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JINIRODUCTION

To produce one ton of steel in an integraeted works
requires approximately two hundred tons of water. About one
third is used for cooling furnaces and one third for cooling
condensers on steam-driven turbo-blowers and generators,
The remainder is used for cooling gases and rolling mills,
quenching hot materials, the removal and conveyance of solids
to central collecting and disposal points, for steam raising
and hygiene and amenity purposes,

Table I gives typical quantities used in the various
processes of manufacture.

Coke making . . + . « « 4,500 gal/ton coke

Condenser cooling (blowers
and generators) , . . . . | 16,000 gal/ton iron

Blast furnace cooling . . . | 10,750 gal/ton iron
Blast furnace gas cleaning 5,000 gal/ton iron
Open hearth steel making . 4,500 gal/ton crude steel
Continuous casting of steel 1,250 gal/ton crude steel
Rolling mills ., . . . . . . 5,000 gal/ton crude steel
Bteamraising . . . . . . . 250 gal/ton crude steel

Whilst the water is used in a variety of ways the
actual consumption amounts to not more than about five tons
per tcn of steel produced, the bulk of it being lost as vepour
into the atmosphere. As far as the water resources of a
particular area are concerned this consumption may Iin
effect de increased many times by dischargs of clean or lightly
contaninated waters direct to the sea, river estuaries or
highly polluted inland w cers.

The conservation of water, disposal of effluents and
prevention of pollution go hand in hand and should therefore
be viewed as a common problem.
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For more than a decade such a view has been held at
the Appleby-Frodingham works of the United Steel Companies
Linited, now part of the Midland idroup of the Zritish Steel
Corporation. Since Appleby-Frodingham 18 a fairly large
integrated works it 1is thought thut some of the problems met
there and the methods adopted to overcome Lhem nway apply to
other plants, paurticularly t:nse where recirculation of water

is a necessity.

The worke are situasted at Scunthorpe in the county of
Lincolnshire, aporoximately etght miles south of the Hucher and
four miles east of the river Trent.

The history of Appleby-Frodingham goes back Jjust over
one huadred yeurs and its development has been cne of cont inual
modernisation apd €xpansion around what were originally three
8eparate works,

Although the iron- and steel-making processes are fully
integrated and the rlant is mo-dern, this type of development
has inevitably resulted in de-centralised water distribution
systems, In order to get these distribution systems into
perspective it should be noted that the works covers an area
of more thun 1,200 acres and the annmual steel production ie in
éxcess of one and thres—quarters of a million ingot tons,

FRESH WATER SERVICES

Qyerall Balance of Supply and Usage

The sources of Jupply are between twe and a half and
five miles /rom the works. This, coupled with the fact thet
the quantities which can he extracted are limited, determines
the use of recirculating cooling systeme ang the pursuance of
& continued policy of water conservation.

The sources of fresh water drawn upon by the works are
capable orf producing an assured 8upply at the rate of
3,550 gallons per minute and the average demand made upon thenm
amounts to approximately 70% of that figure,

Nearly 90% of the watepr brought into the plant is
eventually lost as vapour into the atmosphere, The remainder
is discharged with some surface drainage and process liquids
via a small stream to the river Trent,
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Arrangements are continualily being made to permit
maximum re-use of the water and to recover plant drainage and
rainfall tc supplement the sources of supply. By this means
the intske ot fresh water has beeh reduced to just below
four tons per ton of steel ingots produced.

Details of the supply and usage for the year ending
March 1967 are shown in Fig. 1.

Sourcee of Supply

There are three main sources of supply:

(1) the river Ancholme;

(2) effluent from the Scunthorpe sewage works -
referred to as the Ashby Ville supply;

(3) borehole water - known as the North Lincoln supply.

The Ancholme river is a large land drain which dischargee
into the Humber estuary. The pumping station, situated on the
bank approximately s8ix miles from the mouth of the river, is
capable of delivering up to 1,500 gallons per minute through a
14" pipeline into the works distribution network, a distance of
approximately four and a half miles.

The effluent from the Scunthorpe Corporation is taken
from the outlet discharge channel of the sewage purification
works, through a venturi flume-messuring device, into a shallow
lagoon of 2.3 million gallons capacity situsted in the disused
Ashby Ville ore mines, A pumping system capable of handling
up to 2,000 gallons per minute delivers this water to the
works through two and a half miles of 15" dismeter cast iron
main,

An electrically-~operated sluice gate situated in the
side of the outlet channel at the sewage works permite quantities
up to the normal dry weather flow of effluent to be taken without
causing interference in the operetion of the sewage works
themselves, Three identical pumps, two working and one stand-bdy,
are installed in the pumphouse. They are designed and inter-
connected to operate with a good degree of efficiency when
called upon to deliver any desired quantity between 800 and
1,800 gallone per minute through the 15" pipeline without
causing a variation in pressure of more than 6 1b/in2 at the
water treatment plant on the works.
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The cperation of the pumphouse is remotely controlled
from the water treatment plant by telecommunication equipment
linked by a telephone cable, In addition to control of the
Bluice gnte at the off-take from the sewuge works and the
necessary iteme in the pumphouse, the eq.ipaent rives information
at the water tr-atment plant on rates of flow and wuter levele
obtaining at the pumping station.

The Nort.a Lincoln boreholes are located four milee
from the works ard are sunk into the Ponton limestone which
extende f'rom 117 to 140 feet below ground level, The watep
is pumped from a level normelly varying between 6G and 110 feet
below ground, dependent upon the rainfall during the previous
quarter of the year, into a collecting sump near the pumphouse,
From there it is d:livered through & 12'/14" Alameter pipeline
direct to the works,

Kuallty of Suprlies
Typical analyses of the praw water supplies are given
in table II,

Takle II. Ivoical analyses of raw water supplies

(except for pH values, results are expressed
in parts per million - p.p.n.)

‘ Ashby North
Cinstituent Ancholme | Ville Lincoln

Suspended solids , . . ., ., 1L 15 <3
Total dissolved sclids ., . 700 850 650
Chlorides ss C1 . . . . . . Ly S0 40
Alkaline hardness as CeCOi 180 160 240
Nori-alkaline hariness as

CaCO5 C e e e e e e e 280 . 150 240
Total hardress a; Cacoj .. L60 310 L80
Calcium hardnese as CaCoy , L20 270 L50
Ammoniscal nitrozen as N, , 0.1 2.0 nil
Nitrate nitrogen ae N2 "o 3.0 22.0 trece
Peruwarganate value ., . . . 3.0 9.0 0.3
Pree chlorine as c1 . . .. nil nil 0.04
Phosphate as pou c e e e o trace 14.0 nil
Detergent as Manoxol O.T. , 0.3 4.0 nil
PH value . . , ., , ., ... 7.8 7.6 7.7
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S8ince the Ancholme river is a large land drain, the
quality of the water is subject to eseasonal variationms.
Whilst the total hardness normally varies between 400 and
500 p.p.nm. as CaCOB, and the chlorides between 40 and
35¢ p.p.n. ae Cl, during prolonged periode of dry weather
the concentrations have been known to rise as hign as 1,200
and 1,500 p.p.m, respectively. After periods of heavy rain
or winter thaws the water contains appreciable quantities of
colloidal matter derived from the land. In common with many
other sipilar rivers throughout the country, in the last decade
the effluent discharged from sewage treatment plant inetalled
to serve rural areas ha3 formed an increasing percentage of
the total flow of the rivers.

The Ashby Ville supply, whilst being a fairly good
quality sewage effluent, contains organic maiter, phosphate,
synthetic detergents eti. which present various problems, e.g.
fosming, when using the water on the plant, It tends to be
more consistent in Its quality than'he river water and this,
together with the fact that 1t ie an essured source of eupply
not very far from the works, largely compeneates for any extra
cost and difficulty encountered in treatment and usage.

As may be seen from the analysis the North Lincoln
water, although very hard, is free from organic matter and
other constituents which would make it unsultable as a source
of supply for drinking, hygiene and steam-ralising purposes,

Ristritutdon
On ihe works there are two completely separate

distribution syetems, one for the Ancholme and Ashby Ville
waters and one for the North Lincoln borehole water. Whilet
for mome consumers North Lincoln water 1ise held as stand-Ly for
Ancholme/Ashby Ville water and vice versa, to avoid any possible
contemination of the drinking supplies, at no point are the two
systzas directly connected, where automatic changeover 1is
required it is accomplished by means of oper. discharges from
the two mains controlled by float valves set at different
,evels into a tank sutlected only to stmospheric pressure.
In all other cases quick manual changeover can be effected.

An electrical inierconnection between the Ancholme and
North Lincoln pumphouses, one of which 1is normally fed with
power from the grid and the other from the works gencrating
system, provides both with an alternative electrical supply
uLt Lelps to ensure continuity in the supply of water.
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A reservoir holding approximstely twelve million
gallone of Ancholme wuter is located at the works to provide
cover for a failure of one or both of the Ancholme and Ashby
Ville supplies resulting from a fractured main or othep
mechanical fault, Pumpe, remotely controlled from the

ironworks wuter troutment plant, are capatle of delivering

the full requirements of Ancholme and Ashby Ville water into
the distribution mains,

Temporary failures of the North Linceln supply, such
@8 Lty be caused by a fractured plueline, are covered by
strategic connectione sith the Scunthorpe Corporation iains

to ensure the continvity of the drinking and anenity supplies
and by adequate Btorage cepmcity of the troated water for
steam-raisin; congumers,

A ring main syste- of listrivution hus boen gradually
developed, Trunk meine and 8top valves

are 8o arranged
that should a failure ~*

the plipe occur, the secilon can be
qQuickly isolated and supplies maintained

through an alternative
route, To allow t

ile operation to be cerried out as quickly
and smocthly as possible, each valve or the t
primary branch mains is
shovn on the diagrs

runk mains and
given s number corresponding to that

wmatic layoul of the distribution Bysten,

Copies of the latter urce aveilable i all vumphouscs, trestment

plante ané buildings heoo

ficasing personnel concerned in the operstion

and mainienmes of the senheral water services,

The nwuber of
the valve and the seCEBBury ineilructicns for cperating it are
cast on the vilve sowhiich is mude to g standard

tv thaee concerned

tracd wud capable

pattern, caoily r

of being lirted Ly une Tiialla
Rtilisgation

The Ancholme watep is used in ite praw

state as make-up
to coke~quenching, fFas~cooling an

1l systems ang

After remcval of the alkaline
used io repicaish the Couling systems of blast
furnaces, nelting Mirnacee, continucua casting plunt,

4 rclling-mi
for generasl plant eleanliness,
hardnecs it is

:te,

Asliby Ville water 4s uised without treatoent za BEK 2-Up
into the bla=t furnice Fre~cleaning ~vasten #nd, after lime
Boftening, Lo reptenish the 10888 frum the

coke~oven-cooling rec
diagram showing the

turbv-blower and
irewlating systepa. Fig. 2 is a 1low
AYeTaR® usuge of thig gswage effluent
source of supply over the past few years

.
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North Lincoln water is used for hygiene and amenity
purposes throughout the works and, afier softening, as feed-
water for boilers and evaporative cooling systiems, either
direct or via evaporators.

When the quality of a water becomee unsuitabdble for
its ~wn particular circuit, for example because of the
concentration of normally soluole salts causing danger of
their precipitation, it is bled off where possitle into a
system where a lower-quality water is acceptable, Only when
recovery is uneconouical because of location or unduly poor
quality 1s the water a.lowed to enter the drainage system.
Over the last fifteen years arrangements have prograssively
been made to collect the drainage from the worss and use it
for sueh purposes 28 sinter mixing and quenching, slag processing
and coke guenehing.

Ireatment
It can be seen from table II that water frow all throe

sources of wupply has 1 high hardness content.

The alkeline hardness of the Ancholme river sater is
removed with lime before feeding it as meke-up into recirculating
nooling systems,

The Ashby Ville water is shoek-dosed with chlcrine as
it enters the delivery main to the works at the rate of 10 p.p.m.
for 90 mimutes every 12 hours to inhibit the growth of slimes
and algae. At the water treatment plant counventional lime-
sortening with sludge recirculation 1s practised which increases
the clarity and reduesa the hardnesa, suispended solids, organie
matter and phosplimte econtent of tine water before it is fed as
rake-up into the cooling eystems..

The whole of the North Lincoln supply is chlorinated
at source s0 that a frce residwal chlorine content. of not more
than 0.1 p.p.r. is maintained in the distribution mains on the
works,. fhat used for stesnm-ralsing purposes is mubsequently
1ine/soda softened, followed by base exchange treatment to
reduse the residual hardness to sommercial zero., The softened
weter 18 used direct as feedwater to the lower-pressure sieam-
raising boilers but, in the case of the 450 lb/ina-prusure
Yoilers, it 1is fed to four tiriple-effect thermo-comyression
-type evaporators for conversion into distillate.
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Just over 60x% of the make~up water required by the
works 1s now softened before use in two water treatment plants,
one located at the ironworks and ore at the steelworke.

Fig. 2 showe the dinenslons of s typicul precipitstion-
type softener imstulled =t those plante and the reaults
Obtained when dealing with either river water or sowage effluent,

The wastes to he disposed of from the aoftening plante
result from the backwashing of the filters ami the precipitation
of the sclide in the furm of sludge.,

kach filter rvo . irec vieRwishing st lesst once every
twenty-four hours «t s rate of 550 Lo b50 walluns per minute
of water for & period of tern winut-a, There 18 a total of
twenty-five filtcrs which rejulre ar sverage contimucus f'low
of' roughly one hundred #allons per ninute, TRis, in addition
to the loss or water, co.ld coastitute s sowres of pollution
in that the suspended snolils CoRLeRL 135 in the regicm of
1,000 p.p.m,, the ptf valug 18 high snd it ey coenlain an
appreciable amcuat of erganic matter, particularly from the
filters dealing with sBewsge effluent, Mone of this backwash
water is put to drain, It 18 discharged into Bettling pits
where the solids are sallowed to se ttle and the supernatant
liguor decanted and returned t. the softener or used as make-
up in a system in which its quality will not prove letrimentsl,

The equivalent of forty tons of dry solids is removed
from the water in the reactlon amd sedimentstion tanks of the
softening units each week, It is run out of the tanks a8 a
sludge containing & to 12% of dry 8ulids on a weight basis and
it 1s dealt with in a eimilar manner to the filter backwashing
discharge, At each plant the size of the settling pit ig
Astermined by the volume of Lackwash water or sludge Aiscnarged
from the softeners, the rate at wnich the solide settle to
permit reclaiming or the water, and the frejueacy with which
settled Bolids are removed for disposal, A prograzme of
8taggered times for hackwashiing individaal filters of a
battery, and sludging reuction anl sedimentation tanks, 1is
adopted to limit the size ¢f the necessury settling pits,

At the steelworks softening plant the sludge contaiuing

20 to 25% of sclids on a welght basis is extracted from the
settling pit by vacuum rai} tank amd trancferred to the pig-
eaBting plant shere 1t ig used tor spraying the moulds, 1r
it i8 not requireq by that plamt {t is transferred to the
Works sludge drying pond on the slag tip. The sludge fronm
the settling pit at the ironworks softening plant is pumped
along with the solids extracted frow the blast furnace gae-
cleaning water into the same sludge-drying pond.

e
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RBEIRCULATING COOLING SYSTEMS

As previously stated, cooling water is recirculated,
eaeh systen having its own cooling tower or towers, While
the lo.8e8 by evaporation from the towers vary with the
temperature riee of the water in each particular cooling
system, the average 1s sbout 1,25% of the water {n circulation.
Owing to thie evaporsation it is necesaary to bleed off & portion
of the circulsting water to msintain the concentration of
calcium sulphate below the level at whieh sulphate scale will
form in the cooling elements. The minimem amount of bleed-
off necessary 0 ensure a safe working mergin with the type
of make-up water used is 18% of the quantity of water lost as
vapour into the atmosphere from the cooling tower. The total
fresh water meke-up therefore amounts to about 14% of the volume
in circulestion.

Twenty-nine separate cooling systems with a total flow
of approximately one hundred and twenty thousand gallons per
miaute are in use on the works. They can eonveniently bde
divided into two main groups ~
(1) straightforward systems in which the water is used only to
remove heat, referred to as Indirect Cooling Systems, e.g.
those serving condensers, furnace elements, eompressors,
0il coolers, etc,

(2) Combined cooling end eleansing systems, e.g. those used
in ges cleaning, rolling mills and continuous casting plants,
referred to as Direct Cooling Systems.

Indirect Cooling Svpteme

About two thirds of the water used in she works is
contained in this type of system. Theair main purpose is to
provide a continuous supply of water of suitable quality to
ensure efficient cooling of prodwetion egquipment. Certeain
items of equipment neceseary in these systems, €.g§. pumps,
reservoire, balance and emergency reserve tanks and cooling
towers sre common to both groups listed above. To avoid
repetition the following comments on those items therefore
apply to both groups.

MRS
There is a total of 290 electrically-driven centrifugal

pumps with capacities ranging from 50 to 6,000 gallons per
minute to circulate water round the various syelems. An
average of 160 is in use at any one time, the remainder bdeing
provided as stand-by units or for use in an emergency, 6.8
during storms.
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Moet of the pumpa are to be found in eight main
Punphouses:

two at the ironworks;

one st the coke ovena;

one at each of the two melting shops;

one at each of the three rclling mills.

A view of the inside of one ironworka' pumphouae is
shown in Pig. 4.

While the delivery pressures of the pumps vary from
cireult to eircuit, the aversge head ia of the order of one
hundred feet of water. Practically all unita are deaigned to
operate at 75 to B80% efficiency when handling their rated
volume and st thie level of operation the total horaepower
absorbed is slightly more than ten thousand. It should bde
borne in mind that a large number of the items of plant, e.g.
blast furnaces, require apray or open-discharge cooling,
theredby necessitating double pumping of the water in systems
which include atmospheric cooling towera,

Where pumpa are handling water containing abrasive
80lids in suspension, such as rolling mill scale, impellars
and caeings are looked upon aa expendable after about one and
two years life respectively. On clean water the bronze
impellers and cast-iron casings have normal lives of epproxi -
mately ten years and more than twenty yeara respectively,

Reseryoireg

Bach cooling system includes ita own reserve of water
in a sump or reservoir generally incorporsted in the foundation
structure of the cooling tower, The reservoir normally has
a capacity of at lenat equael to the water contenta of the
circulating aystem, together with sufficient wargin to cater
for losses by evaporation etc. for a period of at leaat four
hours should no make-up water be availsble, To keep out
sunlight and thereby disecurage the growth of algae in the
water, the reservoirs are normelly covered with a concrete tray,
There 1s no doubt that thia 18 a major factor contributing to
the negligible demand for ehenical treatment to prevent organic
growthe in the cooling syatems, perticularly in those using
sewage effluent as make-up water,
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Balapce and emergency supply tenke

In order to maintain a relatively steady pressure
with fairly wide fluctuations in water demand and to provide
an emergency supply in case of temporary failure of the
electric power to the pumps, overhead balance and reserve
tanks are included in all systems where interruption of the
flow of water would result in failure of equipment, for
example in furnace cooling systems, or the creation of a
hazard, for example in blasit furnace gas-cleaning systems,
The tanks range in capacity from about fifteen thousand to
two hundred and fifty thousand gallons, dependent upon the
volume of water circulating in the system, and are installed
at heights of between forty and one hundred and seventy-five
feet above site level., They are designed to provide approxi-
mately twenty-five minutes reserve at normal fiow,

Such a system of reserve suffers from a nusber of
disadvantages. It involves a high capital cost for an
installation that is used mn'ec_;uently and for relatively
short periods; the reserve time is limited and, following a
power failure, the system .cannot be considered safe until the
depleted tank has been replenished. 8ince replenishment must.
be made from the fresh-water supplies, several hours may elapse
before the water in the tanks is back to normal working level,
especially if a number of systems have been simultaneously
affected by the power failure. Moreover, facilities t'or the
handling and disposal of the large volumes of atored water
suddenly discharged to drain create Iurther problems and
expense, It is essential however to make availabl< some
alternative to the normal pumped supply. The use of diesel~
driven stand-by pumps, automatically brought into service
when a reduction in water supply pressure occurs, is a better
and much less costly proposition than the provision of large
reserves in high-level tanks.

A combinstion of small-capacity overhead tanks and
diesel ~driven pumps is considered to be the most satisfactory
and economical overall solution. The tanks would act as
“balance" for the systems and provide about two minutes reserve
in order to give the Adiesel-driven pumps ample time to run up
to full load.
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Coollg SOmGrc

A total of twenty-six atmospheric ccoling towers with

heat removal capaeities ranging from =bout one hundred to

three thousand seven hundred thermes per nour sre intctalled,

The majority of them are designed tc cool water from around
95°F to 7%°F when the atmospheric wet-bulb temperature is 60°F.
Nine are natural druaught chimney towers und the remeining
seventeen are mechanical draught towers. Twelve of the latter
employ induced draught and five are of the forced-dreught type.

Fig. 5 is a photograph of the natu—=al drsught tower
cooling the water for the turbo-blower condensers and two of
the blast furnaces. Details of this tower, which is the
largest on the works, are: height 265 feet; diameter 183 feet;
water flow 2,28 million gallone per hour; heat removal
eapacity 3,720 therme per hour; height of weter inlet above
c¢ill level 30 feet.

Practically all the towers are packed with trisngular
timber laths or film-flow timber grids, The former packing is
aesigned to encourage the falling water to break up into
aroplets, while in the latter, droplets are discouraged and the
water i8 caused to spread thinly over the surface of the filling,

In the lath-filled towers the majority of the water
distribution systems are of the "flume® type. fThis type
coneiste essentially of a series of troughs srranged symmetrically
across the tower at water inlet level, The water passes through
holes drilled in the bottom of the trowghe on to Bplash plates
about two feet below, where it is broken up into droplets before
falling on to the timber laths,

In a natural draught tower the pressure diffcrence of
the atmospheric ailr as a result of chimney height, the temperature
rise of the air heated by the water and the wind velocity
differentinls all combine to create the draught through the
tower,

Por reletively small water loade the height of the
chimney necessary to produce the drasught results in a high
capital cost per thousand gallons per minute of water to bhe
cooled compared with mechsanical draught towers,
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In mechanical drsught towers, fans which are sn
integral part of the structure are used either to force or
induce the air through the tower. This gives close contrel
over the quantity and velocity of the air. More packing

per unit volume of tower may be included than in the case of
the natural draught installation and a longer cocling range

and closer approach to atmospheric temperature for the recoocled

water are possible.

The capital costs are appreciably lower than those for
an equivalent-duty natural dreught tower but the operating
coats are higher because of the power used hy the fans and the
need for more maintenance.

It is not easy to Aefine when a natural drmught tower
is economically preferable tc a mechanical draught unit since
the required duty, expected operating life and site conditions
all influence the decision. With a reasonably light cooling
duty, e.g. cooling from 100°F to 90°F at an atmospheric wet-
bulb temperature of 60°P, the total costs of both types for
cocling a quantity of four thousand gallons per minute are
similar if capital depreciation is allowed at 10§ per annum,
As the quantity decreases below four thousand gallons per
mimite the balance is increaiingly in favour of mechanical
dreught whereas increases in quantity above four thousand
increasingly favour the adoption of natural draught towers.

At the contimuous casting plant where a pressurized
cooler offers certain operational advantages over the
atmospheric type of tower and & recooled water temperature
of the order of 130°F can be tolerated, an air-cooled heat
exchanger has been installed for dealing with the water used
for spray cooling of the hot steel blooms. A comparison of
the capital and running costs based on an operating time of
eight thousand hcurs per annum is given in table III.
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Table III. s omparis o eyapora e 0
wat at exghanger

Duty: to cool 2,500 gal/min of water from
13,5 Lo 1309F qiéh atmospheric
temperuature of OOYF wet bulb,
65°F dry bulbd

e e ———

Induced draught Finned-tube
evuporative cooling air/water

tower heat exchanger

Annual cost £ Annual cost £

Amortisation ~ 10%
of capital cost , LOO 1,350

Electric power at
1.0 pence/kWh: fans | {average 74 hp) 130|(averege 60 hp) 1,500

punping water
through cooler 15 £t head loss 370{23 £t head lose 570

Maintenance . . . . 350 500
Replacement of water )1s.6d. per _

losses* . , . . . [}1,000 gal 1,380 negligible
Total 2,690 3,920

*Including bleed-off, losses amount to 150 1b of water
per therm of heat dissipated. (1 therm = 100,000 B.t.u,)
The heat exchanger has the sdvantage over the

atmospheric tower in that the quality of the water in
circulation can be maintained at a high level with simple
treatment since contamination by dust and fume in the air
used to effect the cooling is avoided. The absence of vapour
discharge into the atmosphere may also be of benefit where the
cooling is carried out in the proximity of other plant items,
It is evident however that where these benefits are not
meterial the cost of the fresh water, including treatment,
would have to rise to almost three shillings per thousand
gallons before the increased capital and running costs of such
a ccoling unit were offset,

As shown in table IV the total heat removed by cooling
towers on the works is of the order of eight thousand two
hundred and fifty therms per hour, which is equivalent to the
heat content of approximately seven hundred thcusand pounds of
steam at a pressure of 200 lb/inz. The incentives therefore
for development of suitable means of eliminating such a wastage
of heat, e.g. by the use of evaporating cooling systems, are
by no means emall.,

w
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fable 1Y. WWM

mater recirculating aystems
Heat dissipated
therm/h
Sinter plante . . + « ¢ « 4 o ¢ o + 140
Blaet furnace cooling . + + « « ¢ « & 1,250
Blast furnace gae cleaninz . . . . . 1,23
Turbo-blower condenesrs . . . . « o+ o« 2,000
Coke OvVens . . ¢ « o o o s o o s o 1,250
Melting ahops (including continuous
casting plant) . . &+ + + ¢ ¢ 0 . 0. . 1,430
Cxygen plant . . + « o s &+ o o o o o 100
Rolling mills . . . . & ¢ & & ¢ & o & 330
Electrical power generation . . . . . 520
Total . . v v 4+ v ¢ s o s o & o o o o 8,250

If the cooling water is resycled umder pressure without
dissipation of ite heat by a cooling tower or heat exshanger
some of it will be converted imto steam whish cam be separated
from the water and fed into the steam distribution sysetem.
Thic method, kaown as evaporative cooling, may be applied to
furnaces etc, where cooling at redatively high temperatures
and pressures is permissitle,

There are four such installatioms on the works, three
on open-hearth steel furnaces and one at the rod/bar mill blooa
reheater, Fig. 6 ies a simplified diagremmatic arrangement of
the installation on an open-hearth furnace. Unitse which are
evaporatively cooled include the door arch plates, furnace
chills, fuel burners and tuyeres. water cuoling has been
retained on the oxygen laneas and doors.

About fowr hndred and eighty gallons per mimdte of
boiler water ie cirewlated through the cooling wnits, in the
proportions shown in table V, by one of a reange of taree pwmps.
Two of these are electrically driven and one is normally in
use. Should a pump fail because of mechenical or electrioal
causes, a steam turbine-driven pump is automatically brought
into service,
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lable Y.

S water supply, sels/min
Arch plates . . . . . 270 ‘
Purnace chills . . . . LO
Burnere . . . . .« s+ . 132
Burner tuyeres . . . . 40
Total . . . . . . . .| L82

Individual branches in the eircuit sare arranged so
that they are roughly the same length and restricting orifices
are inserted tc balance the water flow to the cooling units.
In the event of a break in a cooling unit or its aessociated
pipework, thece restricting crifices prevent the loses of an
excessive a.ount of water, by gevere throttling of the flow
by steam which is flashed off from the water as the pressure
falls. At the sume time, non-return valves im the ocutlet
pipee prevent feedback from the other ecoling elements,

The adoption of evaporative cooling at these furnaces
has resulted in a eteam credit of about three thousand poundsilb)
per hour per furnace and has avoided the necessity of investing
a large amount of capiltal on extending the conventional water -
cooling eyster to cope with the increased demand of the furnaces,
At the rcd/bar mill bloom reheater the amount of steam produced
from the furnace skids is of the order ot seven thousand pounds
per hour.

Although it is initiaslly more expensive than conventional
wat.> cooling, in addltion to the steam credits already mentioned,
evaporative ccooling maxes a signifieant contribution towards
econonmy in the use of water on the works,

a wa rec QU re

syatems

As previously stated, lime-softened river water or
gewage effluent ie used as make-up in the systems, The calcium
carbonate that remains in solution in the softened water is
concentrated by the evaporation in the ccoling tower with the
result that the most common problem 18 that of preventing the
formation of calcium carbonate scale in the couling elements.
Thie is achieved by the addition of acid and dispersents or
inhibitors to the circulating water, ABs an example, elimination
of scale deposite in the turbo-blower conienser cooling system
which uses lime-softened sewage effluent us mske-up has been

achieved by the use of sulpliuuric scid to limit the carbdonate
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alkalinity to not more than seventiy parts per million, and

the adiition of sodium hexametaphusphate to meintain a
metaphosphete reserve of approximately half a part per million
in the o¢irculating water. The cost of the treatment amounts
to slightly lesn than one fiftieth of a penny per thousand
galloms of water cireulated.

As atated earlier, in order to prevent the formation
of caleium sulphate scale in the cooling elements, the minimum
amolunt of bleed-cff is 19% of the guantity of water lost as
vapour from the cooling tower to the atmosphere. Wherever
poasible, such bleed -off is used for quenching or processing
where water of a poorer quality le not detrimental. Examples
of this can be seen in Pig. 2. Whilset in many instances the
bleed-off does not constitute an effluent problem, since it
would not cause pollution of a river, its re-use results in a
redietion in both the guantity of waste water leaving the works
and the quantity of incoming fresh water.

Rirect CoollDe Syatems

In these systems the water comes into direct cantact with
the smbstance being cooled and, inaMition to absording heat,
inveriably acte as a carrier of solids originating in the
prosese. There are seven such major systeme on the works
serving gas-cleaning plants, rolling mills, pig-iron casting
meehines and plant for continuous casting of steel blooms. To
enoure efficient operation of the cooling system as a whole 1t
is neeessary to remove the solids fron the water before it ls

resycled. The equipment generally providel on the worke for
this purposs includes clarifiers, hydrocyclones and filters,

It is proposed therefore to describe the water system ilnstalled
at one of the blast-furnace gas-cleaning plants, which includes
clarifers, and that provided at the section-rolling mills which
imeludes hydrocyclones and sand preesure filters.

Bater cysten for blast-furnage gae cleanllk.

The water used for cooling and cleaning the gas from
the blast furmaces somes into 4direct contact with the gas in
the washing towers and electrostatic precipitators. About
twenty-eight gallons of water is used for each thousand cubic
feet of gas cleaned. The water is sabject to a rise in temperature
of about 12°F and an increase in both suspended and dissolved

solids content during its passage through the gus-cleaning
equipment. The suspended solids content of the water leaving
the gas plant generaliy varies between two hundred and fifty and
five hundred parts per million under present conditions of
operation, although values of up to three thousand parts per
million have been occasiomally encountered.




1D/dG.14/11
Page 20

Fig. 7 is a flow diagram of the water system peovided
for dealing with the gas from two of the blast furnace¢s. The
water is clarified before cc.ling and reecirculation in three
hundred-foot diameter clariflocculators, two of which can be
seen in the foreground in Fic. 5 These -cneist of cylindrical
concrete tanks similsr to a conventional thickener but, in
addition to having slowly rovelving rakes for moving the settled
solids to a central discharge cone, are equipped with a central
flocculating mechanism. m™se feed enters the clariflocculator
through a flocculution comportment 1in which paddles bring the
particles intc contact wish euch other under coatrolled eonditions
and cause them to agglomepate, The efrect of tnis is to
minimize the amount of fimes 1. the overfiow and thus improve
clarity. 4 suspended solide content of twenty 10 forty parts
per million in the uverflow water is normally obtained without
the use of chemicals to promote flocculatien, Th: underflow
sludge is withdirawn with nct more than 104 by weight solide and
pumped through almost three thousand fzet of three inch diameter
mild steel pipeline into a drying pond on a slag tip located
in a worked-out section of the ore uines.

The impurities diesolved in the watsr used in the gas-
cleaning process vary greatly with the type of burden used in
the blast furnuce. A typical analysis of =he eirculating water
is shown in table VI. While these levels of impurities ame
present becaune the water bas been recycled many times, evem if
the water were passed only once round the circuit the extent of
the presence of cyanide, zinc and lead wou..d make the water
toxic ard unsuitable for dischzrge into a clean river.

Table VI, Typical analysis of water in blast-furnace ga-=-
glcaning circulating systen T

— g o)

- B p.p.D.
Suspended 80lide . . . . ¢ ¢ . . . 35
Totsl dissolved solide . . . . . . . |9,50
Total hardness as CaCOB e s e s s s . L50
Alkalimity to phenolphthalein as CaCO 250

3
Total alhalinity ez C]COB L N I 2,&00

Chlorides as Ci . v e s s e s e e e 1,100

Cyanides as CN . . ¢« + & o o o« o . 30
Zine (disaolved) age 2Zn . . « o ¢ . . L0
Lead 88 Pt . v v v ¢ o« ¢ v o o o @ 5

pH value = 8.4
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As shown in Pig. 2, an average of one hundred and
fifty-five gallons per minute is bled off from the circulating
system. Just c¢ver two thirde of this .3 used for moistening
sinter 2t the screening station to limit the emisaion of dust
into the atmosphere. The remaining forty-ive gallons per
mimite is withdrawn with the so0lids in the form of eludge and
punped into the sludge drying pond.

The bulk of the water from the sludge contained in the
pond evaporates from the surrace into the atmosphere. The
remainder secps through the sand-retaining embankment and joins
the general plant drainage which is collected for use at the
sinter plant and coke quenching stationr. The dilution is
such that any excess drainage pumped fram the works ie of a
non-polluting character.

While the heavy bleed-off from the cooling systen
helps to limit the formation of scale deposits in the pipes,
waghere, cooling tower etc., resulting from the impurities such
as calcium, zinc and lead which are picked up by the water
during ite contact with the gas, an economic method of
eliminating the deposition has not yet been found. The use of
acid to lower the pH value, organic dispersants, and inhibitors
of various kinds have been tried with varying degrees of success,
These chemicals are however costly when dealing with a water of
this nature. Much effort is being put into the search for an
economic answer to the problem,

water-circulating sys

The water used for cooling and washdown in the mills
is contained in a recirculating system. Fig. 8 is a disgram
of the equipment provi ded to permit recovery and re-use of the
water., It can be seen that three types of water - iirty, hydro-
cycloned and filtered - ane used.

The water drawn from the scale pit by the dirty water
pumps is aplit into two streame: one returns directly to the
mill for scale washdown; the olher is taken to a battery of
hydraulic cyclones for removal of the bulk of the suspended
eolids, Twelve hydrocyclones with a diameter of twelve inches
and a cone angle of twenty degrees are inetalled in three banks
of four per bank, two banks being in use at amy one time, Each
unit is reducing the solids content of three hundred gallons
per minute of water frou approximately three hundred parts per
million to an average of eighty-five parts per million. To
ensure that the flow through the hycrocyclones remains close
to the designed quantity in spite of variations in mill demands
- an essential feature .. optimum perforuance of the units is
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tc be attained - the guantity delivered to the uydrocyclones

i8 in excess of the normal mill requirements. Variat ions in
demand by the mills are catered for by automatic variation of

the excess water which is returned to the scale pit. The
underflow from the cvclones which amcunts to thirty-six gallons
per minute, i.e. 13% of the feed, and contains an average of
fourteen thousand parts per million solids of particle size
geneﬂ%lly ghove forty microns, is allowed Lo setile 1In a sludge
skip, the supernsutant liquor being returned tc the main scale pit.

The delivery from the hydrocycloned-water pumps is also
divided, one part returning to the section mills for roll-barrel
cooling, the other being fiitered and cooled before being
delivered to the roll bearings, guides, oil coulers etc, in the
mills.

Sand pressure filters are used to reduce the solids
content of the hydrocycloned water uo approximately five parts
per million and to remove oil and grease picked up by the water
used in the mills. The filtering medis are similar to that
used at the water softening plant, illustrated in Fig. 3.
Satisfactory filtration of the water is achieved at a flow rate
of two gallons per minute per square foot of filter srea, at
which rate backwashing of the media is necessary at intervals
of twenty-four hours. A filter is taken out of service, the
pmedia are agitated with air at a pressure of 73 lb/in2 and
then washed with cilean water in the direction opposite to the
normal flow at a rate of seven gsllons per minute per sguuare
fcot of fllter area until clean. The whole operation usuaslly
takes about fifteen minutes, The dirty backwash water 1is
discharged into a tray-type clarifier wnich cons.iets of a
cylindrical tank divided by s tray int¢ two euperimposed
settling compartments. Fach compartment has its own set of
glowly revolving rakes carricd on s single vertical centrel
drive-shaft. In this application tne upper compartment mainly
acte as a buffer storaye tank by receiving a large flow of water
irn a short pericd and puseing 1t ilhrough Lo ihe lower compartsent
at a much reduced rate over & longer period. The rate of flow
through the lower compeartment ie controlled Ly the pumps which
feed the clarified wsater back intc the main cireult.

The millwater system as 1t now exists 18 & cumbination
of that which was provided in 19,8 to gerve the section mills,
with additions and modifications in 1941 t¢ erhance its capacity
to supply the universesl besm mill. The two conical concrete
sumps designed to permit tranefer of the scale water from the

universal beam mill stande into the scale pilt which existed,
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without permitting ecale to settle in them, and the hydro-
cyclones, were part of those modifications, Both innov:tions
have proved satisfactory.

Limitation of space was the major factor that led to
the installstion of hydrocyclones in prefzrence to the type of
clarifier used in twc other rolling-mill water systems on the
works. A battery of cyclones capable of haendling one thousand
gallons per minute can be accommodsted in s space not more than
ten feet long by three feet wide by ten feet high compeared with
a surface urea requirement of not less than one thousand five
hundred square feet for a clarifier handling s similar volume,
Also the capital cost per thousand gallons per minute is much
lower - not more than 15% of thst for a clerifier, The main
disadvantages of hydrocyclones are -

(1) Power consumption owing to the pressure drop through them:
approximately twenty horse power is absorbed per thousand
gallone per nminute capacity compared with four horse power
for a clarifier systenm.

(2) Purther treatment of at least a portion of the water must
be applied, since the cyclone is a classifier as distinct
from a clarifier, One set cannot remove the full range
of particles and the finer ones cannot coalesce because
of the centrifugsl action, Unless measures are taken to
remove some of the fine particles from the overflow water,
concentration occurs until a slurry of fines is8 eventually
produced.

With a system such as that provided at the section mills
the waste water discharged is only a nominal amount and is of
such a gquality that it does not constitute a pollution problenm.
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CCNCLUSBION

While it is generally accepted that a large quantity
of water is eczential to the operation of an iron and steel
works, it is not alwuays appreciated that only a small proportion
of it is actually consumed in the proce:s Or antéhinated to
such a degrec as to render it unsuitavle for further use in the
works. The extent to which re-use 1s carried out in a plant
must however be examined in relatios to the availability of
assured csources of fresh water, facilities for dischurge of
effluents und the economics of the adoption of recycling systems

or cnce-through operation.

Extensive recycling and re-use at tppleby-Frodingham
wag originally brought about by a localised shortage of water.
Legislution during recent years to consurve national water
resources and prevent pollution of rivers has however given
added incentive since economy in the use of water and limitation
of ligquid e ffluent discharge go hand in hand.

When it is borne in mind that the annual cost of water
services to the works is of the order of three quarters of a
million pounds it will be realised that attention to efficient
utilisation is well worth while.
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Figure 1

WATER SUPPLY A USACE FOR THE YEAR ENDING MARCH 1967
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Figure 2

FLOW DIAGRAM SHOWING RE-USE OF SEWAGE EFFLUENT AT THE
IRONWORKS OF APPLEBY- FRODINGHAM STEEL CO. SCUNTHORPE
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Fiure

View of inside of cooling water pumphouse i the 1ron Works
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Figure 5
Natural draught tower coolings water for the turbo-blower conaensersg and two
blagt furnaces




Figure €

GIAGRAMMATIC ARRANGEMENT OF EVAPORATIVE COOLING SYSTEM ON A STEELMAKING FURNACE
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SUMMARY

INTRODUCTION

While upwards of two hundred tons of water are used to produce one

ton of

gteel in an integrated works the actual consumpiion is not more than about five
tons per ton of steel, the bulk of it being lost as vapour into the atmosphere.

As far as the water resources of a particular area are concerned this consumption

may however be increased many times by the discharge of clean or lightly ooniamina-
ted waters from a works direct to the sea, river estuaries or highly-polluted inland

waters. The conservation of water and disposal of effluents should therefore be

viewed ag a common problem.

* This is a summary of a paper issued under the same title as ID/HG.14/11.

y The views and opinions expressed in this paper are those of the aut
do not necessarily reflect the views of the secretariat of UNIDO.
is presented as sutmitted by the author, without re—editing.
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Such a view is held at the Appleby-Frodingham works of the Midland Group of
the British Steel Corporation. The works, which are situated at Scunthorpe in
the county of Lincolnshire approximately eilght miles south of the Humber and four
miles east of the river Trent, have un annual steel production in excess of one

and three-quarters ot o million 1ngot tono,

Measures taken at those works to mike full nse of the avallable water and
limt effluent discharge are described in the paper since 1t 1w thought that
gome of tre problems met there and the methodgo adopted to overcome them may apply

to other plunt ., particularly those where recirculation of water 1s a necessity.
SYNOI'S1S

The first part of the paper describes the fresh-water services to the works
including the ucources of supply, their quality, distribution, treatment and
utilisation. The remainder deale with the use of recycling systems for cooling
only, and for combined cooling nd clesncing purposes,  In addition to details of
pumpz, cooling towers etc. employed, an economic comparicon 1s given of the uge
of air/water heat exchangere wnd natural and mechanical-draught cooling towers
for vperafic dutics.  The spplieation of coolin cyotems decigned to generate

steam for plant use - reterred to - evaporative cooling - 1o deseribed,

Details of two examples of combined cooling and cleansing systems are
given: One for a blast furnace savs—cleaning plant and the other for a hote—

rolling mill producing sections and .nivers.l beams,

-

The extent to which re-use of water 1o applied at the worke .s such that the
present intake of frech water amounts to lecs than four tons per ton of steel

produced.

FRECH WATER SERVICES AT APPLEBY-FRODINGHAM

Details of the supply and wcage of water ,or the year ending March 1967 ace
shown 1n diagrammatic form ac Fig, | (copy attached).

The Works draws 1ts frech water from three gources: a small river; the
town sewage purification workey and boreholes sunk into the limestone gtrata.
Water drawn from the river and the cewape works 1s used for cooling furnaces,
quenching hot materials nd peneral works purposer while that from the boreholes
supplies the steameraisine, hygrone and amenity demands, Dual electrie power
supplies at the pumping slutions, emergency reservoirs and ring-main distribution

systems c¢n thie works help to orsure continuilty in the water supplies,

i
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The water from all three sources 1s very hard and just over 60% of 1t is
softened before use. The alkaline hardness of the river supply and the sewage
effluent ic removed with lime in precipitation-type softeners before those
waters are used to replace the losses from cooling recycling systeme., The
borehole water 1u chlorinated at source to galeguard the drinking supplies. The
portion used tor steam-raising is lime-roda softened, followed by base-exchange

treatment to reduce the hardness to commercial zZero,

The solids arising from the softening process are collected as a sludge
which is used for liming the moulds at the pig-iron casting machine or discharged

into a sludge~drying lagoon.

The sources of fresh water drawn upon hy the works are capable of producing
an assured cupply at the rate of three thousand five hundred ang fifty gallons
per minute and the average demand made upon them amounts to about 70% of that
figure. MNearly 90% of the water brought into the plant is eventually lost as
vapour into the atmosphere; the remainder is discharged as effluent with some

surface drainage and process liquids.

RECIRCULATING COOLING SYSTEMS

Since the quantities which can be extracted from the sources of supply are
limited, recycling of water is adopted. Twenty-nine separate systems with a
total flow of approximately one hundred and twenty thousand gallons per minute
are 1n use on the works. They may be divided into two groups:

(1) indirect cooling systems in which the water is uced only to remove

heat from condensers, furnace elements, oil coolers etce;

(2) direct cooling systems in which the water serves as both a cooling
and a cleansing medium, e.g. 1n gas cleaning, rolling mill and
continuous casting plants.

Certain i1tems of equipment are common to both types of system, They include -

Pumgs

There is a total of two hundred and ninety electrically-driven centrifugal
pumps with capacities ranging from fifty to six thousand gallons per minute to
circulate water round the various systems. An average of one hundred and sixty

1s 1n use at any one time, the remainder bteing provided as stand-by units or for
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use 1n an emergency, e.g. storms. ltracticall; all units are designed to operate
at 75 to 80% efficiency when handling their rated volume and at this level of

operation the total horsepower absorbed 1s just over ten thousand. The majority
have bronze impellers and cast—iron casings which have normal lives of approxi-

mately ten years nand twenty years respectively when handling fairly clean water.
Reservoirs

Bach cooling system includes 1ts own reservoir with a capacity at least
equal to the water contents of the circulating system, together with sufficient
margin to cater for normal water losses by eviporation etc. for a period of at
least four hours should no make-up wuter be avuilable. As far as 1s possible,
sunlight 185 excluded from the reservoirs. This has proved effective in discour-

aging organic growths in the circulating water.
g g & &

Balance and emergency supply tanks

Overhend tanks ranging in capacity from 15 thousand to two hundred and
fifty thousand gallons, dependent upon the volume of water circulating in a
system, are installed at heights of between forty and one hundred and seventy-
five fext above site level to provide balance for the system and approximately
twenty-five minutes reserve in case of temporary failure of electric power to the

pumps.,

High capital cost, limited reserve time, risk of flooding the pland during a
major power fnilure and the long time taken to refill the tanks when power is re-
stored are the major disadvantages of such & system. A combination of small
overhead tanks to act as "balance" for the systems nnd diesel-driven stand-by
pumps automatically brought into service when a reduction in water supply occurs
1s considered 1o be a better proposition than the provision of large reserves in

high-level tanks.

Cooling towers

A total of twenty-six atmospheric cooling towers with heat-removal capacities
ranging from about one hundred to three thousand seven hundred therms per hour
are installed, the majority of them cooling water from around 950F‘ to 750F. Nine

are natural-draught chimney towers and seventeen are mechanical-draught towers,

s
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While the capital costs of the latter are appreciably lower than those of an
equivalent-duty natural-draught tower, the operating costs are higher., With a
fairly light cooling duty, e.g. from 100°F to QOOF at an atmospheric wet-bulb
temperature of 6OOF, the total costs of both types for cooling a quantity of
four thousand gullons per minute are similar 1if capital depreciation 1s allowed
at 10% per annum. As the quantity decreasen below four thousand gallons per
minute the balance 1c increasingly in favour of mechanical -draught whereas
increases 1n quantity above four thousand gallons per minute increasingly favour

the adoption of natural-draught towers,

An air/water heat exchanger 1s installed in the cooling circuit at the con-
tinuous casting plant. A comparison of the capital and operating costs indicates
that 1f the cost of fresh water exceeds atout three shillings per thousand
gallons, the savings in water Justify the use of air/water heat exchangers where

e O . .
recooled water temperatures above about 1257F are permissible.

The total heat removed by the cooling towers on the works is of the order of
eight thousand two hundred and fifty therms per hour which is equivalent to the
heat content of approximately seven hundred thousand pounds of steam at a pressure
of" 200 lb/in2. The 1incentives for reducing this wastage of heat are therefore

by no means small.,

If the cooling water is recycled under pressure without dissipation of its
heat by a cooling tower or heat exchanger, some of 1t will be converted into
steam which can be separated from the water and used for plant heating. This
method, known as evaporative cooling, 1is applied to three steelmaking furnaces
and one bloom reheater on the works where cooling at relatively high temperatures
and pressures is permissible, Although it is initially more expensive than con-
ventional water cooling, in addition to steam credits amounting to at least three
thousand pounds (1b) per hour per furnace, evaporative cooling makes a significant

contribution towards economy in the use of water on the works,

Direct Cooling Systems

In these systems the water, in addition to absorbing heat, frequently acts
as a carrier of solids originating in the process. There are seven such ma jor

systems on the works serving gas-cleaning plants, rolling mills, pig-iron casting
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machines and plant for continuoug casting of steel blooms. The equipment used
to remove the solids from the water before it 15 recycled includes clarifiers,

hydraulic cyclones and filters.

™o systems are deccribed in the paper: one for a blast-furnace gas-

cleaning plant and the other “ar the section-rolling mills.

Water syctem for blact-furnace gas cleaning

About twenty-eight gallons of water 1s used for each thousand cubic feet of
gas cleaned 1n wasiers and electrostatic precipitators. The water suffers a
rise 1in temperasture of about 1 F and an lncrease in both suspended and dissolved
solids content during its pausage tnrough the gas cleaning equipment. The suspend-
ed solids content of the water 12 reduced to twenty-five to forty parts per
million in three hundred-foot diameter cluriflocculators before being recycled.
The precipitated solide are withdrawn as a sludge with not more than 104 solids

by weight and pumped t- a sludge-drying pond.

The 1mpurities dissolved by the water in the gas-cleaning process include
calcium, zinc, cyanides and lead which cause deposits in the pumps, cooling
towers etc. and create a toxic effluent unsuitable for discharge to a clean river.
An economic answer to the ccale-deposit problem is still being sought. The use of
some of the bleed-off from the system for quenching and dust suppression, and
natural evaporation of the remainder from the surface of the sludge-drying pond,

ensures that practically none of thi: water 1s discharged from the works.

Section-mills Wwater-recirculating cystem

Hydraulic cyclones and eand filters are the main equipment employed to
remove the scale, o1l and grease before the water is re-used in the mills. The
cyclones reduce the suspended matter in the water from approximately three hundred
to eighty-five parts per million and the filters further reduce that figure to
about five parts per million in addition to removing the oil and grease. The
water used for backwashing the filters is fed into a tray-type clarifier for

removal of the solids, oil and grease, before being returned to the mill circula-

ting system,
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The main advantages of hydraulic cyclones compared with clarifiers for
removal of solids from mill water are that they occupy a much smaller area and
involve less capital expenditure - not more than 5% and 15% respectively, Their
main disadvantages are increased power consumption and the need for subsequent
treatment of at least a portion of the water to prevent concentration of the

finer solid particles in the recycled water.
CONCLUSION

The mgjority of iron and steel-making processes do not demand water of such
a high purity as many industries, e.g. food, textiles and chemicals, Certain
impurities in the fresh supplies and the water used in the plant can be tolerated.
The extent to which water re-use is carried out in a works must however be
examined 1n relation to the availability of assured sources of fresh water, facil-
ities for discharge of effluents and the economics of the adoption of recycling

systems or once-through operation.

Extenzive recycling and re-use of water at Appleby-Frodingham was originally
brought about by a localized shortage of water. Legislation during recent years
to conserve national water resources and prevent pollution of rivers has however
given added incentive. When it is borne in mind that the annual cost of water
services to the works is of the order of three-quarters of a million pounds, it

will be realised that attention to efficient utilisation is well worth wnile,




WE O QINILS0S |
™ e w NIOINIT ML BON
as’ aInNd 1 40%
e !.v IDYNIVEQ
AVS T O3INILIOS
~ e ITTHA ASMEY
VS aINILA0S
S A!-Lu:.,oxuz«
AIN  NO1LVIAIHOWY
v
Al
WNOJVYA SV 15O ¢/, 60 ANINT 443 SV QIDWVHISIA Ot

wdl 6262 = INVINI ¥IIVM HS3MS
Q31VINDUID HILVM
GINNSNOD U3 IVM

13318 40 NOL ¥3d SNO1L Z8-¢€
13315 40 NOL ¥83d SNOL 9L!
3315 40 NOL ¥3d SNOL 88-¥

"

SUILYM SNOINVA

oM
§AOINVITINRIR
IV DN IVINIMD O B3AVYM DN LVYINONID 3O
%o ST | = OOt M %e¥-S * SOV
NOTIivEINIS VIAGE TNIAD 190D
as
vs o 1
[+ ) q _>le001
Wit
S/o §-¥S SRTYOSS WIivA INLYINDWD 20
o, t-T = ST
Siel SY  DNINONIND - BNTIVIN WOUI
QILVUINID MY LS 40
9, ¥ €S = OI¥
SNisive Wv It
B3IV ONILYINDBID 10
%S -1 = SLE
NOTIOAGONd 13348
INS | IN arsivid v
BIivy ONLAYINIOWD 40
/o€ T x O8]
TN SNITToE
o
1
-0 L8 -9 s€
o] wsa | wen fusd B o

WNNNY Y¥3d

SNOL zo....znﬂwwm 0l ®01 z-2z st-§ NONNY B3¢ SNOL 40 SNOITIIN
101
WNNNY B3d
SNOTIVO NOITHIN 695) 6z (444 €6V 504 NANKY 834 SNOVIVO 40 SNGITUN
Widl
. oo 8{%/o¥-S1 19V Ofy¥-1E 196 ol SY [ 23]
c66°c  VIGL Lvz| GINILI03 038N SV SNOILNOEONd
ava AN avEs  a3Sn CINILIO0S 3N
CERRIFUIL
ALUNINOISANS ¢/, 61 1 ) J
wve IONVH DX av 03Nl 03IN3 v ONINILIOS IN)
sren| 35ve snel nn -1s08 | ™. 08 " “ A% GIAOMIY SSIN ANILYINL
voos I 3 kD] N a3s - QUVH ABVEOEMNIL

osow.ox. IovHIAY o/ey - ¥O %9 6% o1 oY o ¥ EL FWVUVAY ALIINYNO 40 %,
L66°'T Widi €1 <69 °99 128 oo UVIA IHL ONIENC NIWVL

GINI JI0ONN
SI HDIHM  AlddNS
NMOL ONICNIDX3

oL’y

o IV UVAY
4v10i os¢L (s o 3] [eled 1) ALILNVAO
$Zs $6% TYNEON

auvH AY¥3IA IDVYNIVHO GuvH ANTIIVEICON
oNaL ALTVND 319vi0d| OGNV B uoﬂuuwﬂ_o 4117900 INILSISNOD uﬁ.ﬂuncubhh.uuu:."ﬁ. ALvRo
1IVINIVY O 1IN3INTI43 IDVAIS

$37101 3804
21v9dvID I9YNIYEG  GIWIAODIN ITTA ARHSY INTOMINY  WIAIE 312wn0s

Al NMOL —
adns NTOINIT HINON

AVIS SEIINN JUINNIN ¥Id SNOTIVO NI IBY STILIINVAD 1Y
‘MmOV3 20 $31vy IHL Ol IVNOILNOdONd IUY SHICIM ONVE

MOH INNDS "0 1331$ NVH

‘L9681 HOHVA ONIONI HV3IA 3HL 804 39VYSN % AlddNS HILVM

ID/WG.14/11
SUMMARY
Page 8









