more
size ranges.

The cconomic advantages of crushing friable ores
was recognized in the western Curopean countrics in
the 1920s, cven before sintering was used on a wide
scale. It was found for instance that, in spite of a marked
increase in the proportion of fines, the need for greater
blast-furnace pressure and a 50% iucrease in the make
of fluc dust, crushing ‘‘minette” ores to —80inm
resulted in economics in the coke rate and improvements
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in the blast-furpace performance which left no doubt
as to the desirability of crushiag.

In the case of compact, high-gradc ores crushed by
onc process or apother, rcduction to cptisaum parucle
size is not, generally speaking, a costly process. It is
now generally recognizzd that the final siz¢ to which the
ore should be crushcd is deterinined by the methods
which will later be used to improve its reducibility
during the smelting process.

The next step in the development of orc preparation
methods once sinteiing began to be used was the
separation of fines for their subsequent agglomeration.
Extensive rescarch into the cconomic vaiue of tiis meti:od
was carried out in the United States and in western
Europe 1n the 1930s, and lcd to the usc of sintecring on
a wide scale.

The improveraents which can be achicved by removiag
fines can be scen from the results of tests on Krivoi
Rog ores, carricd out in a blast-furnace at an iron-
and steel-works in the south of the USSR, and given
in table 14.

This table shows that, in the first period, average daily

output was low and the coke rate high, in spite of the
high proportinn of iron in the burden and the extremely
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Economic cthiciency of virious methods of preparing iron ores for smelting

Tuble 14 — et of porcentage content of the - 10mm
feaction in the ore on Llust-furnace perlormance

Penod
Inden
1.1-53 111 11. 1.1,
30 1-36 31.X11-38 I1.X11.37 31.X1{-33
i 2 3 4 3
+10 mm9, conteat in the ore  54.25 71.36 83.20 8917
Saving of coke (kp/tan iron). — 58 77 20
Blast tcmperature (*C) . . . 60§ o1 616 630
IFlue Just (kg/ton pig-non) . 254 241 1874 137
Average daily output (%) . . 100.0 106.5 109.5 110.0
Fuinree volume utilication
factor (mtonjday) 0.918 0.805 0.840 0.834
Cokc-burning rate (tons/in?/
day) . . . . . .. ... i.140 1.190 1.220 1.230

Sousce . Infoninanon submiiicd Ly the Gorvernment of the USSR,

high iron content of the ore (not shown ia the table).
The dust loss was also high and irrcgular. Once the
fines had bLeen cinminated and ores of a larger hump
size were uscd, furnace output iacreased by (0%, even
though other conditions were not as favourable, and
the coke rate dropped by 5.4-8.7% to 58-90 kgfton cf
iron.

The resuit was, on the one hard, lower blast-furnace
opcrating costs throuvh savings in coke, reduced con-
sumption cf orc and fluxes per ton of iron produced
owing to lower flue dust losses, and rcduction in the
assumecd constant overheads in prediuction costs per ton
of iron as a result of tiie higher productivity rate, and
on the other, an incrcased cxpenditure in respact of
sizing thc orc and sintering the fines, which amounted
to 35% of the total ore used. The situation as regards
the capital expend:ture per ton of iron produced remained
unchanged.

The resuits of these tests were used to establish the
following quantitative rclationships between the cost
of iron, the specific capital investmeat and the +10 mm
content of the ore, in the conditions prevailing at this
particular plant:

C=0197 P, —11.29 and K = 0.285 P, — 15.925,
where

C = the reduction i costs, in per ccat;

K = the reduction in specific capital cxpenditure
on blast-furnace production and related operations, in
per cent;

P, = the proportion of 410 mm [raction in the ore,
in per ceat.

These relationships are illustrated in figure 7.

It was lfound that, from the point of view of the total
cxpenditure (C 4- 0.20 X), the savings achieved in
blast-Murnace production were about three times greater
than the additional cost of ore sizing and sintering of
the fines.

The cfTect on blast-furnace performance of removing
fines from the burden is also illustrated by the following

EXHIBIT

Figure 7 — Tron costs (2) and specific capliad cxpenditore (1) us
a function of tiic 4- 10 mum content of the ore.
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more recent datal In May 1962, blast-furnace B at the
Beihlehem plant of the Bethlchem Steet Co. nroduced
$3,201 :ons of iran for a uscful vsiume of 1,424 m?d.
[o February 1663, blast-furnace D, of simiiar size but
equipped with better blast heaters, and using the same
burden, produced 2,653 tons/day fer a coke rate of
579 kglton and a blast censumption of 3,400 mdnun,,
finited by the blower (1.75 gauge atm. in thc blast
main). The nellets contained 7-8% of —6 min material.
The ehimination of these Snes would Bave made it pos-
sitble to :ncrease output, but, for ccepomic rteasens,
this was unnccessary. Ta July 1963 the selictizing plant
was closed down for repairs and, for scveral menths,
nellets were drawn from stock and it was then decided
that they should be crushed. The use of crushed peiicts
rcduced biast pressure by 0.14-0.21 gauys otm, as a
resuit  of  which  blast consumption incisased o
3,680 m¥min. During this month, ouiput arounted
to 85,120 tons. The fcliowing menth, when use was
made ¢f pellets fiom which the fines had besn removed,
daily output was 2,936 tons. Coke was charged in two
sizes, ramely +38mm and 13-28 mm, Ly scparate
leecders. The particle size of ccke, sinter and pellets
at the plant was approximateiy the same, vut the partcie
size of peilets in the Loppers (according to two 5-ton
samples), before ard aficr the removal of fines, vaned
considerably. The peliets in the hoppers centained
109, of —6 mm material before the removal of fires in
August and Septainber 1963 and 7% at the time of their
shipmezat {from trhe plant. Tt can be assumed tnat output
rose by 9.2% as a result of the removal of fines.

Dcneuding on the price of coke, etc, the rclationship
between savings and extra expenditure can vary according
to citeumstances but it is always positive. Ungraded
ore is, therefore, very rarcly smelted in modern practice,
and then only because of orgenizational or ticchnical
difficultics and not for cconomic recasons.

The advantage of classifying orc into several sizes
was also discovered some time ago, and cxteasive

b Nitchic: **'S. M. Fincs Aren't Fine **, Blast Furnace and Stee
Plant, 1964 New York, pp. 331-333,
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Econowic cfficicney of various wethods of preparing iron ores for simclting

rescarch has been done on tlus subject in a number
of countrics since the 1930s. It was found that, if a
blast-furnace is charged in layers with ore of diffcrent
sizcs, the gas penmseability and redecibility of the burdeca
improve considerably, with the result that the thermal
and chemical energy of the fuel is used nore fully
(decrcase in coke consmmption awd increasc in the
CO, coatent of the top gas) and blast-furnace output
rises. :

Table 15 illustrates the quantitative cffects of separate
charging on bLlast-furnace performance.

Table 15 — The quantitative cffects ‘of separate charging
on blst-furnace performance

CO, content of Coke rate

liem the 1op gases (%) G.grioo ren)
Mnedore . . . . . . . . .. 11.0 1,180
Ore sized 1nlo two categorics . 12.1 1,070
Ore sized mto tluee catcgorices . . . . 16.1 960

Source: C. C.T'uinas. Blast IMuransce, vol. 29, 1941,

The following information regarding the cflect of
burden sizing on blast-furnace performance was also
publishied recently:®

(a) Tn 1926, output at the Irontown plant of the
Colombia Stec! Co. rose by 20% and coiic consumption
dechined by 18% when orc was crushicd to —50inm,
screencd into thiree sizes and charged 1in separate layers.

(&) Tn 1950, output at the Fontana plant of the
Kaiser Steel Corp. was raised and colic consumption
dropped by 14% when the maximum particle size of
ore was rcduced from 38 to 25 mm. It was fuither found
that the removal of fines from the burden improved
its gas penncabiiity and promoted the uniforiy distri-
bution of gases in the shafr.

(c) In 1934, the :nflucnce of particle size on the gas
resistanice of the charge was delermined. Resistance
increases considerabiy when the charge consisis of
particles below 6 mm and becomes even more marked
in the casc of pariicles below 3 nun. Particle sizes over
10 nun have litte efTect en the resistancg of the burden.
The maximum effect is therefore achicved by the removal
of the —6 nun or —10 am fractions.

(d) In 1945, at the Edgar Thompson plaot of the
United States Stecl Corp., the removal of the —6 mm
fraction and its apgglomeration, which increased the
+6 mm content of the burden from 38% to 67%, led
to a 14% risc in output and an 8% drop in coke consump-
tion.

(¢) Two ycars later, the screciing and sintering of
the —6 mm fines, which increased the proportion of
the 4 6 mm fraction in the butden from 40% to 629,
raiscd output by 21% aud reduced coke consumption
by 15%.

P W. R Trognitz: * Cffect of Burden Sizing on Blast-(urnace
Performance ', Blast Furoace and Stcel Plant, 1964, Mo. 4,
pp. 315-319.
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(/) As a result, the proportion of sinter in the burden
rose from 25% to 45% during the 1957-1962 period in
the United States.

(g) DBetter sizing of the burden helped to improve
blast-furnace perfermance. Output at the Fairless plant
of the United States Steel Corp. rosc by 46% when the
burden was improved as follows (scc table 16):

Table 16 — Linprovements in the sizing of the bunlen
at the I'airless plant

Tines content of

Nuiden compavition (%%) the Lurden (%)

Period
Runwof-  Graded Seil-fusning ~0.833 —10
mine ore ore sinler mm mm
I......... 17 30 — 26 33
I ........ - 60 49 7 56

(5) in 1957, the use of pellcts in which the =6 mm
fraciien had ixcen increased from $4% to 74% 1aised
output at the Middletown plant of the Armco Sieel
Corp. by 17%.

(1) Tests at the Appleby TFredingham plant in 1959
showed that Dlast-furnace output can e raised con-
siderabiy by screcinng the sinter. When the 40 mm
content of the sinter was creased ficm 65% to 95%,
output rosc by 30%.

() When the =6 mm content of the sinter used at
the Pert Keinbia piaant of the Austraiian ITron and Stec!
Company was increased {rom 659 to 89% Ly screcoing,
output rose by 129 and a furnace with a hearth diameter
of 8.34m produced 2,825 tons/day. Iron ouiput per
square mctre of hearth arca was practically the sainc as
at the Middizlown plaut, where »nellets were used.

(k) Blast-furnace performance s similarly afTecte
by the classifying of coiie, fluxes and other charge
components.

(1) The best results are obtained by grading ail charge
components, but the advantages cf such an improvement
may be 1o some extent offsct if unprepared open-licarth
slag, scale, ete. are aiso added. Tiwe parucie size of such
additives must be approximately the same as that of
the sinter and ore.

(m) Pubiished Agures indicate that a 10% :ncrease
in the =-10 nun coutert of the ore, sintsr or peiicts
raiscs biast-furnace output by 169, ensurcs that the
blast-furnace opcrates more cvenly, and improves the
quality of the iron.

According to a large number of sources, the saving
in the cune rate as a resuit of classifying the iron ¢re into
two or more classcs is 50-100 kg/ton of iron.

An analysis of blast-furuace performance at two
plants in the southern pairt of the USSR showed that
when the ore i1s graded and charged separatcly, output
i1s 10%-12% higher than when ungraded orc 1s used
and that, when fines of —6 mm arc removed from the
burdea, output increases still further.®

* Information supplicd by USSR povernment organizations.
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Economic cfficicney of various methods of preparing iron ores for smelting

None of the many industrial tests or analyses of per-
formances of iron and stcel plants have brought to light
cases in which the classifying of orc into two or three
sizes was cconomically undesirable. At the present timne,
the bulk of the lump iron ores consumed in the world
arc previously sized.

According to data from the USSR, the total cost of
the supplementary preparation of lump iron ores
(reducing lump size, scparation and sintering of fines,
scrcening) is generally three to five times smaller, in
terms of production costs, than the corresponding
savings achicved in the blast-furnace opcration. They
arc two to three times lower in terms of specific capital
investment per ton of iron, depending on the type of
ore uscd and on local cconcinic conditions.

Substantial cconomic advantages arc achicved by
carcful grading in the casc not only of lump ores but
also of apgilomerates. For cxample, high blast-furnace
output was aclueved at the Middictown piant of the
Armco Stcel Corp. in recent years enly wien the resist-
ance to attrition of pellcts was iinproved arnd the amount
of fines thus reduced. Pclicts by themselves were found
to bc a valuabie blast-furnace raw material because
they consist of particles of uniform size.

Former publications had shown the importance of
and thc economics realized by preparing the blast-
furnace burden,* these have been confirmed in receat
- ycars by tests carricd out by the Association of Germaa
Iron and Stcel Manuflacturers at plants in Duisburg-
Rulrort and iHuckingen (Western Germany).®

A cxcelient cxample of the great technical advantages
achicved by crushing orc to an optimum pariicic size

¢ G. Heynert, P, Ischebeck and \W. von Spece: ** The efTect of
burden preparation * Arch.  Euscenhuttenwesen §. (1932/1933)
$.129/36. Mintrop, R.: Stalil wnd Eisen 18 (1958) S.633/46.

8 Stail nnd Eisen, No. 19, 1962; No. 23, 1563, and No. 19, 1964,

Figure 8 — Granulomctric composition of raw iron ore.
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and then grading it is given by the tests carricd out at
the Ougrée works 1n Belgium.® Undcer normal conditions,
all ore at this plant is crushed and screened to three
sizes, +50mm, S0-10mm and —10mm, thc last-
mentioned fraction Leing sent for sintering.

The trials were carried out on No. 5 blast-furnace,
blown in August 1959, with a hearth diamcter of
6,600 mm. The timing was governed by the following
factors: crushing and screcning the orcs started in May
1960, the sinter plant started up on 17 June 1960 and
April 1960 was the last month when No. 5 blast-furpnce
was operated on unprepared ores. September 1960
was the first month in which the furnace operated
on a fully preparcd charge and May 1961 was the !ast
trial month wiiich, for reasons connected with the length
and cenditions of the tests, could be regardad as fully
representative for purposes of forecasting performance
figures in long-teiin operation,

he particte size of the two basic ores used is shown
before crushing, in figure 8, and aficr crusiung, in
figure 9.

Tihic only variable factor during the three trial periods
was the composition cf tire burden; all other operating
conditions remained unchanged. As the Nigures lor each
test relate to onc month of operation, it is inicresting
to compare them. They are shown in table 17.

The table shows that the coke raic was reduced by
215 kg/ton of ron when crude unprcpared ores were
replaced by prepared ores, and by a further 41 kg/ton
of iron alier further tuprovements 1n the operation
of the sinter plant and of the blast-furnace itsclf. Furnace
produciivity incrcased by 64.4%, owing o an increase
in the coke burning rate of 219 and a decrease ia the

¢ Journalof the iron and Steel Institute, 1961, No. 3, pn. 253.258.

Figure 9 — Granulomnetric comnosition of iron orc after crusling.
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Source: Jean Noland. “*Increase in productivity of blast-furnace operating on mized ore dburdent™. Journal of the 1ron snd Stecl Inttitute, Novanber 196

PP. 13).258.
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Ecoooniic efficicncy of various methods of prepaving iron ores for smelting

Table 17 — Tests at the Ougrés wocks in 1860/1861

Indicator

First month of
opceatinn with & fally
nrepared burden,

Fumace operating with

Last teial rmonth,
unprepried burden,

May 1561

Apal 1960 Sepiemler 1960

Jron production (tons/day) . . . . . .. . . oo oL, 495 708 R1S
Coke consumption, (tonsfday) . . . . . . . . . . ... 478 531 578
Colierate (h.rfton of iron) e e e e e e e e e e e e e 965 750 709
Netironcontent of charge (%)* . . .« . v v v v v v v v v v 459 46.5 47.3
Slag volume (kg/tonoficon), . . . . . . . . . . ... 618 676 611
Fluedust make (kgftonofiron) . . . . . . . . . .. 131 58 33
Rlasttempzratine °C) . . . . . . . .. .00 0o 811 798 §38
Toppastemperature °CY . . . . . L L L 0 00 319 159 179
Colc burning rate (k¢/m*/h)y . . . oL . L L oL 706 783 852
Slag Lasieny, CaO/SIO, . . . . . . .. ... ... 1.46 1.43 1.43
Tron analysis (%) : .

Sio o e e e 0.29 0.32 0.40

S .. e 0.043 0.025 0.027

Mn . . . . .00 0.75 0.75 0.80

C . ... 3.3 3.70 3.65
Col.c analysis (%) :

H,0 . 1.22 1.65 1.08

c .. .. £8.27 88.15 £8.79

A (ash) . . 9.62 9.30 9.26

S ... 0.89 0.90 0.87
Top gas aralysis (%) :

COy - v v e e e e e e 9.1 12.3 13.3

CO . . . e e e e e e e 1.6 28.3 217

H, . e e e e e 2.3 2.1 1.8

Ny . .. $7.0 57.3 57.2
Calor:fic valuc (3.¢al/N m?) 1014 909 883
Inditect rednct:on (5%)° . 54 .45 58.78 61.7
Chargingeycle . .« o o o o s e e e e e CCi00:CC CCiCCSO;CSs OC;/SC,CO,sC,0C/CS

¢ Corrected valuc for Nua dust 1oases.

coke rate of 36%. Flue dust fell from 131 kgften of
iron in April 1960 to 58 kg/ton ol iror in September 1560
and 33 Lg/jlon of iron in May 1961, in spitc of the lugher
driving rate. This indicates a better distribution of the
burden and of the gases in the furnace shaft.

In conclusion it is suggested that, under conditicns
prevailing at the Ougréc works, hematite ores should
be crushed to a size of —501m, magneciite ores 1o
—25 mum, and hydrated and carbonated ores to —10 mm,
for subscquent sintering. In the final anatysis, the extent
to which the ores are crushed will depend on the price
of coke and sinter. Whatever the ore, it 1s always acces-
sary to climinate the fincs in order to obtain a regular
distribution of the gas-flow, thus increasing productivity
without deiriment to the cost of the iron.

Iron-ore preparation initially included drying. The
cconomic advantages of drying cannot be demonstrated
in terms of improvements in iron- and stcel-making.
Hygroscopic moisture is rcmoved from the ore during
the smelting process in the upper part of the blast-furnace
by the hcat of the waste gascs; the removal of such mois-
ture outside the blast furnace will require additional
fucl. Drying is thercfore carried out only in the event of
serious difficultics, such as freczing of the ore in winter,
whose disadvartages outweigh the extra cost of drying.

B. Blending

The technical importance of blending has been shown
on a nuinbecr of occasions; its advantages arc now fully

b Jaditect teduction ~ CO, in g33 — CO, 10 s0hid.

recegnized and it plays a vital part in modern iron-ore
preparation. For a number of rcasens it is, howcever,
difMicu!t to cstimale thie cconomic inflluence of Licading
in iron-ore preparation.

Firstly, in order to tcduce the undesirable cfTects of
the vanations in the cheimical compositien of the burdezn,
the blast-furnace inust build up a thermal reserve and
the burden must contain 2n excess of chemical bases,
which can only bc crcated by a supplemcitary con-
sumption of fue! and fuxes. Furthermore, the inter-
reptions in blast-Nurnace operatien which occur wheso
a burden of this kind is used will affect the quality of
the ircn. Jt is, owever, difficult to express the concept
of a “smooth” or an ‘irrcgular™ furnace opcration
in terims of quantitative and ccocomic values.

Sccondly, it is usually dificult to calculate the total
cost of blending since, in modera practice, this cperation
often begins as soon as the ore leaves the mine and cen-
tinucs uatil it is charged into the blast-furpace.

For these reasons, the optimum cconomic degree
of blcnaing has not been determuned and it is impossible
to say what expenditure would be justified on reducing
variations in (he chemical composition of an orc from
+1.0% to 4-0.5%, for instance. On the basis of cxtensive
practical expcricnce, however, a blast-furnace running
on a burden the iron content of which varics by +0.5%
is considercd to be operating normally and tlus figure
is, as a rule, the target of the various blcnding nrocesses
applied.

EXHIBIT "23ECH3" - E‘.xtrac_:t frem "Econamic

Aspects of Iron Ore Preparation' prepared by
the Secretariat of the Econaomic Cammission
for Europe,.1196%

1626

N
(ép]



Ecunomic efficiency of various incthods of preparing iron ores for smelting

Lump ores are blended both by the supplicr and by
he consumer. Blending by the supplicr 1s common in
he casc of large iron orc mines, or groups of mines
vith large stocks of orc at transloading points or ports,
is for cxample the ore stocks at Narvik (Norway).
3lending by the consumer is typical of iron and stcel
slants which usc ores from a number of suppliers, such
v the United Kingdom plants and many plants in the
United States and other countrics.

Owing to the high cost of building specialized blending
plants, the general tendency is to carry out blending
on ore stocks which have also been built for transport
puiposcs, such as transhipment stocks, or stocks for
scasonal shipment. For example, the blending praciices
at many plants in the United States arc influcnced by
the necessity of crcating large orc stocks to cope with
the seasonal naturc of supplies Ly water from the
Lakc Supcrior arca.

Very thorough blending such as that achieved by
Robins-Messiter orc yards, is applicd at plants which
use a multi-component burden containing ores whose
iron content varics by 10% or more and when the ores
contain varying proportions of siag-forming mincrals.
In such cascs, the :ncrcased expenditure on blerding is
justified.

Tests carricd out at one USSR plant showed that
blending, which kept the variations in the iron content
of 70% of all samples to between 55.5% and 55.8%, Fe,
increased blast-furnace output by 7% and rcduced the
coke rate by 4%. At the samnc tune 1ron costs dropped
Ly 2.5%, and calculations showed that capital savings
amounted to 4.5% as comparcd with [urnaces using
unblended ore.?

The results obtained at the iron and stecl plant at
Witkowice by the blending of the iron orc prior (o
sintering are as follows:

(a) A 3.5-4.07; drop in the speeific coke rate in the
blast-furnaces;

(b) A 5-7% increase in Dblast-furnace output;

(¢) Fewcer variations in the chemical composition of

the :iron, resilting in more economical siteel smeiting
opcrations;
(d) An increase of 10-15% in sinter plant output;
(e) Better orgenization of operations in the orc
yard.

C. Concentration

Concentration is the iron-orc preparation method
which alters the most radically the quality of the ore
from the point of view of its iron content and of its
slag-forming and harmful componcnts. Unlike physical
orc preparation mcthods such as crushing and grading,
optimum concentration is not always technically feasible
and is invariably limited by cconomic considerations.

The cconomic cflicicncy of iron-orc concentration is
always difficult and often impossible to determine on

! Stal No. 9, 1945
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the basis of the type of orc or of the concentration
processes alone.

Concentration makes use of differences in the proper-
tics of the ore and of the wastc mateiial, physical
differences such as specific gravity, magncetic, clectro-
static and other properties, physical and  chemical
propertics such- as flotation churacteristics, or purcly
chemical propertics. But nounc of these properties,
which wili determune the technique to be adopted, can,
in itse!l, govern the cconomics of concentration. For
instance, the cost of concentrating coarsely grained
soft ores will be quite difTerent from that of concentrating
sinilar fine-grained hard ores,

It must also be noted that there exists a wide vericty
of possible conceniraticn mcthods and that, frequently,
a numkber of different methods are anplicd successively
to the sanmc ore {combined concentration fowsiects).

The ccopomics of concentraticn are considerably

affected by factors govermng the produciion, con-
sumption and transport of iron ore. Furtherinore,
they cannot be considered independently of niining
conditions and costs, on the one hand, and of agzlom-
cration mcthods and mectallurgical techniques on the
other.

The wide range of natural propertics which can in-
flucnce the chotce of concentration methods maxes it
essential 1o carry out a special technoiogreal study for
each deposit, and for cach type and varicty ol ore, whilst
the multphcity of ccononue faciors involved calls lor
sinular cconomic investigations which vall include.a
calculation of the optimumn degree of concentration,

Although technical and cconomic results wiil differ
in each individual case, concentration js ucvertheless
subjcct to certain gencral laws which can give an apnuroxi-
matc economic csiimate of certain factors and rciation-
ships involved.

The main purpose of concentration is the rcmoval
from the ore of rthe maximum possible amount of slag-
forming componsats, winich, if sincited, would have
a considerable bearing on the consuinption of coke
and Nuxes as well as on blast-furnace output. The higher
iron content of the orc achieved by concentration,
which generaily reflects the degree to which the process
has bezn appiied, 1s a function of the dimmution in the
amount of slag-forming componcnts coolaitied in the
ore.

Other things keing cqual, the reduction of iron from
its oxides takes place more rapidly when riciwer ores,
sinters or pellets are suiclted. At the same time, less
furnace encrgy is cxpended on slag formation. It is
generally recognized that a decrease in slag voluine of
100 kp/ton of pig-iron reduces coke consumption by
20-25 kg and increascs furnace output by 5-6%. The
same resuit is obtained if 40-50 kg of the silica is removed
from the ore, in which casc the amount of limestoa
required drops by 120-130 kg. :

The above results, which correspond to the removal
of the basic or acid gangue from the orc, caa lcad to
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Economic cficicncy of various mcthods of preparing iron ores for smelting

a number of conclusions which, other things beiug
cqual, arc valid in most cascs:

(a) Conceniration is very advantageous and tie best
metallurgical 1esults are achicved whea it is applied
to ores associated with an acid ganguc;

(1) Concentration is most cfTective when the basicily
of the ganguc improves as the gangue conteat of the
concentrate declines. This is achicved in the fotation
of iron ores, for instance;

(¢) Concentretion is not cffective, or is the least
effective, when it consists primariiy in the elinunation
of the basic oxides (CaO, MgQO) and, only to a iesser
degree, in the 1emoval of silica.

For the rcason given in (¢) above, it is considercd
undesirable to concentrate certain ican ores, casy o
treat, such as the magnetite ores of the Teisli deposit
in Siberia which contain 38.5% Fe. In other cases, the
optimum dcgree of concentration, as regards (he tron
content of the concentrate, is kept below the level that
it is technically possible fo attain. Such cases include
the skarn magnctite ores from certaia deposits 1u the
Urals and Siberia, from which it is technically possible
to obtain concentrates contaioing 66-69% ¢ but for
which it is cconomically desirable to obtain concentrates
containing not more hun 62-65% Ie.

The cconomic advantages of concentrating iron orcs
for Llast-furrace operation depend to a great eatent
on cokc prices. Approximate current prices [or coke
in various countrics are as follows: in the United States
$17.5-18.0, ia the United Kingdom $20.0-22.0, in the
Cominon Market courtries 523.0-250 and in the
USSR (frem January i965) $28.6. Coke prices vary
greatly within the same country, according !0 rcgion.

Against the mctallurgical advantages of the improved
quality of the concentraie must be sct the cost of con-
centration. This cxpeunditure varies considsrably per
unit of crudc ore and of concentrate, depending on a
number of flactors, amongst which the toughness of
the ore aud its grain characteristics, the degree of iron
recovery in the concentrate and the cost of the concen-
tration process itsell arc the most esscntial.

The matcerial submitted by many countries contaias
little information on the industrial cosls of iron-ore
concentiation. In some countrics this information s
given in costs, in cthers by ore-processing opsvatiouns,
whilst others supply oaly isolated data. A few countries
provide (uller wformation.

Table 18 gives data on the cost structhire of tlic various
types of iron-orc beneficiation process at two plants,
in the USSR and in Western Germany, respectively.

This table shows that, in the concentration of friable
orcs (brown hematites), provided the ore concentration
is not based on drying, the bulk of the cxpenditure is
accounted for by the ore concentration itself and only
a smaller proportion by the preparatory operations
such as crushing and grinding. In the concentration
of tough, fincly grained ores, on the other hand, the
main part of the cost is accounted for by the preparatory
operations, which in some instances amount to 65-70%

EXHIBIT

of the total outlay. This second type of cosl structure
applics in thc casc of most ores at present concentrated
throughout the world, for which the cost of preparatery
operations amounts to some 35-60%,.

The cost of the final opcrations, thickening, filicring,
storage and removal of the concentrates, is, as a rule,
relatively small; the cost of transport and storage for
the tailimgs varies in each individual casc and vanges
from small values to 15-20% of the total concentiution
cost.

The main concentration processes, in ascending order
of cost per (on of run-of-mine feed, can be listed as
follows with a fair degree of accuracy:

1. Magnctic separation and Humphrey spiral sepa-
ration; i

2. Washing, jigging, cencentration on tables and
heavy-micdia scparation;

3. High-intensity magnetic separation and flotation;

4. Magnetic rousting.

The cconomics of iron rccovery in {he concentrate
will depend con the type of ore, on its mineralegical
compostt:on, on the cencentration method used and
on the complications of the concentration fowsheet;
this cag be expressed by the foliowing gencral fornmuia:
g (D <+ 0):.0)

—_— Y —
[+ 4 <

C = cost of | ton of concen’rate;

B = iron conteat of the coacentrate, %:

a = iron content of the ore as mined, %,

D = cost of 1 ton of ore, inciuding transport o the
bencficiation plant;

O = cost of processing | ton of ore in the beneficiation
plaat;

¢ = iron recovery in the conceairate, %,

C =

This formula disregards the diffcrences in the cost
of the removal and storage of 1 ton of tailings, on the
one hand, and of dc-watering, filtering, storage aad
unloading of 1 ton of cencentrate, on :he other, since
in practice these costs aie ofien similar.

The formula shows that, other conditioas being cqual,
the value of the rccovery tndex increases the hugher the
cost of the orc and the greater the outlay on its con-
centration. The degree to which thie capitai iavestinent
on the mine is made usc of and the availabiiity of iren-
ore resourccs in the arca or couantry concernsd, must

also te taken into consideration.

In concentration onc always sceks to obtain the highest
possible rccovery but, in a number of instanczs, this
complicates the concentration process to such an extent
as to makc the extra cffort uncconomic. Wherce the cost
of iron-ore mining is relatively low and rcsources are
plentiful, the tendency in iron-orc preparation is not
to try to obtain the highest possible rccovery. This is
llustrated by the concentration of the taconites of the
Lake Supertor arca (United States), of the iron quartzites
of Krivoi Rog and of the brown hematites of the Kerch
deposit (USSR). On the other hand, where mining is

"23EQH3" - Extract from "Economic

Aspects of Iron Ore Preparation" prepared by
the Secretariat of the Econamic Carmmission
for Europe, 1966 ' '
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Table 18 — Cost structure of Jron-orc conceniration In nccordance with the Iypes of orc and the concentration mellinds adopteid

No. Decrignation of chagacicristics and indices MQ’T\);:::-?LM Catbecht N ‘(’I'l\:ln C"ml":n:;nu plant Okl‘)t;:_c:]\(k plant NK%?\\K-M‘M
1 . 2 3 4 s 6 7
1. Typeofore . . . . . . . . . .. ... — DBrown hemante  Brown hematite Magnetite- Magnetite iron

hematite ore quartzites
2. Concentrationmethod . . . . . . . .. — Washing, heavy-  High-intencity  Low-intensity  Low-intensity
media scparation  tnagnelic magnctic magnctic
and high-inteasity separation scparation scparation
magnctic and gravity
(1,000 scparation scparation
3. Orc-output capacity of plant . tons/day) 18.0 1.5 225 jas
4. Iron content of orc . e e e e % 30.0 300 320 330
$. Iron content of concentrate . . . . . . . % 378 39.0 61.3 62.5
6. lron rccovery . . e e % 91.0 S . 78.5 70.0
7. Final sice to which ore is gro;md . 0.074 mm .. . 55-65 98.95
8. Cost of ope:ations :
Coarsc crushing of ore . . . . . . . . % 11.9 68 5.2 8.0
Drymgofore . . . . . . . . . . .. % - 32.2 — —
Avcragecrusaing . . .. L . L L. . . % 37 4.7
Firccaiuslung . . . . . . . . . ... °% —_ 10.6 6.0
Grinding . . . . . . .. ... ... % — 18.0 34.8 51.0
Washing . . e % 232 — — —
Screening and ¢ chydrn(non e % 17.4 — 1.0 —_
Hecavy.-media concentration . . . . . . % 12.6 — — —
Magnetic separation . . . L % 15.4 25.1 6.2 8.1
Gravity scparation on t..blcs . % - 8.4 —_
Dchydration and Sliering of ccncmlralc % - — 4.2 70
Drying of concentrate. . . . . . . . . % - _ 9.5 —_
Storage and removal of concentrate . . . % —_ - 4.5 3.7
Transport and storage of taslings . . . . % — 7.2 16.6 6.2
Othercxpenses. . . . . . . . . . .. A 6.2 1.0 — —_
Overheads . . . . . . . . . . ... % 9.6 50 —_ —
Totalcosts . . . . . . . ... ... % 100.0 1CO0 0 1£0.0 1G0.0
- 9. Cost per ton of orc :
Electric poner . . . . . . . . . . .. kWh 8.7 189 14.2 16.9
Water . . . e e e e m? 2.5 0.13 2.97 A9
10. Number of \\orkcrs P Mcn 293 80 715 829

Sowce ; Information tubuntted by the gorcrament authoritics of the Tederal Nepublic of Germaoy and the USSR,

* NKGOK : New Krivor Rog Miaing Combines.

costly—as in the case of deep underground mining and
in uufavourablc mining conditions—there is a marked
tendency to achieve a high recovery cven at great cost;
this is the case, for instance, in Western Germany. As
far as the cconomics of the process are concerned, the
history of the devclopment and the present state of
iron-orc concentraiion in various countries ace therelore
largely governed by three main factors: the cost of
mining, the cost of the preparatory operations (liberation
of the ore grains) and the nmethod of concentration,
which will determine the desirable recovery of iron and
the quality of the concentrate. A favourable combination
of these three factors can often provide advance in-
formation as to the cfficiency which can be expecicd
of iron-ore concentration. An example of such a situation
can be found iu the ores of some of the Labrador deposits
with open-cast workings, relatively soft coarse-grained
ores, and cheap concentration by spiral scparators.

Although considerable technical advances have been
made in rccent years in the crushing, grinding and
processing of finc materinls, ores having been ground
in somc instances to 80-90% below 0.044 mm, grinding
remains the most costly item in iron-ore concentration.

EXHIBIT

Conceniration is therefore chieapest when e netajlic
and necn-mctallic mincrals arc coarscly grained or the
individual grains arc coalesced into noduics, thus
making it possible to scparate a substantial part of the
wasie Irom tlic ore by somc mcthod at cach crushing
stage (m«g'\ciic scparation, heavy-incdia cescentration,
washing or jigaing) and (0 obtain a A:xished con c"n(mtc
The ircn-ore reserves to which such “‘suminary’ con-
centration methods can be applied ave, lioswever, rela-
tively rarc.

The best inethod of iowering tie cost of teneficiation
in the case of finc-grained iron ores remains multi-stige
grinding and concentration. The treatment of low-
magnciic and mixed ores by this mcthod involves the
use of special concentration techniques after cach stage
of grinding (combined conceitration flowshect) so that
as much of the material as possible i1s withdrawn ‘from
the circuit, having undergone the least costly bencficiation
techniques, whilst the morc costly processes (flotation,
high-intensity magnetic scparation) are applied only
to a small proportioa of the material.

A major advance in the pu.m'atory operations was
the advent of ball-less grinding, which Jowered processing

"23ECH3" - Extract from "Econcmic
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costs for many ores and improved both the rccovery
and the quality of the coneentrate; the scope of bali-less
gtinding and its cconomic cficiency are, however,
_still under study in a number of cascs.

As has ilrcady been said, the cconomics of non-ore
concentration smust be determined on the meiits of
cach individual case and do not lend thensclves to a
general analysis. Ncevertheless such  analyses  have
occasionally been attenipted, as shown in the following
cxamples; '

In 1955, iron-orc concentration in Western Germany
removed a total of about 1.5 million tons of silica,
which, with a slag basicity of 1.3, corresponds to
3.5 :illion tons of siag in the blast furnace. The removal
of silica withrin the Llast furnace is about three !imcs
morc cxpensive than its reinoval ty ore beucficiation.®

In 1963, a total of 47.5 miition tons of waste rock,
including 32.7 nuilion tons of silica ard 6.6 n:illion tons
ol basic oxides, was removed in USSR beacficiation
plants. At a slag hasiaity of 1.2, this ciiminated the need
for smelting 80 2 nuilion tons of slagin the blast furaaces
and reduced the consumption of limestone by
62.0 nullion tons. The cconomy achicved in tlic blast
furnace o.cceded by ncarly 300% the total expernditure
on orc concentration, on the sintering of the concentrates
plus the cost of the mctal lost in the tailings of the
concentraiion plants (21.8% of the cost of the ore
mincd).?

Such analyses, albzit conclusive, are, however, hardly
applicable to the preseat purpose. They would be valid
only if, in the absence of concentration, the same ores
were always lcd (o the furpaces. In faci, however, use
was made not only of low-grade orcs, but aiso of orcs
Lrought in from outside, of high-grade ores difficult
to obtain and of :nedium-grade orzs, which couid be
more advantagcousiy used than unconcentrated low-
grade ores. The ¢fiiciency of iron-ore concertration
must, thcrefore, be cstimated with  refercnce to at
Jeast two cascs.

The first case is when medium- or low-grade orcs
are uscd crude ta the blast furnace, and the question
arisecs of improving their quality by conccntration.
In this case, the mcihod of estimating described above
can be applied, and the following instacce may serve
as an cxsmple: To the Krivor Rog iron-ore area (USSR),
a project has been preparcd for the constiuction of
a large plant which is to conceatrate hematite-martite
ores conlaining on an average 55% Fe, which are at
present marketable ores. It has bcen calculated that
an increasc iniron content of these ores by bencficiation
to an average of up to 62.5% will cnable the industry
{0 economize an amount cxceeding the additional outlay
on ore preparation by 60-709% as regards operating costs
and by 2.0-2.2 times as regards capital outlay, if the
allied production branches are taken into account.

¢ Stall und Eisen, 1957, pp. 549-552.
' Information submitted by the government authoritics of the

Q‘vb e ('O%
@ B

USSR.

[y

The flowshect for the concentration of these ores is

at present being tested in a pilot plant.

The sccond case is when low-grade orcs which cannot
be used i their crude forin are concentrated to such
an cxtent that they become economically competitive
with other markctable mictallurgical raw materials.
In this casc, the cconomics of concentration canno!l be
ricasured by the amount of waste sock removed from
the orc; they can only be judged by the degree to which
concentrated are has become compelitive in the market,
but their true value must be viewed from a sti!! brouder
angle covering the cxpansion of natioral or iocal iron-
orc 1esources, a longer life for the mining industry and
otlrer consegucnces which cannot always be cvaluaied.

The foregoing appraisals of the cconomic advicability
of concentraton unmediately raise a praciical probien:
the deterimination of the maximum and minimum iron
contents  between which  concentration  wiil be  eco-
rorucally justificd. This, once again, will have to be
determined strictly in accordance with local conditions
in cacit irstance. Al (hat can be done here is 1o give
ccrtain practical ea2mples.

As a practical exampic of the concaatration of rela-
tively rich ores, Sweden can be cited, where, in a number
of cases, orcs with an F¢ cortent of 5595 and cven 60%
arc cencenirated. Another, sinviiar example 1s tie above-
mentioned projact for the construciion of a tencfciation
plant:n the Krivor Rog area, for ores with an Fe content
of 55%;.

As a praciical example of the concentration cf orgs
with a low iron content, mention can be inade of the
benefciation plunt at the Kachkanarsk Orc Benc-
ficiation Combine in the Urais (USSR), the first szctien
of which was brought into opsration in 1964, This niant
processes ltanomagnetiie ores wWith an Fe conteat of
16%. The favourable cconoinics of working the Kach-
kanarsk deposit are duc to a conjunchion of a number
of circumstances: open-pit mining, with about 10 m of
stripping, the possibility of putting n @ largs-capacity
plant (30 muilion tons of ore per year), the favourabie
chcinical compasition of the orc (high basicity, very
low sulphur and phosphorus, the nresence of othes
uscful claments in addition to iron), the case wilh which
the ore can be concentrated (ccarse graimung and chea
magnctic methods), the ingh quaiity of the sinter and
the possibiiity of using the waste produc:s.

D. Agglomeration and its effects on blust-furnace
performance

From a process solcly imposed by blast-furnace
technology, ugglomeration has in many instances become
desirable and cconomically justified in itself. In addition
to its iminediate function of correcting the size ol fine
ores and concentrates, agglommcration 2lso continucs
certain functions of concentration, such as the removal of
impuritics, and assumes some of the work of the blast-
furnace, such as the removal of moisture, and the
scparation of carbopates. The high technical level of
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llamersley’s Low Grade Iron Ore Concentration Project
New facility for start up in late 1978 at Mit. Tom Price mine

ITCHELL COTTS PROJECTS
(Australta) Pty. Lid. has
been active in Australia since 1968
making available to the mining in-
dustry its expertise in mincral bene-
fictation and in particular its wide
experience in heavy media separa-
tion. The company has built more
than 80 heavy media plants in vari-
ous parts of the world and this year
is managing, designing, constructing
or commussioning eight heavy media
separation concentrators trcating a
variety of ores.

Mitchell Cotts recently brought
on line an 18,000,G00-metric ton
per ycar heavy media separation
complex at South African lron &
Steel Industrial Corp. Ltd.'s Sishen-
Saldanha iron ore project. This 1s
the largest such concentrator in the
world. Preseatly the Miichell Cotts
consortium, headquartered in Perth,
Western Austrahia, is joint manager
of Hamersiev Iron Pty. Lid.’s con-
centrator project.

Hamersley, cne of the world’s
larger iron ore producers, 1S con-
ducuing an expansion program to in-
crease capacity from 40,600,000 :o
46,000,000 metric tons of saleable
ore a year. The expansion, cost:ng
about A.$375 million, will be com-
pleted early in 1979. Hamersley op-

Mode! of low grade iron ore concentrator being built at Mt. Tom Price mine.

PAGE 2

erates two open pit iron ore mines
situated at Mt. Tom Price and Para-
burdoo in northwestern Australia.
The mines are linked to the export
harbor of Dampier by a 250-mile
railroad.
TREATMENT OF LOW GRADE ORE IN PLANT
The expansion program w:ll in-
volve the installation of a concentra-
tion plant at the Mt Tom Price
mine to treat low gradc matenal
The nature of the orchody 1s such
that large quantities of shaley low
grade matenal occur, and these have
to be rcmoved separately duning
mining operat:ons Since opcrations
commenced, at least 30,000,600
metric tons of low grzde ore have
becn stockpiicd at Mt. Tom Price.
Additonai large quantities of low
grade ore have been delircated znd
will be mined during the extracuon
of high grade direct shipping ores.
Following extensive investiga-
tions, metaliurgical evaivation com-
pleted during 1975 cenfirmed that
the low grade ores could be bene-
ficiated by heavv media separaton
and wct high antensity  magnctic
scparation.

Hcavy med:a separation s the
practcal commercial application of
the standard sink-float technique,
where the separation of a mixture

of solids of different specific grav-
:ties is achieved by a heavy liquid,
the density of which has been ad-
jusied to lie between the spec:fic
gravities of the two solids. Wet high
intensity magnetic  separation  is
based upcn the differences in mag-
netic properties of solids, non-mag-
netic particles being flushed through
the magnetic field whiie particles
with even feeble magnetic perme-
ability are he!ld in the adjusiabie
high intensity magnctic field.

By March 1976 detailed engi-
neering and process des:gn studies
had confirmed the technical and
economic feasibility of the M: Tom
Price low grade iron ore concentra-

ton project. Mitche!l Cots at thar'(

stage mobihized 1ts project team
a ot venture with Minenco Pty.
Lid. in Perth.

The contract for the design and
project management was awarded
by Hamersley Iron to the Mitcheli
Cotts-Minenco joint venture during
Dcc. 1976. At the same time con-
tracts 2lso were awarded for the ex-
pansion of Parker Po:nt at Damprer,
the power station and power distri-
bution svsiems, the railroad exparn-
sion, the housing expansion, loadout
tunnel at Tom Price, and Tom Price
water suppiv. The total value of
these contracts 1s about A.$S375 mil-
lion.

COMMISSIONING OF PLANT LATE (N 1978

Plant commussioning is scheduled
for iate in 1978, ard by early in
1979 the concentrator shouid be
achieving {uil prcduction rates. This
wiil be the Piibara regron’s first
commerciai wet iron ore beacficia-
t:on plant ard intreduces a new era
for the ron ore industry in Ausira-
113, This expansion will lifi Hamers.
ley’s annual production capacity to
46,000,000 metric tons of iron ore
per year.

Concentrator feed ore s essen-
tially a mixture of the iron minerals
hematite and goethite and of shales
of relauvely low iron content. The
nature of these shalev low grade
ores is such that liberation occurs
at coarse sizes and the higher Fe
values are concentrated in the

EXHIBIT "24" -Reprint fram Volume 66 No. 47

Ski

1632

ings' Mining Review entitled "Hamersley's '
Low Grace Iran Ore Concentration Project"1977

190

20

40



.
——

pos, ¥

ie Ddam 48 A2

S

B O S A

A, .
—aa e

Thana &L

Isometric drawing of low grade iron ore concentrator under censtruction and existing plant at Mt. Tom Price mne.

coarse size fractiens. The coarse ore
fractions, therefore, need no bene-
ficiation.

The washability of the remaining
ore fractions reflects minimal near
gravity material between*the high
density hemat:te and thé low density
shales. The fines are treated more
effectively by magnetic separation,
and ultrafines, mainly shaley ma-
terial, are discarded to waste by
cyclone classification. By adjusting
the separation density in the heavy
media separation plants, the prod-
uct chemical specification, consist-
ing of the iron, alumina, silica and
phosphorus contents, can be var:ed.

The concentrator has been de-
signed to enable Hamersley to pro-
duce saleable iron ore from the low
grade feed and also to improve the
grades and physical properties of
Hamersley's total production. In ad-
dition, the design enables all con-
centration sections to be operated

to vield concentrate of suiiabls
quality for feeding to direct reduc-
tion stecimaking processes.

A total of 13,000,000 met::ic tons
of this low grade ore per vear will
be available to the concentrator, and
this will produce a nzt increase of
7,700,000 tons of saieable ore per
year. The individuai plant sections
will be fed, as shown in the accom-
panying table.

The design incorporatzs plant by-
pass fac:liies for the 80 x 30-mm.
and the 30 x 6-mm. {ractions during
periods in which the ore grade as
mined 1s high or dunng extended
shutdown periods resulting from
scheduled  maintenance  require-
ments. In addition, the wet high
Intensity magnetic separation circuit
can be bypassed under certain con-
ditions.

The heavy medium scparation
density requirements for narmal op-
eration grade production dictates the

TYPE OF
SIZE FRACTION SEP2RATOR

80 x30 . e Wemco drum
0x6 . Wemco drum
6x05 ... Heavy media cyclone

Minus 0.5 x 63 ....... Wet high intensity
magnetic separator

NO. OF  CAPABILITIES, TON PER HOUR
MOOULES REQUIRED DESIGN

) 530 660

2 600 660

3 420 600

2 180 220

use of 2 mixed medium comprisirg
miiled [errosticon and magneute.
High grade concen'rate producticr
requ:res higher separation densities
that necessuate using milled ferro-
silicon only for the Wemco drum
separators and atomized ferrosilicen
tn the heavy media cyclone separa-
tors. Various grades of correctly
sized heavy medium are required to
obviate medium instabiiity caused
by too coarse a2 medium and unac-
ceptably high viscosities caused by
too fine 2 medium.

The heavy medium consump-
tion varies considerabiy from plant
to plant ard is reiated o plant op-
eratonai efficiency, nature of the
ore and chemical composition of the
plant water. The overall consump-
tion of this commedity shouid not
exceed 500 gms. per ton treated. All
of the heavy medium plant modules’
consist of separate feed preparation
screens, medium pumping circuits,
densifiers, magnetic separators and

19

~

sinks and floats product drainage 39

and rinsing screens.

ADDITION OF OTHER PLANT FACILITIED

In addition to the heavy media
separation and wet high intensity

EXHIBIT "24"- Reprint from Volume 66 No. 47
Skillings Mining Review entitled "Hamersley's
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magnctic  separation  bencficiation
plants, thc concentrator cempic: :n-
cludes addinonal ntegrated  fucil-
ties. Modifications to the existing
No. 2 pnimary gyratory crusher in-
clude the provision of a twin dump
pocket system comprising S00-ton
surge hoppers, vibrating feeders fol-
lowed by vibratung grizzlies with bar
spacing to size cffectively at 200
mm. The high grade plus 200-mm.
ore fraction delivers to the existing
primary crusher with low grade un-
dersize being conveyed to a 95,000-
ton live capacity concentrator feed
surge stockpile.

High sizing eificiency is required
for these scalpers to prevent dilution
of the h:xh grade ore stream by fine
low grade ore. This requirement
necessitaies the installation of feed-
ing and sizing egqu:pment viriualy
unsurpassed woridwide for robust-
ness, capacity, arnd physical size of
the units.

The vibrating feeder and vibrat-
ing grizzlies are idenucal in size be-
ing JC ft. wide by 30 ft. idng. Sys-
tem design capacity 1s 2750 ton per
hour per streem. Equipment and
size standardization results in opti-
mizat.on of spares holding.

The secondary crushing  plant
consists of two 7-f:. Starndard cone
crushers cach led by a scalping
screen {or sizing at 80 mm. The wo
feed conveyors cach have three vy-
braung feeders  withdrawing  cre
from the stockpre at a rate of 880
tons per hour per stream.

Scalping screen undersize is con-
veved by transfer and tripper con-
veyor svstems to the washing and
screening plant feed distr.button bin.
Sccondary crusher preduct during
normal production i1s conveved to
teruary s:zing screens in closed cair-
cutt with tertiary crushers. During
high concentrate grade preduction,
the sccondary crushed product joins
the sculping screen undersize for
subscquent  heneficiation in  the

cavy media separation plants.

The tertiary crushing circuit com-
prises a surge bin, two 7-ft. Short
Hcad conc crushers, each fed by a
vibrating feeder. It handles the 80 x
30-mm. sinks product from the
heavy media plant and or the 80 x
30-mm. bypass material from the
washing and screeming plant to-
gether with the recirculaung Joad
from the terhiary sizing screens. The
minus 30-mm tertiary screen under-

PAGE 4

size product 1s conveved (0 a new
product stockpile. The secondary
and tertiary crushers are complete
with lubrication ol pumping. radi-
ator ccoling and dust extraci:on sys-
tems.

TREATMENT BY WASHING AND SCREENING

The washing and screening plant
onsisting of six screening streams,
comprising five operauing and one
standby, sizes the nominal minus
80-mm. low grade ore into four size
fractions composed of 80 x 30 mm.,
30 x 6 mm., 6 x 0.5 mm. and minus
0.5 mm.

Each stream is fed by vibrating
feeder from the surge bin into a
primary double-deck sizing screen
Screen undersize gravitaes to a
sieve berd foilowed by a singie-deck
sizing screen, ard minus G.S-mm.
fines gravitate to a transier pump.
The rated capacity per screcning
strcam is 352 ton per hour. The
three coarse size fractions are con-
veyed to separate 1000-ton capacity
surge bins 10 insure a steady feed to
the heavy media piants.

The minus 0.5-mm. uadersize
product after desliming in pump-
fed classificavon cyclones const-
tutcs the feed to the wer ‘ngh n-

NSy magnet:c separation circut
C)clone overflow gravitates 0 a
300-fr.  diameter  thickener. The
th:ckener underfiow is dispesed of
by an underiiow transier pump pri ior
0o & two S JEL CCnlrIl..JC.l purmp: ng

dam. O\crall water .'c‘mcr;. from
the tailing thets estumated at <05
1 returned (0 the concentrator water
circutt by a transfer pump mounted
on a barge at the taling dam.

The foats froctien :'rcm the prec-
ess plants Is trapsported © 2 wasie
dumip en a common gow'*ur\g con-
veyor transferring onto a poriabie
conveyor-stacker system The design
provides for handling the wet high
intensity magneuc scpuaratien tai-
ing over dewatering screens onto 3
waste conveyor.

Product handiing is as follows:
thc 80 x 30-mm. coarse drum prod-
uct conveved to tertiary crushers;

the 30 x 6-mm. med:um drums

product conveyed to the lump ore
stockpile; the 6 x 0.5-mm. cyclone
sinks product conveyed to the de-
watering bunker for drainage, re-
ducing moisture content from 12%
to 7% . The wet high intensity mag-
nctic separation concentrate and de-

EXHIBIT "24"-

watering buaker discharge are con-
veyed to a rotary kiin dryer. Dryer
discharge is conveved with fine ore
from crushing and screening plants
to stockpiles.

The rotary drying circuit is com-
plete with surge bins, fuel pumping,
two-stage dust scrubbing and feed
and product disposal fac:iities. The
design incorporates bypass facilities
for perieds 1in which ore drying is
unriecessary. For metallurgical ac-
counting, sampling systems are pro-
vided as well as beit weigher instal-
lations density recording and flow
measurement.

CONCENTRATOR WATER SUPPLY PROVISION

The water service provisicn for
the concentrator inciudes a make up
water storage tank, a clunified water
storage tank, four 1S0C-cubic meter
per hour clanfied water pumps in-
ciuding one standbv, one 450-cubic
meter per hour dust extraction water
services pump, high pressure wa
ftratton facthties on delivery iines,
together with the necessary reticula-
ton piping and scresn water sprav
systems 1n the wet piants.

The provision of electric over-
head cranes in all pian: butidings
varying o capac:ity from S to 28§

tons together with monorais on
Crare :naccessibic  equipment  in-
sures cusy handling of mechan:cal

and  elecinical equipment o the
mainier2nce bavs provided in the
different piants.

Except ior the primary crusher
area, which is controlled jccally, the
concenlrater s controiled irom a
centralized conirel room situated ¢n
ieve! six of a buiiding a;commcda:-
ing transfermers, main substation,
crtb rooms, mode! rooms such
visers offices, programmabie logn
centroilers, elecincat and mechan-
ical  maintenance areas and  a
mini computcr. The building is air-
cordittoned and pressurized where
necessary, and the main control
room accommodates the control
desk, mimic panel and visual display
units.

The control bm.dmg. which s
situated centraliy between the drum
and cyclone plants, is equ:pped w:th
a mater:als and passenger cievator

The heart of the control system 1¢
the central programmable logic con-
troller with about 8000 input-out
puts. Tt will be situated two [loor:
betow the control room. The contro’
room has a $53-ft. mumic displas

Reprint from Volume €6 No. 47
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panel and a central control desk.
All on-off field control and protec-
tion devices will be connected into
the programmable logic controller
by means of telephone-type cable.

The analog instrumentation loops
associated with items such as the
ore dryer and maternial feeders w:ll
bypass the programmable logic con-
troiler direct to conventional analog
controllers. The mint computer,
which is adjacent to the program-
mable logic controller, will com-
municate directly with 1t and the
analog controllers to monitor and
record data, including about 1500
fault signals, and display informa-
tion. During initial operations of the
plant, the mint computer wiil func-
tion as a data logger and program-
mable logic controiler-visual display
unit interface oniy. Provision s be-
ing made for programming at a fu-
ture date for extended plant control
functions.

ment is 5000 cubic meters per hour.

In-plant pumping requirements in
cubic meters per hour are shown in
the accompanying table.

Building and plateworx steel mass
wiil total about 10,000 tons, and
reinforced concrete will amount to
about 22,000 cubic meters.

The magnitude of the proiect
necessitzted large scale use of estab-
ished consulling enginezrs’ services
throughout Ausirzha. This resulted
in a major reduchion in the ime per.
10d required for detailed design and
erg:neering that by Oct. 1, 1977,
was more than 90% complete.

About seven or eight main con- 20
tractors will be engaged at the site
for the supply and installation cof
Suilding steelwerk, platework, con-
veyors, mechamcal and cisctricol
equipment. The cortract compietion
date dictated award of all supply
and erect contracts by not later than

-

Some general statistics are as fol- the end of Oct. 1977. 30
lows: The total connected electrical The overall expansion project will
load wiil be abcut 16 mw w:ith an provide permanent empioyment for
electrical demand of roughly 13 mw. between 260 and 280 pecpie when
Make up water requirements are completed in mid-1979, with a peak
292 cubic meters per hour. The con- construction workforce of about 873
centrator circuiating water require- during censiruction in 1978,
HEAVY ONUTE MAG. SEP. JRON ORE FINE
MEDIUM MEDIUM TAILS SLURRY TAILING
Cyclone ptant ... .. .. 1800 1350 . 49
80 x 30 drum plant .. ... 490 350 320
30 x 6 drum plants ... 600 900 8435
-Washing Plant ... 1500
Wet high intensity
magnetic separation plant 676
Thickener ... 315
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IN THE SUPREMZ CCURT No. 2313 of 1582

Y " o _ cei A . -
OF WESTERN AUSTRALIA EXHIB;é3 25 Afficavit of Jchn Rcberts

IN THE MATTER of an Agreement between
LANGLEY GEORGE HANCCCK, ERNEST
ARCHIZALD MAYNARD WRIGHT, WRLIGHT
PROSPECTING PTY, LTD., “ANCOCK
PROSPECTING PTY. LTD, two other
companies and HAMERS_EY IRGN FTY.

LIMITED

BETHWEEN:
HAMERSLEY IRCN PTY. LLIMITED : , Plaintiff

AND
LANGL.EY GETRGE HANCCCK First Defencanrt
ERNEST ARCHIZALT MAYNARD WRIGHT Seconc Cefencant
HANCCCK PRCOSPECTING PTY. LTOD, Third Befencant
WRIGHT PRCSPECTING PTY, LTD, Fcurth Defercant
1..S.P. PTY. LTD. Fifth Fercdan®

Sixth Cefencdant

THE NATICHAL MUTUGL LIFE ASS-VIATICN
CF AUSTRALASIA LIviTzd

AFFICAVIT

I, J0HM RCEZRTS cof 82 Ccrinthian Rcad, Shelley in the State cf western

ng end Cevelccment, maxe czth and say as

e

Australia, EZxecutive Manager Maroket

follows:

1. I am a Minimg Engireer, whc from Jure, 1586 untll Febreary, 1969 wer
for the Plzintiff at iis Mire at Tonm Price as Assistant Mine

fo 2

Superintengent, Plarning. Excect

and January, 1570, I have continued to work for the Plairtiff sirce that

time and have at all relevant times been familiar with the crusking and
screening preccesses used at Tom Price. I am at present Zxecutive

Manager Marketing and Cevelcpment fcr the Plaintiff. I am duly

suthorised to make this Affidavit cr tehalf of the Plaintiff and I Zo so

from my own knowledge.

EXHIBIT "25" - Affidavi: of Jchn Rcberts
1.6.1983
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2. 1 ask leave to refer to the Afficavits of Colin Rcy Langridge sworn on
2nd Septemter, 1982 and 24th May, 1983 and filed herein. Mr.
Langridge's description of the crushing and screening processes used at
Tom Price in the second, third, fourth and fifth sentences of paragraph
3 of his Afficavit of 24th May, 1983 is true of the processes in use at
Tom Price from June, 1966, when crushing and screening of iron cre
commenced, to August, 1967.

SWCRN by the said_  JGHN
ROBERTS ~at /\a{lo,n’%
in the State of .

2 Don e Crus¥ackec this

Fnt day of June, 1983 C__é% T

Before mefcf_;b/~[//2(@v~?/ /

e s e

A Justice of the Feace

Filed cn tehalf of the Plaintiff.

EXHIBIT "25" - Afficavit of John Roberts
1.6.1983 ' ‘
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[Reprinted on the 3rd February, 1976, pursuant to the Acts Republication

Act, 1967, as amended.) EXETIBIT "26" - South Australian Brcken
HIIl Proprietary Campany Steel Works Irndentur

Act , 1958

BROKEN HILL PROPRIETARY COMPANY’S STEEL
WORKS INDENTURE ACT, 1958

being
Broaen M'-II Propriciary Compeny's Steel Works Indeniure Act. 1958, No 28 of 1938 [Avenicd 10 11h November,
1938)

An Act to approve and ratify an Indenture made between the State of
South Australia of the one part and The Broken Hill Proprietary
Company Limited of the other part rclating to the establishment of a
steel works in South Australia and to provide for carrying the
provisians of the Indenture into effect and for other purposes.

BE IT ENACTED by the Lieutenant-Governor of the State of South Australa,
with the advice and consent of the Parliamen! thereof, as follows:

1. This Act may be cited as the *'Broxen Hill Proprietary Cempany’s Steel
Works Indenture Act, 1958"".

2. The Act shall come into operation on 3 date (o be fixed by the
Governor by proclamation’.

3. In this Act unless the context otherwise reguires:—
“‘the Indenture'’ means the Indenture set out 1n the schedule to this Act;

"the Company'’ means The Broken Hill Proprietary Company Limited
and includes its successors and assigns.

4. (1) The Indenture is hereby ratified and approved and shal! notwith-
standing any other Act or law be carried out and take effect as though the
provisions thereof had been expressly enacted in this Act.

(2) Notwithstanding any other Act or law and without 1n any way limiting
the generality of the effect of subsection (1) of this secion—

(a) the Minister of Works,

(&) the Electricity Trust of South Australia,
(¢) the South Australian Housing Trust, and
(d) the Commissioner of Highways—

are hereby empowered and required to perform the functions and carry out the
obligations which are under this Act or the Indenture to be performed or
carried out by such body.

5. The Governor and Ministers for the time being in office shall take all
necessary measures to ensure the full performance of the duties and obliga-
tions imposed on the State by the Indenture.

Shoe uile

Commence-
ne nt

Irterpretstion

Vaercdanon of
‘ndenture

Performance of
Inderture.

' C ;0 rati0n 11h December. 1958 Goar. 18th December, 1938, p 16)$
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Broken Hill Proprietury Compuny's Steel Works Indenture Act, 1958

6. (1) The parties to the Indenture may by agreement in writing vary the
terms of the Indenture so far as may be necessary for the purpose of more
effectively carrying out the intention of this Act and of the Indenture but for
no other purpose.

(2) The Minister of Works shall cause a copy of every such agreement to
be laid before each House of Parliament.

(3) Every such agreement—

(a) shall come into operation on the day after the day on which it has
lain before both Houses of Parliament for seven sitting days or
such later day as is specified in the agreement; and

(b) upon coming into operation shall have effect as if the terms thereof
had been enacted in an Act of Parliament.

7. The Company ard any subsidiary company as defined in the Indenture
shall not be liable for discharging, from its works at or near Whyalla, efuent
into the sea or smoke dust or gas into the atmosphere or for creating noise,
smoke, dust or gas at such works, if such discharge or creation is necessary
for the efficient operation of the works of the Company or subsidiary company
and is not due to negligence on the part of the Company or subsidiary
company as the case may be.

8. (1) Notwithstanding anything to the contrary in ary other Act or law
the State of South Australia may--

(a) sue and be sued and be a parly to any legal groceedings 1o enforce
any of the provisions of or obiigations created by this Act or the
Indenture or any agreed vanation thereof, or in any way arising
out of this Act or the Indenture or any agreed variation thereof or
out of any of the rights duties ard obligations thereby created;

(b) agree with the Company to submit ary cispute or difference between
the State and the Company ansing cut of or in connection with the
Indenture or any agreed variation thereof or as to the construction
of the Indenture or any such variation or as 0 any rights duties or
liabilities thereunder or as to any matier (o be agreed between the
State and the Company thereunder to the award order and final
determination of an arbitrator or arkitrators under the provisions
of the laws relating to arbitration for the time being in force in the
State; and

(¢) agree to abide and be btound by such award order and fnai
determination.

(2) In any action or arbitration to which the State of South Austraiia is a
party pursuant to subsection (1) of this section the rights of the parties shall as
nearly as possible te the same and judgment may be given or an award may be
made and costs awuarded on either side as in an achon or arbitration between
subject and subject and the Treasurer shall satisfy any award or judgment for
the payment of money made or given against the State in any such proceedings
or arbitration. :

9. (1) Sections 10, 12, 15, 26 and the second paragraph of section 11 of
“The Broken Hill Proprietary Company Limited’s Hummock Hill to Iron Knob
Tramways and Jetties Act, 1900"" are hereby repealed.

(2) In section 8 of the “"Hummock Hill to Iron Knob Tramway Extension
Act 1927"" the figures 10, 12, 15 and 26 shall be deleted and notwithstanding
anything therein contained the provisions of the second paragraph of section 11

EXHIBIT "26" - South Australian Broken

Hill Proorietary Campany. Steel Works 'Indé_r:tuze_

Act, 1958,
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Broken Hill Proprietary Company’'s Steel Works Indenture Act, 1958

of the Principal Act therein referred to “shall not apply to the tramways
extension therein defined.

10. (1) Sections 6, 23, 26, 32, 34, 44 to 58 (inclusive) and 65 of the
General Tramways Act 1884-1935 shall not apply to the Company.

(2) In section 20 of the General Tramways Act 1884-1935 the words "“with
the consent of the Governor'* shall not apply to the Company.

11. Notwithstanding anything in any other Act or law the Company may
charge for the carriage of passengers and goods on any of its tramways charges
al rates not exceeding those charged from time to iime by the South Australian
Railways Commissioner for the same distances and, in the case of goods, for
goods of a similar class, and may charge for the use of any of its jetties
charges not exceeding those charged from time (0 ©ime by The South Austral-
ian Harbors Board'.

12. The Northern Areas and Whyalla Water Supply Act 1940 is hereby
repeaied.

SCHEDULE

INDENTURE

Tris [~npeENTURE made the fourth day of September 1958 Berwers the State
of South Australia thereinafter referred to as “'the State'”) of the one part and
THE BROKEN HitL ProOPrIETARY Cospany LiniTED a company incorporated
in the State of Victoria and having its registered office in South Ausiralia at
Number 28 Franklin Street Adelaide (hereinafter referred 10 as "‘the Com-
pany' which expression shail include the successors and assigns of The
Broken Hill Proprietary Company Limited) of the cther part:

WHEREAS the estabiishment of steel works in South Australia would
greatly increase the eccromic strength of the State and provide opportunities
for the employment and advancement of its citizens and be instrumental in
influencing other industries which substantiaily depend on the preducts of the
Company in their processes of manufacture 1o estabiish operations at Whyaila:

AND WHEREAS the Stale has reguested the Company to extend ils
undertaking at Whyalla by the estabiishment of sieel-making plant, rolling miils
and other works associated therewith or ancillary or incidental thereto, and the
Company is willing to do so upon satisfactory arrangements for tha! purpose
being made:

AND WHEREAS for the proper conduct of its operations it is necessary that
the Company should be assured of supplies of raw matenals, and security of
teaure of certain lands and mineral and other leases, and be granted certain
powers and rights:

Now THis INDESTURE WiTnESssETH that the parties hereto covenant and
agree with each other as follows:—

1. (1} The clauses of this Indenture other than this clause shall not come
inlo operation unless the Parliament of the State passes a Biil to ratify this

Apphcation of
A N YW

IS TS IR b
J4 a4 8.0
wnd 20

Charget on
Company s
Tramweys and
setties

1
10
Repcai »f act
Noo Yof 940
Sevr:oa )
~
N
iV
N
3C
Ranfcation and
onerat:on of
Incenture
A
40

' Sce Harbury Act. 1916.1971, ¢ 52
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4 Broken il Proprietary Company’s Steel Works Indenture Act, 1958

Indenture and unless the Act resulting from the passage of such a Bill comes
into operanion before the 1st day of January 1959

(2) If such a Bill is so passed this Indenture shall upon the day when the
Bill becomes operative as an Act come into operation and be binding on the
parties hereto.

(3) Without in any way derogating from any right or remedy of the
Company in respect of a breach of this Indenture if the Parliament of the State
should at any time alter or amend the Act passed 10 ratify this Indenture or
should enact legislation which modifies the rights of the Company under such
Act or under this Indenture the Company shall have the right 1o terminate this
Indenture.

frscncetaion 2. In this Indenture, uniess the context otherwise reguires —

“the Indenture of 1937"" means the Inderture set out in the schedule to
the Broken Hill Proprietary Company's Irndenture Act, 1937":

“the Middleback Range area™ means the area shown on the plan set out
in the Appendix A hereto being an area of 232 square miles or
thereabouts n the Counties of Hore-Ruthven, Manchester and
York, bounded as follows:—

Commencing at a point iatitude 32 degrees, 41 minutes south
and longitude 137 degrees, S minutes 2ast near White Dam 1n the
county of Hore-Ruthven, thence ¢ miles, 60 chains east, thence
42 mules south, thence 5 miles, 60 chains west, thence rorth to
the point of commencement; all Hearings true:

“steei works' means stee!l-making plant, roiling mills and other works
associated therewith or ancillary or incidental thereto ar Whyalla:

“reserved area’ means an area which by or pursuant to a proclamation
made urder the Mining Act, 1930-1935", or any subseguent
amendment or re-enactmenr! thereof is reserved from the operation
of all or any of the provisions of that Act

“subsidiary company’ or Usubsidiary’ means @ company in which the
Company holds directly or indirectly at lzast one half of the issuved
share capital:

“associated company’ means any company cariving on operations at or
near Whyaila which substantially Jdepends on the producis of the
Company for 1its trading or muenufaciuring processes:

“the ratification of this Indenture’” means the day upon which this
Indenture comes into operation.

Comaitst o 3. (1) At a date not later than the Ist day of January 1550 the Company
Comoany will commence the construction of stee! works at Whyalla and subiect to

sub-clause (5) of this clause will by the 31st day of December 1970 expend on
such construction the sum of £30 million® in the aggregate.

(2) In computing such expenditure there shall be taken into account all
moneys expended by the Company after the !8th day of February 1958 in
connection with such construction.

(3) Notwithstanding anything contained in subclause (2) of this clause
expenditure by the Company on the construction of a beneficiation and
treatment plant for jaspilite and other iron bearing substances shall not be

I Now Broaen Hul Moprietary Company s Indenture AZ1, 1937 a3 amendcc Dy Northern Areas and Whyalla Mater Saupply Acr, 1940

¥ The Moning Act. 1930 and ity anendments Muave been repealed and superneded My the Mimiag ACL 1971 (n0w NMining Ac:, (970 ‘97

1 in (™is indenture the amounis ol morey eaprested -n 'he Oid CurrenCy have not heen canverted 10 ded:mal Curreacy as vome of those
anounty have NO €radt eginva.enty an Jeu:mal currealy and it would Re nupprepiale o alier them in thay repning
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Broken Hill Proprietary Company’®s Steel Works Indenture Act, 1958

luken into account in computing the expenditure of the Company on steel
works.

(4) The Company will, if required by the State, as early as practicable
after the end of each financial year urntil the sum of £30 mllion’ has been
expended by the Company on the construction of steel works supply to the
State a summary audited by the Company's auditors of its expenditure on steel
works during such financial year.

(5) If the Company should at any time suffer any delay in the construction
of steel works by reason of or arising from any cause beyond the reasonable
control of the Company, the date for the completion of the expenditure of £30
miilion' on such construction will be postpored after the said 31st day of
December 1970 by a period equal to the period of such delav and any further
delay cersequential thereon.

{6) Whenever any such delay or further delay corseguential thereon
occurs the Company will within a reasonabie time repor: it in writing to the
State.

4 (1) Notwithstanding the Proclamations atade en the (Sth dav of March
1951 and the 17th day of Februury 1955 under puragraph ‘o) of section 6 of the
Mining A2t 1930-1951°, the Company shall for a period of ten ears after the
ratification of this Indenture und during any penied of extensicn as provided in
subclause 72) of this clause, have within the Middlebuack Range area—

() the sole and exclusive right to srospect for iron ore and iron bearing
substances; and

(h) a non-exclusive right 0 prospect for metal, minerals and natural
substances other than iron ore or iron bearing substances.

(2) The Company's rights under this clause will cortinue for a further
period of ten vears beyond the period referred to in subclause (1) of this clause
unless they cease as provided by subclause {§) of this ¢clause.

(3) For the purpose of any such prospecting the Company may without
payment enter and occupy any land within the Middletack Range area and may
on any such Jand erect buildings and structures, driil and Zig holes, and carry
aut such other work as the Company deems aecessary tut the Company shail
not have any such rights over any iand-—

ta) which for the time being 1s lawfuly used as the site of a house,
outhouse, shed, building, structure, dam or reservoir, or as a yard,
garden, cultivated field, crchard, stockyard cr other itkke enclosure;
or

(b) which at the date of the ratification of this Indenture is comprised in
any claim or lease held under the 'aws reiating 'c mining by a
person other than the Company.

(4) If any such claim or lease as is referred to in paragragh (5 of
subciause (3) of this clause is terminated on or before the expiration of ten
years after the ratification of this Indenture or during any extension under
subclause (2) hereof the restriction on the Company's rights under this ciause
which is contained in the said paragraph (b) shall cease to have any operation
in respect of the land comprised in such claim or lease.

{(5) 1f the Company at any ime before the expiratiun of twenty years after
the ratification of this Indenture ceases to reguire all or any of the rights

V' this indertute the amounty of money cipreried 1n the old Jurrency have rol heen Sunverted 10 deimal (urrency 43 same Of those

amounty huve nNO €1aC: equivaients 1n Jelmal Curtency and it wou'd D 1napproprieie 10 alter 1hem :a hay ‘cpnint
¥ See aow Minieg Act, 1971 1978
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Broken Hill Proprietary Company’'s Steel Works Indenture Act, 1958

conferred upon 1t by subclause (1) of this clyuse, it shall notify the State of
that fact and thereupon the Company's rights under subclause (1) of this ¢clause
shall cease to the extent indicated in the notice but not otherwise.

(6) During the period of ten years after the ratification of this Indenture
and during any extension under subclause (2) of this ciause the State will not
register any claim or grant any lease by which any person other than the
Company will obtain under the laws relating to mining or otherwise any rights
1o mine or take natural substances within the Middleback Range area unless
the Company’s rights under this clause ir relation to the area concerned have
ceased as provided by subclause (§) of this clause, or unless the Company
reports to the State that the area concerned does not contain iron ore or iron
bearing substances required by the Company. The Company will, when
requested by the State, furmish the State with such information as the
Company is then akle to furnish, on the guestion whether any area specified by
the State contains iron 9re or iron beaning substances required by the
Company

5. (1) Upon apglication by the Company during ary period provided for
under clause 4 of this Indenture the State wiil grant to the Company or wiil
procure the grant to the Company of runeral leases upon the terms provided
for in this Indenture conferring upon the Compary nights 0 mine for and
obtain iron ore and cther iron tearing sudstances from any land within the
Middleback Range area specified by the Company in such application.

(2} Every mineral iease granted purssant ¢ this clause shall be for a
pertod of SO years from the date of the grant thereof with rights of renewal
from time to time as provided by clavse i3 of this Indenture.

(3) Subject to the provisions of this Ingenture any such mineral jezse shall
be in the form or to the efect set out in the Appendix B rereto.

{4) Nothing in this Indenture shall himt anyv rights of the Company under
the Mining iaws of the State ard upon appication by the Company for icases
or other rights in respect of metals, minerals and other natural substances
fether than wron ore and 1ron bearing substances) within the Middieback Range
area the State will grant to the Company or wil procure the grant to the
Company of such leases or rights in ‘erms no less favourabie than those
provided for by the Mimng laws of the Siate.

6. (1) If prospecting by the State in a reserved area proves the existence
of a worthwhile deposit of iron ore or ir¢n Dearing substances the State wiil as
soon as practicable give the Company nctice of the discovery of such deposit
and any information in the pcssession of the State as to the deposit.

(2) Without in any way derogating frecm any other rights of the Company,
after receipt of notice under subclause {[) of this clause the Company may
apply to the State for such mireral or other leases as will enable the Company
10 prospect for mine or oblain iron ore or other ron bearing substances on or
from such depasit or any part thereof.

(3) Upon any such application being made the State may in its discretion
grant to the Company or procure the grart to the Company of mineral or other
‘eases upon such terms as may be agreed upor between the State and the
Company as being just and reasonable having regard (o the matlers set out in
the recitals of this Indenture.

EXHIBIT "26" - Scuth Australian 3rcoxken
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Broken Hill Proprietary Compuny's Steel Works Indenture Act, 1938

7. (1) Nothing in this Indenture shail in any way restrict any right of the
Company under the Mining laws of the State or otherwise—

(a) to prospect for iron ore or other iron bearing substances in areas
other than reserved areas; or

(b) to peg and register claims and be grarted mincral and other leases
over land in such areas.

(2) The Company may from time to time apply to the Minister of Mines'
to make a declaration that any specified area not exceecding S0 square miles in
which the Company is prospecting or is about to prospect for iron ore or iron
bearing substances shall be an approved prospecting area for the purposes of
this clause.

(3) The Mirister’ may, in his discretion, grant or refuse an apglication
under subclause (2) but shall not capriciously refuse it.

(4) A declaration under this clause shall be made ty writlen rotice (0 the
Company and shall remain in operation for a period fixed by the nolice not
exceeding four years. The period of operation may be extended by the
Minister' from time to time for not more than four years al any one
extension. The Minister' shall not capriciously refuse an applicatior by the
Company for an extension under this sub-clause.

(S) No proclamation reserving any and from the eoperation of all or any
provisions of the Mining Act, 1930.1954", or of any Act amending or
substituted for that Act, shall take away or restrict any right of the Company-—

(a) to prospect within an approved prospecting area for iron ore and
other iron bearing subsiances; or

(b) to peg out and register ¢laims over !and siivated within an approved
prospec!ing area and contuwining such ore and substances: or

(¢) to be granted mineral leases over such 'and.

i6) Subclauses (2} to (5) of this clause shali not he deemed to derogate
from any other rights of the Company under the Miring laws of the State or
this Indenture.

(7) Subject to the provisions of this indenture relating to rovalties and
labour conditions any mineral ease granted to the Company pursuant 10 this
clause shall be in the form or to the eifect set our in the Appendix B hereto.

8. (1) Notwithstanding the provisions of any mineral iease held by the
Company at the time of the ratification of this Indenture or granted to the
Company pursuant to this Indenture the Company shall during the period of
twenty years after the ratification of this [ndenture pay to the State as and by
way of rent for all of such leases so he!d or granted the arnnua! sum of
£12,000" in addition to the rent fixed by any such iease.

(2) Upon the expiration of such period of twenty years the Company shall
pay to the State the rental fixed by any such lease and no mere.

9. (1) Subject to subclauses (3) and (4) of this clause the Company shall
pay to the Treasurer royalties in accordance with this Indenture on all iron ore
and other iron bearing substances obtained by the Company from land
comprised in mineral leases held by the Company at the time of the ratification
of this Indenture or granted to the Company pursuant {o this Indenture.
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' For nterpretatian of references in ACty. €1c 10 The Minister of Minet see 3 11 of Mining Acr, 1971.197%

¥ The Mining Act. 19)0. and ity umendments have bcen repealed and tuperseded by 1the Mining ACL. 197} inow Miming Act, 197) 1975
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(2) The rates of royalty shall be—
{a) eighteen pence' a ton on—

(1) each ton of high grade iron ore fed directly to furnaces in
 South Australia or shipped from South Australia without
tlcncﬁciation; and - '
(i1) each ton of the dry weight of beneficiated iron bearing
substances or iron concentrates fed to furnaces in South
Australia or shipped from South Australia;

(b) sixpence' a ton on the dry weight of all jaspilite and of all other
iron bearing substances of similar grade which without beneficia-
tion are fed directly to furnaces in South Australia or shipped
from South Australia.

(3) The said rates shall be substituted for the rates of sixpence' per ton
payable on iron ore and other iron bearing substances under any of the leases
of the Company in existence at the time of the ratification of this Indenture.

(4) The rate of royalty fixed by subclause (2) of this clause is related (0 a
basis selling price by the Company of foundry pig iror of €21 7s. 6d." per ton,
c i.f. Port Adelaide. If such basis sefling price on the 20th day of June in any
year exceeds or is less than £217s.6d.' per ton, c.i.f. Port Adelaide the
royalty payatle under this clause shail he increased or decreased as the case
may be by one penny' per ten on high grade iron ore and by one-third of one
penny' per ton on jaspuite and other iron bearing substances of similar grade
for each cemplete £1' of the increase or decrease of such basis selling price
above or below £21 7s. 64" .

($) In the event of the Company czasing at any time to se!l fecundry pig
iron at a price calculated with reference ‘o the price per ton c¢.i.f. Port
Adeiaide nevertheless there shall be caiculated by the Company a notional
basis selling price per ton c.i.f. Port Adelaide as if the Company were selling
foundry pig iron c.i.f. Port Adelaide and this shail be the basis selling price for
the purposes of subclause (4) hereof.

Payment are 10. (1) The royalties payable under clause 9 of this Indeniure shall be paid

Sompatat on Of

foyanies within two months after the end of each hail-year endirng on the 31st May or
30th November as the case may be.

{2) (a) For the purpose of computing the tonnage upan which royalty is
payable the Company's weighbridge and weightometer records with any
adjustments necessary to compensate for known errors in weighing shall be
prima facie evidence of the matters contained therein.

(b) For the purpose of determining the moisture content of any benefi-
ciated iron bearing substances or iron concentrates on the dry we:ight of which
royalty is payabie under this Indenture, the returas furnished by the Company
shall be prima facie evidence of the matters contained therein.

(¢) The State may at any time check and verify the calculations of the
Company.

(3) In the months of December and June of each year the Company will
furnish to the Minister of Mines® of the State—

(a) a return of all substances chargeable with royalty, fed directly to
furnaces or shipped as aforesaid during the period of six calendar

Adeture the amounis of Money eapressed in the 0ld Currency have not bxen corveried 10 dec:mal Currency 43 some of 1hose
anounty heve 0O cract cquivalenty 1a Jeimal Jurrency snd 1l would D¢ napproprate 1o slter them a thiy teprint
P For inierpreranion of refesences 1n Acty, €¢tc 10 The Minuster of Mines sce s 11 of Maing Act. 1971.1973
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months ending on the preceding 30th November or 3lst May as
the case may be;

(b) any other information reasonably required by the Minister of
Mines' for the purpose of enabling him to compute the amount
of royalty payable by the Company.

(4) The Minster of Mines' and his officers, servants and agents for the
purpose of checking and verifying any such return shall during normal office
hours have access to and the right of inspection of all tooks, papers and
documents of the Company insofar as they relate (o substances chargeatle
with royalty, and the right to enter and examine the lands comprised in the said
leases.

11. Notwithstanding anything contained :n the Indenture of 1937 or in the
mining laws of the State the Company shall be deemed to have complied with
the labour conditions of all the mineral or other leases heid by the Compurny at
the date of the ratification of this Indenture or which may be granted to the
Company purscant 10 this Indenture if the number of men horsepower and
horses employed on ary one or more of those jeases is not iess than the total
number of men horsepower and horses reguired by the Mining laws of the
State at the date of the ratification of this Indenture to be employed on all the
said leases.

12. (1) As and when requested by the Company the State will in collab-
oration with the Company or otherwise carry oul or procure the carrying oul
of prospecting and exploratory work In areas specified by the Company to
locate suitable deposits of metals and minerals (other than iron ore arnd iron
bearing substances) required by the Company for its operations generally.

(2) The Company will pay to the State the reasonabie cosis of any work
under subclause (1) of this clause.

(3) On the application of the Company the State will grant 0 the Company
or procure the grant to the Compary of mineral or other leases or r:ghts under
the Mining iaws of the State to 2nable the Cempany to mine for and obtain any
such metals or minerals.

13. (1) Notwithstarding any enactment, the Company shail be entitled o
the renewal from time to time of any mineral lease granted 10 the Company
(whether before or after the ratification of this Indenture) and under which the
Company obtains materials which it deems essential for any operations of the
Company at Whyalla or its steel-making operations gererally.

(2) Each renewal shall be for a term of twenty-one vears or any shorter
term applied for by the Company.

(3) The State upon the appiication of the Company shall grant to the
Company or procure the grant to the Company of any such renewal.

(4) Except as provided in subclause (5) of this clause, the terms, cove-
nants, conditions and other provisions of a lease granted under this clause by
way of renewal shall be the same as those of the rencwed lease.

(5) By way of the renewal of a mineral lease granted to the Company
before the ratification of this Indenture and under which the Company mines
for iron ore or other iron bearing substances, a !ease for twenly-one years in
the form set out in the Appendix B hereto or as near there!o as practlicable
shall te granted to the Company.

%:.r‘u-l-un of 1cferemesr . Auly, e1¢ 0 The Miniver of Miney sce v 11 of Miring Act. 19711978
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10 Broken Hill Proprietary Company's Steel YWorks Indenture Act, 1958

(6) This clause shall not restrict the operation of any provision of any
lease relating 1o the forfeiture thereof fer breach or ron-performance of any
term, covenant or condition thereof.

L on 14. (1) If for the purpose of or in connection with the construction or

sndopeeton ol gperation of steel works the Company should require the fee simple of or any
iease easement or other rights over any land comprised in any pastoral or other
lease granted by the State, and the State or any authority under the State has
power 1o resume such land the State shail at the reguest of the Company
exercise or procure the exercise of such power 1o the extent necessary and
transfer convey or assign io the Company or procure the transfer conveyance
or assignment to the Company of the land, lease, easement or rights which the
Company requires for the purposes aforesaid; but the Company shall pay to
the State or other authority a reasonable price for such lund, lease, easement
or rights sufiicient to cover the expenditure incurred by the State or other
authority for or in connection with the resumption.

10

(2) 1f for any of the purposes mentioned in subciause (1) of this clause the
Company requires the fee simple of ¢r any rights over any Crown iands nol
subject to any lease or agreement the State will sell 1o the Company at such
reasonabie price as may be agreed the fee simple of that land or the other
rights required by the Company over tha! land.

Tsnae ol 15. The S:tate wiil, rnot later than two months after the ratification of this
=aretourehy Indenture in accordance with such arrangements as are agreed upon hetween
the parties take over from the Company and operate the mains, pipes, meters,
fittings and other works, giant and equipment owned by the Company and used
for the reticulation of water within the area of the Whyalla Water District

proclaimed under the Northern Areas and Whyalla Water Supply Act 1940,

e ror the 16. (1) The State wiil suppiy to the Company or to any subsicdiary or

operatung associated company or procure the supply to such company of such amourts
of water as such company requires from time o iime—

{a) for the cperations of any such company at Whyalia cr within the
Middleback Range area; and

(b} for loca! rezicuianion to the pubhc at Iron Kreb or elsewhere within
the Middleback Range area if such relicuiation s undertaken by
any such company.

Provided that the State will not be obliged to supply more than 1,000 milion
gallons per annum unless the Compary notifies the State in writing that 1t
requires a supply from the Morgan-Whyalla pipeline in excess of 1,000 miilion
gallons per annum, in which case the State wili procure that within a period of
three vears from the date of such notice being given to it there wiil be avaiiabie
to the Company the whole of its requirements in excess of 1,000 million gallons
per annum.

(99}
<>

(2) Delivery of water to the Company for consumption or use at Iron
Knob or elsewhere in the Middleback Range area may at the option of the
Company be taken either at a point on the said Morgan-Whyaila pipeline or
elsewhere.

(3) The price t0 be paid for water delivered to the Company or to a
subsidiary or associated company at any point on the Morgan-Whyalla pipeline
or at Whyalla shall be the basic price set out in subciause (5) of this clause or
such lower price as is charged by the Minister of Works pursuant (0 any .aw
for the time being in force.

i =N
O
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Broken Hill Proprietary Company's Steel Works Indenture Act, 1958 1

(4) The price to be paid for any water deiivered to the Company or to a
subsidiary or associated company elsewhere than at a point on the Morgan-
Whyalla pipeline shail be the basic price plus the following amounts :—

(a) Such proportion of the interest and sinking fund on capital expendi-
ture incurred by the State in constructing a branch pipeline and
incidental works to convey water from the Morgan-Whyalia pipe-
line to the point of delivery, as is attributuble to water delivered
to the Company or to the subsidiary or assccinted company as the
case may be:

(b) Such proportion of the cost of maintenance and repairs of the
branch pipeline and incidental works, and of overhead expenses
incurred in conrection therewith as is attributable to water
delivered to the Company or ‘0 ‘he subsidiary or associated
company as the case may be; and

(¢) The cost cf pumping the water delivered "0 the Company or 1o the
subsidiary or associated company as the case may be from the
Morgan-Whyazila pipeline to the point of delivery.

(S) For the purpose of this ciause the basic price of water shail be :—

Per Thousand
Gallons.
s. d!
For all water up to the first 300 mulien galions per
year of supply ... . 2 4
For all water above 300 miiion galiors and up to 420

million gaiions per vear of suppiy . 203
For all water above 420 million galons and up 0

540 million gailons per year of supply ... R 22
For all water above $£40 miliion galions and up to 600

million gallons per vear of supply ... 21
For all water atove 600 million gallons per year of

SUPPLY 20

17. (1) Without in any way derogating {rom the chiigations of the State mror ol
urder this Indenture the Company may-— comsinuc s

man

(a) construct a water main from a point on the Morgan-Whyalla pipeline

to a point or points in the Middleback Range area; or

(b) reguest the Siate to construct such a water main on behaif of and at
the expense of the Company.

The unction of such water main with the Morgan-\Whyaila pipeline shall te at
a place convenient 1o the Company and approved by the Minister of Works,
which approval shall not be unreasonably withheld.

(2) At the request of the Company the State wiil grant to the Company or
procure the grant to the Company of such easements or other rights as the
Company may reasonably require for the purpose of constructing repairing or
maintaining such a water main or doing anything necessary for such purpose.

(3) The Company wiil if the State so desires seli water to the State from
the said water main for reticulation to retail consumers at a price to be agreed
between the Company and the State.

1in Ay indenture the emounty of Money ¢afresred :n the O Lurrency “ave net heen converted 1o dev-mal currercy as yome of Fose
amounts Pave 0 €xact cyu.valeniy 1n Jec:Tal curtency and i wagld B¢ 1NANDropriate 10 alter them 'n Ay reprint
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18. The water to be delivered to the Company under this Indenture shall
be potable water in the condition in which it is drawn from the River Murray
and without filtering, treatment or change except such change (if any) as
necessarily occurs during the transmission of the water frcm the River Murray
1o the point of delivery to the Company.

19. (1) Subject to subclause (2) of this clause, the Company shall pay the
Mirister of Works on the first day of each quarter in each year of supply the
sum of £6,000' for water supplied or to be supplied durirg that quarter.

(2) 1f during any year of supply the sum payable by the Company
pursuant to this Indenture for water delivered to the Company exceeds
£24,000", the Company shall within one mcnth after the end of that year of
supply pay to the Minister of Works the amount by which such sum exceeds
£24,000'. Provided that if in any year of supply during a triennial period the
sum payable by the Company pursuant fo this Indenture for water deliversd to
the Company is less than £24,000', and in any subsequent year of supply
during the same tricamial period the sum payable by the Company pursuant 10
this Indenture for water so dJdelivered s more than £24.000', then the ammount
by which the sum payable by the Company in the carlier year of supply was
'ess than £24,000" shall be carried forward to the credit of the Company and
set off against any sum or sums in excess of £24.000' payable by the
Company in any such subsequent year of supply Provided also that in respect
of each triennial period the Company shall nct be obliged to pay more than
£72,000", or the price of the water delivered 1o it during that period whichever
1s the greater.

(3) In this clause—

“year of suppiy’t means the per;od of 'weive menths cemmencing ¢n
the 1st day of May in any vear;

“triennial period’ means a period of three years commencing on the st
day of May 1959, or on the corresponding day in any third year
thereafter;

"quarter’” means the period of three months commencing on the st day
of May August November and February in any year.

20. (1) The Minister of Works shail measure all water delivered o the
Company under this Indenture by a suitable meler or meters.

{2) The Minister of Works shall, during each month, give the Company a
written notice of the amount of water shown by the meler or meters as having
been delivered to the Company during the previous month. The notice shal! be
conclusive evidence of the amount of wzter delivered in the month o which it
relates unless it is disputed as provided in this ¢lause.

(3) The Company may within one month after receipt of any such notice,
give the Minister of Works a written notice that 1t disputes the correciness of
the amount of water shown in the notice given by the Minister of Works, and
that it requires the meter or meters to be tested.

(4) The Minister of Works shall on the receipt of such notice, test the
meter or meters by passing through it or them, into a receptacie of known
capacity, sufficient water to fill that receptacie or any part thereof of known
capacity. The Company shall if so required by the Minister of Works permit
him to use without payment, for the purpose of a test under this subclause,

V1A Ihis indenture the smounty of murey erdressed 1n "Ae uld (urrency have A1 heen <onvelted 10 Jecnnal turtency a3 rome df thase
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Broken Hill Proprietary Company's Steel Works Indenture Act, 1958 13

any dam or reservorr of the Company which is suitzple for that purpose. and
can conveniently be so used.

(5) 1f on such test it appears that any meter s not measuring correctly the
water actually delivered, the amount of water shown in the disputed notice and
in any subsequent notice given by the Minister of Works prior to the test shall
be altered by the Minister of Works so as 1o show the true amount of water
delivered, and the habiiity of the Company shall be adjusted accordingiy.
Thereafter, if the meter is not corrected or replaced, due allowance for the
error shall be made in each monthly notice showing the amount of water
dehvered to the Company.

(6) The Company may, at its own expense, install a meter or meters at
any convenient point in the pipe from which water is delivered 0 the
Company. The readings of any such meter sha'l be for the irformation of the -~V
Company, but shail not be binding on the Minister of Works un'ess he zgrees
10 accept them, with or without adjustments, as correct.

(7) The Minister of Works may, without any regues: {rom the Company,
at any time lest any meter insiailed by him for the curpose of measuring the
water delivered to the Compuny, and the Comprany shall if so required by the
Mirister of Works permit the M:inister of Werks to use for the purpose of the
test any dam or reservoir of the Company which is suitabie far that purpose
and can conveniently be so used.

21. The State will faciiitate the making of a just agreement between the Fronooy
Company and the Ficctricity Trust of South Ausrala providing for the
foilowing matters :—

14

ra) The erection of a high-tensicn eiecinicily transmissien Lne from the

Trust's power stations at Port Augusia to Whyalia; 21
{5 The taking over frem the Company by the Trust in accaordance with
such arrangements as are agreed between the Company and the
Trust of the assets of the Company used for the reticulation of
electricity at Whyaila;

(¢

-~

The supply to the Trust at the request of the Trust of efeciricity
generated by the Company and the supply by the Trust to the
Company at the request of the Company of the electnicity recuired
by the Company, and

(d

~—

Securing to the Company the night to geacrate eleltricity for its own
requirements or for supply to any subsidiary or asseialed corm-
pany and to charge for any such supply.

22 (1) The Company will from tme to time Juring the construct:on of ‘fowne
steel works or of ary extensions of the Company’s undertaking at Whyalia
inform the State of the number of houses which in the Company’s opinion wiil
be required for employees (other than the senior staff) of the Company and of
any subsidiary or associated company at Whyalla,

(2) The State will build or procure the building of the number of houses
required for such employees, and give such employees the opportunity to
purchase or tecome tenants of such houses on reasonable terms and condi-
tions; Provided however that the State will not be obliged to build or procure
the building of more than <00 houses in any one vear.

(3) The State will arrange coasultations between the Company and the
South Australian Housing Trust for the purpose of securing the provision of
houses under this clause.
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14 Broken Hill Proprietary Company’'s Steel Works Indenture Act, 1958

Lot 23. The State will, so far as its powers and adminisirative arrangements
permit, assist the Company to obtain adequate and suitable labour as required
for the construction snd operation of steel works.

Use of ren 24. The Company or any subsidiary or associaled company may without
payment—

(a) draw from the sea in the vicinity of Whyalla all sea water which is
required for its operations at Whyalla: and

(b) construct on any land which such company has the right to use or
occupy or on the sea bed, any works which it requires for the
purpose of obtaining, pumping and delivering such water.

Ure end 25. (1) The Company shall have the right 10 use and occupy the foreshore
toreroreans and sea bed within the area described in subclause (3) of this clause and to
deposit substarces thereon so as to reclaim the foreshore, sca bed, or any part

thereof from the sea.

(2) On the application of the Company, the State wili without payment
granl or cause to be granted to the Company the fee simple of any land which,
whether as a result of reclamation or otherwise, is above high water mark ard
15 within the area described in sibclause (3) of this clause.

(3) The area referred 10 in this clause is the 'and shown on the plan set ou!
in the Appendix C hereto being the land bounded as folicws :—

Commencing at the south-eastern corner of section 27, Hundred of
Cultana; thence generally north-easterly aiong high water mark to i!s
intersection with a siraight line drawn from the northeramost corner of
section 2 of the said Hundred at a southern angle of 135 degrees with
the north-western boundary of said secthion 2, thence south-casterly
along the production of latter line to low water mark,; generally south-
westerly along said low water mark 0 its intersection with the north-
eastern boundary of the land contained in perpeiual licence No. 319a,
Register Book Volume 1013 Foiio 20: thence southerly by a straight line
to the north-castern corner of the land cortained 1n perpetual licence
No. 319, Register Bock Volume $i2 Folio 105; nerth-westerly aiong the
north-eastern boundary of latter licence to high water mark aforesaid:
thence generaily northerly along said high water mark to the point of
commencement, together with the coast reserves adicining part secton
19, Hundred of Randel!, and section 2, Hundred of Cuitana.

Works ares o 26. The following arzas, namely :—

remain outude
10wn

(a) the land comprised in Certificates of Title Register Book Voiume
1804 Folio 179, Voiume 2035 Folio 189, Volume 1093 Folio 115,
and Volume 2035 Folio 190;

(b) the land comprised in perpetual lease 12974, Register Book Volume
916 Folio 16;

(¢} any land north or east of the Company’s tramway which the
Company or any subsidiary or associated company acquires for
use or uses as the site of any works; and

(d) any land in the Middleback Range area the freehold of which the
Company or any subsidiary or associated company acquires for

EXHIBIT "26" - South Australian 3rcken
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use as the site of any works and which a! the time of acquisition
is outside the area of any muricipaiity or district councii district

shall be outside the area of the Whyalla Town Commission' and shall not be
constituted as or included in a murnic:pality or district councii district as defined
in the Local Government Act i934-1954" or any re-enactment or amendment
thereof and shall not be declared or included in any water district under the
Waterworks Act 1932-1936° or any re-enactment or amendment thereof.
Provided that nothing in this clause shall prevent the Company or any
subsidiary or associated company from being liable 1o pay for water supplied
by measure: Provided further that if ary of the said !and is disposed of by the
Company or by the subsidiary or associated company and used for residential
purposes this clause shall cease to apply to the land so disposed of and used.

27. (1) The Company may construct bridzes, level crossings, tunneis or
cuttings by which the Whyalla to Iron Knob ramway :may <ross the Port
Augusta-Whyalla road at a place or piaces in the vicinity of the Company’s
works or for other purposes in connection with the operation of steei works or
the operations of any subsidiary or associated companies.

(2) The places and nature of such btridges, crossings, tunnels or cuttings
and the details of consiruction thereof shall be approved by the Commussioner
of Highways which approval shall not be unreascnabiv withheld.

8. If it is Jeaided that the Commenwea'th of Australia or any
instrumentality thereof or the State should construct a razhway line connecting
Whyaila with either the South Austrehan or the Commonwealth railway
systems the State will—

(a) use its best endeavours to facilitate such consiruction and wiil grant
all necessary rights ard powers for that purpose; and

() consult with the Company or arrange consultations between the
Commonwealth and the Company as to the route of any such
railway in the neighbourhood of the Company's land at Whyalla
and as to the location of the terminal of any such railway at
Whyalla.

29. No charges or imposts other than those payable by the Company at
the date of the ratification of this Indenture shail he imposed on the Company
or on any subsidiary cr associated company :n respect of the use or occupation
of any wharves or jetties constructed by the Company or by any subsidiary or
associated company at or near Whyaila or on the shipment or carriage of goods
10 over or from the said wharves and jetties or on the ships engaged in the
shipment thereof.

30. The Stale will not at any time by legislation, regulation, order or
administrative action under any legislation of the State as to prices, prevent
products produced in South Australia bty the Company or by any subsidiary or
associated company from being sold at prices which will allow the Company or
subsidiary or associated company to provide for such reasonable depreciation,
reserves and return on the capital employed in the production of those
products as are determined by such company.

1¢C
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31. (1) With the consent of the State, the Company may assign—

(a) any right, power, benefit, ar priviiege conferred on the Company by
this Indenture;

() any mireral or other iease he!d by the Company at the date of the
ratification of this Indenture or acquired by the Company pursuant
to this Indenture.

i2) A person to whom any such right, power, benefit, privilege or lease is
assigned may, with the consent of the State, further assign it.

(3) The Companry may, with the consesnt of the Siate, cause any of its
obligations or duties under this Indenture to be performed by any other
company, but notwithstanding such consent the Company shall remain liable

1

for any failure to perform such obligations ar duties.

(4) The State shall have a discretion 1o grant or refuse its consent 0 any
assignment of rights, powers, benefits, priviieges or ieases under this clause or
to the performance of any of the Company’s obugations or duties by another
company but shall not unreascrably withhold such consent.

32. The Company will, whenever requested by the Siate 50 0 do, furnish
the State with 2 list of sutsidiary and associated companies as defined 1in Clause
2 of this Indenture showing the interest of the Company in such subsidiary and
associated companies and the State may, for the purposes of this Indenture,
relv and act upon any list so furnished by the Company.

3. (1) The TIndenture of 1937 shall by mutual agreement between the
s hereto be read and construed as if—

5
3
pastie

{a) the expression ‘‘the term of this Indenture’ and the definition
thereof contained in paragraph ‘b of clzuse 1 of the Indenture of
1937 were omitted; and

IRy

(b) the words “"upon the expiration of the term of this indeniure™ in
clause 4 thereof were omitted; and

{¢) the words ‘‘during the term of this Indenture’ were omitied from
clauses 14, 1S and 16 thereof; an

(d) no limitation of tune were contained in clause 17 thereof.

(2) No himitation of time shall be impiied in ciazses 7, 8,9, 10, 11, 12 and
13 of the Indenture of 1937,

34, (1) Any nctice consent or agplication authorized or reguired by this
Indenture to be given or made shali be given or made in writing.

(2) Any notice consent application or other writing autherized or required
by this Indenture to be given or made by the State shall be deemed o have
been duly given or made if signed by a Minister and forwarded by prepaid post
to the registered office of the Company in South Australia or its office at
Whyalla.

(3) Any notice consent or application or other writing authcrizedl or
required by this Indenture to be given or made by the Minister of Mines' the
Minister of Works, the Commissioner of Highways, the South Austraian
Housing Trust or the Electricity Trust of South Australia shall be deemed to
have been duly given or made if signed by such Minister or Commissioner, or
by the Chairman of the South Australian Housing Trust or of the Electricity
Trust of South Australia, as the case may be, and forwarded by prepaid post

' Fot interpreranion of references 1n Acty, etc to the Minister of Mines see 3 11 of Mining Act. 19711978
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1o the registered office of the Company in Socth Australia or its office at
Whyalla.

(4) Any notice consent apghcation or other writing authorized or required
by this Indenture to be given or made by the Company shall he deemed 10
have been duly given or made if signed on behalf of the Company by the
Managing Director General Manager Secretary or Attoiney of the Company
and forwarded by prepaid post—

(a) in the case of any notice consent application or other writing
concerning the prospecting or mineral rights of the Company
under this Indenture to the Minister of Mines' of the S:ate:

(b) in the case of any notice consent zpgiication or other writing
concerning the supply of water under this Irdenture 10 the Minis-
ter of Works;

{¢) in the case of any notice consent appiication or other wriling under
this Indenture not otherwise provided for in this irdenture or in
this clause to the Treasurer of the State.

{5) Any notice consent application or other writing forwarded by prepaid
post as provided for in this clause shail be deemed 10 have been duly given on
the day on which it would be Jelivered in the ordinary course ¢of post.

35 (1) Subject 0 the due chservance by the Company of its othigaticns Preemnof
under this Indenture the State shall at ail times txke all necessury steps 1o
secure o the Company and to each subsidiary and associated company the
rights pewers and priviieges provided for in this rdenture or the Indenture of
1937 arnd to prevent them from being impaired disturbed or prejudicially
affected in any way whatsoever. Providzd that no tax payable by the Company
or by any subsidiary or associaied company or in respect of the property of
any such company under any public general Act of the Parliament of the State
at rates not exceeding those applicabie generaity threcughout the State shall be
deemed 1o impair disturb or prejudicially afect any night of the Compuny or of
the subsidiary or associated company.

(2) No person cther than the Company or a subsidiary or associated
company shall acguire any right under the Mining laws of the State over any
iand occupied by the Comipany or by any subsidiary or associated company for
the operations of such company, save with the consent of such company.

36. (1) This Indenture is made on the assumption that subject to the (arew s
provision of adequate housing at Whyaita sufficient labour wiil be cbtainabie by
the Company under conditions prescribed by the relevant :ndusinal crders or
awards 'o cnable the Company both to carry on efectively the activities which
it carries on al Whyalla at the time of the execution of this Indenture and 'o
construct and operate steel works.

(2) Without in any way altering the effect of the foregoing provisions of
this Indenture if at any time sufficient labour is not availabie for the purpose
and under the conditions mentioned in subclause {1) of this clause the State
will, at the request of the Company confer with the Company as to the
abligations of the parties under this Indenture with a view to agreeing upon
such variations thereof as are rnecessary or apprognate under the
circumstances.

Sty — — - e e e - — -
QY e aplerg .& of references .n Acis etc *u The Mimnster of Mings ree 1 11 af Miaing Act (971 1979
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IN WiTNEss whereof this Indenture has been executed by His Exceliency
the Lieutenant-Governor of the State and by the Company.

His  Excellency the Liecutenant- )

Governor  of  South  Austraha |

caused the pubiic seal of the !
State to be hereto affixed, and | J. M. Narier
signed this  Indenture on the | Lieutenant-Goverror
fourth day of September, 1558, |
in the nresence of: [
M. A_ . PEARCE !

Public Scal
of

(‘Cy

THe CovaoON Seal OF THE BROXKEN

HitL PRrOPRIETARY  Cospany | C. Y. Svyvue

LisiTED was hereunto affixed on ¢ D:rector.

the twenty-second day of August, !

1958, in the preserce of: E. Lewts
Director.

R. G. NEwWTON
General Manager
Commercial.

7N

! Scal of

Company.
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Broken HIill Proprietary Company's Stee) Works Indenture Act, 1958

APPENDIX B TO THE INDENTURE
South Australia
Crown Lease
(Miperal No. )

H:s ExXCELLENCY THE GOVERNOR In ard over the State of South Ausiralia
in the Commonwealth of Australia in coenformity with and in exercise of the
powers and authorities conferred upon him by the Mining Act 1930-1955" and
the "'Broken Hill Proprietary Company's Steel Works Indenture Act 1958
(hereinafter referred to as “‘the Indenture Act’’) and of all other powers
enabiing him in (hat behalf doth hereby lease 1o THE BrokEN Hrit PrO®RIE-
Tary Conpany LiniTen of Meibourne in the State of Vicioria (hereinafter
referred to as '‘the lessee’ which expression shall inc'ude 1ts successors and
assigns) all that piece of land containing acies or thereabouts and
situate and being in the said State as the same is delineated
in the pubiic maps deposited in the office of the Department of Mines in the
City of Adelaide and in the plan in the margin hereof and therein coloured

together with all ways waters waler courses priviieges and
appurienances to the same now belonging or therewith occupied or enjoved.

Including 1n such lease during its cantiruznce the foillowing rights and
liberties for the iessee and the lessee’s agents servants and workmen in and
upon the said 'and:—

said land; and

(2) For or incidental te the purposes aforesa:d in or upon the said
land:—

(a) To cut and construct races dramns dams reservoirs roads and
tramways; and

(5) To erect offices buildings works and machirery; and

.

(¢) To erect dwellings for use by the lessee and the iessee’s
agents servants and workmen for the purpose of residence,

and all other necessary or convenient powers authorities privileges and
advantages for all or anyv of the purposes aforesaid

subiect to the provisions of the Mining Acts 1930-1935" and regulations made
thereunder and of the Mines and Works inspection Act 1920-1957° and ail
reguiations made thereunder save insofar as any such provisicns are modified
or affected by the Indenture Act and subject 0 such rights interests and
authorities as may be lawfully subsisting in the said land at the date of this
lease: Except and always Reserved out of this lease ail gold and other
substances not being metals or minerais in or upon the said land and all
persons authorized by the said Acts and regulations shail have full and free
liberty of access ingress egress and regress with or without horses cattle carts
drays carriages motor cars engines and machinery and all other necessary
implements and things into upon and from the said land or any part or parts
thereof for all reasonable purposes and to search work mine for win and obtain
gold and other substances not being metals or minerals in or upon the said land

' T™he Mining A¢t, 193C, and 1ts amencdments have Deen repeded and superreded Ny the Mining Act, 597! (now \ining Act. 19%1.:973)
¥ Now Mines and Worky Inipection Act. 1920.1974
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and for or incidental to those purposes the rights and iiberties mentioned in the
preceding paragraph (2): And also Excepting ¢nd Reserving to all pastorat
lessees (if any) of the said land a right of access and user for domestic
purposes and for the purposes of watering stock to and of ary suriace water
on the said land which shali not have heer provided or stored by artificial
means by the lessee.

To hold the said land with the appurtenances (except ard reserved and
subject as aforesaid) unto the lessee from the day of
19  for and during the term of ffty (S0) vears from thence
next ensuing for the purposc of mining therein ¢nd thereon for all metals and
minerals except gold together with the rights and iiberties hereintefore granted
but for no other purpose and with the right to the iessee 20 the renewal from
time to time for periods of 21 years on the same 'erms and conditions as those
contained in this lease including this right of rerewal.

Yielding and paying therefor unto the Goverrvor the {oltowing rent and
other sums:—

(1) A rent of (' pavakbic yearly and every vear in
advance on the first day of in each year during the said
term and any rerewal thereof.

(2) A further sum amournting to—
(a) cighteer pence’ a ton on—

(1) each ten of high grade iror are fed directiy to furnaces
in South Australia or shipped from South Austraia
without hereSciation; and

(1) each ton of the dry weight of benehaiated ron beaning
substances or iron concenirates fed to furnaces in
South Ausiralia or shipped from South Ausiraia;

(b) sixperce' a ton of the dry weight of all jaspiite and of ail
other iron bearing substances of similar grade which with-
out bereficiation are fed directly to furnaces in South
Australhia or shipped from South Ausiraha.

The sums pavable under this paragraph (2} are related to a tasis seliing
price by the lessee of faundry pig iron of £21 7¢ 6d." per ton c.if.
Port Adelaide. If such basis seliing price on the thirtieth day of June in
any year exceeds or is less than £21 7s. 6d.' per torn c.i.f. Port
Adelaide the payments under this paragraph (2) shall be increased or
decreased as the case may be by cne peany’ per ton on high grade iron
ore and by ore third of one perny' per ton on jaspilite and other iron
bearing substances of similar grade for each complete one pourd' of
the increase or decrease of such basis seliing price above or below
£21 7s. 6d'. In the event of the lessee ceasirng al any time !0 seil
foundry pig iron at a price calculated with reference to the price per ton
c.a.f. Port Adelaide nevertheless there shall be calculated by the lessee
a notional basis selling price per ton c.i.f. Port Adelaide as if the lessee
were seiling foundry pig iron c.i.f. Port Adelaide and this shall be the
basis selling price for the purposes of this paragraph (2).

For the purpose of computing the tonnage upon which such further
sums are payable the weighbridge and weightometer records of the
lessee with any adjustments necessary to compensate for known errors

' thiy indenture the amaunty of mancy capresied ~a *he ol vurtency fave ~at Pen Cunnerted to ded Ml Jurfenty 33 seme of those

amaunty Asse NO caBt equiraienty (N ey mal cwrrendy e i1 would ™ caappvopriste 1o aner them an thiy repr.nt

EXHIBIT "26" - South Australian Broxken

Hill Prcprietary Campany Steel Works Indentur

Act, 1958

1658

19



Broken Hill Proprietary Company's Steel Works Indenture Act, 1938

in weighing shall be prima facie evidence of the matiers cortained
therein.

For the purpose of determining the moisture content of any beneh-
ciated tron bearing subsiances or iron concenirates on the dry weight of
which such further sums or part thereof are payable the returns
furnished by the lessee shall be prima facie evidence of the matters
contained therein.

(3) A further sum amounting to two and one hal{ per centum of the
gross amounts realised from the sale of all metals and mirerals other
than ifron ore or iron bearing substances which shall be obtained from
the said land, or such other sum as may be agreed upon belween the
Minister of Mines' (hereinafter referred to as “‘the Minister™') and the
lessee.

The further sums mentioned above in paragrapns (2 and (3) shail te paid
within two months after the end of each half year ernding on the 31st day of
May or the 30th day of November as the case may be.

And the lessee doth hereby covenant with the Governor in manner
foliowing that is to say:—

1. Trat the lessee wild during the said term pay or cause 'o be paid to the
Minister' at the office of the Department of Mines in the City of Adelaide on
behalf of the Governor the rent and further sums hereby reserved a2t the times
znd in the manner hereirbefore appointed for payment thereof free and clear
of all rates, taxes impositions ottgoirgs and dedustions whatsoever:

2. That the lessee wiil pay and discharge ail rates taxes assessments
impositions and outgoings which during the said term shall recome payable in
respect of the said land:

3. That the lessee wiill maintain in position during the said term the posts
and trenches or piles of stone required by the said regulations to he erected or
cut on the said land when the same was pegged cut as a clarm and in addition
thereto will paint legibly on such posts the number of this lease:

4. That 'he lessee wi.l during the said term maeke construct and work all
mines and do arnd perform ail things autherized by this lease in a2 fair orderly
skilful and workmaniike manner:

5. That the lessee will during the said term empioy and keep Jonstantly
employed not less than one man for every 10 acres in miring or prospeciing for
ail metals and minerals except gold in or upon the said land and will whenever
thereunto required by the Minister' furnish him with satisfactory evidence
that such numter of men have been and are so emgloved due allowance being
made by the Minister' for machinery or horses emploved at the rate of two
men for each horse or horsepower of machinery and provided that if the
number of men horsepower and horses employec by the essee on any one or
more of the mineral leases held by the lessee is not less than the total numbter
of men horsepower and horses required to be empioyed by the lessee on all the
mineral leases held by the lessee the lessee shall be deemed to have complied
with this covenant:

6. That the lessee will make such provision for the disposal of the siit
sludge dirt waste or refuse which may be brought out of the said mines and
premises so that the same will not fow or find its way into any stream brook

Y For interprcianion of references 1n Acty, et¢ o The Mricnter of Miney see v 11 of Monurg Act. 19711973
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river or water channel or so as 1o injure or interfere with any Jand set apart for
water suppiy purposes:

7. That the lessez wiil builld and keep in proper repair a sufficient ard
substantial stone wall or other fence around all the pits and shafts which may
at any time during the suid term be open in any part of the suid land for the
purpose of this lease 50 as effectually to prevent all access thereto by ail Kinds
of stock:

8. That the lessee will whenever lawfully required so 1o do at the lessee’s
own cost and in manner required by any regulations for the time being in {force
in that behalf cause to be made a survey of the said land and cause (o be
forwarded to the said Department of Mines a map or plan of such survey:

9. That the lessee will at all times during the said term keep and preserve
the said mines in good order repair and condition and in such good order repair
and condition at the end or other sooner determiration of the said term deliver
peaczable possession thereof and of the iand hereby ‘eased unto the Governor
or the Minister' or to some cfficer authorized by %im or them (0 receive
nossession thereof:

10. That the lessee will permit the pastoral lessee (if any) of the said land
at ali times to have free access and user for dJomestic purposes and for the
purposes of watering stock 0 and of any surface water on the said land which
shall not have teen provided or stored by arizficial means by the lessee:

[§9]
<>

i1, That the lessee will report 1o 2 warden when geld precious siones coal
shale o1} salt gypsum or other minerais other than ron ore or iron bSearing
substances are found in pavabie guanties in or upon the said land:

12, That the lessee will not during the cortituance of the said 'erm
without the written consent of the Minister' frst had and ohtained use or
occupy or permit 1o be used or occupied the said land except for the purpose
of exercising the rights and hherties hereinbefore granted:
13. That the lessee will not prevent any person who hoids a right priviiege 39
or authority urder the said Acts and regulations or any amendment thercof
frem evercising the same:

Provided always and it is hereby agreed and Jeclared in rnanner
following:---

14 That it shall be lawfui for the Gevernor or the Minister' or any
persor atthorized by him or them at ail proper and rexsonable times during the
satd term without any interruption from the lessee or the lessee’s agents
sersanls or workmen 0 enter into and upen the said land and into and upon
any mines or works that may be found therein 10 view and examine the
condition thereof and whether the same be worked in a proper sxilful and
workmanlike manner and for such purpose to make use of any of the rairoads
or other roads or ways machinery and works btelernging to the said mines and
10 examine and take extracts from all books acccurts vouchers and documents
refating thereto:

‘
2
<

15. That if the said rent be not paid on or hefore the day hereinbefore
appointed for payment thereof a penalty of five pounds per centum® shall be

TFor cale:pretat-or of “e7¢reaes in AC'S. €1¢ 0 The Misuster of Moaey see v ol f Mumng AL 9711978
bia chy adeatunre che amourty of mency ard Ne nerlenlage cvrcesied A e g L rrenCy Nave 101 wen carvelled to tel fal Jarrenly
3% s0me Of TRose GGy Mave fo evast eqgu.valeniyan Jedcmal <o aCy 39 T w0 C DE NLpDrOp/Iale 1D diter e an IRy cepnAa’
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added to the said rent and if the said reat and penalty be not paid within one
calendar month after the said day a further peralty of ten pounds per centum’
shall be added and if the said rent and pernalties be not paid within one
calendar month after the said first month the same shail be recoverable by the
Minister” by action in any court of competent iurisdiction:

16. That if the lessee shail during the said term commit any breach of or
shall fail to comply with any covenant ccndition or proviso herein contaired
this lease shall be liable to forfeiture in manner hereirafter provided:

17. That if the Minister’ has reason to believe that there has been a
breach of or norn-compliance with any of the covenants condilions or provisos
herein contained the Minisier’ shall give written notice to the lessee specify-
ing the covenants conditicns or provisos which he has reason to beiieve are not
being complied with and notfying the lessee that this lease will be iiable to
forfeiture at the expiration of one month from the date of such notice uniess
in the meantime such coverants conditions cr provisos are duly compiied with
and if at the expiration of such notice such covenarts conditions or provisos
are still not being complied with by the lessee the Governor may cancel this
jease notwithstanding that the rent pavable under this lease for the pericd
during which such breach is committed may have teen paid and notwithsta
ing any impiied waiver of such breach by the Governor and the Minister’
shall thereupon :nser: a notice in the Government Guacette declaring this lease
1o be forfeited:

18. That a notice of forfeiture so published in the Government Gazelie
shall be taken to be conciusive cvidence 'hat this lease has been legally
cancelled and forfeited:

19. That in case this lease shall become liatle 1o forfeiture the Minister?
may extend the period curing which the lessee may perform the covenants
conditions and provisos of this lease for such time and subject during such
oeriod of extension 0 such terms and conditions as the Minister’ may think
fit:

20. That the iessee shall be at liberty to surrender this lsase by giv nb 10
the Minister® three calendar menths' notice in wriling of the lesse c's desire or
intention so to do and upon payment of all arrears of rent up to the date of
surrender:

21 And lastly that the lessee shall be at hberty to remove from the said
‘and at any time within—

(@) three months after the date of forfeiture or surrerder of this ‘ease
any improvements plant machinery eng:nes or tocls;

(b) six months after the date of forfeiture or surrender of this lease any
metals and minerals except gold won by the lessee stacked upon
the said land but shall not remove or interfere with any timber in
any mine ugon the said land.

n Ry andentare the armonnly Of moency and ‘e xrientaye eaprested n ale 0l cevendy Pave At Iden Jonveried 1o Jelimal Lurenacy
a3 vome of 'Fove anvunts e e RO erag: eghalenty La Sevnngi | Lrreagy erd I NN LA pPrODIgIe TO 211€° Theh AN Thuy repoint
TFor nlecpreistion of refereney 1a AZty €< 10 The Monsier of Mines see 3 i of Maing Al '9Y1.1978
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IN WiT~NEss WHEREOF this lease has been exccuted by His Excellency the
Governor of the State and by the Company.

His Excellency the Governor of South
Australia caused the public seal of |.................. e

the State to be hereto affixed on | Covernor.
the day of 19 . |
THE CoMMON SEAL OF THE BROKEN [
Hio PROPRIETARY Conpany Director.
LismiTED was hereunto affixed on 1. . ... PO P T
the day of 19 Director.
in the presence of: | e
J Secretary.
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Reference .

VO NSy Ny mArrired
Frechod 92d et by KA C:‘_y . e —

Land 5eld under 'esse .,_y B ,‘//Dqu.

Area mentioned n Ciause 25 of Indenture | Niilllo

o f cole

Chans 8o s o ! ? Mes

By AUTIHOR: Y D J. \OO[ \1-\\ Governmen: Pr nter, Scuth Aus.rana
M-I =N O
EXHIBIT "26" ~ Scuth Austraiian Broxen

Hill Prcorietary Corpany Steel wWorks Indenture
Act , 1958
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Anerica an¢ Australiasica, 29713

ol steel iz sroduced gnaveliy coer ¢ oY monule -
tion, hic fizZwere iz ricing with ecach veoszr tihot
Tacses cessite thhe cubstitution c¢f ctioer motels
and - zstics (or iron In coite flielcce,

Te:¢  to  sluniniun, irecn iz tiie ~ost
abundzt Tetallld glement i tre  eerti'c cirvcot,
Tracticesilly 21V rcclic cootedin ircn o to cone (2zrmon,
but ix ¢caly ¢ few tynes 15 Toe  ircn cuviicieantl::
cc.ocentrotel #0¢ in zueh 2 ostezte of cihemicoi coni-
bineticnh fer tre motevizl &S farwe ©C =2 iron c¢ro,

Iron orc is 2 low wveaiug tinara2l ~rolict;
velived at the mine betweoen SO and Y3 AL Der ton,
and s only e nrecduced ccononiczliy in lcorze
cuestities, The develoonment ¢ an iren ore {field
is Hrineariiy esenlent  uxcen tle sictence ¢l oo

of suvitedle o¢rec, DLul there ere

factors waoich nust be

EXHIBIT "27" - TWO parrzhlets entitled "Iran
Ore" puu--s“ec Ly the Geolcgical

Survey ¢f
Western Australia, 1966 {(ccpv) and 1983
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considered., Firstly, suitable marllets must exist
elther for the ore or the jiron and steel products,
lilning and transport costs from the Geposits to
the seanort or industriel area are crucial, 2s are
the geogrephical relationshirs c¢f the iroa ore to
denosits of linmestcne end coal witich are used in
the smelting of the ore. In the Dzst nany low-
grade ore denocits have been woried because the
above condlitionc rave becn gatisfoctorily fulfill-
ed, whilst many inigh~arace deposits ¢f lgrse ton-
naze have lain idle because of laci: of narizets or
unfevourable location.

Setween 1251 and 1234, annual iron ore
nroduction througzhout the world increased {rom 140
million ton3 to over 300 million tonz, 2 fourfold
Increase 1n 15 years. Thic treaua scenxs certzin to
continue with increasing denend for iron and steel
In botr the developed and under-ceveloned coun-
tries. By 1275 it ic anticinated that the totcol
annual world reguirement of {iron ore will be of
the order of 1,000 million tons,

This tremendous increese ia the utiliza-
tion of iron nhgs completely changed tihe position
of Iron ore 22 a world trade contodity, Up to

1950 riost iron ore was produced in the ccuntries

EXHIBIT "27" - Two parphlets, entitled "Iron
Ore” published by the Geolagical Survey of
western Australia, 1966' (copy) and 1963
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that had their own iron and steel industries. The
increcased exploitation of the favourably situated
deposits has thrcatcened thelir rapid depletion and
chort term cxhaustion, Consumers have been obli-
ged to secek and develop dcnosits of lron cre {n
other countrics, which thaemselves have becomce
mz jor exncrters of ifron cre  with a production fear
1n oxcess of the rcquirements c¢f tiwir own lcecal
industries, Courtrics which have beccme major

iron oro producers and axnorters arc 83razil,

Yenczucla, Poru, Chile, Libertia, and Maurctania,
These countrices producce iron ore colely for cxnoert
Other major c¢xporting ccuntries which havae their

cwn ircn and stecl industries  but which oxnort
morc than thaoy censume arce  Sweden, Canada 2nd
India. Awstralia will shortly Dbe entering this
category 1in the iren ore trade, Up to the npresent
Australia has prcduced ilron cre only for her cwn
industry, but by 1570 will bc axperting ahout 735
per cent ¢f the tetal iren ore nroduced within the

Commenviealth,

ECOIOMIC IROM ORE  TITUERALS

Despite the wide distribution of {rcn iIn

S A

P v}

~ A



nature, comparztivcly few iron ninerzls arc used
as iron ores. The principel 1ron ore¢ minerals are:

Chenmical comnosition Pcrcent  iron
¢, O 72.4
374 ’
Hematite re O 3.2

N 273
n N < = ’*
Gocthite Fre O0_. 5.0 52
2 3 2

Limonite lixture of hydrateoed \

iron oxides (

lagnetite o

Siderite FCCO3 435.2
in natural denos1its, the percanteogecs
sihown in the abhove teble z2re rercly <ttaracd, due
to thc presence c¢f  imnuraties sSuchr 2€ silica
(muartz), alumine, sulonur, nhesnhorvs ~2nd mengen-—
vl

ece, menatite cres  fre tire most  toidely utilised

and nany of tha moicr hematite dencsits of Lae

wvor'd can be 2irnca ¢t 2 srade of Letter toan 80
per cent  iron. Dnanetite ores 2re extensivaely
mined  in Sweden, cJhere tag magngetite cccurs as
lergsce aigh graoce depesitce, Tan Concdz, negnutiio-

aquartz rockec, !nown 25 tecoenites, ~ro mined on a
larsge scale as beneficizblie orz,.  oginlelie Can be
senparated ciheanly from the guartes 1ndurity by
nagnetic ceperation alfter crushriag,

The iron o2nd steel industry; of

(#
o
o
[
-
3
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Europe ras fcunded on the utilization of low-grade
carbonate orcc averaging about 35 ner cecnt iron,
The clese asceciation of  these ores with denosits
of linestone a2nd coking coalc nermitted the larcoce
caie dewvelonoment of sucis uenosits,

¢ Lee Suserior Nozion of  tine Unitod

States 1< charactorizod Hv o hem

9}

tite ores aversoiag

abeurt 50 n¢er cent iren, Tharc B3 bea tae nost
cductive iron ovrc rezion tn tac cror ld anda bhnag
¢d cver 3,009 nillion tons of cera GuvilagZ tal

nast ceniur:' .
The Austreclian  1ron »>ad stenl indoestrsy

is besed on  the nigh=zrade ol ores  of the

Tty B - N o b S~ -~ 3 - - 2 * .
tiddlebecl Reasas in Ceout Avstrslia end Thoe heno-

tite ovrec of Yamni  fouasad 1 Tectern Auctrazic,
These ©9/0 zreas current!y oHrouce over 5 nmiliicno
tcns  of iren c¢cre 2Cr 2navy oncd tarse rasarves

romcin 1o tincge denosits to satisfy 1ocel rocuire-
ments for Sans o raerrs to ce e,
'estorn Australic noscessec  tremnendous

reserves of hish-arade bemetite orcs. The dictri

buticn aad nature  of tihece demosits  are outlined

in tiho succeedine sections,

L6770



PROCESSIMNG AMD MELTINMG  OF  TRO!N  CRE

wany of the high—-grade hematite cres can
be used directly for pig iron producticn after
crushing to appropriate size specifications, Cther
orcs, although o¢f satistacterily high graede for
dlrcct smelting, must be altered in physical pro-
pertics before rcducticn, lany hematits dres arce
friable, such 23 thosa c¢f Yamni Sound, and the ore
must bc sintored or agglomcratcd intc cchaeroent
lumns of thoe corrcct s3ize  befcre being fod into

the furnace.

=)

he natura and npronorticn o¢f the impuri-~
ties In the ore is aitcc of 9rcat imnertance, For
ecasy fluxing in the furnace, the properticn  of
silica should excced  that of alumina, P?Phesphorus
and sulphur arc two iImpuritices witih which the
steelmaker 15 mec3t concerned and most ircn ore
contracts have rigid specificaticn limits on these
two components, Llost iron ore used tiarcugihcut the
wortd, and certainiy all used in Austraiia, ccn-
tains less than 0.1 per cent of sulnhur and phcs-
phorus,

‘lany ores are up-graded ¢r berceflciated

before reducticn, Low-grade magnetite ores can be

o
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up~graded by magncotic 3eparation, and scme ores

gravity concentraticn of tie heavier iron cr

particles., Pclletizing of iron cre ic

increeasincly ccmmon, In thiz prccess the orc

nely ground, dovyaer-ted andg iy

bzlling

ciaterin

~

Juring

srez or 1.~ dceo it or

el
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-~ ~ ~ ] ] o~ - “r i
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liberete carben nenc:zide  which roeduces  tie 1ren

cxidcg of the ore te metallic liren, The mclton

ircrn 15 tapned 2t regular intervale frem the basce

of the furnace, and additicnal charge of c¢re, cclie
EHIBTT "2T" - TWo Parphlets enticled
Cre” pubiished ov the Sociomical Surm-a
western ;Ls;r:l;a, 1965 {copv! and 53
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and limestone fed in at the top,. Blast furnaces
often operatc continuously (or yvars, The average
furnace capacity 1s abcut 2000 tcns of raw feed of
the composition described abeve and such a furnace
would be capable of preocducing 1,800 tens of plg
irecn in an operating day ¢f 24 hcurs.

Pig iron frcm the blast furnace contains
abcut < per cent c¢f carbon and is high in Sulphur,
phosphorus and mangancsc, These tmpurities must
be removed frem the plx 1lron te make stocl, This
is normally dcne in an c¢pen hearth furnace in
which the pig iron 15 re-melted and heated te high
temperatures., The excess carben ¢ exidized from
the steel and the cther impurities 2re absorbed in
the floor of the furnace, which i35 suitadly lined
with materials which will react with ond retain
the undesired constituants, Limestine s added to
the charge tc flux the metal and ferm z slag which
also ahsorbs much of the unwanted imnuritics of
the steel. The open hecarth furnaces are also uged
to make alloy steecls, aAadditional olements 3uch as
nickel, chromium, mclybdcenum and many othaers can
be addecd to nroduce an  alloy steel of specificd

compoaition,

=VHIBIT 27" TWC TaTrnlets 2ncl

Cra’ cublished tv the Geclcglical
Western fugtralia, 19646 (copy) an
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DISTRIBUTION OF IRC{! ORES I "'ESTERM AUSTRALIA

The highest grade iron cre dencsits in
the world occur {n asscciaticn with, and are
derived from, a3 narticular grcup of sedimentary
reclis, In differcent ccuntrics thaese roclits are
znown variously as banded ircn formation, jaspil-
ftes, henatite quartzites, taconites or itabiritces
but - 11 re cvssentially the samo rcck type.,

The teen Tormaticns are cnavacterizaed by
an initial high iren centent  of between 29 and 0
Der cent iren 1n the  form of nagnetjite oer hcna-
rtizte, tiwely intervanded with gquartz and carbonate
minerals, Thece rocks cecur only in the ancient
sreczabe s n zones »f the cartp's cruse and ore nol
found in laltor ~oclog)oal anachs.

Thoe bondod iron format»Cnsg ara Brong o
SAPLCAMC AT . S HCh 1 VU U QUL §Ub “e i tda vl ot iwal
cececur, tiae silica and carhtnate  cuntent  of the
ITCCKS can De setccLlveldy remevea 2ruinelr Dy Jgrouna-—-
waters or by fluids derived from granite intrus-
ions, to lcave a residue sufficiently rich in ircn
to constitute an economic ircn ore depesit, Iron
formations serve a5 the hosts ¢f nracticelly all

the major hematite deposits in the world,

EXHIBTT "27" - ™o D
N A . N
Cre” pubiished y
western Austraijl
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In Western Australia the banded 1iron
formations are widespread and abundant in the
extensive Precambrian arcas of the State, They
fall into two age groups, Firstly, thcre arc the
older Archacan iron formaticns which arce most
abundant in the scuth-contral areca c¢f  the State
and in the Pilbara Archacan nucleus, These " have
been dated at betwcecon 2,300 million and 2,300 mil-
lion yecars old, Seccendly, there are the yocunger
lron formations assuciated with recliis  of lower
Proterozoic agc in  the Hamersley lQange  Arca,
These arc between 2,000 millien and 2,200 million
ycars old,

The Archacan 1rcn Trormaticns  have becen
strengly folded and intrudead by granites and other
fgneous rocks. High tempceraturcs 2nd  »nressures
and the influence c¢f fluids derived frem thae near-
by granites, have served te metamornhose the  iron
tormations., 1n many zcnes, high-grade nemacloe
lenses have been formed due to scluticn arnd mebil-
lzatlon of the ircn 1in the origlnal i1ron rormation
and subsequent redeposition cf this ircn as mass-
ive higg-grade ore bodics,

Althcugh essentially similar in criginal

compositlon to the Archacan iron fermations, the

TXHIBIT "27" - Two canrhlets enzitled "

Cre" pubiisnec by the Geclcgical Suxvevw

Western Australia, 1866 {copy! and 19€3
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Proterozoic Ilron formaticns have not been metamor-
phose¢d by heat and pressurec, Nevertheless, large
iron deposits have been develoned through the
agency ¢f  groundwaters onerating over a long
neriod c¢f geolegical time, These waters  aro
capable c¢f slowly lecaching si1lica and carbenate
minerals from the iron fcrmeticns, and leaving a
residuce rich in  hematite  and goethite or ctheoer
hydratcd oxides of 1iron.

The Protcerczoic iron formaticns in the
iamersley Range arce  the site of  the nrincinal
iron depesits 1.2 Tlestern Australia, Tctal resor-
vaes ol high-graodo cre in this rceglon arc mansur-
able in thousands of millicns of tens,

The hematite denosits  in the islanrds of
Yampi Sound, Hinherley Divisicn, are alsc ¢f Tro-
terozoic age  but are associated with a different
and virtually unique type ¢ ircn fcrmaticn, Tha
Yampl c¢res  appear to be tiie product Sf dircct
sedimentary deposition c¢f iren oxides, and arc¢ not
due to later processes of enricimment suech as nave
produced the hematite ores of the central and
scuthern parts of the Statce.

Four distinct iron ore provinces can be

recognized in ilestern Australia. These are listed

EHIBIT "27" - Twe Parthlets entitfle

~ -
[SPNREIIN

G

AR ate!

Ldao..

Ore" published kv the Geclogical Survew cof
western Australia, 1966 (copy) and 1982
. - 1]
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hereunder and their extent is shown on the accomp-
anying map (inside rcar cover):

1., South-central Ir-c: raviace

2. Hamersley Iron ?rovince

3. fcrth TitLohra Ivon Trovince
4, Ximberley Tron Prcvince

Thec principal deposits c¢f cach cf these
provinces, are briefly Jdescribed in the following

saecticng,

A i v e m = s S mrew A e

In this coctien of tihe State bendod iren
fermaticons occuit within fnacrow celoagated delts of
sedimentacy and vsolcanic roclits surroundecd by gran-
ite, The irorn formations =re resictant te 2resion
and normally foras bprominent  sinusus T 47225 Zhat
can be foilowed oy many ailes,

“The denscest  concenwration o 10Ul v
depositas is  found in  the sedimerntery Lcolt lying
east and north of 3outhern Cross in the Yilgarn
Goldficld, The important depcsits of Xoolyanch-
bing arc situatcd in a range c¢f hills abecut 35
miles northeast of Southern Cross, These iron ores

arc currently mined tc supply orc for the charcoal

0--',0—

EXEIBRIT “27" - Two Parenlets entit.
urvey ci
western Australia, 1966 icopy) and 1583

e ——e—— by :
Cre” puolished by the Geological S
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iron and steel industry at 'undowie, They have
been accurately assessed by The B, H, P, Co. and
are ultimately scheduled for use in the iron and
tc2l industry to be constructed at Kwinana in
1963, Proven rescerves ce¢xccoed 50 millior tons of
hematite-limonite o¢orc averaging slightly over GO
per ccnt iron,

At Mt, Bungalbin, thirty miles north of

Kcolyanobbing, there are scverazl large hematite-
limonite orc bodics which are also leased to The
3. H, P. Co. Pty..Ltd.. Rcgerves.1ln these deposits
arc ccmnarable to those c¢f Hcelyanchbing,.

Forty milcs west of YMt, Bungalbin, in
the samo sedimentary belt, there arge the imocrtant
hematite depesits cf Ht, Jeclison, which have been
tested by “festorn flining Corporaticn, 1Aecserves ¢f
ore in these lenses  probably amcunt to at lceast
30 million tons,

A further group of hematite lenses, con-
taining a high proportion of massive high-grade
hematite with more than 65 péer cent iron, occurs

at Morth Windarling, about 20 miles north cf Mt,

Jackson.
) Many smaller occurrences of hematite ore
are scattered throughout the Yilgarn, The total

'f'a

re" published by the \)QOLO’C-\A.- SL.""":"

ﬂ/. 1/} EXHIBIT "27" - Two sarphlets entitled
) = ..
5 or C . - : o] Y

western Australia, 1366 (ccpy) ard
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reserves of ore In the arca are¢ of the order of
200 riillion tons, an amnlce <¢uantity tc supply the

requircments of the nrojected lccal stecl industry

=)

@]
<

-

for nany years tc ccnc, ilgarn dencscits,

altixcugh fer (roa tine ccast, arc convenlently
close te the now standard gause railway, wiich has
bgeen routed to oeczs tihe Yeclyanctving 2re <dencsics

Jnmallier ngmatite GC)DCs5:ts TcCccur ncar tae

westera side of  the Archaocan zone ot Tollaring

caremian s ceam. w N

Janqge, wselanoolia, ond [t, Gibson, The Tollering
and Kcolanoolia dencsits are under dovelopmeat for
cunert to Jeapan cominancing in 12050 withr a contrece

for the salec of over £ millica tens f ore. C.

o

tihouoh small, the dencsits are comperatively clese
to cxisting railvarys and the nort of Goraldten,

lany cther Ircn ore cccurrcacecs in the
Arcitaéen erea arc kncwn, oset mcst of there ~re toc
far frcm tie ccect to bve of ¢
Interest, The hewatite 4o
(30 milllon tons) ~nd [it,
must be included fn tais catcozory.

All the azbovementicongd dercsitc cccur in
associaticn with banded {ron fecraaticns, and arc

the products of cfarichment by vericus processes.

EXHFBIT_";T" - TWO Pamphlets en
Ore™ pttlished by the Gec
~estermn Australia, 1966 (

1673

titied "Iren
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In the cxtreme southwestern corner of the Statoe at

Scott. River, near Augusta, anothaer type of iron

ore deposit occurs which is the result of laterjit-—
ization, Iron has becen dissolvecd frem ferruginous
sandstcences and has been re-deposited clese to the
surfacc &s thin but e¢xtensgive canpings ¢f low-
grade loteritic iron orc centaining between 30 and
40 pcr cent  iren, This material 1is unusabloe in
its present form hut could be ungraded to 2 s»nenze
ircn, These depesits are only a few miles from

the coast and mey be utilizad in the future,

THET  HAGERSLEY IS PROVINCE

The Hamersley Ircn Prcovince 1is situated
In the llerch-"Tast  Tivaiosion of  the State  and
includece a thicii succession <f zontly tec moderatoe-
ly {cldad sediments and volcanic rcecks., Frem the
point ¢f view of itron denesits, the most {mhortant
members of this sedimentary succession are three
thick and remarkably persistent barded iron fermz-
tions whiich extend over an arca of abcut 20,000
square miles,

All three {ron formations have been

locally cenriched to form zones of high-grade hcema-

TGIIBIT 27" - Two parrhlets erntitled

W
-

Jre" rub.ished by the Geclcgical Survey of
Western aystraiia, 1966 (ccpy) and 1982
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tite ore.

estimated

1s a ccnna
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tent, (about S5 per ccnt) than the hematite denos-
ita, but the principel imnurity is combined wator.
Tests heve sibown that tais meterial is zarticu-
larly suitable for vveneficiation, A largze scale

pelletizing nrojecct is pleznned to treat this ore
r

in the Zobe 2iver arca of the lamersley Froviace
where titlis tyne of ore 1is abundant,

The rescsources of the Yamercley Iron ?ro-
vince are virtually wunlisited as far a2 dircecct
shinping and bcnelficiable iron ores ar2 concerned,
and it sccns dostined to become one of the arinci-
pal iron or2 »roducling rcesions 13 the worla,

The liemersley orces  are considered to
have orizinated os a rccult of grounduyaters pro-
arcssively leceching imnuerities from the iron for-

mation and ungrading 1t tOo nearly nurd iron

cxides. A feature of the =2rovince i3 the large
extent of sou¢ of tite dewosits, The lt, Ter Frice
ore body 1is 4 riles long, un to 4,000 feot wrice
and, in nlaces necrly 400 fect thick., ilany ctter

ore zones of comparable dimensions have  been

recognized.

O
-3

JCRTH _PILB/RA  IRCI TRCYINCE

— — . vr s s - — . et

The Archacan rocks of the rFilbara nucleus
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contain similar types of 1iron ore deposits to

those in the South-Ccntral Iron - Province. Ban-

ded iron formations occur interbedded with meta-
morphosed sediments and volcanic rocks, and this

assemblage has been ifntruded by granite,

The most important {iron deposits in this
reglon are those of Mt, Goldsworthy where reserves
approaching 30 million tons of hematitc ore have
been proven., The main orc lens at it. GColdsworthy
extcends to at least 300 fect below platn level and .
the deposit is locatad along the plane of a3 major
fault., This fault hgs apparently scerved o channel
tire movements of iron~bearing solutions and the
rocks on c¢ither sidae cf the fault nlance have been
replaced by hematite. Adjoining the maein orce lens
at “t., Goldoworthy arc zones of lower grade hema-

ted frem surfoce

(=)

tite-=gzgocthita orce wihich have resu
enrichment of the banded iron formaticn,
Other imneortant hematite denosits in the

Strelley Gorge, and the Ord Range. The Mt, Golds-
worthy dcposits are bheing develoned for export and 20

Pilbara are those c¢f Mimingarra, Shay Gap, Yarric,

the ore will be shipped from Port lHedland.
Total orec reserves in the Morth Pilbara

province amount to at least 150 million tons of

EXHIBIT "27" - T™wo pammhlets enzitled "Ircn
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hematite ore.
TIE PROTIERCTICIC XINRTERLEY INCH PROVIICE

- —— - — — [

The most 1mportant iron denosits in the

northern arca of the State are those of Cocliatoo

3

Island znd Koolan Tsland at Yenpi Zound. The liron

ores in these deposits annear to he the zroduct
of dircct secdimentation, ratfier thian enricnnent of
pre-existinay scdiments he ore hed ferms a dist-

inct sedimentary unit in & cu

°3

roundinz succession
of cauartzite, shale, and conglcnerzte, and cttoainc
2 very high aracde of cver 85 =cer cent iron. ena-
tite is the =>rincinal ore mineral.

?roduction of iron ore comnenced at
CockatqQo Islend in 1251 ornd ~»nnu2l oroduction ic
of the orcer of 1z millicn tons. ~“he laree denos-
it on the neighbouring {oolen Islznd o5 brcouzint
into nroduction in 1¢35. Reserves of ore in botn
{slands exceed 70 million tons.

Few iron ore deposits in the worla arce
nmore favourably located for nining and sainment 29
those of Yemni Scund. At Cocketoo Island the orc
bed, wiiici I3 a2bout 60 feet thick, forms a steep

cliff along the side of the island and large
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vessels can be berthed almost anzin

t the actual
ore body in ceep water on the protected sicde cf

[&]

-~

the islend. At ¥colzn Icland the ore “ody is only
r

a few undred yavdc £

cn tre deen vater of tne

sound. Yawupl ores, elthcugh herd at tie gurfacc,
are friable at dentr and recuire cintgrinag bhefore
reduction,

Yematite depocits of  similer character

and geoloz-ical environment ¢ trose ¢f Vamni Scund

e
have heen lavectzizated {n other arczes of toe

-
Xinkerley NDivisicn, The lar~cct ¢f  thhese occurs
near ?Pomney's ?illar, abdcut & miles  south of

_—*yndhenr. The henetite rica ore ed is nracerved

as an erocion remnznt  zlen- o2 suminit ol ¢ high

i e - . i e - -
range fecr edeovt & miles, Tre cre Tt2d 1S IZztweern
1 L - o pey o . - - -~ ~ -
LS and 4T feoet tohick over the srm22tln teErt o7 LS
3 *~ - ~e M ~= Y
distance. The ore 12 more werieble =on¢ zeneralily

1
lower in sracdce tigon that of “/aoni

.
1
'
.
-

¢l henatite occurs in thre 3ancicoct me.aa near

tununurre
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FOREWORD

tnformanion Pumpiviets are ssued at ceregular intervals by the Geolo-
acal Survey fo meet poopuiar Jdemuand for generad nlormation an op-
cui subgevts. Copies ol tire pamphlets and furtiier aformation are vyl
able from tos othice.

AF Trendal
DIRECTOR

Mineral House
00 Adclaide Terrace
Pertn W AL 6000

INTRODUCTION

[ron 1s ased an greater quantiies than any otaer netais In Japan and
i the Jdeveloped countrnies of western Barope, North America, and
Australasia, appronimately 3.7 tonnes of steel s produced annually per
nead of population Tins fwgure s nsing with each year that passes Jdes-
pite the suostitution ot other metuts ana plastics i some apphications,
Sach s the importance a1 ron to society that aistorians and archaeolo-

gists have named the pertod deginnimg about 1000 BC - wien the
technmique of smelting ron ore dirst ade s appedrance — the “lron
Age’

To te sure, some artefacts, Jating from arownd 2000 BC, have been
found ¢ gypt. As iron was then o ranty, ;U was ased Tor jewellery and,
occastonally . Yor specul weapons. Chermical analyses iadicate that thys
rron way oblimed from meteontes, some ol winch are composed of an
iron-mickel alloy  Appareatly the Lgvptians, wiile abie to tforge the
metal, had not mastered the art ol simelting iron ores. By 400 BC. :ron
ores  were  bDemg  simclted  at g number ol centres around  the
Mediterranean, and by the Middie Ages.aron was in widespread, 1t not
common, use throughout Europe, Asta, and Africa.

During the toth Centary primitive Jorms ol the medern biast furnagce
began to appear :n aorthern Europe, these produced. as blast furnaces
still do. a matertal cailed prg ron. wiich s 0 mixture of sron, carbon,
and slag. Pig ron atsell 55 o hittle use. 1t may be melted to Yorm cust
iron or treated o1 spedial furnaces that remove the impurities (o pro-
Juce steed, which tnoats siemplest form is an ron-carbon ailoy.

The large-scale manulacture ot steel s, however, o lwrly recent Je-
velopment. Unti the addle ol the 19th Century. witen the Bessemer
Converter was Jdeveloped, most pig iron wasg converted to wrougit-iron
by the simpie process of ammering red-not balets 1o squeeze out m-
punties. The wrougit rron produced m tus way has approximateiy the
same overall composition as culd steel, but because of the manulactu-
ring process, o oaas 4 Leaated or hiorous structure and 2 non-homo-
genous compostiion  Although used extensively unti] the end ol the
19th Century. wroughti-ron s now Heen superseded by mild steel
i most apphications.

EHIBIT "27" - TWO Parghlets entitled "Ircn
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The Tirst senious attempt (o ostaolisiv an ron adisty v Australiy
apears 1o have been made at the Fitzioy Works e Mittagong NSW
Netween 18=+8 and 18533 Aunthough iecsimcaily suocessiii, e project
tarled Tor economic reasons, s Jud the several attempls 1o reacinvale
the Fitzroy Works or 1o ostablish cnotier sinelier sear Lithgow NSW
[t was a0t anGl TS that g suecossiui urde scale ironi warky wias ostals-
Hsned gt Newcastle NSW oy thie Broken 1L Provrctarsy Company Lid.
Conimng coal was ovtaraed near Newoastic, cat the ren Ore wvas siapped
from fron Knob i Southy Aastilig

Mie Tron Age Jdad 00l reace SYestern Austraag oot 94980 when .

. \1

sthatl stute-owned prant was estaensicd al Weacowie, This piant 20-
faned ore irom Koolyanosomye and ased charcaal, wiica was nade
on site, as o tael and redaamyg agent The plant was droosBiy aever maore
thiaiy margmally protitalle wnd aas rece by Seen soia Lo private . nterests
Tor couversion to other purposes. Westorn Aasiradin enteied 1oew pluise

ol the ron mdustry 50 1930 witen the itrst ere was siupped trem Cocad-

too bsiand. This marked thie bHegiurmrg ol an ore-esporbang cdustry,

rurtaer cotaly o which e Ziven Hciow

Alter alumimium, ron s e ost coandant metadlic cicrment in (e
eartN’s crust. Most tocks contaim ron o some Jegice, bat i only aiew
is Lie tron sullictent!y concentraled and 2y a stntehic state o cnesinddi
SombIEton Tor e maeierial {0 serve Jas an.ron e Nalive iron, that oy,
natarally occarring netaihic iron. s virtuaily tithaown oxeep! i meteo
Nes.

[ron ore 1s a4 tow-vaiue anneral product, i voaazes (09% D) about S0y
2 tonne and can only He produced coonomcdily on solarze scaie Thus,
the devetopment OF an Gron-ore Hicid o pSrenardy wependenl apon the
existence of a Lage tonnage Ol sailanie ore, Sul here wie nunierous
olher anportant factors wardh must e constdercd Yinsts markets nust
exint, ctthier Tor 2ne ore, or the gon and stecs srodadts Dl may e
oroduced  The cost of aunimg and (ranspors 2om Gepdsil 10 seaport
OF NGl area s ornong, o the developaet of o denosils as s the
geogtapliacal relationsimp ol e ron ore 1o Jderosdy o tnnestone and
coul, whion are used 1y e sinelting of ron ore In e past. many Jow-
grode ore depcsils Lave Boen worked Secaise the atove condiions tuve
Been salistactondy fuilled . on the otaer nand. maey a.gh-grade deposits
o Targe tonnage ave lar rdle Dedause ol ek O narkess or antavourab-
e tocation.

EXHIBIT "27" -
Ore” published

1691

Two carrhlets ent:izled "Iran
oy the Geolocical Survey of
~estern australia, 1966 (copy) arnd 1983

(]

[

o
(@]

30



Between 1900 and D970 the ron-ore prodacton of the world in-
creased by avout 307 however. this increase as slowed, and .n tite 1O
vears Letween 970 ang 1980, worid production rose Irom apout T=0)
amlhion tonnes to about 870 aullion tonnes, an increase of only about
i370 By 1990 sths anticpated that the totdd annual worid req.urement
ol sron ore will be ot the order o1 Y80 anihion tonnes.

This jump 0 the comsmplion of ren s completeiy changed the

Joston ol ron ore a3 & conunogdity  Lp to 19300 oSt ron ore was
orodaced o coantiies that nad thar owa aron and stee! mdasties

The ruprd explortiation ol ghese fwvourabiy siluated deposits threatened
therr altimate Jdepletion

Consinnters were obhged 1o seek aind ceveiope Jeposits o other
SOUNLTICS, counltries wWilIch dve simce become mmor exporters and
produce mudt 1mooxcesy ol therr ownorequireients, Tiese et rone
ore producers and exporters are Austrolia, Brazid, Venezauera, Permy
Clhude, Liberg, and Macrctama o Most ot then produced ron ore oy
tatly 1or export. but, o the case of Brazi o send Veneszuela, cron ore

as also recently tormed tne sasis of a0 rapndly expandimg stee! aadoastny

OUher Ngor Saporime counlres, waidh Jave neir own ran and
steet ndustrios but wivich export nore Lian they consume, are Sweden.
Canada, South Arnca, and India Aastrone becaine 4 major exporter
[V966. when exports degan ‘rom Koclaooka, Mount Gojdsworthy and
Mount Tom Price. Berore that, Austraba ivad produced iron ore aunly
ror Jdomestic consumption I Y980, it exported aboat 137 of e totai
on ore produced nothe western world snd decame. diong with Brazii,
the largest supplier to western world markets,

OREANINERALS

Despite the wide districation of sroe n natare. comparatively few

munerals are used as ores. Uhe onncipai ore manerals are as iellows.

Clienmucal composiion Contamed tron 770
Magnet:te [7-:304 g
[lematite FFeady H9Y
Goethite }fc:i)s 110 02
L:monite Misture ol !I)Tn!l';:[c:l 10N Variable
ox:ides 30 oM
Sulertte l’c('OS 48 2
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In natural Jdeposits, the percentages snown an the above table are
rarely attarned because of the presence of imptirities such as silica,
alumina, sulphur, phosphorus, aad manganese. Hematite ores are the
most widely used., and many of the muajor heamatite Jdeposits ol e
world can be mined at a grade of better than 60% iron. Magnelite ores
are extensively mined 1 Sweden, where magnetite occars in carge migh-
pgrade deposits.  In the U.S A magnelte-quartz rocks. Knhown s
taconites, are nned on g large scale as benethiciable ore. Muagnenite can oe
separated cheapiy from ihe quartz anpunty Hy madnetic separat:on.
In Canada, low-grade, free-mithing hematite-quartz Jeposits are mimned
and upgraded to salibie concentrates by a sunplie gravity separat:on.

The tron and steeld industry of Western Curope was 1Tounded on jow-
grade carbonate - hydrated oxide ores which contained about 307
iron. The close assocuat:on ol these ores with Jeposits o limestone
and coking coal permitted large-scale Jeveiopment of such iow-grade
deposits.

Hematite ores 1 the Lake Supenor region ot e Umited States
averaged about 507 contamed ron This regron as veen the most pro-
Juctive in the world and aas yicided over 3 000 miihon tonnes ot ore
duning the past century. The Jdeposits have been largely worked out,
and over 90%% of the production of the region now comes rom thie ap-
arading ol taconites.

The Austraitan ron and steel mdustry s oused on the lagh-grade
hematite ores of the Middleback Ranges 1in Soutiv Austrahia and the
nematite ores of Yampr Sound. Koclyanobbing, and Mount Whale-
back 1 Western Australiu. However, part ol Gie Yampr Sound pro-
duction and most ol the Mount Whalkeback producton s exported
as ore. There are ample reserves o6 iron are in Austrzhy 1o satisly local
requirements for many decades to come.

PROCESSING AND SMELTING

Many high-grade hiematite ores can be Gsed directly for the production
of pig iron after crusiung (o an appropriate stze. Otier ores, althougn or
a satistactory grade, must be altered in physical properties betore smei-
tng. Many hematite ores, such as those ol Yampr Sound, are iriable
and the ore must be sintered or agglomerated mto coherent lumps of
a suitable size betore being ted into a blast turnuce.

EXHIBIT "27" - Twc Parphlets entitled "Ircn
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The nature and proportion of the impurities 1n the ore are also of
great unportance. For easy [Tuxing in the furnace, the proportion of sili-
ca should exceed that of alunina. Phosphorus and sulphur are the two
impurnities with wlich the steelmaker 1s most concerned, and most iron-
ore contracts have rigid specification hmits on these two components.
Most aron ore used throughout the worid, and certainly all ased 1n
Austrahia, contains tess than Q.17 of combined sulphur and phosphorus.

Muany ores are upgraded or beneliciated 2efore reduction. Low-grade
magnetite ores can be upgraded by magnetic separation; some others can
e upgraded by gravity concentration ot the heavier iron oxide particles.
Peiletizing of fine iron ore s common. but the increasing cost ol fuel in
recent years has restricted the use of tlus technique. In this process, the
ore 15 linely ground, denvdrated. and mixed with bentonite or some
similar balling agent, to form small pellets winch, after being hardened,
are of unilorm size and ol suitable physical properties. This process s
applied to lines obtained during the crusinng ol luinp ores, or in dealing
with ores that require fine grinding to hberate the particles of iron
mineral, as in North Amenca, where 1t 1S now common practice to
pelietized the beneficiated low-grade siliceous magnetite ores mentioned
previously.

In a blast turnace. a mixture ot iron ore, coke, and limestone lux, in
the approximate ratio of 100 parts iron ore 160% Fe), 50 parts coke, and
13 parts imestone, 1s heated by a stream ot hot air. Thus causes the coke
to burn and liberate carbon monoxide, winch, in turn, takes up oxygen
trom the ore minerals tnus reducing the ore to ympure metailic ron.
This molten pig iron s tapped from the base ol the furnace at regular
imtervals, and additional charges ot ore, coke, and limestone, are led in
at the top. Blast furnaces often operate continuously for years. The
average furnace capacity is about 7 000 tonnes of raw feed of the com-
nosition Jescnbed above, and such a furnace s capable of producing
about 6 000 tonnes ol pig tron in an operating day of 24 hours, although
more elficient, iarge, modern blast furnaces nave a capacity of 10 000
tonnes a day.

Pig iron from a blast tfurnace contains about 4% carbon and 1s rich in
sulphur, phosphorus and manganese. These impurnities must be removed
trom the pig wron to make steel. This 1s commonly done in a basic

A
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oxygen furnace, wihere the pig iron s neated (0 high femperatures and
re-melted. The excess carbon s oxadized tTrom the mg iron, and the
other umpurnities are absorbed at the bottom ot the ‘urnace. Lamestone
15 added to the charge to lax the metal, wincis Has now decome steei
and to form a slag, wiuch absords much ot the unwanted impurnties.

Adloy steels of specitied compositions are asuwly draduced m elec-
tric-are furnaces Yy the addibion b varicus elements sudn ds Nicnel,
Jhrompum or molybdenanm, to g batdlt of melten stee..

DISTRIBUTION OF IRON ORES IN WESTERN AUSTRALIA

The Mghest grade 1ron-ore deposits 1 tihe world occar mn association ~ A
wit:l, and are denved from, a oarlicular aroup ot sedimentary rocks. B
In Jifterent countries these rocks dare Anow:n varioushy as candee ron-
tormation, taspilite, Bematite quartzite, acon.te or taomrite, dut il are
essentizlly the same rock tvpe

lron-formations inttiaily contarn 20-30¢ of ron i the Yorm ol muagne
Ute or hematite that s nnely nterbanded waitn quartz ane carbonate
minerals. Such rron-lormuations occur onty 12 Precamirian rocxs.

Banded ron-formations are subject o natural enrichment. When
cavourable geologicai condit:ons occur, the stica and carbonate content
of e rocks can Ye selechively removed citier by grovadwater or by ot
Nuids that emanate from granite-hike mtrasions, Tos leaves 2 residue 20
sulliciently rich n aron to constitute an cconcmig rron-ore depasit. fron-
Yormations are the hosts Yor practically ail mujor nemuatite deposits i tiwe
world.

[n Western Austraha, banded ron-tormations are common. They il
iNto two age groups  Archacan rron-tormabtions are most abundant :n the
south-central area of the State and :n thie Arcnacan ilbara Block, and
have been dated at between 2 750 million and 3 300 muilion years old,
and younger iron-tormations, ol karly Preterozowc age, winch occur in
the Hamersley Range area and wingh are sbout 2 500 auiiion years old.

30

{ " -~
;L_JBI 27" - Twe Pamphlets entitled "Tren

pPub:ished v the Geological Survey of
western -Lst;.aJ.J.a, 1966 (ccpy) and 1983

1695



The Arcaacan iron-tormalions tiave been strongiy tolded and intruded
by agrunites and other gneous rocks. [high temperatares and pressures,
and the chenucal aetion ol hot Tuids trom nearby granites, nuve citered
these ron Tormutions, thgh-grade nematite lenses have bezn lTormed by
the dissolution and mobihizat:on of e ron o the fron-tormation.

Jnd s subsequent redeposilion ay MGssive DR 2rade ron onide

Although simular n ongial composition 1o the Arciiacan mon-
formations, Uw Proterozote 1ros-fornalions  tave a0l Heen melanor-
pnosed by heat and pressure. Nevertheless, large iron-ore deposits ave

-
(4]

been developed througn ae agency of aroundwdler operatung over g
geologically long penod  Groundwater s capaltle of slowly leachimy si-
hica and carbonate minerals from e son-tormdation and leaving a resi-
Jue nich n hematite and gocthite or other hysirated oxides oraren.

Thae Proterozoic rron-tormations i tae Hamersiey Range dare e site
ol the pricipal iron-ore Jdeposits in Western Australia. Total reserves ol
lign-grade ore in thas region are over 30 )00 mnhion tonnes

The hematite deposits i the sslands of Yompe Sound in the Kimber-
ley Province are aiso ol Proterozoie age, Hut are associated witls 4
different and virtuaily umigue type ot wron-tormation The Yampr ores
appear o be the product o direct sedimentary deposinion of :ron
onides and cre not due o ater processes OF Snricament s as lave
produced the nematlite ores of tae central and southern parts o1 the
State.

Four Jdistinct ron provinees van be recogniized o Western Aasiralia
These are hsted hereunder and their extentas shown on Figure 1

Souta-central
i2) Tlamersley
(3) North Pilbary
(3) Nunberley

The prnnapal Jdeposits g 2) of cach of these provinees are brietly
Jescribed i the tollowing sections. Western Australia nas iron-ore re- 30
sources of over 35 000 auilion tonnes 1168 1), of which over 9570 1y
located m the Hamersley lron Provinee.
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SOUTH-CENTRAL IRON PROVINCE

In thus part of the State, banded ron-icrmations occur witiun narrow
elongated obelts of Archaeuan sedumentary and volcanic rocks that are
surrounded by gramite. The sron-formations are resistant {0 2rosion
and aormaily form smuous fndges that can oe lollowed Yor many xilo-
metres.

The greatest concentration s tound n e Yiigarn Goldtieid, in 4
sedumentary Helt lyimg east and north ol Southern Cross. The unpor-
tant Jdeposits at Xoolyanobbing are situated 1in a range ot lulls about
30 kilometres northeast of Southern Cross. These iron ores have been
mimed tor many years to supply ore ior the former ciarcoal ron and
steei industry at Wundowie. More recently they were assessed by the
Broken thil Proprietary Company Li¢ and are now used in the iron
and steel industry at Kwimana, an induastry whose future is (1982) n
some Jdoubt. Proven reserves are 60 million tonnes of hematite-limo-
nite ore which average slightly over 60°¢ iron content.

SXHIBIT "27" - Two Pamphlets entitled

ﬂ—'._’__- - .
Ore" publisned by the Geolog

"n -
- ICL

ical Survew of

westerm Australia, 1966 (ccpy) and 1982

1698



At Mount Bungalbm, 30 xilometres norty ol Noolyanonbig, there
are several large hemahite somonste e bod.es whien are also —eid or
tie Broken il Propnctary Company Lid Reserves 8 these Jdenosits
Jre comparable to those ol Kooiyanoooung

Forty mitles west ol Mount Bungaibin, i the same seadmmentary
oclt, there are Bemalite deposits at Moun? Juckson, wincs ave been
tosted by Western Muinng Corporation. Reserves 9@ ore .o these lenses
probubly amount to Jat f'east 390 niilion tonnes.

ACtarther group oF nemafite ienses, contuting & gl 2roportion o

massive  agh-grade namatite grading more thar o3 2 ron, occurs a!

Norta Windarling, about 30 Knometres nort: o Mount Jucnson. 10
Muany smaller occurrences ol aemalite dre are scattered through-

out the Yilgarn, The total reserves of are 1 the wica are ol tie arder o1

200 mulhion tonnes. The Yilgarn deposits, a.thongh tar irom the <oust,

are conveniently close to the standard-gauge ruonwvay . winich passes the

Koolyanobbing ore deposits.
Smualler rematite Jdeposils occur near the weslar s af e South-

central Province, at Tailerng Range. Koolazocka, Mount Gibson.

The Noolanooka denosits were developed s "Jea, and over 3 mirilion

tonnes ol ore exported 1o Japan  Althouves snuall, the aeposity were

comparatively close 1o exnsting rniways amd thie pors o Gernaidton, 23

Many other iron-ere occurrenaes dare Xeown, . tie Souti-centr
Province bul maost o tihese are too Lar rem the coust 1o He ol unay
immediate cconomic interast. The ematite Jeposits ol the Weld Ronge
(010 mitlion tonnes) and Mount Gould (73 muilion tonnes) must e
meluded i this category.

Al the above-mentioned Jdeposits occur moassocation with Handed
rron-formations and are the products oF exnchment By various prog-
cesses. In the extreme southwestern corner ot the State, at Scott River,
near Augustya, another type ot wron-ore deposit, wach s the resalt oq
Literttizanion. occurs. lron s been dissolved from ferrugmous sand-
stones and has been re-deposited close 1o the surlace as thin but ox-
tensive cappings ol low-grade laterite contamimyg Between 30 and 407
iron. Althoush Gus deposit s Jlose 1o che coont at s anikeiy to be 30
inned o the luture,
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HAMERSLEY TRON PROVINCE

The Hamersicy ron Province o situated i e Norin-West Division
ol the State and midtudes & Dok stocesson of gently 1o moderately
tolded sedimentary  and volearmie rocks From the pomt ol view of
iton-are Jdeposits, Lic nost saportant members ol s sedpnentary
StoeOdSION are Hhiree, DHICR W reonaraaiy persistenl bunded ron-ior-

Swahions wlhics oxiend over an area ol anaat 36 C00 sqaare stometres

Al tarcee won tormalons fave oeen locally ennched to torm zones
ot gh grade vematite ore The total reserves ol aemaiile nave been
aostimated at 28 000 —wlhor tonnes. In additton, tiere s avarlavle over
S D00 mallion tonnes 31 low-grade inmonmite ore that sas Heen dernved
by enrchiment ol scree and detntal matericl from e ron-loniation
ditd deposited i tormer niver saileys, The Honensdes fron Provinee s
one ol the greal iron provirces o e world and wvilh continue to supply
e buik o Auastralan non-ore exports 1or e loreseeabic Tuture.
Pooduction from s rogion conunenced o 1990, and to t982 0 over

TS0 amibon tonnes oi ore wortlh S T I35 amihon aave been exported.

Hematre deposity ot the Thunersley lron Province carrently bemyg
mnded are. Moant Whaichaon, Mownt Tom Pice. and Poaracurdoo, winen
sctween them aave coserves ol over 2 c00 sathon tonnes. Ore tron
Mount Whalebuack oy sipped through Port Jledland., Mount Tom Price
and Paraburdoo ore s stapped irom Damprer Oter promising Jdepo-
sty Of nematite aron ore LKely o come o prodiucthon m the tuture
are West Angeles, Marardoo. and Mingg Niea C oMAC)H In the depo-

sty beng macd ol prosent Jhere oy oa ugie proportion of aagh-grade
S

mp hiematile ore contupung ap o 680 ron. Tius s direct slupping
Sre. WIICh, Jller crasiieng, can be osed as turnace teed without turther
processimg. These Jdeposits, together wiln naty sunnar anes, contain
‘housanus of sulhon tonnes of acabite-aocetivle ore grading pelweg:

SO and 0577 ron and are readily mmenable to benetication.

The monite ores eve 4 lower iron conteat {woout 3530 than the ema-
Gt Jdeposits, but e prncipai anpuitty s comomed waler and tis s
cusily removed by eating, The imuamn deposits of Uns type are at Robe
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River, Deepdale, and Yandicoogina. Currently oniy the Robe River Je-
posit is being mined, formerily the ore was pellitized at Cape Lambert
prior to slupment, but increased energy costs resuited in the closure ol
the pelletizing plant, and the ore s now directly smipped as fines.

The resources ol the Hamersley Iron Province are virtually unhimnited
as tar as direct shipping and bYeneficiable ron ores are concerned. and 1t
has become one ol the pringipal ron-ore producing regions i the world.
Japan s the mamn murket Tor the Hamersley ores, whicn make ap about
4870 ot Japans imports and T0%% of Australias exports.

The Hamersley ores are considered to have originated as a ~esuit ot the
leaching by groundwater ol :mpurities from the rron-iormation 1o pro-
Jduce nearly pure ron oxide. A feature ol the provinge 1s the large exten
ol some ol the deposits. The Mount Tom Price ore rody 15 & xilometres
long, up to | 300 metres wide and, :n places neariy 30 melres Uik,
Many other ore zones of comparate Jimensions Have been recognized.

NORTIH PILBARA [RON PROVINCE

The Archaean rocks ol the north Pibara contain ron-ore Jdenosits
suniiar to those in the South-central lron Province Banded iron-tor-
mation, interbedded with metumorpiosed sedimentary and vorcanie
rocks, occur, and this assemblage huas beenntruded by granite,

The most important iron-ore deposits in this region are those of
Mount Goldsworthy Mining Ltd, wiere over 92 muthion tonnes ot hema-
tite ore have been extracted. The man ore ens at Mount Goidsworthy
extends to at least 270 metres below the ground leve! The depostt s
locuted dlong a major tault, which has apparently served as 1 channed
tor sron-bearing solutions, with the result that rocks on cithier side ol
the fault plane have bdeen repiaced by hemalite. Adjommg the mam
ore lens at Mount Goldsworthy are zones of low-grade hematite-goe-
thete ore winchh have resulted trom surlace ennpichunent of the banded
iron-tormation.

Other important hematite deposits are at Sitay Gap, Sunrise il
and Niumingarra. Mount Goldsworthy, Shay Gap. and Sunnse Hill ores
are shipped from Port Hedland: however tie remaining sxpioitabie
reserves dare now almost entirely himited to Sunnise Ll where approxi-
nately 30 mullion tonnes ol ore remuins (o be mined.
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KIMBERLEY IRON PROVINCE

The most umportant :ron-ore Jdeposits in the northern area ol the
State are those ol Cockatoo Island and XKoolan Island in Yampr Sound.
The 1ron ores in these deposits appear to be the product ol direct sed:-
mentation rather than enrichment of pre-existing sediments. The ore
bed Torms a distinct sedimentary amit in a surrounding succession ol
quartzite, siale, and conglomerate, and attians o very mgh grade of
over 657%. Hematite s the principal ore minerai.

Production of :ron ore commenced at Cockatoo Island in 1981 and
the large deposit on the neighbouring Koolan Island was brought into
production in 1965 Total production now exceeds 3 million tonnes
a year. Reserves ol ore in both island exceed 140 mrillion tonnes.

$—
<O

Few ron-ore Jdeposits in the worid are more ‘avourably jocated tor
qming and shupment as those of Yampr Sound. At Cockatoo Island, the
ore bed, wnich 1s about 20 metres thick. forms a steep cutf along the
side of the island, and farge vesscls can be Herthed n deep water on the
orotected side ob the ssland. almost aganst the ore Hody At Koolan ls-
land the ore body i1s only a few aundred metres from the deep water
ol tne sound. Yampr ores, altirough nard at the surface. are Imable at
depth and require sintering betore being I'2d to a blast furnace. 20

Hematite deposits of similar character and geoiogical environment o
those of Yampi Sound have been investigated in other areas of the Kim-
berley Division. The largest of these occurs near Pompey's Millar, about
160 kiometres south of Wyndham. Tiie mematite-rich ore bed s pre-
served as an grosion remnant along the summit of a ligh range for about
[3 kilometres. The ore bed s between 5 and 13 metres tivek over the
greater part of tius distance. The ore 1s more variabie and generally iower
in grade than that of Yampi. A snmilar bed of hematite occurs in the
Bundicoot Range near Kununurra,

A tumber of ron-ore miming projects are ready ior future Jevelop-
ment, the go-ahead Vor these Jeposits is Juetly awaiting the arrange-
ments ol surtable contracts.

(1) Deepdale - a pisohtic ore deposit; situated near the Robe River de-
nosit owned by the Broken [1ill Proprietary Company Ltd.

-
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(2)

4

Yandicoogina -~ also a misohtic ore Jdeposit 2bout 30 x:ilometres
aorthwest ol Newman owned by the Coiomual Sugar Relinery

Ltd.

Muarandoo 2 acematite-goethite Jdeposit siteated 30 Semesres
aortheast of Tom Price. owned equally vy Conzine Rio Tinto
Austraba Lid and flancocx & Wright.

MAC (Minmg Area O anotier hiematile-gocinte deposit Whout
100 xilometres northwest ol New:man: owned Dy (ae purtaers
operating iite Mount Goldsworthy deposits

West Angeias a4 hematte-zoetsite Jeposit 10 Kiiometres west
ol Newman, owned by Clitls Robe River [ron Associates.

CURRENT STATE OF TIHLE INDUSTRY

The tavle bDeiow shhows the currentiron-ore manes m Western Auastisalig,

their ownersiiny and production i (9%}

Mine Mojor Owaersing Production

ARG

ttonnes)

Noclyanobbing Broken il Proprietary Co LLid 2301 448
Cockatoo brland Broken ilit Proprietary Co Lt 3 380 332
Kootan Isiand

Mount Tom Price  Conzine Rio Tinto Australia 58 539 480

Paraburdoo Led ¢zrrough ity subsidiary

[Tamersley lron Ltd)
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Mine Major Ownerstup Production

in 1981
{tonnes)
Mount Whaleback  Amax Iron Ore Corp (2870) 46 883 262
{Mount Newman)  Broken [hll Proprietary  {30%,
Co Lud
Colomal Sugar Retinery (307%)
L.ud

Seltrust Mining Corp Led (057%)
Mitsur - C ltoh Tron Pry 1100
Ll (through the operating
company Mouat Newman
Mining Co Lty)

Robe River Robe River Lud (357%) 25 125 208
Chlfs Western Asstra- i0
Han Mining Co. Pty Ltd  130%)
Mitsin fron Ore Deve-

(V9]

lopment Pty Lid {30%)
Cape Lambert [ron
Associates {05%)

(through the operators
Clirfs Rcbe River [ron

Associates)
Mount Golds- Consolidated Goid 136 2/3%) 10947 568
worthy fFreld 1.:d
Shay Gap Utain Developinert (33} 3%)
Co.
Sunrise Hill Mount [sa Mines Hoi-  126%) 23

Jdings Ltd

(through the operating
company Goldsworthy
Mining Ltd)
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SECTION 7
SCREEN SIZING

_ar raos ! amy. ya0n
1. Intoduetion . ... e 0! | 6 Bbakingesereens . .. ... ............... 34
2 Capacity sod effoedecy. ... ... ... 04
3. Gcroening swfsoes . ... ... ........ 06 i Vissamino Scaxzwe

' T Open-psth ndretonn . . o bd

TYPES OF SCREENS '8 Closed-patd v=bratory . P 48

¢. Gnusbes aod fzed screens. .. R 31 ' 0 Operstion of vitral:ng acreens . .. ... .. 2
s Revoiviag screens aod Uommels. . ... 27 | 10 Traveisg-beli screens ... ... .. A ,

1. INTRODUCTION

Defnitions. S12i1xc 18 the process of divnding a mmusture of graing of d:fferent a:zenizto
£*hups of GRaDLS whose characteristic is that the particies thersin are more or [ess nearly
of the same size that sl bave passed ad aperture of certain dimer.mons and {aiied Lo pass
through some smaller aperture The screen tbrough whick the particies have passed 1s
cailed the LIMITING 6cREEN . that which bas retaiaed thern s sometumes cailed the RETatN-
iNG 8CREEN. CLoBL BIZING 18 practiced when the apertures of umiting and retaining
screens are nearly the same. The sived product 18 BHORT-RANGE. A Diass of Particies 13
681G L0 be 8 NATUARAL OF LONG-RANGL PRODU CT when it bas all passed a grven ism:ting serecn
but has been subjected to no furtber treatoent  Matler:ial that stays on s gver acreen 15
the OVERSIZE Or PLUS ( D) of that screcn . that passing 1s the UNDERSIZE OF MINTB (< ¢ A
81LVE 8CALE 18 the List of apertures of successiveiy sroalier screeas 15 8 sleD-€11128 Cperatioy.
The 612VvE RATIO 13 the rat:0 of the aperture of 8 qiveC screed (2 8 QIven meve sca't 0O the
aperture of the next £ner screen. PIRCINTAGE OF OPENING 18 the ratio of the cornbined
srea of the openings to the total area of the screenicg surface. CLassITICATION i3 8 process
ol spprouimate mrng: 1t 18 discussed 10 Sections B snd 9.

Purposes of screen sinag: (a) o 8carLr of the coarse end of & locg-range product.
ususily for further reduction: (8) to cut off the Sne end from crusber {eeds and thus save
power snd prevent over-grninding; ‘¢! to grade troken rock producls into commerciai aizes.
as for road metal, ballast, concrete aggregste. sands. and the Lke. (d) W perforx s step
1D & concentration procesa, ¢ ¢., Lo size hefore yigging (see Bec 11, Art. 2V,

Pninciples. The fundamental fupct:on of screening 18 10 paas undersue particles through
the apertures and reject oversize particles. The parucies must therefore be brought to the
openings and be presented thereto at suck & velocity and :n such direction that passage of
undersize wiil not be hindered or prevented by rehound from the edges or walis of tbe open-
ing If every particle of undersmize could be brought W an operurg :nd:viduslly. st sub-
stantially zero veiocity, :n s direction perpepdicu.ar to the plane of the open:ug. and mtkb
the center of ;e least projecied cross-section in :ne with the center of tte aperture. and if
the screerung surface 5ad no thickneas, every such partic.e woid :mmediately pass. But
tonnage requirements forbid ina:vdusl and low.velocity presentstion, whie meckar:cai
caonmderatione prevent perpendiculsr presertation sad the use of screening surisces of
gossamer thickpess. DPracliecsily, particies sre crowded 8nd continuaily interfenng st the
apertures, they are presented at conmidersbie veioc:ty. io & dinection uearly paralei to tho
plane of the screen rurface, wnth their manimum rather thar their munumnum proected
susfaces genernily passile. to the piaine of tLe sereen, and e screcn oper.oR has s deoth
frequer.ly grester than the greatest dimention of the paruic.e of under ite. Many under-
s1ze partcies sre thus exciuded for a conmderable t.me from sccess L0 an Opening otkers
come to the opening from suck 8 direcnion or with such onentatior or st suck veiocity that
they fad o enter: othere. entering. are deiaved in passage or stopped by {nction sgaiost the
waile of the opening or. if 00 8 Mibrating screen. rmay sciually be ejecred.

Chance ruies the approach of a part:cie to hois or imperforste eurface and the probability
that the lowermost point of the apprecaching particie wiil strike boie rather than screen
fabnec is proporuiossi W the percentage of open:tg in Wie fabne. CLance coupicd mth the
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7-06 SCREENING SURFACES

1f the original mstenal tested were bone dry and arotber test were made with somewhat
over 3or 47, of water added. the slope of the eariy part of curve a would ‘all, and the beight
and sharpness of the manimum of curve b wouid decresase. ‘VWithin a range of moisture con-
tent, varying with the muoeraiopical character of the materal, i2s maxsmuwm stize, and site
distnbution, but wath & top around 15 o 20, water, the presence of water decreases the
rate of passage of ucdersize greatly. Further increase of water content Srst restores the
passing rate quckly o that of bone-dry matena. and thercaflter the screening rate rises
above that [or dry matenal to an extent dependeat upon the vze of aperiure.

Thus the true capacity of & screen 13 measured by 23 abudity W pess difficult grauns. It
is amply 8 conveyor {or £XCEs8 OVERSIZE (> 1.5 times aperture), while £XCEss roves
( <0.7 tumes aperture) sre as 80 Mmuch water,

For capscity ratungy of dufferent types of scroens see the part:cular screens.

3. SCREENING SCTRFACES

Tte three geoeral types of ecreening surface are: ‘3) woven wire or sdk: (3) punched piste
or sheet metal; {(¢) parallel bars, rods, or mres.

Screen-s1z¢ designation. The miaumum ciear soace betweea ‘he edges of the opening
in 8 screening surface 1s called the \PERTURL G®& SCRIEN SIZE. Aperture 18 etpressed .0
severa] ways; the most accurnte. undoubtedly. 18 o Zve the dimenwon ;o 1cches of mus-
metery. the commocest, pasrucuiarly mith woven screens, i3 Lo exDress 11 A3 80 MANY MESH.
meaning the number of openings in the screen per :ncsr inch. This iatter method :s deb-
nite only when coupied mnth a statement of the nte of wre. or when referred W one of the
testing-sieve scales (Sec. 19, Art. (). When sire cf wire :s pven .t shouwd be expressed :n
ordinary units of mcasure, t.e.. :nvhes or mulimeters. if gage numbers ars used ~he gago
must be named, on account of the duferecces :a umensons correspondicg 0 ‘Se same
gage number in d;Ferent gnge scaics. See Table 3. C.ven two of *he quantitiesa = aper-
ture, d = diameter of ®ire. and m = mesh, the percentage of opening. P. sad the other
quantity can be determuned {ro: . the following re.ations (appiying only 0 square-mesd
screen):

ot 1 N 1
wgml e ———— = ] - mdit M- ‘dm— —didm— -
P = g'm G ot 1 m m avda - d:d ~-a

The mesh of punched-plate screens does sot =esn the nurmber of openings per Lnesr
inch but that the operture bas 8 dimension near :ha! of some wovern-nire screen of the
stated mesh and usuailly of mecium weight, [f tte largest and smallest spertures corres
sponding to s gven mesh in Table 4 sre averaged. the result wil be ciose to the puncted-
piste aperture called by that mesbh number. Certaia d:stncts, notadbly South Afnes.
express aperture as SQUARL MESH, 1 ¢.. the number of apertures per square .ach. Euro-
peans, descnbing £ne screens, commonly state the number of cpemings per s;jusre centi-
meter. NETOLE MET8H ;8 8 number used to designsie an sperture snd corresponds to that
of a needle of the same or nearly the same diaeter as the dimenson of the openung. See
Table 11.

Matenals for scraening surfsces 1nciude cast 1roe and steel, plaun b:gh- and low-carbun
steels. manganese steel. chrome-nickel {“stainiess ' stecl. brass. phosphor bronze, Monel
retal, nickei. and occamonally other metals and slcys for special purposes: rubber-p.ated
wre ecreens are availuble. Sik bolting cloth is used maury :a the preparation of graphilo
and abramves, and for the fincst mies of testing screens. The screcring surface must be
strong enough o carry it load (s Sne-wre screen u citen reinforced by laying it on top of &
coarser and stronger screcn) and. 30 {ar as possible, .t shou.d resist abramon snd corros.on.
At the same time 1t should be chesp. When corrosion is not & [aclor. screens are normaily
made of high-carbon ateel and 10 certain cases of speciai alloy steels. Steel ;3 stronger and
resists abramon better than any other matenal equally avaulable. Cioth is advertised of
wire mith 450 Brinell and 225.000 Ib. per oq. in. tenule strength. When corrosion must e
remsted, iron, copper. bronge, Monel metal. and other alloys are used. Such matenals cost
more than steed iniially and are oot 80 highly resistant to abramon. Their use 1s Justified
only whean the final cost. by reason of their greater resistance o corromon, :s less than that
of steel scroens. Stainjeas steel is psrticulariy autable for wet screens @nce it ia remstant
to both corromion and sbrasion. sod cocsequently blinds less resduly.

Woven-wire screens are msde wth either squars or rectangular openings. and in sev-
ora) diferent manners intended to prolong their Lfe or prevent displacement of the wues :n
service. They are regularly obtainabls in any leogpth snd in wdths up to S ft.; grester
widths are woveo to order. Table 3 pves duameters of wires as gaged uader vanous stand-

EXHIBIT "28" - Ccey rages 7-01, ?—06,_7—
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7-36 VIBRATING SCREENS

Table 27. Performance of Symons bonzsotal shsiaag screens Q)

| Climax, Seo Francuco !
Colo . de Mer 1
" Screen: Width x leagth, ft .. ' 3 x 9 Yiyx 10 |
) Matenal . Stoel rody | Ty-Rod :
| Diam. of rod or wire, 10 17 3.1 :
) Aperture, v LYY Yy oy 4 )
fle. dejye. . .o 14 |
Replscement, 2 wmeo, hr R iy I.
8Lzading. . . L. . 3 .
Speed. 00 ... . . 823 790 \
'I Amoutude, wa..... .. L B i Ve .
Power, 5%p .. F 7t Si1:3¢ 1
Dnve . V-beit Tes-rope !
' Feed: Sise. .. <2.n * Cooe prog. ¢ !
. Per cent. mouwture. . .. 1-) ' ] !
, Tors per br.: New . W 100
Total. 10 . 150
+ Effect of mouture oo cepacity . Serous Noas
* Feeding mettod 80 het Conveyor

8>V, TI%, Mg~ 87 i-a ~10-m, 367, <!0-maab, 167,
b Screen clesned coce wa 8 br.

¢ Pswer consumed.

i Power vnstauled.

exactly the same menaer on the screen Hox: tbe otbes eods of thess bary carry 8 ‘eed bot  V-bratios
.aduced by the ecceatric rotation s thus A "ded et waes tBe screen bo1 aod tbe outnde bary and s prao-
tically deutralised. Siagle~ sad Jouble-decxk screens

Table 28. Peed and groducta of Cole are 36. 2. sod 48 io. »de by 6, 8, 10, 12, 4. 18,
screen st Capanes i8, sad 20 13 loog: ‘rpledecx same wnatta), 8. 19,

. asd 1212 iong. s siogle~deck 24 :a. X 8or8ft 4 230

! ' Over- : Unders | SvSisdle Overall length incl xolor' uabout 83 :a.

Mab Feed vse | sae plus screen lecgth: overall mdth, 23 0 26 12 Dlus

, . vcreen widih, beigot of feed box above Boor, 40 to ¢

. o . 1e 2 29 & 10 for single- and double-, and 32 1c. for iripledeci
1 9. 13 sseeas. For Derformsance see Tabdis 27,

o 2.9 . 0.2 S, Cole screes bsa & sughtiy sioping Jeck supporied

. 14 : 0.8 I YT S on four inci.ned .eg Ferrarw principiel and oecilated

H Ym.. ... ' 99 3.4 0" 16,2 by two pitmecs dnven {rom eccestnes, thus produaing

.. oy e b ; 80 upwerd movemeat on the forward stroke Lem

: ' s 2 18 iy 9 | sad sitens we al sttached 0 be screen (ramme

4 “0 1y 101 1 througn dex:ble rudber wrsta Such & acreesc 8t

. « ) s 2 19 119 Casxunga "IC 2851), wth 44 X 49 1a. of doubie=

100 . 2.0 0.8 $0 coimped cioth g, wnre. 10 open.ag) received

. 200 i V2 08 1y 2.500 tons per day of producs from a OTetsry craader

<100, § 9t 1.0 g . set et 31 -0 maz .speed. 4302 pen Tab.e 28 L‘.Vﬂ

| oo 000 000 21810g s0sivies of feed and producls, sbowmag 257 of

ucderite remaiung 0 oversise.

VIBRATING SCREENS

In recent years, vibrating screens have largely displaced trommels and shaking screens.
ownng chiefly o their larger capacity per uait of screen ares sad 2oor space and (ower cost
of operation and upkeep per ton screened. Their Seld ranges (rom 10-1p. to 100-m. aper-
ture, wet or dry:io the Gner suzes thay have been substituted at several cuis for mechaoical
classsfiers. and 10 coarse mzes for gnizhies. [a :ndustnal screenwng they have been used
down to 200-m. wet and 325-m. dry. but even the manu/acturer concedes that air clasaifrers
(Sec. 9) sre supenor 1n the latter Geld. As substitutes ‘or gnizites they save hesdroom
and 900r spaco. make & cleaner cut, bund leas. and serve also Lo equalure ruahes of feed
to & certaln extent. The modern eccentnc-dnve machmes. with rubber-foated bear-
ings o cusbion tho shocks caused by unbalancing from Sesavy fAuctuat:ng Lve losds, can
bandle feed lumps of several hundred pounds by umng protective gnds (see p. 31). See
the different types for their special mse Gelda.

Vibrating screen consuts essentially of s substantiaily plane screening surface. usually
stretched taut. more or less inclined, snd caused 0 vibrate mith small amplitude aod com-
parstively bigh lrequency. The screeniog surfeces, nngle up 0 4-deck, wre set as dis-
phragms in s rectangular (rame baving suitabis side walls o confine fow (scroen bog).
Bises. which are stated aadeck dimenmonas. rangefrom | iy X 3(t. 08 X 16 (¢

T-37 of Taggart's "Handbock c©f Min
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PRINCIPLES 7-37

Types. Vibratiog screens are savaiisble under s bewmlderng vanety of trade names.
Fundamentally, bowever, there are orly two types, (a) thoss :n which pointain the screes-
1ng BUT{8CO recIprocate over substantaily rectdinesr patbs. and (&) those in w hich the paths
aro closed, either pearly circuisr or pronouncedly ellipticai 13 geperal outline. Ia hotb
types the path Les io & plane or subsitanualiy piane surface paraisiel 1o the mide walls of the
srreon box. Mouon aloog the paths 1s ponuniform 1o moet cases; 10 the tmpact types
reversal 1s sudden.

Vibrating mecbaniems are electrical or meckanical: the:r unpulses are applied direcdy
o the screcning surface, or, :c most cases, Lo the screen box. Eiectrical mecharusma sra all
a.-c. electromagnets. with or without rweckanucal expedients such as slops or interposed
resiient eiementa o amphi{y snd/orintensify the vabratiorai effecta. Mcecoanical methoda
camprise hamroers. cams. eccentrica. ©yTators. and vanous comb:naticos of tbese mecha-
asma. More detaded descriptions foilow 1n conection with specifc machunes.

1mpulse and restraint. The force sppiied o the particies on & \ibrating screen s &
resuitant of the impulse of the mechorsam on the screenicg surfsce or the frame. the re-
straints opposed o this 1mpulse by the screen structure. snd the further restrainia imposed
by gravity scting on the screen structure and on the material on the scroenisng surface.
The magnitude of the initiai impuises depends upon tte poner supplied and the way 1o
which 1t 19 converted 1o force at the poinw of appiscation. Thke impulse 0o the scroerucg
surface depeodt upon the type and strength of tte cotstraicta 10 mwovion brougkt iato
play betwecn tbe point of appi:icat.on of the applied force and the screening surface.

Intensity of vibration s & function of length of patb acd rap:dity of reverssi. Ordi-
raridy 1t 18 exprossed ampiy aa the product of the iength of projected path at rigtt azgies
w the screen frame and the frequency, which i1 o say, the cumulative Lnear trave! :n one
direction st right angles to the screen surface per unit of timme. Thus a sacreen surface mai-
ing 1.000 v p.m. along s aircwsr path ‘g0, dism. wowd he said Lo have sn :Ztensi'y of
62.5 an. per m:n.). But tbe sctusi irtensity of such \ibratioc sasuming uoiform mouon
asicng the path. would be greater :f the path were elipticns. with 410 the major ax:s.
and st right angies to the screep surface. and the reiative :ncrease wou.d be g:eater the
isrger the ratio of major o runor sws of the eliipee. Tle:otensity wouwd x muci. grester
w.th » hinear patb of the same projccred length if there were o5y substant;ai approscl, to
umform motion a;ong the path. and it becomes s sx:mum wben » Lipear path i3 s:0pped
by s sudden umpsact. No metbod bas been devised for numencal quaunt.fcatiou of the
intepsification due W rapid reversal.

Partcdle movement on and over the screening surfsce 1s the resultant of gravity and
the force exerted on the particies by the eurface. With miost screens gravity :a the primary
force and the screen sur/ace 13 10ciined 10 such ao extent 20 o 40 tkat s very alight
impulse from the surface 1a suflic:ent 10 mave the part:cie progress down siope. The 1deais
in pariicle movement sre rapid tranaistion. which makes for high capscity: continuous
contact wth the asurface. which :naures repeated presestalios o operungs. turnover,
which causce ever chaogng orientat:on of tke presepted particies. sod ejection. or out-
throwing of particles incapabie of passage through sn saperture, 10 order o pve other par-
Licics access 10 that a;-erture sod Lo give the ¢)ected parucle opportunity to presext jtacif
differently 1 anotber aperture.

Rapid tranaation :s obtained by steep siope snd/or bigh :nteds:ty of vibration. Speed
should not, however, be s0 bigh as to cause the load L0 bouzd scross the surface. noce such
progreanodb Cefests the otber purposes of psrticle movermment by preveoting access w
apertures.

Continuous contact s attained by decreas:zg tbe alope ard by wocreaucg the load passmng
over the surface. The decreased siope of 113el! decreases the length of screen surface passed
over :p one bound caused by an impulse of s gven intensity, and the increase 10 ioad
reduces the {reedom of parucles 1o respond W impulses by iesving the surface.

Turnover :s eflected L0 & certain extent by opposit:onr: of the rough surface of the screen
fabne W the formnard 8ow of psrticles :n contact wath 1t. it s accoctusted towever. wth
ciosed-path motion, by having the upper porton of the vatratory path directed toward the
feed end of the screen (COUNTEZRTLOW).

Ejection :s best effected by impact at the end of the upward stroke. Failing thus, it :s
probably nest-best sttauned by an acutely elliptical path w:th as cearly as posudle unuform
motoo aloog the path.

7. OPEN-PATH (RECIPROCATING: VIBRATORS

These were the earitest type. representing the frat depariure rom trommels. Tte
pioteer forms comprised mecbaaical bamniers sppiied 0 A3ed izclined acrecns. Au s.-<

EXHIBIT "28" - Copy pages -
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N CCURT

THE sSUPREME

WESTERN AUSTRALIA

EHIBIT 29"
Gresvercr dated 27.20.1982

- Affidavit of Niles Earl

No. 2313 of 1982

IN THE MATTER of an Agreement

petween LANGLEY GEORGE HANCOCK,
ERNEST ARCHIBALD MAYNARD WRIGHT,

WRIGHT PROSPECTING PTY. LTD.,
HANCCCK PROSPECTING PTY. LTD.,

two other companies and HAMERSLEY

IRCN PTY. LIMITED
BETWEEN:
HAMERSLEY IRON PTY. LIMITED Plaint:ft
AND
LANGLEY GECRGE HANCOCK First Defendan:
CRNEST ARCHIBALD MAYNARD WRIGHT Second Cefendant
HANCCCKX PRCSPECTING PTY. LTD. Thiré Defendant
WRIGHT PROSPECTING PTY. LTD. Fodrth Defendant
L.3.P. PTY. LTD,. F1fth Defendant
THE NATICNAL MUTUAL LIFE
ASSOCIATICN OF AUSTRALASIA LIMITED Sixth Defendant
AFFIDAVIT
I, NILES ZARL GROSVENOR of 5200 Aspen Zr.ve,.ittleton, Colorado
in the Un:ited States of America, Consulting EZngineer, MAKE OATH AND
SAY as follows:-
1.(a) I hold the degrees of Engineer of Mines (.930) and
Master of Science in Mining Engineering (1952) from
the Colorado School of Mines. I am a Registered
__ Professional Engineer in 1l States of tne CUn:ited
M@ates of America.
s
%‘ "&(’}g
3 A
%,«
A - EXHIBIT "29" - Affidavit of Niles Far!
1710 Srosveror cated 27..0.:1982
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(c)

{2)

[UN)
m
X
XN

<N

I am a Senior Vice Pres:i.dert of Gates Engilneering
Company ("Gates"). Gates is a professionral consu.lting
englneering firm specilalising 1n mining engineering

in all fields of mining. It was establisned in 1905
and now has offices in Beckley in West Virginia,
Pittsburgh i1n Pennsylvania and Denver i1n Colorado.

It nas a staff of over 6) professionally gualified

englneers. Gates carries out consulting work through-
out the world. 1Its clients 1nciude tne Rand Corp-
oration (Soutn Africa), B3ank of America, Continental

[llinois Bankx, Chase Manhattan Bank, W.R. Grace
Company, Amoco 01l Compary, Repupnl:c Steel Company
Peabody Coal Company, the governments of the United
States, France, Puerto Ric0o and tnhe Electricity
Trust of Soutn Austral:a. Ffor tne last four vyears
I have been a Senior Vice President of Gates and I
rank equal third in 1ts corporate structure, Since
1972 I have been a Vice President of Gates and

responsible for 1ts operations 1n the Western States

of the Jnited States.

Prior to 1972 I taught for 20 years at the Colorado
School of Mines. The school 1s completely devoted
to mlineral engineering. It was established i1n 13874
and has 3000 students. It 1s one of tne lead:ing
mineral engineering schools 1n tne United Staces.

At the time of my retirement I was a full Professor.
I taught at both undergracduate and graduate level

in the areas of rock mechanics, mine develiopment,

EXHIBIT "29" - Affidavit cof Niles Zarl
Grosvenor dated 27.10.1982
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anderground and open.
wnilich 1nc:i:udes heavy

ing and drying.

(o9

Since 201nl1ng Gates

n

1

1T m ng and coal preparation

med:a separation, jlgs, screen-

I nave been i1n charge of more

than 175 mining engilneering projects including the

evaluation of preparation plants and studies to

improve the efficiency of preparation pnlants as

well as mine design,
mechanics. I have v
work
tnited States, in

Canada and Mex.co.

Wnille teacning at

(6}

P

1n the Mesabl Range

for mining companiles

South Africa,

“ne

spected very many mines

reserve estimates and rock
tsited and have done consulting
in TOSt

of the ma:nland

Greenland, A.aska,

Colorado Scnool 1

-~

OL M.nes
nciuding Lron ore mines

1in Minnesota,

tne Sunrise Iron
Mine 1n Wyoming, tnhe US Steel Iron Mine at Soutn
Pass, Wyoming and the Ka.ser Steel Eagle Mountain

Iron Mine at fFontana

tnese

processes used and to

practicail

engineering.

1 have been retained

wlitness 1n more than

inspectilons was

application

California. The purpose of

’

s
-

s
[

piant and

to study the

instruct students on the

of principles of mining

$0
<)

or given evidence as an expert

15 cases or inrgulries and have

acted as an arbitrator.

2.

tne first to fourth

1712
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Defendants

1 nave been retained by solic:itors acting on denalf of

{"H&W" )} to advise .n

EXEIBIT "29" - Afficdavit of \Niies Earl
—_— ol -— - 1 -~
Grosvencr dated 27.2.0. 1982
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relation to disputes bDetween H&gW and the Pla:nciff
("HI") concerning royalties payanle under an agreement
made in 1962 under wnich Hs&W sold to HI the right o
mine iron ore 1n certaln areas .n Western Austral:a.

1)
Cn l6th August 1982 I Inscected the mine operated by HI

at Tom Price and the assocliated concentration plant. 14

nave read a copy of the affidavit of Colin Roy lLangridge

sworn 2nd September 1982 and tne exhibits therezo,

—-a

I have also read a letter dated 2.st Octover 1982 from
CRA Services Limited to H & W's solicitors and inspec:zed
the general arrangement drawlings nos. P-004-5041 and

2-004-5033 referred to therein,

Now produced and snown Lo ne narked respectively as

follows are:

"NEG 1" - Letter dated 2lst Octoper 1932

"NEG 2" - Drawing pP-004-5041

"NEG 3" - Drawing P-004-5033

The expressions "beneficiation", "treatment", "crushing"

and "screening" as used 1n Cliause 9 of Exnibit "CLR ."
("the Agreement") have been for very many vears, and
since long before 1962, terms used .n a tecan:ical sense
in the mining industry 1in those countries where Engl:ish

1s the working language.

Beneficiation

The term "beneficiation" 1s used .n 1ts broadest sense
to comprehend treating ore to .mprove 1ts pnys:cai or

chemical characteristics. This may i1nclude tne use of

EXHIBIT "29" - Afficdavit of Niles Eari
1‘71’3 Grosvencr dated 27.20.21982
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physical, chemical, thermal or magnetic processes, SO
as to upgrade the ore and maxe 1t a more commerc:rally
usable prodgc:. Sometines the term 1s usecd 1n a narrower
sense which involves only mechanical or physical processes
whereby nignher grade ore materlals are separated from
lower grade mater:ials and "gangue" (tne earth or stony

matter in which the ore 1s found).

Treatment

"Treatment" may be used 1n a very oroad sense as Tean:.ng
tne sub-ecting of ore to physical or cnem:ical action

Wwlth the object of acnileving some def:naple result. Used
:n that broad sense treatnent .nc.udes cenef:icirat.on.
Treatment may also be used 101 a more narrow sense relative

to some particular form of treatment, sucn as pellecisin

Vo

’

refining or smelting.

Crushing
"Crushing" means the mecnan:ica. reduction 1n size of a

material.

Screening

"Screening" 1s a means of separati:on of particles Dy
size. The basic concept of screening involves presenting
the material onto a surface which contains apertures of a
given size wnich exclude particles .arger than that size

("oversize") and allow particles of a smaller size

("underslize") to pass tnrougn.

Very frequently crushing and/or screening !s carried

out as part of a beneficiation process. However, I

EHIBIT "29" - Affidavit of Niles Farl
Grosveror dated 27.10.1982
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W. BEX j[: Priii st PS5

note that Clause 9 of the Agreement spec.flcaily

excludes crushing or screening from beneficiation,

Often water 1s added in the course of tne screen:ng
process toO increase the capacity of the screen and
improve 1ts sizing efficiency. The water may be intro-
duced either by adding 1t to tne feed or by spraying

it over the material on the screen cdeck or by a combin-
ation of both methods. The process of screening wit:

the addition of water 1s Xnown as "wet screening”.

m
O
[

materlal of certain sizes wet sScreening increases the
amount which can be made to pass through a glven areca
of screen surface wnen ampie water 1s mixed wita the
material to make a slurry. It .s usually better to
make the slurry prior to the material reaching the
screen itself ratner than to attempt to do ali of the
wettlng on the screening surface. Is 1s essent:ial for
effective wet screening that the mater:al be very wert,
As Professor Gaudin has noted (Princilples of Mineral
Dressing (1939) pages 15.-152), bone-dry or very wet
material s relatlvely easv to screen but a small per-
centage of water in a dry feed increases tne difficulty
of screening out of all proportion to the amount of

water.

Wet screening installations must be carefully designed
having regard to the nature of the material to be
screened. Now produced and snown to me markKed "NEG4"
is a copy of "Vibrating Screen Theory and Selection® a

publication by Allis-Chalmers of Milwaukee, Wisconsin,

EYXMIRTT "29" - affidavit of Niles EZarl

1'71-5 Grosvenor dated 27.10.1982
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L

(]
v

wnich 18 a iead:ng manufacturer of screens for mining
operations 1n tne United States. 1 have noted that tne
screens referred to in paragrapn 9 of Mr. Langridge's
affidavit are Allis-Chalmers screens. The views
expressed and the design factors recommended at page 17
of the publication are in accordance witn my oxperience

and oplnion.

The application of watrer can have tne effect of wasning
the material being screened. In tnis contex%t "washing"”
means the separation on a size dasis between particles
differing so widely 1n size that the smaller are readily

carried away i1n a {iuld cu

[a

rent. Wasn:ing may also be
referred to as cleaning. Screens are a common form of
apparatus used for wasning. A washing screen is an
ordinary screen prov:.ded wWlin nore or 1iess powerful water
-ets spraying on the oversize material, sultably housed

to lead away slurry undersize and confine spiash. Wettin

X9}

tne ore pefore it reaches the screen makes washing oOn
the screen more efficient., To tne extent that wasning

occurs, it comes about as an 1nteqral part of wet screen- 2

<)

1~

ing. Depending on the particular appl:icat:on, washing

may be the primary purpose cf a wet screening installation
or may be merely 1ncidental. Bu: whatever 1s the case

the process 1s still termed wet screening. I aga:in

refer to the Allis-Chalmers publication marked "N=G4",
especially at page 3. The commentary therein s 1n

accordance with my experience and opinion.

Wet screening, whether for s:zing purposes Or wasning

SXHTRIT "29" - Afficavit cf Niles Zarxl
4 ~ Grosvencr dated 27.10.1982
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14.

17.

18.

or both, was well Xnown.in the processing of 1ron ore in

P

1962, as was pre-wetting the ore before it reached the
screens.
Wetr screenlng 1n the screenhouse at Tom Price 1ncludes

]
the use of double deck vibrating screens. The ore 1is
first wetted 1n a chute i1mmediately before it goes onto
the first deck, then 1t i1s wetted again on each deck.
There 1S nothing unusual apout the wetting of tne ore
either in the chute or on tne screens to make the process

anytnaing other than normal wet screening.

In my opinion no beneficlation or other treatment {except

screening) takes place :in the chute or at the wet screens

in the screenhouse.

In my opinion no beneficiation or other treatment takes
place 1n the surge bins after the screening in tne

screenhouse.,

In my opinion no beneficiation cr other treatment (except
screening) takes place at the preparation screens, where
fines are removed by S.zlng DPrior to the heavy media

drums and cyclones,. Similarly, only screening takes
Yy

D
(94

place in the sieve bends and screens for the feed to
the hydrocyclones and wet high intensity magnetic

separators ("WHIMS").

The process used in the heavy media drums and cyclones
in the concentrator plant involves feeding the ore 1nto
a mixture of water and a med:um, 1.e. ferrosilicon. The

IXHIBIT "29" - Affidavit of Niles Earl
1 7 l 7 Grecsvencr dated 27.20.1982 ’
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19.

20.

addition of tne med.um ra:ses the spec.:fic gravity of
tne mixture to more than that of water with the resuit
that some material which would sink in water floats in
tne mixture. For example, in the drums the lower grade
(and therefore lignter) ore and gangue floats and 1is
separated while the hignher grade (and nheavier) ore
sinks. Hydrocyclones are used to separate the £ines
fraction into two products. The larger fraction goes
to the WHIMS and tne very £f1ne mater:al :s discarded to

tailings. The iarger fraction that is sent to the

e
w

WHIMS 1s separated 1nto a magnetic 1ron concentrate and
a non-magnetic ta:l:ing whicn :s discarded.
In my oplnion the processes described :n 2aragraph 18

comprise peneficiatlon other tnan crushing or screen:ng

The basic concepts descrived :n paragrapn .8 (other

than the WHIMS plant) were well kKnown withilin the iron

ore industry long opefore 1962, and would nhave been
described as concentration or denef:ic:ation. Of necessity
the application of such concepts 1nvo.ives crusning and
screening (wet or dry). However doth in 1962 and now

tne terms "crushing" and "screening" would ne egually
applicable to crushing and screening when used for siz:ing
the feed for a medla separatlon process l.<e tne one at
Tom Price as they would be to a crusning and screenlng

operation carried out for any other purpose.

EMEC
A %0\4_‘;

Grosvenor cated 27.1C..982
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SWORN at Sydney 1in
the State of New Southn
Wwales this 27th

)

)

) -

) NILES £ [eosvenor
)

)

day of October 1982.

Before me:

D A A

M tee | Aucurs

L N Y Y

A Commiss>oner of the Supreme Court
of Western austral:a for tak:ing
Affidavits in New Soutnh Wales,.

This Affidavit 1s filed on behalf of the first to fourtnh Defendants,.

EXHIBIT "29" - Affidavit cf Niles Earl
Grosveror dated 27.10.1982
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COPFY

TiLEPHONY 3272327

VN CR A SERVICES LIMITED BOX A42. G PO
m RCOSBOBa (G e viILTOMIAs PERTH
- HAME RS Y HOUSIL WLSTLRN AUSTRALIA 600!
191 ST. GLORGL'S TE RRACH PLRTH.
WLSTLRN AUSTRALIA, 6000 TELEX No o AA9231S
oYHIBIT "20NEG1" - Copy etter frcm Plaintiff's

Sclicitor o C.R. Fieldhcuse dated 21.10.82

2lst October, 1982. BY HANCOCK & WRIGHT
Alx BAG

Mr. C.R. Fieldhouse,
Solicitor,

45 Macguarle Street,
SYDNEY. MN.S.W. 2000

Dear Sir,

Re: HAMERSLEY v. HANCOCK & CRS.

With reference to Item 1.A of your telex ¢f 1Sth Cctober, rlease find
attached the following design érawings:-

P-004-5041 - Washing and Screening Plant Genera! Arrancement
P-004-5333 - wWashing and Screening Plant wet Feeder General Arrancement

Regarding Item 1.B, the design pressures and feed rates for water
admitted o the pulping box are:

Pressure: 450KPa through Clavton pressure sustaining valves

fFeed Rate: 91m3/hour for pulping box
(48m3/hour for Primary Screen Top Deck
66m3/hour for Primary Screen 3ottom Deck
45m3/hour for Secondary Screen)

We advise that washing module No. 4 was modifiecd earlier this vear on a
trial basis by the addition of a 6/4 FHE purp which feeds at the
following rates:-

400m3/hour for pulping box

(48m3/hour for Primary Screen Top Deck
100m3/hour for Primary Screen Bottom Deck
4sm3/hour for Secondary Screen)

The pressure remains uniform at 450KPa. The effect of this trial is
still being studied by Hamersley.

Yours faithfully,

A_/\
.W. PATTERSON ZXHIBIT "2S9NEGL" - Ccooy letter fram Plaintiff's
CRA Legal Department, Perth Soiriciter to C.R. rieldhcuse dated 2i.10.82
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EXHIBIT "29NEG2" - Drawing P-004-5041 Genera:
Arrangenent of Tam Price Concentrator wWashinc
and Screening Plain Wet Feeder dated 7.12.76

EXHIBIT "29NEG2" - Drawing P-004-5041 General
Arrangement of Tam Price Concentrator Washing
and Screening Plant Wet Feeder dated 7.12.76
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EXHIBLL "29NEG3 -Drawing P-004-5044 General
Arrangement of Tam Price Concentrator
Washing and Screening Plant Wet Feeder
dated 18.5.77

EXHIBIT "29NEG3"-Drawing P-004-5033 General
1 7 22 Arrangement of Tamn Price Concentrator Washin
and Screening Plant Wet Feeder dated 18.5.77
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INTRODUCTION

Billions of tons of raw matenai are torn from the earth
every year and processed in varigus ways 1o make them
useful 10 man. It 1s safe to say that at one point or another
most of this vast bulk passes over screening surfaces.

Screening 15 the separation of matenial particles on the
basis of size. Particles are presented to apertures in a
screening surtace and rejected if larger than the opening or
passed through if smaller.

Many screen types are in use tocay, each with spec:al NN
advantages for spectfic functions. Most common, however,
is the vibrating screen — a highly efficient, large volume
machine. Oepending on the application, it can nandle lump
sizes as big as two feet or more in the largest dimension, ar
particles of less than .01 inch cross secuion.

Classification of materials is done through the medium of
specialized screen surfaces, which contain the apertures
through which undersize can pass. Surface specialization
makes possible a variety of uses for screens.

Screen Uses

Size separation: Material separation by size, including:
Scalping — removal of smail amount of oversize.

N

Coarse — greater than 4 mesh separation. i
Fine — between 4 and 48 mesh separation.
Ultra-fine — less than 48 mesh separation.

Dewatering: Removal of free water from solids.

Deslime: Fine, wet separation of material at 28 mesh or

less.

Media recovery: Reclaiming media (FE,0, and water) in

float-sink process.

Trash removal: Separating foreign material from product,

e.g., wood from coal.

Washing: Washing or rinsing material with water, e.g., wet

dust removal. 3G

Dedusting: Dry dust removal.
Conveying: Matenal transfer from one point to another.

Concentration: Blending or adding material to specific
concentration, e.g., pulp dewatering.

1y vl
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THEORY OF SCREENING

The principles of screening for any of these uses are basically
the same. Matenal to be screened i1s delivered to the screen
surface at 3 continuous rate. Oropped onto the surface or
feed box, it loses its vertical component of velocity and
undergoes a change in direction of travel. By vibration, the
bed of material tends to develop a Huid state.

The large particles remain on top of the bed while the
smaller particles sift through the voids and find their way
to the bottom. This characteristic of particle orientation
in the bed s called stratification. Materiai stratification
presents the smaller particies to the screening surface to be
passed through or over the surface. Without stratification
there would be no opportunity for separation to take place.

Once the particle has sifted its way througn the bed of
material, the principle of probab:lity becomes significant.
As 1t 1s conveyed from feed to discharge end of the screen
surface the particle is subjected to the probability of either
passing through the opening or striking the wires of the
screening surface.

ED — Matenisl
presented for procesting

Screening
Surtface
OVERS — Matene!
loroduct) that passes
over screening
urface

THROUGHS — Matenial
{oroduct) that patses
theough 1cTeening turtesce

F19. 1 — The screening process

In commercial sizing or screening, two basic processes
take place:

1. 7 -uficauon: The process whereby the large size
,_.ucles rise to the top of the vibrating material bed
white the smaller size particles sift through the voids
and find their way to the bottom of the ped.

2. Probability of separation: The process of particles
presenting themselves to apertures and being rejected
if larger than the opening or passed through if smailer.

Stratification is an obvigus necessity without which
separation could not take place. To take maximum agvantage
of this phenomenon, the depth of bed of material at the
feed and discharge ends (for a continuous feed, as opposed
to a batch condition) must be reasonable for the size
separation to be made. Thus, for a given rate of feed, the
width of screen is selected to control this depth of bed and
achieve optimum stratification,

A general rule of thumb for good screening is:
“The bed depth of material at the discharge end of
screen should never be over four times the size opening
in the screen surface for material weighing 100 pounds
per cubic foot or three times for material werghing 50

pounds per cubic foot. The feed-enc bed cecth can be
greater, particuiany :f the feed contains a large per-
centage of fines.”

Other interrelated factors which affect siratification are-
1. material travel rate ~ a function of the matenal speci-
fications, screemng media specifications, depth of ned,
stroxe charactenistics, and slope of screen,

2. stroke charactenstics — amplitude, direction of rotation,
type of motion, and frequency.

3. surface moisture — *high
strat:fication.

surface moisture hinders

Under some conditions it :s possibie to have tao hitt'e beg
on a wbrating screen. Figure 2 s ‘he typical 2:0t of
separation efficiency at various feed rates for a given size
screen and material gragaticn. Efficiency, as used here,
refers to the ability of equai screening areas to remove
yndersize material from a given feed.

r

EFFICIENCY

FEEO (1ph}

F:9. 2 — Screen efticiency vs. feed rate

For very small feed rates, up 10 point 3", efficiency
actually increases with increased tonnage. The bed af over-
size matenal on top of the marginai particies prevents them
fram councing excessively, increases theirr number of
attempts to get through the screening medium, ang reips
push them through. Beyond optimum point “a,” efficiency
rapidly drops off with increased tonnage. The screen is not
large enough to pass all the undersize matenal.

Although the separation process is well recognized and
considered synonymous with screening, :ne fact that
stratification must aiso take place 1s cften overlooked. This
oversignt frequently leads to aggravation rather than relief
of poor screening efficiency. Operators may reduce the
slope of a screen in an effort to slow down the rate of
material travel and retain i1t longer on the deck, attemoting
to give the undersize material more of an apportunity (o
pass through the screening medium. Instead, an excessive
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hed of matertal results with inadequate stratification and
puarer screening etficiencies.

Another practical corollary 1s that stratificatton is gen-
erally ditficult to attain when screening damp materials, or
tine matenals of lighter density such as coal, and a rela-
uvely thin depth of bed from feed to discharge end of the
screen is required.

In the separation process, rear size particles must have
the opportunity to present tnemselves to an opening in
many different positions. Commercially, particles are of an
infinite number of shapes. Partictes which have all dimen-
sions considerably smalier than the deck openings will faif
through readily.

Probability of the particle hitting the screen surface or
passing through the opening is directly atfected by parucle
size 10 screen surface opering relationship:

1. The larger the apening, compared to the particle size,
the higher the degree of probabiiity that the particie
will pass through the Jpening.

2. The smaller the opening, compared to the particle size,

the lower the degree of probability that the particle will
pass through the opening.

High Degree
; /!
\ Vil TN Low Degree
////,// /.
//’////’// /S
/ AR/
/‘,/’,(« e '
‘., / Y
HIGH DEGREE:  greater omm /w/// //’/// e
10 particle size. Ty
LOW DEGREE: smaller opening /

to paruicie si1ze. \

The principle of stratification and probability 's accom-
olished by wvibrating the screen. Vibration is produced on
inclined screens by circular motion in 3 verticai plane of
one-eighth to one-half inch amplitude at 700 to 1000 cycles
per minute. The wibration lifts the matenal, producing
stratification. With the screen on an incline, the material
will cascade down the stope, introducing the probability

tnat the particle will either pass through the opening or
over the screen surface.

Since horizontal screens are not installed on a slope, the
motion must be capable of conveying the material without
the assistance of gravity. Straight line motion at an angie of
approximately 45 degrees to the horizontal produces a
nfting component for stratification and a conveyiny com
ponent for probability of separation as the matenal passes
across the screen surface,

Fi1g. 3 — Degree of provability.

The rate of material flow through the screen surface
openings will vary, oepending on the degree of stratification
and probability. See Figure 5.

When material is introduced to the feed end of the
screening surface, the vibration causes the material to
stratify (smaller particles working their way to bottom of
the bed). This is from point “a” to “b,” with maximum
stratfication at 'b.”” Maximum particie removai occurs
from b 10 "¢ {saturation screeming), the point of highest
degree of probability, because of the high percentage of fine

particles — much less ; (_eéo the gpening of the
(%

screen surface. & %
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Fallowing saturation screening is the area of low degree
procability screening, points “c¢’* to “d.” In this area the
relation of particle size to opening is closer, and probability
af the particie passing through the opening is less.

With a typical simple screen separation, as shown in
Figsre 5, perfect separation (100% eftficiency) 1s 1ct com-
me:cially practical because irom paint “d’ on, capacity
through the deck i1s extremely low. Theareticaily, for an
absoiutely perfect separation, the screen would have ‘o be
inf:nitely long because the curve of Figure 5 beccmes
asymptotic to the screen length axis. Perfect screening is an
impossibihity. “Commercially perfect”” screening is normally
regarded as in the order of 90 to 95% efficiency.

In actual practice, however, a “‘perfect separation” is
defined by the standard of a sieve analysis, where a sample
is retained on a sieve and the near size particles are qiven
an opportunity to fit and try themselves for oer:ods
normaily ranging between one and one-half to three
minutes. Commercially, this is equivalent to having the
material travel down the length of a 30- to 180-foot !ong
screen. A 24-foot length is the iargest singte screen presently
being manufactured.
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SCREENING EFFICIENCY

The majo- concern of screen opcrators is that Ihe scieened
product meets specifications. Triey look at elficiency of the
screening operation in terms of how much ungersize
remains :n the oversize product. Conversely, :f the under-
size is considered to be a product, how much Jversize
remains n the undersize. This is what screening effic:ency
is all aboul.

There are two common methods of calcuiating screen
efficiency, depending on whether the desired product s
the “overs” or “throughs” from the screening deck. It the
oversize 15 considered to be the product, the screen
operator wants to remove as much as possible of tne
undersize material. In that instance, we express screen
performance as “etficiency of undersize removal.” ‘Wnen
the throughs are considered to he a product, the cperator
wants 1o recover as much gt the undersize as poassibie. We
00k at this case in terms of the “etficiency of undersize
recovery.”

“Efficrency of undersize removal” s determined oy
taking a sample of the oversize off a screening deck and
mg 1 a sieve test 1o determine the sCreen analysis
{gra_.cion). The analysis will show some of tne overs
product to be of the desired size, and a portion 0 be
misplaced undersize part:icies. NoO screen is commerc:ially
capable ot removing all ke undersize.

The percentage of undersize partictes in the gvers product
1s then expressed as a percent of the overs nroduct, and
this vaiue 's subtracted from 100%. The resuiting vaive
represents the efficiency of the tested deck. The “eificiency
of undersize removal’” may be determined for any geck of a
screen by abtaining 3 sample of overs from that geck and
making the calcutations.

For exampie, a sample of oversize material from a screen
deck is found by sieve anarysis 1o contain 9% by weight of
undersize Icaiculated as a percent of owvers), or matenal
that should have gqone through the deck but 010 aot.
Subtracting trom 100%, we have 31% efticiency for that
deck. The definition can be reduced to formuia, as follows.

Formula 1
Efficiency of undersize removal = 100 —b
Whe “b" = % of undersize in overs product, as a ¢ of
overs.
Expressed in anotner way:
Formula 2

Eff.ciency of undersize removal

= 25 lor toh) of teed which is oversize » 100
% (or tph) of feed which passes over '

I From analysis of feed 10 the screen deck
D From analysis of material over the deck.

Formulas 1 and 2 relate to “‘efficiency of undersize
removal.” They cover those applications where undesired
fines are to be removed from the overs product. Both
formulas will yield the same result.

Caution: When expressing screen efficiency by this
method, if there 1s relatively little oversize product as com-
pared to undersize (30% or 'ess aversize) even a small
amount of carryover of marginal undersize pieces wil make
screening efficiency low.

Tao .morove efficiency, estner the sgcreening area must e
increasec or the amceunt of feed decreased. That s hecause
2 screen aperates at neak efficiency with 3 material .oad of
eoproximatety 80% cf that at which tne screen area was
calcuiated. This s shown graph:caliy i Table * nelow.
The formuia for calcuiating screen area is discussed in
“Screen Area And Bed Deptn,” p. 22. It is pased on screen
9oeration with 100% of tne material ioad on the screen
100% of rated capac:ty).

When s121ng a new screen we can assume that the customer
does not want to reduce capac:ty — or feed. This leaves
cnly the option of increasing screening area as a means of
.mprov.ng screen etficcency. Therefore, when oversize
material :n the feed 1s 30°% or less, 27 when maximum
screen efficiency is required, regardiess of the amount of
aversize matenial -n the feed, increase calculated area by
20%. Tris wiil result in improved efficiency.

Toble 1 = Screen Eificiency as Affected 5y Load
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B8y way of ilustration, consider the two cases which
forlow. Both are for a 1" separation at 100 iph.

Case 1
Feed

Screen Anaiyus
Size (1| % Pasung

s | tph
eed 00 1o 2 . 100
1 i 90
hoor 50
% , 29
Separation. 177
QOvers: 19190

81 'on

Theougns
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By analysis of the feea to tne screen ceck, 30° tor 90 tnn)
s minus 1”7, but aniy 81 tpn goes through the screenng
medium. 9 tph of minus 17 matenal carries over with the
OVErsize.
la) By Formula 1:

Etficiency of undersize removal = 100% - 7% = 53%
9-19=47and (9 +19)100=47%
b} By Formuia 2:
Efficiency of undersize removal = {10 = 19) 100 =53%

Where: 10 is the % of feed which 1s oversize {see
anaiysis of feed to the screen deck} and 19 is
the % of feed which passes over, or
(19 = 100) 100 = 19%,.

Case 2
Feed
Feea 100 11ph Screen »\«\_alysu.

Size {1 % Passing
2 100
v 50
Yol 30
Separation. 17 e | 10
Overs: 55 ton

——————e——

Throughs. 45 tpn

By anaiys:s of the feec to the screen decx, 50% {0r 50 1ph)
s m.nus 17, cut enly 45 1o goes through the screentng
medium. 3 tph af mirus 1 matenal carries Jver with
oversize.

(a} By Formula 1;
Efficiency of undersize removal = 100% — 9% =91%
5-=55=.09and (5 + 55) 100 = 9%
b} By Formuia 2:
Eff.ciency of undersize removal = {50 + 55) 100 = 91%
Where: 90 :s the % of feed which s cversize {see
analysis of feed 10 the screen deck) and 55 s
the % of teed which passes over, or
(55 ~ 100) 00 = 55%.

When the amount of oversize s small, the resuiting
efficiency appears to be low (Case 1. efficiercy of unaer-
size removal = 53%) Where there s a large amount of
overs produc:, the resuit.ng etficiency of undersize removal
appears to bte hegh (Case 2: S§1%%). In both cases, the
actual amount af undersize is relatively smail :9 tph and
5 1ph). The apparent 'ow efticcency in Case 1 can be
imoroved, as  orevicusly discussed, by :ncreasing the
screening area by 20%.

“Efficiency of undersize recovery”

To this point we have giscussed “efficiency of undersize
removal,”” for conaitions where gversize is considered 10
be the product. Let's examine the situaticn where :re

™o

<>
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undersize 1S considered to be the product,
“etficiency of undersize recovery.” In this instance, we
measure he oe.'cen:age of uncersize meteral aciually
removed ‘determinea by analysis of material over :ne deck)
versus the percentage of feed which 1s uncersize jcetermined
from analysis of the feed {0 the screen).

and discuss

We define “effrciency of undersize recovery” by formula
as follows:

Formula d
Efficiency of undersize recovery

- ’o (or teh) of feed which passes througn?
*2{or1ph) of undersize feed i which should pass tnru

Or Formuia 4
Efficiency of undersize recovery
100 {a minus b)
———————x 100
a (100 minus b)
Where: = % of undersize in feed ® as a ¢ of feed.
b = %, undersize in overs product v as 3 % of overs.
D From analysis of feed 1o screen ceck:
DF ~m anslysis of materias over the deck.
As example: iook at cases 3 and 4, considering the
undersize as the product.
Case 3
{a) B8y Formuia3:
Efficiency of undersize recovery = (81

Where:

-20) 100 = 30%
81 1ph actually opasses through the screening
medium, and 90 tph represents the undersize
which should have passed through (from screen
analysis of feed).

?x”IBTT " 29NEG4"

(n) By Formula 4:
Efficcency of undersize recovery
0050 -4
P L i/ n=23a
370 a7 * 1007 30%
Where: 3= 50%, per screen anarysis of feed

=13 -19)100=47%

Case d
(a) By Farmula 3:

Eificiency of undersize recovery

=145 =50} 100 = 90%

Where: 45 toh actually passes through the screening
medium, and 50 :oh renresents *ne unaersize
which shouid have rassed through ifrom
screen analysis of feed).

‘h) 8y Farmuia 4;
etiiccency of undersize recovery

. 10050 -9} o
501100 _g) * 1007 30%
WNhere: a=50%, cer screen anatysis of feed

b=:i5+50~5)100=9%

In some .nstances, the customer may zonsicer toth the
oversize and undersize {throughs) from the same screen to
pe croducts. In these cases, check both the “effic:ency of
ungersize removal” ang “effictency of unders:ze recavery
Again, if there 1s a smail amount of oversize, and efficiency
of undersize removal .00ks poor, increase the area by 20%.
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SCREEN SELECTION

Most screen apgiications are for size separat.on of lixe
materiais — separat:ng smalier irom !arger particles. Thas
section on ‘Screen Selection’ treats exclusively with this
type of auty. For other applications, such as dewatering,
inedia recovery, elc., refer to Factory.

Considering separation on a vibrating screen asa continu-
ous flow process, the unit sefected must be capable of
kandling the requ:red capacity and making the separation
hefore the material reachies the end of the screen. Proper
vibrating screen selectron 1s of xey importance 1o assure
operating plant efficiency. All too often the screening
portion of a plant s not taken senously, and problems such
as poor efficiency, iow tonnage, etc., develop after
installation,

There are two primary consigerat:ons. One 1s to select
hetween an inclined or a harizonta! type, and the other s
10 Jetermineg area requirements {screen size).

ecuie

Size sel n {ormulas apply to hoth .acured or non-
Iohtar screens, As 3 fule, we recommend :nclined screens
‘or all sizing appiications, except wnere ow “easroom s a
‘actor thorizontal types require considerzaly 'ess headrocm
‘han .nciined screens) or where water cgntam:nation ¢ the

oversize produc? 1s undesirable.

Table 2 's a compilation of limitatons guides for good
screenming appucation, which states maximum iumgp s:ze,
Maximum and Minimum size separations, material drop and
temperatures for the standard Allis-Chalmers screen tines.

Screen selection requires that you analyze your flow
sneet, datermine capac'ty requiremnents for each screeaing
siation, know the characteristics af the matenat, ard what
officiency s acceptabie. Once this has been done, you can
select the screen size on the basis of required screening area.

Table 2 = Limitations Guide 1 Good Practicel

[ Screen Type I lac. ned Horizontoi !
T A
| | XH I 5w i T | I
: Model | Ripl-Fla | Rpi-Flo | Ripl-Flo | Levi-Flo | LowHeod
— ! - -
| Moximum 'umo size ‘inches? E ! I I i
[ 362703 : 24 ! 16 . ) ; 9 H
' RN ; 16 , 3 3 . 3 3
4C A he 3 ; 12 ! 5 - > 5 6
| Minimum ooening winches, : Y ! l, 1 :‘ . | ‘; i
IMoximum opening tinches) | i
| Single deck | 'c 5% , 4 3 2%, |
I Couble ond 1niple deck i 10 ' 31 ! 4 3 2!; |
! Mguximum materiar drop ‘inches) | 30 . 20 30 3C ! 30 :
lMo-.mum materiol temoeroture i°F: | 150 i “s0 ' 180 150 ; 150 |
[ L _J

Moximum ond mintmum openings are based on standard des:gn.

Any apoiicotion requiring o deviation from standord volues must se seierrec tc *he “actory.

«(NFORMATION NECESSARY TO SELECT VIBRATING SCREENS

Certain variables must be known to determine screening
area. Falure 1o first determing them will surely lead to
Improper screen sizing.

Maximum tons per hour
Material size consist

Type and weight of material
Desired separations

Material surface moisture
Special operating requirements

. Maximum tons per hour {(short tons) to he screened.
Include any circulaung i0ad (Tatle 3, page 11) or surges
in feed rate.

Crrculating ioad 15 3 ‘actor :n s:izing of screens 10 be used as
part of crushing c:rcaits where the product must be 100% muaus
3 given product 'op size A Orobiem exists Decdase crushing
‘nachines do not reauce 3l their feed o &8 size equadl ‘O Of
smailer *han the cruster setting la normal prachice, the crusher

-~

{

1

30

$ set At a symaller seting ‘opening) than the screen ceck
30ening, 10 OBTAIN 3 3000 balance Detween net f.nishea nroduct
100% minus proguc: 1op sizel ang ¢:rculating "0ad.

The amount of crusher throughoutl that s oversize anad must
e recrushed s expressed as the % of oversize n the crusher
crocuct. It continues 10 be recirculated through the crusher until
~t s reduced 10 a size that will pass the screen opening, This s
called “closed circuiting.”’

With each pess through *he crusher an acditional amount of
oversize will be reduced to undersize. The number of passes for
any qwven narch of material, with no adaiticn of new ‘eed.
pefore '00% reduction 1s achieveq, s .nfinite. The nercent of
oversize remaining after each Dass mmugh *he crusher anag over
the screen deck giminishes in 3 jeometric progression.

Bv dehimtion c:rcu.ating ‘08ad * 10131 feed 2 the crusher mirfys
onGinal crusher feed «t s excressed 'n % of original ‘eed 10 the
crusher

IXHIBIT “29NEGS" - Ccoy Book‘et Jiorating
Screen - ’I‘hec'v and Selecticn" cublisned ov
Allis-Chaivers .



The formula for % circulating 10ad is:

Formula b
_ 100
R = e/r=1

Where: R = % circutating load 10 crusher
e = % screen efficiency
r = 9% oversize in crusher product

The following example will help 0 explain circuisting ioad and
the effect of screening efficiency. This example assumes 100%
screen efficiency, and 30% oversize in the crusher product.

200 ph of sized feed
' |

el ———

circutating toad

i—l—r—‘ 86 t1pn
T
|
]

200 o !

For this example the geometric progression of crusher oversize
wouid be

Pass thru crusher TPH
1 200x.30 = 5000
2 200x.30x.50 - 18.00
3 200x.30x.30x.30 - 5.40
4 200x.30x.30x.30x.30 - 162
S 200x.30x.30x.30x.30x.30 - 49
6 200x.30x.30%.30x.30x.30x.30 = 15
etc,

85 .66
or 86 tph

By formula: R = 100 ___100 100, 42.9%

e/r =1 100/30 -1 2.33

" Circulating 10ad = new feed to
crusher x R
200 x .429 = 85.8 or 86 tph

Look at the same exampie, with 3 change of screen efficiency.

Assume 30% screen efficiency — other Jactors the same.

200 mh of sized feed.

| e——
t
|
i
]

H 100 tph

— circulatir 3ioad

!|
; |

200 tph

With 90% screen efficiency, the geometr:c progression of
crusher oversize ~ould be

Pass thru crusher TPH
1 200(.30x 55 66 67
2 200(.30x g)( 30 75/ =22 22
3 200(.30x _-5‘6)(.30. _%;1.30._5’6) - 741
a 2001.30x .géon.zoxﬁuao. .516“ 30x 940) - 2.47
5 200(.30x 35)(.30x 55)(.30x 35)( 30x 551 30x 7] - 32
6 200(.30.%3(.30.%u.so.%n.so:a‘—onac. 35'( 30 5.6"' 27
99 86
or 100 toh

By formuia: R = 100 _ __100 100, 50%

Te/t-1730/30 -1 2
Circulating load = 200 x SC = 100 tph

To simoufyv cirecu at:ng 0ad caiculations, Taole 3 ~as been e5:ad-
lished ‘or various percentages of Crusher oversize Drocuct and
sareen efficiency. Dased on formula o 10C

eir=1

These tavles are pased on theoretical values and shou!d Sy no
means be used as 3 basis for direct quarantees as ‘he actual
circulating oads will undoubtedly vary somewhat ‘rom the
thecretical caiculations contarned heremn,

Aocitional percentages for ntermediate oversize Cercentages
may De calculated from the tormulae Do nct interpolate from
tables as this 15 NOT 3 s1raight Ine varnauon Derween DOINts.

For s:mple exp:anation of screen effic:ency. ‘'he previcus
example assumed that the original teed to the crusher was sized.
It contained no !ines or mater-als of .esser size than the desired
crusrer product. To do this 'n actual practice wouid mMmean That
feed would have 10 be screened before going 10 the crusher, as
in the example:

Assumptions:

90% screen efficiency
30% oversize 1n crusher product
20% oversize in new feed

(A) | New feed— 1000 tph

’B) Combined screen feeo —
1333 mh

Crusher totaiload =
Circulating 10ad + original crusned feed
333 =111+ 222 t0n

Q)

Original crusher
feed—222 tph

1000 toh

EXHIBIT "29NEG4" - Copy Bock.et "Vibratinc
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Toble 3 = Circuloting Loods R

‘t) Screen Eificiency ‘e
Percent . Percent _———— e ——— e e —— —— it — e —
Und¢,|||¢ Ovorlllc Pcv(cnl R Pevcenl Perccnl Pclccn! Pevconl Pc1<t'\l Porcanl
in Crusher : tn Crusher . T e — ——— —= C e e e ——— .
Product Proauct 100 9s 90 8% 80 7§ 70
95 s S.3 $.7 5.9 5.3 5.7 70 7.7
90 . 10 1.2 11.3 2.6 3.2 14.2 154 6.8
8s 1S 17 7 8.8 2.0 2.8 231 180 7.3
8o 20 5.0 8.7 R4 30.7 33.4 8.3 429
75 25 33.4 38 8 8.7 42.0 45.4 50.9 855
70 30 42.9 46 3 523 $4.7 80.0 56.7 74.5
85 35 $3.9 58.5 61.3 7.0 77.8 277 *95.9
80 40 86.7 730 800 89.2 100 .0 1142 133.5
55 45 818 90.¢ 120.2 ‘128 128.¢ ! 18C.0 181.0
50 ) 100.0 11,4 1250 143.0 1667 2039 259.2
45 S 122.2 137 5 'S80 183.5 2'9.5 2760 3¢50
4 60 156.9 T 52 2402 300 2 4cC .8 £88.8
35 65 186 0 280 2812 126 ¢ 4350 5522 1260.0
RN 70 223.0 28C.3 R ] $68.5 75C.0 4180
27.5 7.8 L. . - 963.C
28 75 © 3902 37420 498.0 1470
20 82 400.9 $37.9 8C1.0
15 85 567.3 829 .
Siginat crusher feed = 100004} x 20! 90 - 222 pn Table 4 - Percent of Product Passing Sauare Coening
Circulating i0ad = original crusner feed x % circuiating 10ad (R}, Egual *o Crusher Open Side Setting
iRefer 10 Table 3 tor 30% oversize :n crusher product and 90%
screen etficiency.) FEED
] s+ 50 3. ; - Scz ped ane
Type of C:usher Run of gcc-nec Recomzined
Circurating toad = 222+ 503 111 1ph Quorry ercenr - SUORE
Totat load 10 crusher = on?mal feea to crusher L IMESTONE
pluy circulating .0a3d .- J—
=222+ 111 - 333 pn'C! Jow . 56 35 ag
Lombined ‘eed 10 screen Gyrotory ... ... 5C 3¢ 38 +
= new feed ¢ crusher rotal 1oad ~
« 1000 « 333 - 1333 tpni8! SRANITE
i , , . . . Jow e | 75 s 7S5
. Size consist or sieve analysis of the matertal. If this 1s not Seeotery .. a3z ~e in
avatlable, an estimated analysis 1s required. .
. TRAP ROCX
Many operators are doubtful of the screen 2nalysis of
the feed to a screen. Tables 4 to 9, pages 11, 12, 13, 14, LOW L 7¢C e 70
and 15, have hbeen included as 2 guide in making an Svierory L o787 75
assumed screen analysis of the feed. If these tables are DRES
used in computing a screen size, you must state in your R
customer proposal that the screen recommendation is PO e zg ff "‘f -
N 0100y L 30
based on an assumed feed and on our knowiedge of vy ¥
numerQus other appiications.
Estimating crusher product analysis. Product screen Tables 5 through 8 nave been prepared gving the
analysis from any crusher will vary widely depending approximJte screen analysis of product for impacicrs
upon the material, quarry conditions and the amount of and primary crushers and for quarry-run matenal. Use
fines or product size in the initial teed at the time the these tapies in conjunction with Tabie 4.
sample is taken. These factors must be cansidered when
estimating crusher product screen analysis — but only as ) .
approximations. The product gradation curves, tables Toble 5 - TY?'W' "“P°_"°' Product.
6-9, can be used for estimating. Feed - Minus 4' Limestone.
The discharge opening on the open side will govern Peccent 3
primary crusher product gradation, if corrected to con- Openings Passing
sider quarry or mine conditions, especially the amount L 30
of fines in the crusher feea. Table 4, at night, gives the KRR 20
approximate percentage of product equal to the open Lo T s;
side setting, based on many screen analyses. |n actual > R 15
use, values should be corrected to include known feed 4 ey 1
conditions, particularly the percentage of lines or 3 mesh 5
4 megh g

product size 10 the feed.
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Toble 8 - Screcen Anciysis of Quarty Run Yatenal
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SIZE OF OPENING IN FLAT SQUARE MESH TESTING SCREEN

Toble 9 ~ Typrcol Hydrocare Crusner Products
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Toble 10 - Weight Per Cubic Foort af Mctenals Looseiy Piied

Motenal Lbs

Alum 3z
Ashes, Cincers ... ... -4
Bariey .. 37
Bosalt 56
BCUXITE L oo 8S
Caliche .. 30
Cement, Portlond ... ... 5C
Cement, Clinker ... ... ... .. ... . . ... .. ... S
Charcoal .. ... ... .. nory
Chips, Nood .. ... ... ... .. ... 28
Cioy & Grever, Cey .00 . . L. s

Coal, Anthracite . . . 4758
Coal, Bituminous .. . . 4C.354
Coke 2332
= S 1S
Coorn 37
Cuilet 53C0-10¢C
ColomMite . 1G9
Fetdspar ..o 22C
Fuilers Sarth . . 42
Onerss L S4
Granite . 35
Greenstone, Rornbiende . .. GT
Gy SUM T3
Hmenute . . V28
fron Ore, Hemotite (. ... 120160
vron Pyrites Cre L M)
Lime, GyDsum .. 65.75
Limestore . . 35.°C0
Marble . S5
MO . L 0%
D0t 25
Chosphate Rock .. .. . 7S
F>0'01".\/r\/ ................................................. ez
QUart T e 9s
Rock Salt . e Sa
de ............................................ 48
Sond & Gravei, Ory . o 9C.1Cs
SONASIONe . 22
SR GI® o $7
Slog e 28177
Suiprur Cre 37
T CconIte oo 15C-2C0
T 0iC e e e 109
Trap Rock . oo 'C9

7

‘
L

3

7

EXHIBIT "29NEG4"
Xreen - Thecrvy and Se.
Allis-Chalrers

[y
o

[

[39)

423

tbratinc
Io3%



w

Tante 3 gives the approximate screen anarysis of
HYDROCONE crusher progucts. Expenence gained in
recent years indicales tnat 60% passing the closes s:de
setting 1s a gocd eshmating value for coarse and megium
chambers. For fine chambered crushers, particularly
those n closed circuit operation, use b%% passing the
c.s.5. When the matenial s soft and friaole, more wiil
pass the setting; conversely, with nard matenal or that
which tends to pack, :ess passes the setting than these
figures indicate. Use your kxnowledge ot how a particular
matenial breaks and past experience with simiiar mater:ass
in deciding the percent passing the c.s.s. 10 be used.

Type of material and the weight per cubic foot of the
material in the crushed or loose state. Refer 10 table 10,
page 16, lor weignts of commonly processed matenials.

Separation desired on each ceck.

Surtace moisture carried by the materiai :f screening is
10 he aone dry, or the amount of water with the feed if
screening is 10 be done wet.

Wet Screening With Spravs The number ank? size of water spravs
and water pressure on 3 vibrating screen gepends on the 3pohica-

ton and the pnhysical dimensions Of the screen Different
matevials require varying amounts of water tor efficient screening.

Trere 15 8 vast Giference Detween wetl sCreening a feed con.
s miny -3y Of 0Ner SICny materigis and fINsINgG J Mmater-Ji

The 'iststen n cetermining the

esialagn

~umber of spraysrequire s
the 1213 water necessary for Good reening “or
fow 03I CONring 3 1arge omMount Of .NsOlud.e C'dy 3s MucCh a3
5 33 :0Nns Der minute Der ton of mater 1l handieod may e neeted
For t.ns.ng presized gravei 3 gallons wul sutfice When the total
water reGuired s determined. the next step § 10 distribute
over the screen surtace 0 tNat the screen 15 covered by 4 curtain
o' water from qige 10 side,

The fingl step 15 10 1ocate the rows of spravs along the ength
of the screen For ora:nary s.2:ng the sprays can He 10cated at or
nedr the Center Lut :f dewatering s required. they shouid be
gouned nedr the feed end il the feed cONLAINS 4 :4cqe guantity
ot cay. the 121nG may be mproved by Dresoaxing or add:-rg
water 10 the feedd 1n 3 flume anead of the screen

“he spravs should be adjusted so that the water strixes 'he
material at an anqie of 5 deqgrees uphill and staggered so that
AC 3CENT 513ys will N0t strrke each other The sorays furn:ighed
by Allis CRalmers when dperatect at pressures of 30 20 psi wr
cover an 3red Jpdreximately equal to the newght ot the orifice
acove the hee of mater-a

“he amount 5!
beow .n general

sPray water ‘eqQuired
mcre water s

s given in Taple ',
required for soubie Jecx
screers ‘han ‘or single deck screensy. Viore of the water should
De vses un the bottom deck. ysuarty the smaller sizes are more
S:ticult to size. wash or -
ar3 me e of M3ter a3 MOre 'Mpervious 10 water spHrays Sy
using the rlormation 0n capacity of spray nozzles. iven r
Tante 12 beow, the aumoer n0221e3 ang
determine

nse Hecause they 20NtaIn More ¢ ay

of Sises can be

Toble 11 ~ Sproy Woter Requirement for Wet Screening.

GPM per Ton

Spacing of Sorays ‘lnchest

Moterial Application of Feed _7:9 Oec-; T E:'on: Oecl_' oSt
Stone Wgasning 2.4 10.12 : 7.%0 39
Stone Rinsing 1.2 T2 7.50 40
Stone Riniing and Rewcshing -3 : 1302 P I 4C
Stone Siring 3.5 = 16.12 700 39

Stone ond Cloy ' Washing S.190 16.12 7.10 40
Sond ond Gravel ' Washing 3.5 ' 19.12 7.10 30
Sand and Gravel Sizing 3.5 1C.12 713 30
Sand and Gravel Rinsing ond Rewoshing 2-3 1C-12 7.0 40
Sana and Gravel Medio Recovery 2':-3Y ; 1502 7.0 30

lron Ore Siaing 53¢ 1232 1. 49

leon Ore Media Recovery '5-3Y | H 719 30
Cooal Siting 3.6 : 10-12 2.0 10
Coal Medio Recovery 1%.3 | 1012 7.0 10
Cool Prewet B | ! t0.02 7.10 30

Tobfe 12 - Spray Nozzle Capocity.

: Gollons per Minute

(L:s'..,‘S:j'l.n.) r Diameter af Orrfice (Inches)
"o | ‘. Yis % e “
20 | 3.0 5.2 8.1 H '5.8 ' 20.1
30 3.6 6.4 10.9 L4 i9.5 25.4
40 4. H 7.4 'S 16.5 22.4 29.4
5¢ 4.6 3.2 2.8 18 5 25.0 , 32.9
60 S 9.0 40 0.2 27.5 36.0
Si“ré;frf _2INEGS" - Copy Bocklet “ibratine
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Spectal operating requirements or conditions, ncluding
lemperatuce,  abrasiveness, corrosiveness  or o gther
physiced characiensics of the teed efficiency or product
requitements which determine the selection of screening
surface ar instaliation protlems which affect the screen
size selection or capac:ty.

Screening surfaces must be carefully selected for the soecific
application  Various types Of surtaces are avauable, andg the
selection  depends on Jperating condrtions and anticipated
results. Size of ‘eed. analysrs. separations required. feeding
method and required efficiency ail affect selection

MoOst common 13 woven wire clOth Of requiar_spring or stamniess
steel 11s advantaqes include relative 1ow cost. variety af openings
and wire grameters, and hight weight. D:sadvantages include short
ife under certain conditions, a tendency 10 bhind in certain
types of weaves and high maintenance

Woven wire c:oth 13 usually mountens on a crowned suppor?
frame with 1o0nqitudingl Hars tor support.

The cioth 13 tensioned by means of clamping Hars 10 orevent
$seCoNUary vibration which witl cause faiure by fatugue. Sats.
tactory clotn lhife can e oblained Dy proper selection tor the
QPeradting conNditions, MaiNtaning proper tension and pProviding
3denuate support undaer the c'oth

Woven wire cloth .s avaiiable in three basic types of weaves —
re. short rectanquiar and long rectangular Short rectanguiar
Y .5 umMilar 10 sQuare ¢'oth excent with g rectanquiar opening
1wO 10 three fines 3s 0NQ Js 1t 'y wrde. LONG rectargular cioth .s
mMadde with three ¢cross wires 3t the ends of the s:0ts instexs of
single wires as with square or short -ectanquiar onpenings. The
opening 1in long rectangular c:oth 13 about ten imes as 10nq as it
13 wade.

A vanianion ot the fong rectanqgu.ar opening cioth s a type with
37 Cval bar in pi1sce of one Ot the three shoot wires. This Oval Har
vermits the n33iallation of the wire ClOth with the 1ong opemings
Jown the screen when Jsed On 3 side lensioned screen It 3
s1andard 'ong rectanqular opeming Cloth 's :nstailed On 3 creen

Table 13 - Gouge and Thickness of Perforated Plate.

u.s Thichkness
Standord Reguler Steinlees
Gouge Steei Steel

0 L3128

1 28128

2 .265625

3 23N .2500

4 2242 : 1234375

s : .2092 ! 21875

[y . 1943 203128

7 . 1793 I 1875

8 ' 1644 i 171875

9 Ae9s 15623
10 1348 : 140625
" 1196 1250

12 1046 ' 1093758
13 0897 ! 09375
Y4 0747 078125
HEY 10673 .0703128
16 0598 | 0625

17 L0518 | .056258
18 ' .0478 .2500

19 : 0418 04372
20 . .0359 | L0375

'l 9329 ! .034375
22 .0299 03128
23 : 269 : .028125
24 : 0239 ! .0250
25 0209 . 021875
26 . 0179 01875
27 ; 0164 0171875
28 0149 015625
29 0135 ) 0140825
30 0120 ] 0125

N 0108 H -

32 0097 -

wilr the .0Ng open ngs COown the screen ' s mMEOssILIe 1o
MACLAN Oroder 1ension Hecaduse O the ‘ew wires N tension ancg

the et A fan Drematurely

Perforated plate s extensively uses ‘or openings one :nch ang
arger Dpenings smailer than one Inch GO A0t Rave enough Oven
area for practicar use Per‘orated plate can be made of a wice
variery of anrasion resistant alloys ang ‘n stainless steel tcan ce
mMace with round Or sauare d2penings and fitted with sk bars
‘or nandling arge size feed Perforated niate has less tendency 0
snrg vecause of 15 smooth surface. Perforated plates with
smatier openings can 3150 be used for dewatering a ores:zed feed
Or sireenirq Daner Du.n.

Ciher tynes of screening surfaces using spec.ally shaped paralle!
bars are used on fwrating screens. Bixby-Zimmer ang LOP.
-OhnsON screen surfaces consist Of rOund Of trianguiar ro¢s
weloed 10 heavy £ross rods Neage Wire consists of tormeg wires
rivered together a1 intervais Wedge 8ar screen surface consists
of wedge shapes bars waced dy U shaped hotders at :ntervais

Trese screen surtares are .sually usec for dewaterng since
ey are gvatiabie with {ne openings. yet are heavy enougn 19
carr, 1arqe 10acss of rnater-a1 ang water.

Tanie 14 - Standard Screen Scole ‘or Wire Cloth.

Screen Openings Mogh Diemeter of Wire
|'\<'::. _:lﬁlm.'olu Tyier U.S. Series Inchas Millimeters
3.00 76.2 o 207 ' s2s
2.000 50.8 . . 192 1+ 187
1500 381 o . 162 'RE
' 350 26 67 148 3.76

383 22.43 138 3.42

42 18.8% 135 1 342

824 15.85 120 1.es

82 1233 ! 125 ' 27

44 11.20 . A0S 2.87

i §.421 092 2.4

N2 7928 1 2% ., .088 2.24

263 8.680 3 070 .78

220 $.613 3% . 085 1.5%

185 4699 " ‘4 -06$ 1.68

1 %% 392 | S s 044 12

13 3327 0 s 6 936 N

ARE) 2.794 7 b 0328 833

1993 2.362 8 8 032 813

378 1981 i 9 19 033 818

065 1651 . 16 12 .035 890

985 v3r Do 14 228 Nz

548 t168 . 4 16 P08 .638

.0390 99 1 is 18 0235 $97

0328 833 2 20 2172 437

0276 REATRE Y 28 04 358

20232 589 28 30 o2 s

0195 495 1 12 3¢ o1 390

D164 PSR 40 2122 3o

2118 381 Q 45 . 9100 284

olle 295 | a8 0 0092 24

2097 2486 ' 40 80 © 0070 478

10682 208 | s ¢ 9072 83

2049 A7S ;80 80 - 008 i 42

.2058 V47 1 100 100 P2042 | 107

.0049 124 s 120 0038 ° €96

ool - A04 oS0 140 10026 - 066

9035 089 1 170 170 ., 0024 6ol

0029 674 | 200 200 i.002) | 983

0024 . 081 1 250 210 0016 - 04

0021 083y 1 270 270 .0016 | .041

0017, 043 325 1 325 - 0014! .03

20018 ! 038 . o400 400 L, 001 i .025

Note Tn.y 1¢reen 1¢o-e "odle $-ve3 INe 0pENINGS DAY wire 311€d O

‘re ytonovo-d s3ed 0r oBtain.ng 3Cre€n ONOIviry.
3hov.d e dvidponre at
celonnonsh o tetweern 1'0ncs o s.eve Mesn

‘evt g jieves

reterc€C 0 DAy or the cerertminiAg 'ne
Si1et 3nd ‘he equivatent
"he oci 0! 3creen ¢ OMn L3ed an o

vibrctirg 3(feeN ONGC *NE 1. ze of mite s.iled 'c 'he

1Quere cpe~inrgs N 1c‘een < Oth,

20 w.: . Jepenz
enticely Lgon 'he 5Cr L 3 <OAC “0A3 encountered. Sece ‘Otie i

11ONCOrd wi’e and DEr‘0roted p.cl'e i le3. ‘or e openings aIng

greqrer.

e v
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A screen satlace made of roas neld 10 NOBILON Dy *ubber Cr
Js0d PN carrac:ty 8
s 10U amEortant  such a3 1Or aining the
e ahead Of 3 Jrusher Trey C30 4is) He ssed n reening
gitticuat whiCh Z3annot Le screenec on convenuiongl
sccerning surfaces. suclh a3 wet Of sticry mater.als

wtee! hasgers can be where sesuved Bat

surecenng ethiciency

‘maternidl

Srzriv har screen surface cons.st nq of neavy nars weldwd 10
Cross tes 30 e used tor
anr dsve

Ieavy -Culy KAIpING service where

screered  Usyanv, 'he bars are
artarged <5 that the gpenirys between DAars are tacered 'O Hermit
free hischarge of ‘naterial Hefer 1o Tobles 13 17 pages 18.21
tor wreen surfoce getans.

TTAICNJIS MUt He

Taoble 15 - Wire Cloth Stondards ~ Square Openings.

Cry Screening On y.

For wet sCreening, se:ec! ~ext igrger wite Jigmerter

A -~ L.gnt, 50.75 b, cunhic ieet = Cool - Ncon-abrasive.

B - Stondord, 75.100 b. cubic ‘eet - _imestone, Sond and Sravel.

C - Medium Heovy, 100-120 ib. cubic feet — Average Cres — Moderate Abrasives.
O - Heovy, 120-140 Ib. cubic feet = Heavy Ores = High Abrosives.

Clear A | B C o] I F eed Size
Squore 0 _ o , o . :
Opaming | Do o+ JP07 | Dl . QN | D QPSR D - Q0|

¢ f :
" © 04l 7 L 0547 48 072 40 .$80 7 7 A A !
I 1047 64 i 080 49 092 45 105 4 ' 1 1Y,
" 063 64 i CS 49 i 46 115 42 : 1y 2
Yie 072 66 V120 52 235 49 148 46 1 2 e
’, 280 68 : 13s . 54 148 ! 162 o9 N 2 i
" 292 7 148 56 62 53 77 (3! 2 Y 3
" 105 68 82 57 177 s .i92 52 2 2" 3
-, 95 o boan 58 192 56 207 sS4 oIv o3 a
1 1
Y 120 70 77 81 192 58 225 sS4 1 1Y v, Y,
” 135+ 12 192 ¢ 83 207 61 250 s6 i3 3 4y,
" 148 73 .207 65 .228 63 | 250 61 ! 3 3, 4y

| 82 74 225 87 250 ¢ M, 58 Y% 4, 5

1Y 177 78 | 225 69 .250 87 i v, . 61 M 4% sy,

1" 192 78 250 . 89 %, sa |y 59 4 LS 6

i 207 76 250 72 R 86 | Y 82 4 s 6

i I 228 76 250 73 Y 6 | 64 s 8

1% ', s |, 70 5 66 | u 82 a5y g

1A - A 72 A 68 1 84 4y sy, 17

e 7 " 73 "\ 89 1 66 SRS | 7

3 U s ', 7 " 67 | 4 64 s Loy 8

2 i v, : 77 3 73 Yhe 70 i A ! 67 s 6% 8

2, L% P79 oo T8 e 70y 89 5 84 8

2% ' Ve 8! Yoo 17 e 74 % .72 S 6", 8

3 ”, 79 e 76 ' 74 W 69 6 7Y 9

34 A 82 e 79 s 77 v : 72 6 7Y, : 9

4 e 81 hooio79 ' 0 7 8y, 10

#ite diometers !isted obove are suitoble ‘or feed size not exceed:ing *hat
but not Column Il Uuse next larger wire diameter. When 11 exceeds Cclume 'l
sizes. When 1' exceeds Coiumn 1!l retiei deck 13 ‘ecommended to ncrease '

Sas
I

‘steé 'n Coiumn |. Ahen fecc size exceeds Co umn |

but not Coiumn ill ncreose wite drometer ‘wd

vie ci wire.

Rectongular openrings ore preierred !0 otlo'n heovier wire of mare open areq.

Selections beiow heovy line require wedge type ciomoing bars.

Perforagtec pla‘e :3 recommenced ior open'ngs teiow zotted

EXHIBIT "29NTG4"
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Tobie 16 - Wire Cloth Standcrds — Rectongular Openings
For Yibroting Screens

Dry and Wet Screening os indicated

A - Light, 50.75 b, cubic feet = Coal - Non.gbrosive.
B - Stondord, 75.1C0 ib. cubic feet = Limestone, Sand and Gravel.
C - Medium Heavy — 100-120 Ib. cubic feet ~ Averoge Ores — Moderote Abrasives,
D - Heoavy = 120.140 Ib. cubic feet ~ Heavy Ores = High Abrasives.
| A B C D Feed Size
Opening Opening Dia. . A'P::) Opening ' Dlo'. A:’:: Opening Dio.. A:p:on Opening Dia. A:’:: oot
DRY SCREENING
0OM 0685« 1Y, - .035: 60 06412 ! .054] S0 962x2 263 45 063x2 . .0B0"' 42 o 1A
8 M 084 x ! 041 64 080 x 2 © L0631 S} 08242 9720 50 080 x 3 " 08B0, 46 o A
" 100 x 2 054 57 108 x2 L0863 57 102x3 .080: 52 188 x 3 092 49 oty 2
L 125 x2 .054. 64 1252 | 0721 57 125x 2 2921 3 1285 x3 2,105 49 1 1Y 2
A Yiex2 083 &5 LA 092 61 Viexl 120, 8§ Mex 4 135 83 12 2%
Y Yox 3720 70 Yoxd - .1201 60 Vexd 35T 89 ux d D 1480 87 2 2% 3
" Yexd .08 72 Yexd . 162, 485 Vexd 377 63 TexS T 192] 62 | 2% -3y 4
WET SCREENING
Yem | .0197x.156 .328° 34 0197 x.1591 .032; 28 0197 x 239, 34) 26 ! 020 x.328 .0613. 9 o v
WM .028 x.250. .035. 137 029 x.337° 0541 29 030 x.343 263 22 | £28x2 072 28 oo
10 M 064 x2 044 50 L062x2 063 45 063 x2 3720 42 C63x2 .086. 39 LA 1Y,
8 M .079x2 L0541 51 .082x3 072 50 980 x3 080! 46 08243 , 992, 42 LA I R
4 04 x2 063 53 102x3 i -080I 52 108 x3 0920 49 .102x3 I .1201 42 oy 2
' - i : | '
R 1252 ! 072 55 A25x3 .097' 53 125 %2 esl 49 125 .4 48] 43 ! 12
Y, Yex3d .080: 61 Yex3 0 12001 5SS Viexn d 1238 83 Yiexd 1,162, 48 1% 02 2"
A Yx3 , .092° 60 Yxd 135 9 Yo d 14l 87 “was love2i sy 12 2y 3
% Vend | 1201 68 Mexnd c77l 63 Tenx d 1920 62 “exS D.207 60 2 3%, 4

Wite diometers listed are suitable for feed size not exceeding that listed in Calumn |,

When feed s12e exceeds Column | but not Column Il use next larger wire Jiometer. When feed s116 exceeds Column Il but not
Calumn lll use increase wire diameter two si11es. When feed s:20 exceeds Coiumn Ii], reiief decx 1s recommended to increose
life of the wire,

Long cpenings should be at right angle 1o the hook strip in order 10 odtain the greatest number of wires in tension.

b Ve S8 4o 2 o TINT] —-—
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Taoble 17 - Perforoted Plote Stondards — Square Opening

A - Lignt, SC-75 1t cubic ieet = Cool - Non-Abrasive.

B - Standarg, 75-100 Ib. cubic feet — _imestone. Sona and Srovel - Average Cres.

C - Heavy 100-140 !b cubic feer - Heavy Ores - Hign Abrosives.

lear 1 A Ir 8 | C |
Square v T t T + T T Moximum
Operings - Thick | Bor . Open i Thick- ' Bor . Open ' Thick. ! Bor | Open - Feed Size
dnches) ness | ‘lnches) | Area | ness ilnchesi . Area  ness nches) : Area | A B C
h ' | 1 T ' ' B R
'/;’. 14 go " i 1 44 I !2 9o. " 36 i 12 ga. K ! 26 ; 2 : [RENN |
“a 12 go ; "(. | 45 . 10 go. | i 45 10 go. N P33 3 I 2 1%
Y 11 go ) ! 45 | 10 go. i’,, 45 1 10 go. “‘ ' 29 3 PR B
A 11 go I " | 56 ! i0 go. | i LV N , 4 36 P4 '3 | 2
e - 10ga. . % 61 10 go. e s4 M, " ! 40 £ '3 "2
:} 19 go. f :@, T8 8 30. ﬁ. 53 :; :g PP a3 2
. . . %6 e . 8 - . 48 sS4 3
. " "y 9 L 51 : . " 39 514 3
. Yo ) 56 ! M : "s 45 e B 36 S . 4 3
" e . 61 ! 'l N 49 f'- o 41 S 4 3
: Yo ' 53 Y ) 44 i ‘e 18 51 4 3
T "l ' : . N 56 " 4 48 6 5 4
(1A N " 53 “a ' . - 48 Y N 45 6 S a4
v \ 2 . S 00 6 5 s
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Feed Site When iced exceeds 'he sizes listed for respective openings, a reirel decx

‘s recommended ‘o increase liie

of plote. When feed exceeds '0.in. ior coal und 8 \n. for other materio., an extro heavy duty, flot surfoce deck 13

recommended,

Selections below heavy line require wedge type clomping bors. with piote rolied to camber of the decx.

3/

Flat surfoce, heovy duty decks are recommended ‘or plate *hickness ‘arges thon s in.
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SCREEN AREA AND BED DEPTH

Tre formua tor selecting scieen size determuines the number
of square feet of screemng surface neeged '0 remove the
unaersize materiai from the feed before 1t 1s discharged aff
the end of the screen surface. Once this 1s xnown, you are
able to select a screen width and rength that will provide an
area equal 10 or greater than the required square foatage of
screenming surface calculated.

Calculated area 1s the net screening area, equal to the
width umes length of screen, less the deck parts that reduce
the avairlable opening for screeming such as clamp bar,
center holddown bars, etc., and less the ioss of available
screening area due to particles passing from one deck to
another on a double or triple deck screen. Refer to Table 18,
telow, which lists the net screening areas for cifierent
sizes of screen.

Several combminations ¢f widths ana lengths can grovide
the area needed. For good appication and design practice,
the minimum length to width ratio for sizing screens should
be 2 to 1. For exampie, 4 feet by 8 feet.

t determine the width that wiil maintain the proper
be. .epth for efficient screening; then determine the iength
to get the area required. Remember the “ruie ot thumbp”
for good screening: ‘he bed depth af material at the
discnarge end of the screen snould never 5e aver four times
the size opening in the screen surface for matenal weighing
100 pounds per cubic foot oar three times for mater:al
weighing 50 pounds per cubic iaot. The feed end bed depth
can Dpe greater, particularly if the feed contains a large
oercentage of fines.

It the {argest screen available does not prowvide the required
area, select multiple units to provide equivalent area. The
length of screen snould be at !east two times the width for
good practical design.

Formula 6

A =—T—-
CN

A = area of screen surface required

T = short tons per hour of feed to the screening

deck

Cn = short tons per hour one square foot of screen
surface can be fed while effectively removing
the undersize partictes

Cn=C xMx K x(Q :See exptanatians below)

“C" Factor (Reference, Capacity Curves, Table 19, page
25). “C"" factor in our tormula is an empirical value of the

Screen area:

Where:

amount of leed in tans per hour one sguare ‘ot 3f screen
surface can handle tor diiferent size open separatigns, 11 s
based on 3 feed zontaiming 25% aversize ang 40% passing
hoies haif the size of the cpenrng 1n the screen surface.
“C" ftacter :s also Sased on:
1. estimated efhiciency ot 90%
2. hangling matenal naving a bulk density 2f 100 zounds
ner cubic foot
3. using scuare opening or equivalent round opening in the
screen surface
4. having 50°% onen area in screen surface tor 100 Ibs. 1.3
material and 607 for 50 Ibs./f1.3 material

“M" Factor {Reference, OQvers:ze Curve, Table 20, page 25).
Expressed as a percent oi feed to the screening deck that s
larqer than the opening in the deck, "M" factar compensates
for tne diiference in the percent oversize at which the “C”
factor was astabissned (25%) and the actual application.

It zampensates for how easy or dithicult it will pe for the
fines 10 s:ft through ire ped of matenal. The pringcipie af
screening s 1o agiiate the ‘eed so the f:ne paruicles will sift
their way chrough the hed istratification] and oresent
themselves to tre cceaing .n the screen surtace either 0
nass ‘nrough ar aver the screen,

Not all applications Rave the same gradation 5f material,
Mate:.al ccarseness or fineness determines now the fires
sitt trreugn the ded of matenai.

“K* Factor :Reference, Haifsize Curve, Table 21, page 25).
Expressed as the percent af feed to the screening ceck trat
1s cne-half the size c¢f opening in the screen suriace, "K"
factor compensates far the difference in the percent ha!f size
at wnich the "C"" factor was estabhsned 140%) and wnat
your application is.

Mateznial gradation wil determine wnether tnis will be a
high or a low degree of probabiiity of separation. Depending
on how coarse or fine the material 15, it may be easy or
difficult for the undersize 10 pass through the screensurface
openings. The smaller the particle is compared to ocening
size {hign percentage of half-size), the greater the cegree of
probapiiity. Conversely, the iarger the particie is compared
10 opening size ‘low percentane of half-size), the smaller the
degree of propability.

Toble 18 — Net Effective Screening Areo 1s5q. f1.}
Screen Top 2nd  3ed Screen | Top - 2nd 3rd Screen Top 2n¢ 3ra Screen Top 2nd 3ra
Site Deck Deck Decx Size ; Deck!Deck . Deck Size ' Deck Deck Deci Size Deck Deck Oeck

2 k30 19 L7 3 x 14 3501 31.5; 28,4 5 & 10° . 450 405 36.5| 6 =16 88.0 792 713
12" « 48" 3.0 2.7, 3 x 16" 40013601324 5 x 120 S40 486 437 |4 200 1100 99.2- 39.1
18" x 36" 4.0 36, 334« 6 210 1897170 S a4t £3.00567,5101 7 12 5 7801 €2 832
18" « 48" 5.3 4.8 45| 4 x 8 28.0 252 22.7| 5 .16 720 648 837 .1e’ 910 g9 737
x4 60 54 49| 4 x 10 350:315 2845 2200 900 81O TTI| T .6 1C4D 918 B4
2% 6 ' 9.0 8.0 73| 4" x 1201 42.0 378 240 & « 6 213 257 2877 .20 1330 170 12573
2. 40 100 90 8. |4 w14 . 490 441 367016 0 8 443 396 356'8 L2 9 815 719
3. 6 150 135 1200 4 x1g L $6.3 S04 4S5S4 6" « 100 550 495 445 8 « W' 1150 1235 932
3« 8 .20.0 180 16.2 | S' w6 2700 243 219 46" « 120 5627 594 S35 |8 « 16 - 1200 108.0 97.2
3 .10 25.0 228 2001 & .« 8 36.0°32.4 292 & « 14 773 593 6241 8 « 200 503 1350 20 s
3«12 1300 270 243 . : . | !
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Note: Each deck of 3 muttiple deck screen is considered as
a separate screemng problem. Factors M and K must be
corrected 1o percentage of feed 1o the deck :n question
sefore obtaimng values of M and K n Tables 20 and 21,
page 26. Here i a ivpical exampie.

Andiysis
Size (7] % Passing
< 85
1 70
3/4 S0
312 40
1/4 20
Example: 200 tph feed

140 1ph

60 1:h :20%;

——

60 tph {20%)

————
80 toh {40%)

From top deck,
3% oversize = 30
2 half-size= 40

For second deck,

} taken from screen analysis

h
4 oversize = 133 :oh x 100 = 42.8%
% han.size=% x 100 = 28.6%

Q" Factor (additional factors affecting “C” capacityl.

Q" factor corrects for the difference in the value of "C”

aue 10 any variance between the conditions under which our

“C' factor was established and the specific application. [t1s

the product ortwo or more of the following "Qn" factors ..
=Q,xQ,x0Q ;etc.

Q" variances and their corrections are as tollows:

1. Bulk Density — defined as the weight of a volume of

2 Screening Surface Opening — "C’" factor was hased on
scudre opening screen surface and must be correctec
tor round or slottea apenings.

Type Opening “Q,”
Square 100
Round .80
Siotted:

2:1Slot 1.15
3.1 Siot 1.20
4:1Slot 1.2%

3. Particle Shape - “C* facior was hased on dry, free
flowing particles such as sand and gravel with yumiicrm
cubical shape. A correction must be made for siabby
elongated particle snapes.

Particle Shape Q5
mublcal -TFO
Slanby E'ongated 30

4. Screening Surface Open Area - “C" ‘act