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1
SUMMARY

1.1
Introduction

The feasibility study reported in this document is
the second phase of the work described in the UNIDO
Contract No. 82/91 SM.

Additional information has been included based on
discussions between PPCL and Outokumpu and on open
questions in Final Report of Phase 1 of the subject
study.

The purpose cf the study is to calculate and presenc
the necessary technical, operational and economical
data cn a metallurgical plant with utility handling
facilities for feasibility avaluation for production
of elemental sulphur from Amjhore pyrites.

The techinal design and economical cost estimates are
based on a certain process selected by PPCL of the
three alternatives which were compared in the Report
of Phase I.

The basic data and information for the Phase II study
work was collected by Outokumpu engineers before
Phase I work during their visit to India in January
1983, and in correspondence from PPCL. The data, in
chapter 2, was up-dated in negotiations in Outokumpu
office on 22-23th July 1985.

A sample of Amjhore pyrites was analyzed and grinding
and flotation tests were made in Finland before the
Phase I work of the study.

In this report, Phase II, a specification of offsite
facilities prepared by FEDO FACT Engineering India,
is attached in Chapter 4. The specification with
prices was issued in negotiations in Cutokumpu office
on 23th July 1985. Some corrections in the
specification were done in the meeting, some
checkings and corrections are made by Outokumpu.

With the offsite farilities included, the study now
covers the whole plant area.

The anrual smelting capacity of the plant is 626 000
t/a (dry basis) pyrite of 39.5 % sulphur. Sulphur
production is 223 000 t/a.
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1.2
Process Selected

On the basis of Study Phase I report PPCL has chosen
Alternative 1 to be the most suitable alternative.
The process is shortly as follows.

The ground pyrite ore and top shale materials are
dried and then fed to a flash smelting furnace to be
smelted in an atmosphere with excess oxygen.

On the settler part only slag is produced. The slag
1s tapped and granulated.

Smelting gases are reduced with coal, cooled in waste !
heat boiler, cleaned in eletrostatic precipitators,
catalyzed to convert sulphur compounds of the gas to
elemental sulphur (in two stages) and cooled to
condensate the sulphur as liquid product. Finally the
sulphur is purified from arsenic and prilled to final
product.

Separated dusts are mixed with water and thickened.
The cake is mixed to granulated slag.




OUTOKUMPU ENGINEERING

O+ K A DIVISION OF OUTOKUMPU OY

1-3
1.3
Economic evaluation
1.3.1
Capital cost The capital costs are estimated on overall cost

pasis. Outokumpu's estimate covers the cost of
production facilities within the agreed scope and
the cost of required off-site facilities are
estimated by FEDO.

The price level is accosding to the first half of
the year 1985.

The fixed capital is divided into the indigeneous
and foreign portions, as in detail agreed with
PPCL. The equipment cost of indigeneous equipment ’
vere estimated by FEDC.

The total fixed capital amounts as follows:

Foreign supplies within Rs 619,366,000 (39%)
Qutokumpu's scope

Indigeneous supplies Rs 843,675,000 (54%)
within Outokumpu's scope

Off-site furilities Rs 107,256,000 (7%)
(indigeneovs)

TOTAL Rs 1,576,297,000 (100%)

The above fixed investment includes approx. 20 % of
duties and taxes:

Custom duty of foreign supplies Rs 249,609,000
Excise duty of indigeneous supplies Rs 44,823,000

Sales tax of indigeneous supplies Rs 17,488,000

Total share of duties and taxes Rs 311,930,000

The working capital amounts to the Rs 79,400,000
covering the necessary inventories and liquid
assets.
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1.3.2
Financing of the investment

Based on the discussicns with PPCL, the initial
investment, comprehending fixed capital, interests
of the construction period as well as 25% of
working capital, will be financed with equity and
long term debt.

The share of equity/debt will be 50%/50% and equity
will be paid first before the drawing of the loan.

Financing plan of the construction period Rs 1000:

Year Fixed 25% of interest Total Equity Debt
capital working of debt initial
capital investment
1 102,157 102,157 102,157 -
2 322,710 322,710 322,710 -
3 740,384 22,221 762,605 420,746 341,859
4 364,313 72,858 437,171 - 437,171
5 46,733 19,851 * x % 66,583 - 66,583

Sum 1,576,297 19,851 95,079 1,691,227 845,613 845,613

1.3.3
Operating cost

The estimation of operating cost is based on the
cperating figures received from the process calcula-
tions as well as on the experiences on the operation
of Outokumpu's Kokkola pyrsite smelter. The unit
prices of main ccnsumables are evaluated by PPCL.

The summarized estimation results in the following
annual operating expenses:

Variable cost:

- pyrite Rs/a 218,750,000
- utilities and supplies " 162,538,000
- fixed cost " 6,654,000

Total Rs/a 427,942,000

—
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1.3.4
Revenues

1.3.5

§rofitability

Case :

Case 2:

Case 3:

Case 4:

Revenues

./

s

Elemental sulphur and electric energy will be the
products for sale.

Rs 2,573 per ton ex works has ueen the basic price
for sulphur. This price corresponds the present price
level for imported sulphur.

With full capacity the sulphur production will be
228,000 tons per annum, which results an annual sales
of Rs 586,644,000.

with the nominal capacity there will be an excess
power production of 7.5 MWh. With a unit price of Rs
650/MWh the annual power sales will be Rs 36,562,000.

The Internal Rate of Return of cash flow and equity
as well as the pay back period has been used as a
character of profitability.

The profitability is calculated for four cases:

The plant will operate with the nominal capacity and
+he costs and revenues are as shown in items 6.1-€.3.

As case 1., but the production rate will.-be 90 %.
The revenues are estimated with such a sulphur

price that the internal rate of return of cash flow
will resuit in 12%.

ralculation of "economic IRR". The investment and
operating costs are without duties and taxes. It has
been assumed, that the transfer price of pyrite as

well as the other operating costs (excluding wages
and salaries) contains 5 % of different taxes.

Annual gross margins of the cases, Rs 1000/a:
Case 1. Case 2. Case 3. Case 4.

623,207 560,886 722,936 623,207

Operating cost 427,942 394,589 427,942 406,966

Gross margin 195,265 166,197 294,994 216,241
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annual cash flow, internal rate of return and pay back period

The cash flows, presented in appendices 6.1-6.4, give
the following results:

IRR of

cash flow
Case 1. 6.5 %
Case 2. 4.7 %

Case 3. 12.0 %

Case 4. 10.5 %

IRR of Pay back
equity period

1.1 % 13.3 years
negative 48.5 years
10.8 % 6.4 years

8.8 % 7.2 years

In case 4. the IRR of cash flow of 12 % is resulted
with a sulphur price of Rs 3,010.40 per ton.

Sensitivity analysis

The sensitivity analysis, regarding the most impor-
tant project variables indicates, that the profitabi-
lity is very sensitive in respect to the sales price
of sulphur as well as to the plant operating cost.
The sensitivity analysis is in details shown in

section 6.

Vil
[ 4

.
Y
Conclusions

The results of profitability calculations show, that
with the present sulphur price the project is econo-
mically not very attractive.

The production process is based on proven technology
and it seems to be no technical ways to effect
essentially to the investment or operating cost of

the plant.

Two very remarkable variables in the cash flow are
the sales price of sulphur and the transfer price of

pyrite. In case 1:Z

is an acceptabkle limit for the

IRR of the cash flow, that can be achieved with the
present price level, if the ex work price of sulphur
will be more than Rs 3,000 per ton or, alternatively,
the transfer price of pyrite could be decreased to
Rs 210 per ton instead of the present Rs 350 per ton.
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1.5
Discussion

In review meeting of Phase I Draft Report between
PPCL and Outokumpu on 12 to 16 September 1983 in
Espoo, Finland, several questions were raised for
discussion.

Most of the questinns were answered in Phase I Final
Report. To guestions that were left open comments and
answers are given below,.

1.5.1
Arsenic Removal

As stated in the final report of Phase I,
considerable cost savings can be made if the washing
need 1ot be done.

When preparing the Phase II Draft Report, Outokumpu
representatives had no information of Indian
standards and regulations for allowable arsenic
content of sulphur. Thus washing and waste handling
equipment are included in the extent.

If, however, the washing in autoclaves is not needed,
there will be some savings in capital costs.

Additional cost savings would, of course, be reached
in utility and maintenance costs.

1.5.2
Slag Removal

Slag tapped from the flash smelter furnace is in this
Phase II proposed to be granulated, as in Phase I.

This system is selected because the investement costs
are relatively low, and the granulated product is
easy to handle i.e. no big vehicles and ladles are
needed.

1.5.3
Parallel Equipment

Replacing of parallel units with fewer bigger units
would save investment cost. However, following
respects are to be concerned.

Multicoil Dryers

When using only one multicoil unit instead of two the
equipment size would be so high that there would be a
risk in the reliability of the dryer.
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In addition, in two unit case, half of the drying
capacity can be operated in case of some failure in
one unit and thus increase the annual production.

Eirectrostatic Precipitatcrs

In case of only one precipitatgr gas flow into the
unit would be appr. 214 000 Nm™ /h. This flow is
rather high to be handled by one precipitator unit
due to certain standardization of precipitators.

In addition, in case of two units, reduced production
can be continued even if one unit is out of order or
being maintained or repaired.

Cold Catalyzers

All three catalyzers - hot and cold catalyzers- are
proposed to be same size. It is estimated that
suppiying three similar units would not be more
expensive than one smaller (hot catalyzer) and one
bigger cold catalyzer due to equipment design and
manufacturing costs.

Maintenance and operation will also be easier with
three similar units.

Sulphur Condensing Towers

With two parallel condensing towers better pressure
ccntrol in coid catalyzers - and that way operation
control - can be reached.

In addition, start-up from cold stage is easier when
having one unit heated first with reduced gas flow
and partial sulphur production started with this
unit.

Liguid Sulphur Cocling Boilers

Necessity of the boilers was discussed between PPCL
and Outokumpu in meeting on 12 th to 16 th September,
1983 in Espoo. Outokumpu have reduced the number of
boilers from four to three. Still fewer unit system
is not reasonable due to the structure of the
boilers.

Process Alir Fans, Process Gas Fans

Process air and process gas fans are recommended to
be parallel units, capacity of one being some more
than half of the total process flow.

S——
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1.5.4
Grain Size cf the

Concentrates

Silica (Top Shale)

In cese of failure in one fan, reduced producticn ¢
be continued with the other unit.

With smaller units it is also easier to find cheape
equipment in standard models.

Slag Granulation Egquipment

Iwo unit system is recommended for operational
reasons. Four tapping holes and launders are
proposed, two per each granulation basin. For
operation it is reasonable to have several tapping
holes assembled; if there are difficulties with one
hole, another can be used. Even if some disturbance:
¢occur in granulation equipment or rake classifier t}
other system can be used and sulphur production
continued. Normally only one granulation system is :
operation.

Pumps

Pumps are prcposed to be two or three parallel for
flexibility and safety in operation.

Feed Material

Standard recommendation for sizing of flash smelter
concentrates is 100 % minus 16 mesh (1000 microns)
and 50-90 % minus 200 mesh (74 microns). Most typica
sizing used is 100 % minus 65 mesh (210 microneg) and
60-90 % minus 200 mesh.

Coarser ground pyrite 100 % minus 50 mesh (297
micrens), 70 % plus 70 mesh (210 microns) and 18 %
minus 200 mesh has been tested twice at the pilot
plant of Outokumpu in Pori with negative results.
Part of the material remained unsmelted, specially
the gangue material. The matte and slag did not
Separate and were nearly impossible to tap. On the
bottom of the furnace build-ups were formed causing
difficulties in the operation.

Standard recommendation for silica flux for flash
smelters is based on normally used natural sand:

100 % - 4 mesh 14760 microns)
90 ¢ - 16 mesh (1000 microns)
80 % - 28 mesh (595 microns)
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There are references for somewhat coarser flux, e.g.
in Outokumpu Harjavalta copper smelter sizing of sand
used successfully is:

96 % - 3 mesh {6730 microns)
50 % -~ 28 mesh ( 595 microns)
3 % - 150 mesh { 105 microns)

Many smelters are using crushed silica with typical
sizing of 100 % minus 9-16 mesh (1-2 mm).

Sizing of silica is not as critical as for
concentrates. Flux is monthly inert material in the
reaction shaft. Slag reactions take place mainly in
the settler.

1.5.5 ’
Stack Emission of Sulphur Compounds

Using incinerator furnace and gas scrubbing with
water and lime stone slurry H,O and SC.,-content of
the exhaust gas can be reducea to valugs none and
0.05 &, respectively.

1.5.6
Sulpnur Prilling

In Vienna meeting on 29th November 1984 between PPCL,
UNIDO and Outokumpu, PPCL's representatives expressed
their desire to prill the sulphur instead of casting.
Prilling was even earlier recommended by Outokumpu.

1.5.7
Starting of Oxygen Plant 9 MW Motor

In negotiations on May 16th '85 in Outokumpu office a
questions was raised of corditions to start the big
motor of oxygen plant. As other possibility a steam
turbine was proposed.

The electric motor can be started by supplying an
additional starting reactor (which is included in
equipment) and in the following conditions:

- short circuit capacity of the 110 kV feeder
point is minimum 1500 MVA (not known to
Outokumpu)

- power plant generator is running on some
load

- allowed voltage drop in 11 kV switchgear is
at least 9 %.
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1.5.8
Oxygen enrichment

1.5.9

Effluents

The disadvantages of using turbine motor refer mainly
to possible shortages in steam supply. Oxygen plants
technology prefers long operation periods, even with
small loads and during short steam shortages. By
using an electric motor the operation can be kept on
with power from the electric network.

The smelting process is designed to use oxygen
enriched process air. Total oxygen percentage is
35 &,

Reason for use of oxygen enrichmet is mainly the
smleter gas flow rate. In case of 35 % enrichment the
gas flow from smelting is 80 000 m~/h and in pure gir
smelting with the same pyrite feed about 259 000 m™/h.
Smelting air flows are 81 000 and 240 000 m~/h,
respectively. Auxiliary fuel o0il is needed about

11 t/h in pure air case. Sulphur losses in exhaust
gas increase with bigger gas flow.

Gas and air flow rates are in pure air case soO
enourmous that two parallel smelting and sulphur
separation lines should be supplied.

Operation control of smelting is easier in the oxygen
enrichment case, especially smelting temperature
control, because only smelting air oxygen percentage
is to be controlled and no auxiliary oil burner
control is needed.

In copper smelting use of oxygen enrichment also
decreases formation of build-ups in the flash
furnace.

According to Outokumpu's experiences wear of
brickwork lining of flash smelting furnace is much
lower when using excess oxygen. In Outokumpu's
Harjavalta copper smelter the brickwork needs to be
repaired only every 4-5 years.

The main effluents from the process are as follows

Slag granulate and flue dust

Flash smelter furnace slag is granulated with water
and conveyed to a heap.
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Sm.lting flue dust, separated from gas stream in

waste heat boiler and electrostatic precipitators, is
slurried with water, precipitated in a thickener and
the underflow pumped to the scraper conveycr of slag.

From the heap the slag and flue dust waste can be
carried off by e.g. front end-loader, used as filling
material and covered by soil.

Total amount of slag and flue dust to the heap is
about 94 t/h, water amount of which is about 17 t/h.

Main components of the slag are:

Fe 45 3
Sio 32 %
A1253 6 %
S 1.6 %
and of the flue dust:
SiO2 31 %
Fe 22 %
AlO 12 %
c£ 3 10 %
S 6 %

Sulphur washing wastes

Effluents from the sulphur autoclave washing water
handling are

- filter drum cake
- oveflow water

¥ilter drum cake formation rate is 370 kg/h of which
moisture content is 110 kg/h. 1Insoluble As,S is 2 %
of solid material, the rest being elemental salphur
and gypsum.

The cake can be carried to a special storage area,
built e.g. of concrete.

The overflow water flow rate is 9-10 m3/h. Its
pH-value is about 3 and As-content 16 mg/l.

I1f the authorities of India do not allow it to be
pumped to drainage, an evaporation pond cag be built.
The area of the pond should be about 700 m“~. The
bottom should be cf concrete, covered by elemental
sulphur.

Dried solid material is every now and then gathered
from the bottom of the pond. The pord price is not
included in economic evaluation.
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Exhaust gas

The flow rate of exhaust gas out from the stac§ with
the nominal capacity of the plang is 180 000 m™/h
(NTP) and its temperature is 60 C.

Gas analysis is

co 0.11 %
SO 0.05 %
H O 23.6 %
c52 17.3 %
o, 1.3 %
N2 57.6 %

Boiler blow-down steam

Medium flow rate of blow down from the boilers to the
blow down tank is about 8 t/h. However, the stream is
not constant, it varies according to the need of blow
down.

The condensate from the tank (80-90 ©¢) can be
directed to drainage, or it can be used to heating or
drying purposes. The use of the water needs however
more detailed design.

1.6
Overall Schedule for Plant Supply

Bar Chart Schedule,
Dwg No. 360 901 100 011-3 RevO
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2.
BASIC DATA

2.1 Plant Site, Raw Materials, Utilities and Consumables,
Cost Data

2.2 Raw Materials
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2.1
Plant site, raw materials, utilities and consumables,
transportation, cost data

See the following attachment:
SITE DETAILS OF AMJHORE AREA AND INDIAN
COST DATA OF SOME IMPORTANT ITEMS
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1. LOCATION OF THE  : AMJHORE, DISTT. ROHTAS, BIHAR, INDIA

INDUSTRIAL AREA

1,1 General Plant Area :
(map/air photogreph)
Road and railway neti:

Electric lixie :
net work

Town areas

Harbours

1.2 Industrial Area
(map, scale sporox,
142000)

Ground elevation :

Road and Railway :
comnection

Connection for water:
supply ani water
discharge.

Connection for :
electric supply.

Dvmping areas
2 PLANT CONDITIONS

2.1 Bxisting services
at the area(if any)

Map attached

A metzl road exists that leads to the
nearest town and Railway head at Denri-
on-Sone, (Eastern Railway) sbout 35 Kms.
away. The Company has its own railway
siding facilities at this Railway Station
where 35 wagons can be aocommodated,

440 V-AC, 50 Hz, 3 Ph |

Nearest town - Dehri-On-Sone
( 35 Kms, away )

Nearest Harbour : Calcutta
(575 Kms, away)

Map attached

165 M'SoLo

As givern at 1.1

Tubewell water supply exists and discharge
is to ibe nearest river(sbout 4 Kms., away)
through natural water course,

Tne layout of over-head line has been
shown in the map,

About 240 hectare around project site.

Transport facilities availeble. A metal
road is available at project site,

<00.2/0..




2.2

2.4

Steam

Layout of existing system
Diagram of existing system
Connection Points

Steam temperature

Steam pressura

Amount available

Plant air(compressed air)

Layout of existing systenm
Connection points

Air pressure

Amount availsable

Water(fresh water,
cooling water)

Cooling water
Presh water
Layout of éxisting system

(1)

Diagram of existing system:
Connection pointse
Amount available ‘

Analysis

a) chloride content

b) sulphate content
¢) pH

s

I I I
b . AR e SR ol P aall s aie i g R e iaalaiae ——

: Not existing at present,

3 sets of electrical compressors
each(2250 ¢fm, 110 psi) are avai-~

lable and one diessl portable

compressor(250 efm, 100 psi) is
available wunich meet the reguire-

ments of mines). There is no

swrplus capacity,

MEKE

ER - B8 Atlas Copco(Sweden)

Reciprocating Type Compressors

435 HP each.

Bxisis for only compressors

Fresh water from tubewell is

used. Layout &8 per map.

At present we are getiing water

from four tubewells, sbout 2,7 mill.
litres per day. This ocan be further
increased to meet the asdditional

reguirements,
0.47
200 ppm
6.5
00003/000

-




d) Turbidity
e) Total hardness s 432

5 ppm

£) Total soclid : 480
g) Average water temp.: 25°C
h) Max. water temp. s 30°C
2.5 Sewage
Locat ions :+ Main open naturel drainsge channel

Capacitiss is connected to Sone River, which is
about 4 Kms, away,

2.6 Puel 0il

Layout of existing HSD o0il and petrol tank is installed
gystem : in the project site.

Diagram of existing !
system

0il pressure
Connection poinis

Capacity of storage Tank for HSD oil and petrol havirg
tanks 15000 litres capacity each.

2.7 Electricity

Layout of existing : Shown in the map
system

Diagram of existing
gystem

Voltage, phase and 11 KV transmiesion lines are existing
freguency for various between the main receiving stations

efficiency range of and various sub-stations.

motors, lighting and AL .

p 8o existing - 3,3 KV, 3 pH, 50 Hz

instrumentation. syncronous induction mstors %or the
compressors,

- plan enclosed,

- 550 V, 3 ph, 50 Hz sguirrel ovage/
slipring, induction motors for
mining/crusher instvallations,

440 V, 3 ph, 50 Hz induction motors
for surface and workshop installations,

440 V, 3 ph, 50 Hz, 4 wire over-hsead
line for surface lighting.

00'004/..0

|
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2.8 Instrumentation

Information on existing
sygtem.

Pnewmatic or electriocal

2.9 Bxisting infrastructurs
at the plant areas,

Road

Railways

Repairshop

Storing housge

Taboratory

O0f£fice rooms

3.  ENVIRONMENTAL DATA

3,1 Plant elevation from
sea levsel

(1)

Pneumatic equipments other than
compressors are not having any
instrumentation.

Sub-gtation panels and some of the
starters are having ammeters and
volimeters only, For domestic
consumption single phase energy
meters are provided,

Metal road is existing at the
project site which connects sall
the working places,

A broad gsuge railway facilities
exist at about 35 Kms. from ihe
project site at Dehri-on-Sone,
There is a proposal to extend the
broad gauge railway line from
Dehri-on-Sone to project site,

A good repair & workshop is availsble,
Workshop is provided with Lathe, dri-
11ing, grinding, welding machines
etc, for the present reguirements,
However, extra facilities can be
provided if required,

A Central store is availatle in which
about Rs.50 lakhs (fifty lakhs) inve=-
ntory is kept dealing with about
15000 items, PFurther, house capacity
can be provided,

A small laboratory is available with
the facilities to analyse Iron,
Suiphur, Silica, pH etc, Further
facilities can be provided,

A good office facilities exist
having sufficient numbsr of rooms.

165 M,S5.L,

0'.05/0..




3.3

4.1

4.2

4.3

Soil
Tvpeof soil :
Soil loading

Natwral
Design

level of steady so0il

Ground water
Water level

Bed rock
Level
Type of surface

Earthguake zone

Probability

Intensity in Richter
scele

ATMOSPHERIC DATA

Monthly air temp.
Average

Mex.

Min,

1]

Air pressure
Average

Max,

Min,

Relative humidity
Average
Max,

*9

Min.

(1)

- . e -~ ——— e e

Sandy soil

200 kN/m2 (safe bearing capacity at 2 mirs.
below the ground level on 600 x 600 mm
plate,

At a depth of about 1< meters from ground
levsl on the esastern side of tine project
boundary. As we approach towards the hill
the depth of water table increases,

12 to 18 meters,
Lime stone/sand stone.

Nil
Not applicable

35°C
50°C (during summer)
4°C (during winter)

Normal
Not available

80% at 40°C during rainy season
(July - August period)

....6/...




4.4

4.5

5.1
5.2
5.3
5.4

565

6.1

6.2

6.3

Reinfall and momentary
and daily extremes

Rainfeall

Wind

Velocity

Average

Design

Prevailing direction
TRANSPORT DATA

Road and railway net
Location of harbours

Harbowr limitations

Weight limits
Roads

Railways

Size limits
Roads
Railways

DATA FOR PROCESS AND
PLANT DESIGN

Design capacity of the

smeler,

Anmnual feed of pyrite

Design capacity and design:

philosophy of the power

plant,

Pyrite
Chemical assay

Mineral ogical anelysis

Moisture

Grain size, screen analysis

1691 mm in 1980
1045 mm in 1981

90 Km per howr - maximum

South~-West to North-fast.

Main road leading to Debri-On-Sone. !
Calcutia Port - 575 Km away
No limitation

No limitstion
Standard wagendload

4 wheeier - 24 M.T.
6 wheeler -~ 655 M,T,.

Marimum width - 5 metre

626,250 M,T.

Most of the requirement of complex
and complete requirement of smelter
will be met through captive power
plant,

Given separately in the enclosed
sheet,

..0.7/0.'
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6.4

6.5
6.6

6.7

6.8

6.9

6.11

«* T . - o T . - .. LTI o ) - e d .
B Lo e T WS _Xe 9 NP el ed =t e e :,’.:.-‘-.,.'vx'-:-;"s.&.w-.&-md

Purity requirement of
suiphur product

Final form of sulphur

Storing volumes of raw
materiasls, utilities
and products.

Analysis, temperature
and availability of
water, ’

Sanitary water
Process water
Cooling water

e

Anal ysis and availability:

of lime and limestone

fmwels available(fuel
0il coal natural gas)

Type
Net heating value

Ultimate weight analysis

of coal.

Buildings

Pilling

Frame of buildings
Covers and roofing

Blectrification

Electric power available

for the plant
Voltage selection

Feed of main transformer

Distribution voltage

Drive of standard motors

Drive of big motors,
over 350 Kw

-

..

Pree from arsenic I1.S.I. Standard
99.9% 'S'.

Prilled

Coal - 15 days reguirement
Water- One day requirement
PAa0il - 10 days requirement.

CaCo - 80%
Si0 - 7%

Constructions and megterials availablse,
Not required

Steel frame

Asbestos sheet

0.008/000




Prequency

Pailures in electric
power feed

Breaks

Fluctuation of
voltage

Fluctuation of
frequency *

Instrumentation

Pneumstic or electi-
rical system

Voltage and frequeancy

Duretion of
power off

No. of
tripings

20
28
10

Month

7 hours
19 hours
2 hours 24 mtis,

: Oct. '82
Nov, '82
Dec,'82

460 to 380 volts.

Pneumatic preferred.

in control and in feed
nf the instrumentation

equipment

Recommendations concer-
ning the manufacturing

of instrumentation

Requiremenis for

envirommental protection

Permissible limits of

gas emission to the
atmosphere,

Sulphur dioxide
Sulphur trioxide

Carbon monoxide
Hydrogen sulphide

LOCAL UNIT PRICES F..
CAPITAL COST ESTIMATA

Building and const-
ruction work

Unit prices for the
following:

- Piling{50 M lon&.,
660 mm dia)

4 Kg./Te, of 100% acid produced
0.5 Kg./Te " "

Follow EPA Standards

52 080
:fs, 235900/ per each

.0.09/.00




7.2
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concrete mass, ready installed
including boarding and steel
reinforcements.

supporting steel constructions
ready installed, painted

walls and roofings of indust-
rial bulldings

offices, change rooms
earth excavatiion
earth £filling

rock blasting
esphalt covers

H

EQuipment’ and materials

Mild steel construction,
ready installed

- sheets

- profiles

Acid proof steel sheets const-
ruction, ready instaslled
Plastics

- pve

- reinforced plastics

- PE

Leed lining, ready installed
- sheet lining(3 mm thick)
- homngenous lining

Heat insulation, ready installed

inc. covers,
= thickness 100 mm
= thickness 200 mm

FS(_ch&ah(on QS. {} 35b )-,.73
Columnm Ks 2, 800/ m3
<lab Rg 4 852 / m3

B o8
P‘:&""’ 3 S 2,100 /,..,3
s, 87006/Te. 10,000 /¢

fise m/m‘? 65/’"&
. HR00/m° | 5PD/m*
Rse 1—5/m.j 44/»»3
B, 5/ 207/ m*
R, %O7/m° 35/ m?
Bs. 100/m°

Materials Transport
and mamuf. and erect.

fe Rs.
20/kg 27k
30/ke 22/ke
180/kg 3 2/ks

45b//<_3
veo/ke 155/ 4g
10/kg

1100/@®
5000/m°

350/m° 4"&0/"'72
556/m° eoc /m?

'0..10/000
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- Painting (ordinary) ... 25/m°

- Rubber lining, ready
installed ( 3mm)

- Copper profiles and sheets

eoe BSe 600/xn2

Constructions(ready instelled )

Materials Transp.
and manuf, and erec,
; Rse Rse
- Service platforms, stairs
etc.of mild steel eee 15/ke 3 2/k&
- Tanks, bins etc, of mild
steel. | eoo  20/ke 3 A/ke
- Tanks of acid proof steel ... 180/ke
- Tanks of reinforced plastics.. 86/ka 125/[17 372/xa
- Gas ducts of mild steel ... 20/kz 32/xz
Examples of the prices of
available equipment, main
technical data specified:
= Pumps
- type - horizontal,centri-
fugal. 3
- czpacity 25 m”/hr. 29 ,060. 0>
- pressure 50 MLC oo Bse 185310509 10%

materiel SS 316
electric power 10 HP drive

= Belt conveyors

- type-horizontal, troughed,
three roll ground conveyor

- capacity 200 TFPH ees e
- width 750 mn
- length 91,5 M

- Air and gas fans

- type-centrifugal blower
- capac ity-10800 NM3/hI‘ .

TR ORGSRy PP ow M. 3 JCC W S~ I P ok, TSR

1,660,000-C0
3455000506 I, 45y008v00

Ps, 107, 000,00

10 %%

10%

....11/...




- 700 mm.wg.
- material - casing-HSRL Impelle
- operating temperature 60°C.

- pr@ssure

Cranes and hoists Electric hoist
- 1ifting capacity - 2 T,

- i1ength of bridge = 12 M.
dpilers

- capacity - 20 TPH

- fuel to be used-Fuel oil

- pressure = 12 kﬂ./cm2

Lorries
- type - ordinary
- 1pading capacity=-12 Te.

Pork 1ift trucks

- type

- 31ifting capacity
Front end leaders

- type -~ Tyre mounted
- capacity = 153 m3

Blectric motors

- power - 75 HP

- voltage =~ 415V

- rotating speed-1500 rpm

type - synchronous, TEFC
squirrel oage

Ball mills

- diameter - 1,5 M

= length - 2.4 M

- lining material-Rubber
- electric motor- 75 HP

Rs, 13038y 000+00

r SS 316

QONDM.M
%. ] L 4 1%
55
Total fS.>8 lakhs
2KD, 8 00.00
ks, 2005000560

4,700, 080.00
fse

Bs. 60,000,00 . 6,000,00

4, m;m.ﬁb

00-012/00O




- ball charge - 505 Te,

« Drun filters
- Pilter area = 67.2 M
- filter cloth-polypropylense

2

- material-Carbon steel Pse 22,50,000.00 ( total )
7.3 Blectrification devices
- Transformers 5.....20 MVA: 5 MVA 110kv/11kv, **TRALSFCRMER
- voltage s, 750,000, 00
- Transformers 500...1500KVA: 1000 KVA;11KV/433V, A*TRANSFURMER
- Voltage e Htos
|, 600,000.00
- Cables ( 3 core) So ’
- crbss section area 120 mm2 fse #67/m - ‘
- insul ation PVC ‘
(steelvwire armoured) '1
- Cable racks Bs. 10/kg 280 mm Bs 33¢ " !
- Instrumentation Cable Trays 150 mm @S “O/m ‘
Material-Al,/Anodized Al .125/m. S0 mm Rs LI /m
7.4 Piping: cost of materials and
erection, sizes specified s
- welded steel pipes B/kR 24 /Lﬁ
- seamlesas steel pipes t8/kg ‘Zo/ L‘ﬁ
- Acid proof steel pipes t09/kg Zao/Lﬁ
- Copper pipes 60/kg
- Plastic pipes 25=300/kg
- Lead pipes 25/kg *zo/L\j
- High pressure pipes 20/kg
- Curves - /X&
-~ Collars and flamesgcarbon sveelys /e 35/%
- T-pieces 20/ke
= Valves
- Carbon steel, 15-250 NB
- Gate (fs, 700=5960) <, 0600
- Globe( Rs.400=50866) 50,060
oo o0 13/0 LR J
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- Pipe bridges and fitiimgs 15 ¥2/ka
7.5 Brection and installation work

= Wages with social cost

- gkilled labour /,200 1066/month
- helpers 1200 500/month
7.6 Taxes and duties of equipment,

materials, erec‘cio;12 eic,

- local suppliers &% excise dutyi 4% S.T.

- foreign supplies 40% customs duty of CIP prices
- Engg.commissioning etc, 25% f

8. LOCAL DATA FOR OPEZRATING
COST ESTIMATE

8.1 Unit mrices and availsbility
of the following utilities and
supplies at the indugtrial area:

Cost-fs. Unit
+ 4 wl
Bregh-(potable ) waiexr } M
< ~aa VAN <l o \13
Ceooting—weater \* LAY !
Coal 200400 ULRd.oo Te
Fuel oil 2400506~ 3,/vi.00 Te
Natwral gas - -
—Elaetpieity S en Jewh—
Propone (LPG) 325 S.LY4 kg.
Sulphuric Acid 906500 | S».80 Te
Lime 600,00 Te
Limestone 20 to 30 Te
HC1 (30% Acid) 330,00 Te
NaOH(Solid-Rayon Grade ) 6500.00 Te
Grinding balls for ball mill 10000,00 Te
Refractory bricks 8.00 brick
- chrome magnesite
- ghamotte Not available in Indie
0.0.14/00.

. . e ket pen €276
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B.2

8e3

B.4

9.

A

%e%poptaﬁwsts.of—raw-»memn;sf
liquids-a products:

Wages and sslaries including social

5 o5
Managers ?.,-5&/ - 3p02° / -
Operating Engineers) _ 2 _
Foreman ) 270007 < m/
Skilled labour 1500/~ 18 oo/ =
Unskilled lebour 1000/~ 1,200 / -

Daily, weekiy and anmual operaiing
time of personnel.

Daily 8 hrs., Weekly A8 hrs, ané annual 2400 hrs.

Road fre:.zh{s\l;; 0,25 to O
Railway freights on material transporied

and gauge of rail-~-line.
Harbo aring costs ) Works out ut 2 to
our stowing costs 23% of F.0.B. cos

33 I Daath <M nt
Hardvour—ouvico e-qurpmenys

DATA4 FOR ESTIMATION OF REVENUES

Unit prices of products(ex—works)
to be used in profitability
calculations:

Iron calcine No va],jue
- PFe appr. 65%

- S ! 0.5

- Cu [1} 0.05%
- S5i02 " 5%

Elemental sulphur(liguid) 223 1%y~

Elemental sulpmzr (solid) ks, 35358/~ for fertiliza use
and &3.1—553%/- for non-fertilizer use.

So~=bearing process gases 1M
maﬁufacturine of sulphuric acid

So2-content eppr. 7-9 vol.%
o2-content appr. 6=7 vol.%

000015/‘..
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10.
10,1

10,2

10,3

10.4

DATA F(R PROFITABILITY CALCULATIONS

Tax legiglation b7
Depreciations - 4'0;'5 Straight Line Method
Area reguletions of - A tax holiday of 7 years may be
taxation considered for profitability
evaluagtion.
Tax free reserve regula-
tions -
percentages of income tax- §5% + 5% s.c.
purchase tax - 4%
Other taxes - exise duty 8%

Capital stbck

Amount - 50% of total invest.
Requirements and limitetions
of dividends -

Pinancing terms of investment

cost, “Hwo
Grace period - three years
3.0
interest - 5% for long term loan and
17,5 $&% for short term loan,
Pay back period - 10 years,

(2 22 2]
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TYPICAL ANALYSIS OF PYRITSS

percent
Sulphide Sulphur(S) ee. 38.04
Sulphate Sulphur(S) ces 1.41
Silica (S5102) ees 15,28
Total Iron(Fe) eee 35,72
Alumina (41203) o 2.09
Calcium Oxide (CaO) .ss Traces

Magnesium Oxide (MgO0) ..o Traces

Volatile maiier @ 800°C
in one howr ese 31,06

Arsenic (&s) oo 50 Parts/Million

e
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OUTOKUMPU ENGINEERING

O+K A DIVISION OF OUTOKUMPU OY

2.2
Raw materials

2.2.1
Pyrite ore

2.2.2
Top shale

2.2.3
Coal

Ssulphide
Ssulphate ¥
Fe

As

C
Si02
Al1203

Grain size

80 %

Moisture (wet basis)

Ssulphide
Ssulphate
Fe

C

Si02
Al203

Grain size

H
WowNnKH-HKFW

L] » L]
NSRS 0 (S RN N 8 ]

— wn

80 %

Moisture (wet basis)

Ctot

Cfix
Volatiles
Moisture
Ash

62.5
51.0
20.0

4.0
25.0

Net heat of combustion

Grain size

Analysis of ash:
Si0p

Cao

Al203

Fe203

0-25

40 %
10 %
20 %
20 %

- 74 um
8 %

OP OP 0P 0P dP oP

- 74 um
8 %

0P Of Of OP df

23 MJ/kg
mm
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2-3
2.2.4
Fuel oil
Bunker C
C 85 %
H 11 &
S 3.5 %
N 0.1 %
0 0.4 %
Net heat of combustion 40.5 MJ/kg
2.2.5

Slacked lime

2.2.6
Sulphuric acid

2.2.7
Catalyst mass

2.2.8
Lime stone

Ca (OH)2 90 %
Balance 10 %
H2S04 94 %
Al1203 34 %
cao 21 %
Fe 7 %
Si02 3%

CaCO3 80




OUTOKUMFU ENGINEERING

OFK A DIVISION OF OUTOKUMPY OY

3 PROCESS DESIGN

Process Description

Flash Smelting Area

Drying of Feed Material

Flash Smelting

Reduction and Process Gas Handling
Sulphur Plant Area I
Sulphur Recovery

Sulvhur Washing

Sulphur Prilling

Additional Plant Areas

Power Plant

Coal Plant

Oxygen Plant

Water Treatment Plant

Lime Stone Slurry Preparation Plant
Compressed Air Station

Process Calculations

Flash Smelting Area

Sulphur Plant Area

Process Flow Sheets
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Flash Smelter and Sulphur Plant Process Flow
Sheet

360 100 901 002~1 Rev 2

Power Plant, Steam Flowsheet

360 100 901 010- 1 Rev 0
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2

PROCESS DESIGN

3.1

Process Description

3.1.1

Flash Smelting Area

3.1.1.1

Drying of Feed Materials

3.1.1.2
Flash Smelting

The ground and predr’ed pyrite ore is the starting
material of the sulphur production. The grain size of
the pyrite is 80 % ~ 74 um and moisture 8 %.

From the concentrate day bins the pyrite ore and top
shale are fed through a screen to drying in steam
heated dryers. In the steam dryers wet material is
dried by hot steel tubes which are heated from inside
by steam at 20 bar.

The moisture content of the dried material is less
than 0.2 % and the temperature of the exhaust gas is
about 1000oC. The exhaust gas contains dust, which is
separated in the bag filter. The dried material is
pneumatically conveyed to the dried charge bin.

The feed material mixture consists of pyrite ore and
top shale. The top shale amount is regulated so that
all the iron of the pyrite can be slagged. The pro-
cess air is enriched with technical oxygen. With oxy-
gen enrichment the temperature of the furnace is
controlled and with the total ogygen amcunt the oxi-
dation of sulphur and iron is controlled.

The feed mixture is fed through the roof of the reac-
tion shaft by means of the concentrate burner. Inside
the reaction shaft the well distributed pyrite and
the top shale particles react with air and oxygen.
The retention time for the suspension in the shaft is
about 1-2 seconds, in which time the solids are
heated up and smelted after many differen: ~hemi.al
reactions. As a result of the reactions slag and
sulphur containing gas are produced.

In the horizontal settler part slag is separated from
gas. The slag is tapped and granulated with water.
The produced gas mainly consists of sulphur dioxide,
water, carbondioxide and nitrogen.
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3.1.1.3
Reduction and Process Gas Handling

After the reaction shaft the gas contains S02 and
therefore reduction of the gas is carried out in th
uptake shaft of the flash smelting furnace in order
to produce elemental sulphur. The following main re
actions take place in reduction:

C + CO2 --=-> 2CO
S02 + 2CO --=-> 0.5 S2 + 2CO2
S02 + 2H2 ---> 0.5 S2 + 2HZ20
2 + 2H2 ---> 2H2S

At the same time the oxidic dust components are sul
hidized.

In the rear end of the settler part coal dust is
burned w. 1 oxygen enriched air to raise the temper
ture of ...e smeltina gas for the reduction.

The reduction is performed by injecting coal dust (
$ - 74 um) against the gas flow.

The maximum sulphur production is obtained when the
gas after reduction contains a little less S02 than
half of the sum (H2S + H2 + CO + COS).

The reduction is endothermic and the temperature
decreases. The temperature after the reduction is
1230 oC.

The reauced process gas together with molten dust i
fed into the waste heat boiler, where cooling and
solidyfying of dust compounds take place. The boile
consists of a radiation chamber and convection sec-
tion. The gas is cooled to 3500C by the boiler and
saturated steam is produced at 70 bar. A minor part
of the dust is separated in the boiler and the rema
ning dust in two el:ctrostatic precipitators workin
parallel at a temperature of 3600C.

The dusts from the boiler and electrostatic precipi
tatois are taken out through water seals and fed to
thickener.

£ When the gas is being cooled in the waste heat boi-
ler, many reactions take place between gas compo-
nents:
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3.1.2

Sulphur Plant Area

3.1.2.1
Sulphur Recovery

2 CO + S02 -=-=> 2 CO2 + 1/n Sn
2 CO+ 82 =---> 2 COS

2 H2 4+ S02 --=> 2H20 + 1/n Sn
2 H2 + §S2 --=-> 2 H2S

Also sulphur vapour $2 polymerizes to S4, S6 and
S8.

After the elctrostatic precipitators the cleaned gas
is led into the sulphur condensing boiler, where the
gas is further cooled down to 1500oC and at he same
time the elemental sulphur is condensed. The first
part of the boiler produces saturated steam at the
pressure cf 5.5 bar and the second part at the pres-
sure of 1.7 bar,

Part of the condensed sulphur is taken from the bot-
tom of the boiler and the rest is carried over by the
gas. These sulphur drops are caught from the gas in
the agglomerator and demister.

After the demister the gas is reheated to 4300C in
the gas reheater by burning fuel oil with air.

The reheated gas is led into the hot catalyzer where
the following main reactions take place:

2 CO + S02 =-=> 1/n Sn + 2 CO2
C0OS + H20 =~-=> H2S + CO2

These reactions are exothermic and thus the process
gas temperature increases to 480oC. A high alumina
cement with Al203 as active material is used as cata-
lyst.

The major part of the gas is led after the hot cata-
lyzer into the gas cooling boiler, which produces
saturated steam at 5.5 bar. In the boiler, part of
the sulphur is condensed. The minor part of the gas
is passed by the boiler in order to control the
temperature of the gas to 2500C before cold cata-
lyzers.

The main reaction of the cold catalyzers is:
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3.1.2.2
Sulphur Washing

S02 + 2 H2S =-=-=> 3/n Sn + 2 H20

The reaction is slightly excthermic and increases the
temperature of the gas to about 2600C. The same cata-
lyst as in the hot catalyzer is used.

After the cold catalyzers the elemental sulphur is
recovered from the gas in sulphur condensing towers,
Liquid sulphur is sprayed in the towers, where is
meets the process gas counter-currently cooling down
the gas to 1350C and condensing sulphur from the gas.

The liquid and condensed sulphur flows from the
sulphur condensing towers to the sulphur circulating
tank and from there the sulphur is pumped through
sulphur cooling boilers back to the sulphur conden-
sing towers. In the suplhur cooling goilers thS
sulphure temperature drops from 133 “C to 123 “C. The
boiler produces saturated steam at he pressure of 1.7
bar.

The recovered sulphur is pumped from the sulphur cir-
culating tank to sulphur washing.

After the condensing towers there is a little sulphur
in the gas as drops. These are caught in a demister.

Minor amounts of H_ O in the gas are converted mainly
to 8O, by an incingrator, where oil is burnedo The
gas tgmperature after the incinerator is 400 ~C.

Before directing into the stack the gas is

still washed with a scrubber-absorption tower system,
in scrubber by water and in absorption tower by lime
stone slurry. Thus the SO.,-percentage of the gas is
reduced to 0.05 % with no st. Temperature of the
exhaust gas is 60".

The sulphur produced from the process gas contains
arsenic as main impurity. The arsenic is removed from
the sulphur in low pressure autoclaves, into which
liguid sulphur and lime water suspension are pumped
counter-currently. Lime reacts very selectively with
arsenic in sulphur forming a water soluble calcium
thioarsenate.

The waste liquid from the autoclaves is treated with
sulphuric acid in a reactor in order to remove arse-
nic from the waste liquid. The arsenic precipitate
formed is separated in a thickener and in a filter,
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3.1.2.3
Sulphur Prilling

The liguid sulphur is fed to a sulphur tank, where
the temperature of the sulphur is 125 oC. The sulphur
is pumped to prilling nozzles of a prilling tower.
The sulphur is sprayed through the nozzles, and air
and water are blown to sulphur spray to cool sulphur
drops and to slow down falling speed.

From the tower the prilled sulphur is fed to a screen
and weighed.

3.1.3
Additional Plant Areas

3.1.3.1
Power Plant

Waste heat from flash smelting furnace is recovered
by a waste heat boiler which produces saturated high
pressure steam of 70 bar.

Main part of the high pressure steam is superheated
up to 500 oC in a separate, coal fired superheater.
The superheated steam is then used for generation of
electric power in a turboalternator. Part of the
waste heat boiler steam is reduced to 20 bar and used
in the steam dryers.

During shut downs c¢f the smelter the minimum required
steam production is ensured by an oil fired auxliary
boiler.

The turbine of the turboalternator is of condensing
type. The steam flows through the turbine to a
condenser, which operates with water cooling. The
condensate is returned to the feed water tank.

The steam of 5.5 bar generated in sulphur condensing
and gas cooling boilers of the sulphur plant is uti-
lized mainly as heating agent in the feed water tank
and in sulphur handling equipment.

The steam of 1.7 bar from sulphur condensing and
liquid sulphur cooling boilers is utilized as heating
agent for make up water.

The power consumption of tue whole area will he about
17.5 MW by full load. The rated power of the turboal-
ternator will be 25 MW.
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3.1.3.2
Coal Plant

3.1.3.3
Oxygen Plaint Area

3.1.3.4

The power generation exceeds the consumption of the
plant, and the excess power can be transferred out of
the plant area.

Pulverized coal is used in the flash smelting furnace
to increase gas temperature before the uptake shaft
and to reduce gases in the uptake. In the superheater
boiler coal dust is used for firing.

Raw coal is charged through a feed funnel to belt
conveyors and further toc a raw coal bin. From the bin
coal is fed to the grinding mill, ground to 70 % mi-
nus 200 mesh (0.074 mm) and dried by the warm gas
flow, which is mainly preheated air. Pulverized coal
is conveyed pneumatically to the dozing bins of flash
smelting furnace area and to a storage bin for
superheater burner coal. Further to burners it 1is
again transferred pneumatically.

There are two milling units with feeé bins in order

to ensure continuous feeding of coal dust. Each mill
is designed to grind and dry coal succesfully at ca-
pacity to meet plant requirements.

The air separation plant produces oxygen to enrich
the flash smelting furnace process air and combustion
air and to burn open the furnace tap holes.

The plant operates according tc the low-pressure pro-
cess with double refrigeration. Drying of the air
after cooling as well as simultaneous elimination of
the carbon and sulphur dioxides is performed by means
of molecular sieves.

The purity of produced oxygen is 95 %.

Water Treatment Plant

The water treatment plant and cooling water
circulation are included in offsite facilities.

Separate water types needed on the plant area are
filtered raw water, demineralized water and semi-soft
water,
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3.1.3.5
Lime Stone Slurry Preparation Plant

In the absorption tower the process gas is washed
with limestone slurry.

The limestone is ground and screened before mixing
with water. The CaCO3 - content of the limestone is
80 &.

3.1.3.6
Compressed Air Station

At the compressed air station pressure air for the
needs of the plant is produced in 7 bar abs.

pressure.
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3.2
Process Calculations

ThS temperature of the air is supposed to be
40°c and its relative humidity 80 %.

The oxygen percentage of the technical oxygen
is 95 &.

Note: All gas volumes are at normal state i.e.
1 bar, 0°C.

Boiler pressure figures are absolute values.

3.2.1
Flash Smelting Area

Steam Dryer

Pyrite ore (dry) t/h 83.5
- moisture (wet basis) 3 8.0
Top shale (dry) t/h 20.0
- moisture (wet basis) % 8.0
Steam 20 bar, 210°C t/h 18
Dryer exhaust gas 83/h 24200
- temperature C 100

Flash Smelting Furnace

Pyrite t/h 83.5
Top Shale t/h 20.0
Air to reaction shaft mg/h 65700
Oxyg=an to reaction shaft m /h 15150
- temperature C 40
- oxygen enrichment % 35.2
Distribution and 3
leakage air m~/h 2000
Slag t/h 67.2
Gas after smelting g3/h 80100
- temperature C 1390
- analysis H2 % 0.2
H-S % 6.0
cé 3 0.5
So2 % 26.7
82 % 1.4
H.O % 4.5
cB, 3 2.7 )
N % 64.0 ’
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Coal to settler t/h 3.2
Combustion air mg/h 13700
Oxygen r~/h 1800
- temperature °c 40
- oxygen enrichment % 30
Coal for reduction t/h 17.6
Injection air m>/h 2200
Flue dust t/h 10.6
Gas after furnace m3 /b 115000
- temperature °c 1230
- analysis H2 % 1.2
H.S % 1.1
Ca % 5.6
Ccos 2 0.2
SO2 % 3.6
82 % 7.6
H,O % 9.3
cé, 3 16.3
N, % 55.1
Waste heat boiler
Flue dust from boiler t/h 2.1
Steam production t/h 111
- pressure gar 70
- feed water temperature 150
Gas after boiler m>/h 108700
- temperature °c 350
- analysis H2 % 0.2
$ 1.7
$ 2.1
3 1.2
$ 2,2
$ 2.9
% 10.5
$ 20.2
$ 59.0
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Electrostatic Precipitators
Flue dust from precipitators t/h 8.5
Gas after precipitator m3/h 112200
-temperature °c 360
-analysis H2 % 0.2
H,s % 1.5
Ca $ 1.7
CoSs % 1.3
302 % 2.3
Sore..,Sgk 2.8
HJ0 $ 12.6
cd, 3 19.7
N, $ 57.9
3.2.2 Sulphur Plant Area f
Sulphur condensing boiler and demister
Sulphur production t/h 24.1
Steam production t/h 16.5
- pressure bar 5.5
- feed water temperature °c 150
Steam production t/h 7.3
- pressure gar 1.7
- feed water temperature c 105
Gas after demister m3/h 109100
- temperature e 150
Gas reheater
0il téh 1.35
Combustion air m~/h 15800
Gas after reheater m>/h 126300
- temperature C 426
Hot catalyzer
Gas after catalyzer gB/h 125500
- temperature C 480
~ analysis H,S % 1.85
cb 2 0.08
Ccos % 0.10
50, % 1.17
¢ $2,54,5¢ % 0.50
H,0 $ 13.0
C%z $ 21.8
% 61.5
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Gas cooling boiler

Sulphur production t/h 1.4

Steam production t/h 22.7

- pressure bar 5.5

- feed water temperature °c 150

Gas after boiler m3/h 125100

- temperature O¢c 250

Cold catalyzers

Gas after catalyzers m3/h 124800

- temperature °c 259

- analysis H,S % 0.52
Ca % 0.07
cos % 0.08
802 % 0.52
56,58 % 0.44
H,O % 14.4
c62 % 22.0
N, % 62.0

Sulphur condensing towers and demister

Sulphur production t/h 4.9

Gas after demister m>/h 127000

- temperature c 135

- analysis H,S % 0.51
Ca % 0.07
Cos % 0.08
802 L 0.51
Sg % 0.01
H,0 % 14.3
c 2 % 21.6
0, % 0.4
N, % 62.5

Sulphur cooling boilers

Steam production t/h 10.4

- pressure bar 1.7

- feed water temperature °c 105
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Incinerator

0il t/h 1.2

Combustion air m3/h 14000

Secondary air m3/h 16200

Gas after incinerator m3/h 158000

- temperature oC 400

- analysis Cco $ 0.13
S0y $ 1.23
H»0 $ 13.9
o/eP) % 18.5
02 $ 1.5
N> % 64.7

Prescrubber and absorber

Prescrubber water t/h 200

Limestone (80 % CaCO3) t/h 12

Residue (dry) t/h 16

Gas after absorber m3/h 180000

- temperature oc 60

- analysis CO % 0.11
S0 $ 0.05
Ho0 % 23.6
COj $ 17.3
o) % 1.3
N7 % 57.6




OUTOKUMPU ENGINEERING

O+ K A DIVISION OF OUTOKUMPU OY

3-13
MATERIAL BALANCE OF THE FLASH SMELTING FURNACE
Amount S Fe Si02 Al503 C
kg $ kg/h ] kg/h % kg/h $ kg/h % kg/h
In:
Pyrite 83500 39.5 32940 35.7 29830 15.3 12760 2.1 1740 1.0 830
Top Shale 20000 10.8 2160 11.2 2240 50.4 10080 13.2 2640 2.6 520
Coal 20760 0.5 100 3.6 750 10.4 2160 5.2 1080 64.8 13450
35200 32820 25000 5460 14800
Out:
Slag 67140 1.65 1105 45.4 30470 32.3 21700 6.2 4170
Flue dust 10580 6.0 635 22,3 2350 31.2 3300 12.2 1290 10.8 1140
Furnace gas 33460 13660

35200 32820 25000 5460 14800

@
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4.8 Drawings
Dwg Title Dwg No. Rev. No.
Flash Smelter and Sulphur Plant 360 100 901 004-9 3
Equipment Diagram
Coal Plant 360 100 901 008-1 1
Equipment Diagram
Power Plant 360 100 901 009-1 1
Equipment Diagram
Flash Smelter and Sulphur Plant 360 100 901 012-1 0
Water Main Flow Diagram
Flash Smelter and Sulphur Plant 360 100 902 004-9 2
Site Plan
Flash Smelter and Sulphur Plant 360 100 902 005-1 2
Plot Plan

!

Flash Smelter Area 360 100 902 006-0 0 ‘
Plant Layout, Plan
Flash Smelter Area 360 100 902 007-0 1
Playout Layout
Sections A~A and B-B
Sulphur Plant Area 360 100 902 008-0 1
Plant Layout, Plan
Sulphur Plant Area 360 100 902 009-0 1
Plant Layout
Sections C-C, D-D and E-E
Coal Plant and Power Plant 360 100-902 010-0 1
Plant Layout
Plan and Section
Flash Smelter and Sulphurm Plant 360 FHS 0001-9 0

Instrumentation
The Most Important Control Loops




OUTOKUMPU ENGINEERING

O+K A DIVISION OF DUTOKUMPU OY

4

PLANT DESIGN

4.1

Plant Description

4.1.1
General

4.1.2

Site Plan Dwg No. 360 100 902 004-9 Rev.
Plot Plan Dwg No. 360 200 902 005-1 Rev.

[N

The plant area is situated in Amjhore at the
industrial area of PPCL, about half a kilometer south
from the top of Hathini hill, alongside the proposed
railway.

The sulphur smelter plant is a complete unit
producing elemental sulphur from ground pyrite ore.
The plant includes power station to generate the
electric power the whole plant needs from steam that
the process produces. Coal needed as well as boiler
water are treated in their own handling plants on the
plant area.

Flash Smelter Area 200

4.1.2.1

Layout Dwg No. 360 100 902 006-0 Rev. 0
Section Dwg No. 360 100 902 007-0 Rev, 1l

Dryer and FSF Feed Area 210

4.1.2.2

Ground pyrite ore and top shale are transferred to
concentrate day bins at the plant area by belt
conveyors. The conveyors are not included in the
plant scope.

From the day bins the materials are transported by
belt feeders and conveyors through a screen to
multicoil dryers. After drying in the dryers by steam
heated tubes the material is lifted pneumatically to
dried charge bin near the flash smelting furnace.

Exhaust gases from the drying plant are purified in a
bag filter before blowing to the atmosphere.

Flash Smelting Furnace Area 220

From the dried charge bin the materials are
discharged by drag feeders and fed into the flash
smelting furnace.

In the flash furnace - which is the heart of the
sulphur production - pyrite smelts forming sulphur

S
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4.1.2.3

containing gases and iron and silica rich slag.

In smelting process air and excess oxygen are blown
into the reaction shaft.

Slag is tapped from the settler part of the furnace
and granulated by water sprays. Granulated slag can
be transported e.g. by front end loaders and lorries.

The furnace is protected inside by chrome magnesite
ard isolation brick lining.

The settler part of the furnace as well as tapping
holes are cooled by copper cooling blocks connected
to jacket water circulation. Reaction shaft is cooled
by spray water flowing down on outer side of the
shaft.

The furnace is equipped with emergency damper and
stack to be used in cases that for some reason gases
cannot be taken into the waste heat boiler and the
furnace is still kept hot.

Process Gas Handling Area 230

4.1.2.4

Smelting gases are reducted by coal injected into the
lower part of the furnace uptake shaft.

From the smelting furnace uptake shaft gases are led
to waste heat boiler, where the gases of about 12000C
are cooled to 3500C temperature. The boiler steam, 70
bar, is used for electric power production at power
plant. Cooled gases are purified from flue dust by
electrostatic precipitators (EP) which are installed
two units parallely.

Process gas fans blow the smelting gases to the
sulphur revovery area.

For special purposes, e.g. for short preparation work
in an electric precipitator or sulphur recovery area
simultaneously that the waste heat boiler (WHB) or
the other electrostatic precipitator is wanted to
keep hot, gases are drafted out of the process by the
by-pass ejectors installed between WHB and EP:s and
after each EP.

J Flue Dust Handling Area 240

Flue dusts separated in WHB and EP are mixed with
water to form slurry, which is conducted by launders
to thickener.
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Underflow of the thickener is pumped to slag
granulation rake classifiers and that way mixed to
slag. The overflow water is used for slag
granulation, flue dust slurry mixing ané gas cleaning
by a scrubber after sulphur recovery.

4.1.3

Sulphur Plant Area 300

Layocut Dwg No. 360 100 902 008-0 Rev.1
Section Dwg No. 360 100 902 009-0 Rev.1

4.1.3.1
Sulphur Recovery Area 310

Gases blown to sulphur recovery area are first cooled
down in a sulphur condensing boiler, where the
temperature of gases reduces to 1500C. In the
temperature conditions of the boiler elemental
sulphur condenses. It is taken out from the boiler
bottom. The boiler produces 5.5 bar steam in the
front part and 1.7 bar steam in the rear part.

Part of the elemental sulphur in the gas continue as
small drops to an agglomerator where the drops grow
bigger. The drops are then separated from the gas in
demister by gravity.

Gases from demister are now heated up to about 430oC
by a gas reheater, where o0il combustion gases are
mixed to the process gas. The gas reheater has two
burners. The reheater is protected by refractory
lining. Heavy fuel o0il (Bunker C) is used.

Heated gases flow to hot catalyzer unit where
additional elemental sulphur forms in the gas mainly
from SoO2.

Gases are again coocled in a gas cooling boiler where
sulphur condenses due to temperature decrease. Gases
cool down to 2500C. The bciler generators 5.5 bar
abs. steam. The boiler is furnished with a by-pass
duct to allow better control of cold catalyzer
temperature in special conditions.

Gases flow from cooling boiler to two parallel cold
catalyzers, where additional elemental sulphur is
formed.

Sulphur is again condensed in sulphur condensing
towers by spraying cooled sulphur counter-currently
into the gas stream.
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4.1.3.2

Gases from the sulphur condensing towers are blown by
two exhaust gas fans through a demister, where the
rest of the sulphur drops in the gas are separated.

The minor amcounts of H_S the gas contains after the
condensing towers are Converted mainly to 802 in an
incinerator combusting heavy fuel oil. Gas
temperature after the incinerator is 400 c.

Before blowing into the stack the gases are finally
washed in a scrubber-absorption tower system by lime
stone slurry tc minimize sulphur effluents to the
atmosphere.

Sulphur Handling Area 320

4.1.3.3

Elemental sulphur condensed and separated from the
gas stream is conducted via pump tanks to a bigger
liquid circulating pump tank.

Sulpur separated in the front part of the sulphur
recovery area, which contains small amounts of flue
dust, is pumped onto a gravity filter before
directing into the circulation pump tank.

From the circulation pump tank the sulphur is pumped
to agglomerasor/demister unit, via three sulphur
cooling boilers to sulphur condensing towers, and to
sulphur washing in two autoclaves (the producted
sulphur).

In the autoclaves arsenic is washed off from the
sulphur by lime stone slurry.

Purified sulphur is again filtered and pumped via
measuring tanks to sulphur day tank and further to
sulphur prilling tower.

In the prilling tower the liquid sulphur is
granulated by spraying it as drops to fall down
counter-currently to air stream in the tower.

Granulated sulphur is screened and conveyed to
railway waggons by belt conveyors.

Liquid sulphur handling equipment are kept hot by 5.5
bar steam.

Waste Liguid Handling Area 330

Waste liquid from autoclaves is treated in a reactor
where sulphuric acid is added. The arsenic impurity
is precipitated and separated from the ligquid by a
thickener vessel, underflow of which is vacuum
filtered to form waste cake.
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4.1.4
Additional Plant Areas
4.1.4.1
Coal Plant Area 500
Plan and Section Dwg No. 360 100 902 010-0 Rev. 1

4.1.4.2
Power Plant 600

4,1.4.3
Cxygen Plant 700

Coal handling equipment is located beside the smelter
and power plart. to the west cf the power plant.

is first stored in bins, then
pulverized. For utilization in
and steam superheater (at the
is transported pneumatically
furnaces.

On the plant raw coal
milled, and stored as
flash smelter furnace
power plant) the coal
and injected into the

Plan and Section Dwg No. 360 100 9062 010-0 Rev. 1

e e e i = v

Separate power station is located beside the smelter
area, north of it.

The nower plant receives and handles separate steams
generated in smelter plant boilers as follows.

- High pressure waste heat boiler steam 70 bar
is superheated by coal and used to electric
power generation.

- Medium pressure 5.5 bar steam is used for
feed water heating in a common feed water
tank, located at the power plant.

- Low pressure 1.7 bar steam from sulphur
condensing and sulphur cooling boilers is
used for heating the boiler feed water.

In power station an auxiliary boiler is installed,
using oil as fuel. This boiler is used during shut-
down cases to produce steam to keep smelter plant
boilers and sulphur handling equipment hot and ready
for start-up.

The power plant produces electric power, heating
steam andé bciler water to be utilized at smelter
plant.

Oxygen for enriching the process air is produced in a
separate plant, situated north from the other plant
area, behind the main railway. Oxygen is conducted to
the smelter plant in ducts as gaseous.
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4.1.4.4
Lime Stone Slurry

4.1.4.5

The plant is a complete unit comprising all equipment
and accessories needed for pure oxygen 95 %
production. Production capacity is 650 t/day.

Preparation Area 800 (IN OFFSITE FACILITIES)

Described in Chapter 4.7, Offsite Facilities Para 10,
prepared by FEDO FACT, India.

Water Treatment Area 900 (IN OFFSITE FACILITIES)

4.1.4.6

Described in Chapter 4.7, Offsite Facilities, Para 3,
prepared by FEDO FACT, India.

Compressed Air Station 950

Plant air is produced by two compresgors. The
capacity of each compressor is 35 Nm™/min. The outlet
pressure is 7 bar abs.

Instrument air is produced by drying and filtering
the plant air. The capacity
filtering equipment is 7 Nm

of the drying and

3/min.

[P ——
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;;it of Equipment with Main Technical Data
' 4.2.1
Coding
' CODE AREA
200 FLASH SMELTER AREA
' 210 DRYER AND FSF FEED AREA
' 220 FLASH SMELTER FURNACE AREA
230 FSF PROCESS GAS HANDLING AREA
240 FSF FLUE DUST HANDLING AREA f
300 SULPHUR PLANT AREA %
310 SULPHUR RECOVERING AREA i
320 SULPHUR HANDLING AREA i
330 WASTE LIQUID HANDLING AREA
500 COAL PLANT AREA
600 POWER PLANT AREA
700 OXYGEN PLANT AREA
i 800 LIME STONE SLURRY PREPARATION AREA
900 WATER TREATMENT AREA

950 COMPRESSED AIR STATION
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EQ. GROUP EQ. TYPE EQ. CODE
Basins Granulation basin 108
Bins Day bin 116
Dried charge bin 117
Feed bin 117
Storage bin 118
Boilers Steam boiler 122
Superheater 123
Waste heat boiler 124
Boilers, others 129
Burners Coal dust burner 131
0il burner 133
Concentrate burner 435
Casting eq. Launder 140
Conveyors Belt conveyor 167
Drag conveyor 168 ‘
Pneumatic conveyor 170
Screw conveyor 172
Scraper conveyor 174
Conveyors, others 179
Dryers Steam dryer 194
Ducts, gas
and dust pipes Hopper 202
Stack 204
Water 1lock 209
Fans Fan 212
Blower 214
Feeders Air lock feeder 216
Belt feeder 218
Drag feeder 223
Filter Drum filter 243
Gravity filter 244
Furnaces Flash smelting furnace 261
Incinerator 263
Heat-transfer eq. Feed water heating/cooling heat exchanger 280
Gas reheater 281
. Heat exchanger, others 289
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EQ. GROUP EQ. TYPE EQ. CODE
Lifting devices Overhead travelling crane 318
Crane
Mills Mill 325
Pumps Pump 370
Dosage pump 371
Ejector 372
Slurry pump 374
Vacuum pump 375
Water pump 376
Screens Vibrating screen 411
Separating eq. Bag filter 417
Cyclone 419
Demister 420
Electrostatic precipitator 421
Scrubber 423
Special machines
and equipment Agglomerator 431
Hot catalyzer 433
Cold catalyzer 433
Sulphur condensing tower 464
Sulphur prilling tower 509
Tanks Tank 510
Autoclave 511
Feed tank 514
Measuring tank 515
Mixing tank 516
Pump tank 518
Jacket and spray water tank 519
Storage tank 519
Reactor tank 521
Thickeners Thickeners 532
Turbines Steam turbine 556
Valves Disc valve 562
Emergency valve 569
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4.2.2
Equipment List (In Volume II)
Smelter and Sulphur Plant
Equipment diagram,
Dwg No. 360 100 901 004-9, Rev.3
Coal Plant
Equipment diagram,
Dwg No. 360 100 901 008-1, Rev.l
Power Plant
Equipment diagram,
Dwg No. 360 100 901 009-1, Rev.l1
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4.3

ELECTRIFICATION

4.3.1

Description of electrification

General principles
Principle of electric power distribution has
shown in the main single line diagram.
(Appendix 1)

Main transformer station
The main transformer station will be connected to
the 110 kV line with open-wire circuit. The
station comprises concrete foundations with fire
walls of 110/11 kV main transformer and 110 kV
switchyard incl. necessary compounds.

The rated power of the main transformer is
40 MVA.

Power plant An electric room will be built in the power plant
for a 11 kv main switchgear. The switchgear
comprises 12 cubicles.

The power plant generator will be connected to
the 11 kV main switchgear.

The rated power of the generator is about 25 Mw.

11 kv auxiliary switchgears

There are three auxiliary switchgears. The
switchgears will be located in following buildings:

Smelter
Sulphur handling
Oxygen plant

The energy will be fed from switchgears by cables
to the distribution transformers and high voltage
motors ( > 350 kW ).

The rs are to be placed in ventilated

Y

440 V motor cont:

o ; -0l centers will be centralized in the
€. - .. rooms of each department. The energy
will be fed from transf~rmers “o MCC's by means
of busbars.
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Transformers Following transformers will be required:
Flash smelting area 3 a 1600 kva
Coal handling area 1 &a 1le00 "
Sulphur handling area
{waste liquid handling) 2 a 1le00 "
Sulphur recovery area 1 a 1600 "
Oxygen plant 2 a 1600 "
Power plant 1 & 1000 "
Off-site facilities 3 a' 1e00 "
13 pecs

The transformers will he placed in separate
transformer rooms in the immediate vicinity of
motor control centers.

Emergency power Emergency power needed in tt :lant will be
generated by a diesel-generator. The emergency
power unit will be located be<.de the smelter's
electric room. The effect of emergency power unit
has been chosen to about 600 kVA. Max. voltage
after break-down is generated in 10-30 sec.

Control system The control of electric motors has been
centralized to the contrcl rooms of departments.

Lighting and welding outlets
Illumination shall provide necessary lighting for
the process area. HP-Na lamps and fluorescent
tubes will be used.

Light pillars and masts will be used for area
lighting.

Welding outlets will be located in all necessary
working areas.

Power demands Total installed powe' is estimated to be 23,4 Mw.
It can be divided in.o following parts:

Flash smelter area
Sulphur recovery area
Sulphur handling area
Oxygen plant 1
Coal handling area
Power plant
Off-site facilities
P

= O
s s o~~~

WO OO,

s

23,4 MW

inst.
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Normal running load

Running load at full capacity 17,5 Mw

Cos y =20,8

Compensating

performed.

Engineering criteria of electrification

VoltAges

Power supply 110

Primary distribution 11

Motors over 350 kW 11

Motors 350 kW and

Compensating will partly be performed by
capacitor banks and partly by power plant generator
by which alsc the regulation of compensation is

kV 3 ph 50 Hz
kv 3 ph 5C Hz

kV 3 ph 50 Hz

below 440 V 3 ph 50 Hz
Control (motors) 220 v 1 ph 50 Hz
Control
(HV~distrib.) 110 v DC
Short circuit capacities
110 kv 3500 MVA (max. allowed)
11 kv 500 MVA
440 V 38 kA, 1 s.
Energy consumption
(estimated operating time 7500 h/year)
Flash smelter 24 000 MWh/a
Sulphur plant 13 000 Mwh/a
Power plant with
coal handling 10 500 MwWh/a
Oxygen plant 66 000 Mwh/a
Off-site
facilities 17 250 Mwh/a
130 750 MWh/a

mm
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LIST OF MAIN ELECTRICAL EQUIPMENT

SUPPLIER
FOREIGN | LOCAL

|
|

i

1  Main transformator 110/11 kV, 40 MVA - ox
2 Power generator 25 Mw, 11 kV X
3 11 kV switchgears, 4 pcs | X ’
4 Distribution transformers ;
1,6 and 1,0 MVA, 10 pcs X E
5 Motor control centers 440 V | %
and relay panels X !
6 Emergency power diesel generator set X
7 Frequence converter drives X

8 Installation material, cables, cable trays, E
lighting, telecommunication eguipment, =
grounding, power outlets, control boxes
etc. <
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4.3.2
Motor List

In Volume II

S —
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4.4
INSTRUMENTATION

4.4.1
General Description of Instrumentation

CONTENTS
1.0 Design Concepts
2.0 Control Rooms, Control Panels and

Operator Work Stations

3.0 Field Mounted Instrumentation,
Wiring and Piping

4.0 Power Supplies, Signals and
Units of Measurements

5.0 Drawings and Data




1

|

OUTOKUMPU ENGINEERING

O+K A DIVISION OF OUTOKUMPU OY

1.0
DESIGN CONCEPTS

1.01

1.04

1.05

The instrumentation and control system will be
designed to provide information and control necessary
to operate the plant efficiently, economically and
safely with a minimum of personnel.

The controls shall be implemented using industry
standard instruments and control systems. Use of
custom designed or proprietary control systems shall
be avoided to the extent possible.

Major instrumentation and controls shall be
standardized in all plant areas of the project.

The following factors shall be given special
consideration.

The number of operators required to operate
the plant.

The availability and the location of vendor
service and parts supply centers.

The amount of flexibility demanded by plant
operations and optimum cost per unit of
production for fuel, power, additives and
labor.

The maximum recovery of a high purity
product and controlled pollutant levels in
plant effluents.

Electronic type instruments shall be generally used.

Use of pneumatic instruments shall be avoided, except
for control valves, certain local control loops, and

special applications where the pneumatic instrument-

ation has a definitive advantage over the electrical

instrumentation,

The control room instrumentation shall be based on a
modern distributed digital control system (DCS). In
addition a computer system for optimization, high
level controls, data acquisation, reporting and
process management shall be included in the project
plan.

ISA symbols shall be used on preparing of Piping
Instrumentation Diagrams (P & ID).

DIN standards and metric units shall be used on
instrumentation design.
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2.0
CONTROL ROOMS, CONTROL PANELS AND OPERATOR WORK STATIONS
2.01 A central control room (CCR) with control panels and

operatecr work stations will be provided. The control
room shall be the point of control for operating
and/or monitoring the process and will contain the
necessary instrumentation and controls to operate the
process.

2.02 Colour TV-display units and Operator Work Station
(OWS) with dynamic keyboard shall be used for DCS.

2.03 A free standing control panel with semigraphic
diagram on the top part shall be provided for CCR.
The vertical section of the panel shall include
complementary analog instruments. The sloping console
section shall include start-stop push buttons for
motors, selector switches, ammeters etc.

2.04 There will also be a Relay Room (RR) near CCR for
auxiliary equipment and electronic cabins of DCS.

2.05 The CCR and the Relay Room shall be pressurized with
filtered air to exlude dust and noxjious gases (502
and H2S) and shall be air conditioned to maintain
suitable constant temperature and humidity.

2.06 There will also be a control room for elementary
sulphur plant. One sub OWS of DCS shall be located
there. Certain operations of the sulphur plant will
be controlled from this control room. A conventional
control panel like that at CCR, shall be provided
there, too.

2.07 The other plant of the area (Power Plant, Oxygen
Plant and Coal Powder Plant) shall have their own
control systems. However, the operations of these
plants are depending on each other because their
processes shall be connected together. That is why
adequate information transmission between them shall
be absolutely necessary. Information connections
between the plants will be defined on Basic
Engineering.
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3.0

FIELD MOUNTED INSTRUMENTATION, WIRING AND PIPING

3.01

3.02

3.03

3.08

3.09

Field Mounted transmitters shall be two (2) wire type
wherever possible. For certain special applications,
where two (2) wire transmitters are not available,
four (4) wire transmitters may be used.

Enclosures for field mounted instruments shall be
DIN IP54 dust tight and water tight construction.
Classification for hazardous application location,
if required, shall be specified on the data sheets.

Instruments located outdoors and subject to severe
ambient conditions including moisture, freezing and
corrosion, shall be protected either by heating
and/or shall be installed in weatherproof housing
or shelters. The use of protective housing, or
enclosures shall not inhibit the functioning of the
instrument or detract from the ability to perform
routine service.

All automatic control valves shall be provided with
isolating block and bypass valves, unless dupliction
of equipment and lines allows control valve replace-
ment without shutting down the process. Control
valves which are not provided with isolating block
valves and bypass shall be supplied with a manual
handwheel or other means for hand operation.

Instrument signals and alarm wiring shall be designed
with twisted pair cable with aluminum mylar
electrostatic shielding, a bare copper drain wire and
overall PVC jacket. The cable shall be suitable and
approved for installation in cable trays.

Multipair cables shall generally be used to connect
the field junction box to the control panel. The
cable characteristics shall be same as above except
each pair of conductors shall be individually
shielded and have a bare copper drain wire.

The primary instrument connection shall be the
responsibility of piping section. These connections
will include process block valves, tha>rmowell or
probe couplings and flanges.

The instrument process piping material including
tube, valves and fittings shall be 316 stainless
steel.

The tubing runs for pneumatic transmission signals,
and connections between filter-regulators and
instruments, shall be made with 6 mm outside diameter
316 stainless steel tubing with 1.0 mm wall
thickness.

Tube fittings for pneumatic system shall be 316
stainless steel compression type.
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4.0
POWER SUPPLIES, SIGNALS AND UNITS OF MEASUREMENT
4.01 The electrical supply for instruments will be 220 V,
50 Hz.
4.02 An uninterruptible power supply (UPS) providing 220

V/50 Hz shall be provided as the source of power to
the Distributed Control System (DCS). The UPS shall
provide a bumpless, fully synchronized 220 V/50 Hz
power to DCS for a minimum perioc¢ of 60 minutes in
case of a power failure of primary source.

4.03 Supply of power to all instruments regardless of
their location shall be design responsibility of
instrument section. The supply of power to field
instruments shall originate from the appropriate
control panel. The instruments in the same loop
shall be powered from the same source of power.

4.04 Pneumatic instruments shall operate from instrument
air supply of 140 kPa gage pressure and shall yield
a control signal over a range of 20 to 100 kPa gage
pressure. Under special circumstances other signal
ranges, and air supply pressures may be specified.

4,05 The piping section will supply a nominal 600 kPa
gauge pressure dried and filtered instrument air
supply source. '

4.06 The main instrument air header design shall be the
responsibility of the piping section and shall be
shown on the area piping drawings.

4.07 The following transmission signal levels shall be
used:

Analog Signals - 4-20 mA DC

Alarm Signals - 24 vV DC

Counters - 24 V DC

Solenoid Valves - 220 v, 50 Hz

ON-OFF Controls - 220 v, 50 Hz

Status Signals - 220 v, 50 Hz

Interlocks - 220 v, 50 Hz
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4.08 The following SI metric eng:neering units shall be
used on instrumentation:
(a) Pressure - Kilopascal gauge pressure (kPa gauge)

- Megapascal gauge pressure (MPa gauge)

(b) Vacuum

Pascal Vacuum (Pa vacuum)
Kilopascal Vacuum (kPa vacuum)

(c) Temperature

Degrees centigrade (C)

(d) Level

0-100 percent

(e) Flow 0-100 percent linear

Water, volume Liter per second (L/s)

Process liguids
volume

Liter per second (L/s)

Process

additives

(liquids),

volume - Liters per hour (L/h)

Process
additives
(solids), mass - Metric tons per hour (tph)

Process solids
mass - Métric tons per hour (tph)

(f) Angular
speed - Revolutions per minute (rpm)
0-100 percent

(g) Linear
velocity - Meter per second (m/s)

(h) Density - Kilogram per cubic¢ meter (kg/m3)
(i) Electrical
current - Ampere (A)
- 0-150 Percent

{k) Acidity,
Alkalinity - pH Unit

(1) Oxidation
Reduction
Potential - millivolts (orp mV)
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5.0
DRAWINGS AND DATA

5.01

A set of basic engineering drawings and data chall be
prepared for major instrumentation and control
systems. The drawings and data shall be sufficient to
allow a qualified engineering company to perform
detail engineering. The basic engineering drawings
and data shall include the following:

General Specification for Instrumentation
Design

Instrument Index

Piping and lnstrumentation Diagrams (P & ID)
P & ID Symbols and Legends, Instrumentation
Preliminary Instrument Data Sheets

Control Panel Specifications

Control Panel Layouts

Preliminary lay-out for Central Control Room
and Relay Room

Space reservations for local control rooms
and desks

General specifications for Distributed
Control System and Computer System

Block Diagrams for DCS and Computer

General specification for main control
functions and operation

General Specification for Instrumentation
Installation

A complete set of detail engineering drawings and
data shall be prepared for all instrumentation and
control systems. The drawings and design data shall
be detailed to allow a qualified contractor to submit
bids for the procurement of installation material and
completion of the work with a minimum of field
engineering at the jobsite. The detail engineering
drawings and data shall include the following:

Updated Basic Engineering Drawings and Data

Loop Diagrams

Wiring Diagrams
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Cable Schedules
Cable Tray Layouts

Plot Plant of Field Instruments and Junction
Boxes

Installation Details and Bills of Material
Drawings of Process Couplings and Tappings
Vendors Drawings and Data for engineering,
maintenance, construction and record

purposes

Drawings of Auxiliary Voltages Supply system

Drawings of Installation Racks and Auxiliary
Equipment Cabins
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4.4.2
Preliminary Loop Number Schedule for Instrumentation

Instrument code letter identifications have been
designated in accordance with the standard of
Instrument Society of Pmerica. In addition following
symbols have been used to decine operation/location
of the instruments:

/ Distributed Control System connection
0 A local instrument
6 An analog instrument at Control
room
X An interlock or special service

A tag number of an instrument shall consist of five
digit numbers. The first two digits represent the
plant area in which the sensing or primary is
located, followed by a three digit sequential number.
The plant area numbers are:

00 GENERAL AREA, UTILITIES

01 MATERIAL DAY BINS AND FEEDING
EQUIPMENT

02 DRYING AND DRYED CHARGE BINS

03 FLASH SMELTING FURNACE

04 GAS COOLING AND DEDUSTING

05 SULPHUR PLAXT, GAS LINE

06 SULPHUR HANDLING EQUIPMENT

Attached are 16 sheets of Loop Number Schedules.
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