 chapers

Diagnostic Evaluation of -
' Power Plant Facllities



Contents of Chapter 5

Chapter 5 Diagnostic Evaluation of

5.1

5.1.1

5.1.2

5.1.3

5.1.4°

5.1.5
5.1,6

5.1.7
5.1.8

5.2

5.2.1
5.2.2

5.2.3

- 5.2.4

Power Plant Facilities .......cceiovevarars
Review of Process, Operation and Maintenance......
Existing boiler FACIlAitieS. v ourieraonnraranarons

Matters to be pointed out, evaluations and

countermeasures regarding the boiler facilities.

Present boiler operation......v-iiiiiiiinvesns

Matters to be pointed out, evaluations

and countermeasures regarding

present boiler operation..........ccovcvvinnns

Existing facilities for electricity supply.
Evaluation of existing facilities

for electricity supply.cccecininsacsennnsnn
Present steam supply system.......cccenveen

Matters to be pointed out,
evaluations and countermeasures

regarding present steam supply system......

Diagnostic Evaluation on Combustion

Method and Contrel System. ..ceeeascioessnsass
Present combustion method.....sveiviveacanns
Matters to be pointed out,

evaluations and countermeasures

regarding present combustion method........
Present control SYSteM...c.csucisssvaneacrss
Matters to be pointed out,

evaluations and countermecasures

regarding present control system...........

&

5.1-7
5.1-10

5.1-15

5.1-20

5.1-21

5.1-22

5.1-22

5.2-1
5.2-4

5.2-5



5.3 Review of Requirements for Steam

and BElectric POWEY . i+ et sectsastonnansssbnnsanta

5.3.1 Current steam specificatbion....v.viveciceeesan
5.3.2 Evaluation for the specification of the steam.
5.3.3 sSpecification of power generators.......e.avns

5.3.4 Evaluation of the povwer generator...s.c.cesoess

5.4 Diagnostic Evaluation on the - _
Energy Balance and Fuel Efficiency...... cevices

5.4.1 Energy balance of existing boiler.............
5.4.2 Review of the result of energy balance........

5.5 Evaluation of the Present Air Pollution Control,
Boiler Feed Water Treatment System and

" Waste Water Treatment Facility.....icvivievierann

5.5.1 Review of environmental control measures......
5.5.2 Present conditions of

boiler feed water treatment system........ii..
5.5.3 Points at issue, evaluation

and measures to be taken on boiler
_ . feed water treament system.....coaivviiivacciin
'5.5.4 Present condition of ' k

waste water treatment in power plant..........
5.5.5 Points at 1ssue, evaluation and

measures to be taken regafding the

waste water treatment in power plant...,.......

5.6 Review of Type and Quality of Fuel...iseiceaseass

5.611 Curl‘ent fuel used in PPSA-..a.coioill'-ol-lo.l.c L)
5.6'2 Evaluationof fuel..llilll...l“.lll.'l.‘..lf"

- ii -

5.3-1

5.3-1
5.3-1
5.3-4
5.3-4

’ 5-4_1

- 5.4-1
- 5.4-9

5‘ 5-14

5.6~1

- 5.6-1 g

506"“2



5.7 Review of Level of Emission
and Effluent fI‘Oﬂ'l the Plant.....c...-..........--.-.. 507"‘1

5.7.1 Present emission amounts of air pollutant.......... 5.7-1
5.7.2 Emission level of air pollutant.....civicecieesssas 5.7-3

5.7.3 Present condition of effluent in power plant.... 5.7-10
$.7.4 Evaluation of effluent from power plant......... 5.7-11
5.8 Evaluation of Cooling Water Systen,

'Heat Recovery and Waste Water.....iceceiiciasavaes 5.8-1
5.8.1 Present Condition of Cooling Water System....... 5.8-1
5.8.2 Points at issue, evaluation and measures

to be taken regarding the cooling water system.. 5.8~2
5.9 Review of Environmental Measurement and .

Monitol‘ing Systemlt:D.--.0él‘.t'l‘r‘ll.ud.o'.llnoot- v 5-9—1
5.9.1 Confirmation on sampling MEthoOGS. cesvrenasininns 5.9-1
5.9.2 Confirmation on analysis procedures.......c..... 5.9-1
5.9.3 Emission values in flue gas......vesvvtateeiones 5.9-3
5.9.4  Location for measurement in PPSA

and the measured VAluesS.......essoicessasavssonas 5.9-3

5010 Review Of Management System. 4 8 s e s bt s e e s e 5.10"1
5.10.1 Operation Management. ... veesareoessoorassassas 5.10-1
s e b b2 s 4w A e 5-10"'3

5.10.2 Maintenance management..........

~ iif -



Contents of Table in Chapter 5

- _Page

Table 5.1-1 THE MAIN SPECIFICATION OF BOILERS IN PPSA.... 5.1-25
Table 5.1-2 THE USAGE AND MAIN SPECIFICATION OF STEAM.... 5,1-26
Table 5.1-3 THE MAIN SPECIFICATION

OF STEAM-TURBINES IN PPSA....ivesieioneresnens 5,127
Table 5.1-4 FUEL CONSUMPTION OF BOILERS IN PPSA.......... 5.1-3
Table 5.1-5 THE CONTROL TARGET FIGURES FOR QUALITY 7

OF B.F.W. AND B.W.uuveeiarossrstnoasrsnenaaes 5.1-4
‘fable 5.1-6 . OPERATING DATA OF BOILER (00-320 NO.2)(1/2).. 5.1-28
Table 5.1-7 FLUE GAS BALANCE OF BOILER (00-320 NO.2)..... 5.1-30
Table 5.1-8 ENERGY BALANCE OF BOILER (00-320 NO.2)..%.... 5.1-31
Table 5.1-9 FUEL CONSUMPTION ON BOILERS IN 1992.......... 5.1-32
Table 5.1-10 STEAM PRODUCTION ON BOILERS IN 1992......... 5.1-33
Table 5.1-11 FUEL CONSUMPTION OF NO.2 BOILER........v00.. 5.1-11
Table 5.1-12 MONTHLY ‘AVERAGE LOADS OF

. HIGH PRESSURE BOILERS IN 1992........5%400.: 5.1-12
Table 5.1-13 MONTHLY AVERAGE LOADS OF

LOW PRESSURE BOILERS IN 1992......v.0000ve.. 5.1-12
Table 5.1-14 BOILER LOAD AND OPERATING TIME
. OF EACH BOILER IN 1992...c0vueivrornsencrass 5.1-34

Tfable 5.1-15 NUMBER OF START UP OF EACH BOILER IN 1992... 5.1-35
Table 5.1-16 THE REASONS FOR START UP OF _

HIGH PRESSURE BOILERS IN 1992............... 5.1-13
Table 5.1-17 ONE SAMPLE OF BOILER LOAD BALANCE AT THE

CASE 1,470 T/H OF TOTAL STEAM DEMAND........ 5.1-17

Table 5.2-1 EXAMPLE OF ACTUAL DATA ON
VACUUM RESIDUE OIL COMBUSTION................ 5.2-6

Table 5.3-1 GENERAL STEAM CONDITION FOR INDUSTRIAL

POWER GENERATION IN JAPAN- LI A I N N e 503"1

..j_v -



Table
Table

Table
Table

PTable

'Table

Table

Table
Table
Table

Table
Table

Table
Table

Table
Table
Table

Table

5.4-1

5.4"2

5.5-1

5.5-7

5.6-1"
5.6-2

..5|7_1
557"'2

BREAK DOWN OF l‘[EAT INPUT.-...-o.s'en-'-oo...-;.
BREAK DOWN OF HEAT OUTPUT.ooiocﬁn’----co'ooi--n

AIR POLLUTION LIMIT & EMISSION VALUE

"OF POWER PLANT TN PDSA. . vseesiarasiannsossnss

CALCULATED EMISSION VALUE OF SO, & NOx

IN POWER PLANT. « vt vveerrsueansesonsasonansnas
CAPACITY OF BOILER _

FEED. WATER TREATMENT SYSTEM...c..veeriancvnns
TOTAL ANALYSIS OF VISTULA RIVER,

COOLING WATER AND DECARBONATED WATER.........
SEQUENTIAL ORDER OF EQUIPMENT IN

BOILER FEED WATER TREATMENT SYSTEM:.:.vveoren
OPERATING DATA OF BOILER '

FEED WATER SYSTEM {(1/3) .ttt iiecratrsansoasnns
PERCENTAGE OF WASTE WATER FROM

BOILER FEED WATER TREATMENT SYSTEM....eoeuve.
QUALITY OF BOILER FEED WATER....coorseessasns

THE AMOUNT OF FUEL CONSUMED IN 1992..........
QUALITY DATA AND SPECIFICATION OF FUEL OIL...

AIR POLLUTION FROM POWER STATION (1/3).......
EMISSION OF AIR POLLUTION AND
FEES FROM POWER STATION. R T N T T S I B IR B .

FARGET VALUES FOR NOX TO BE REDUCED. . ....svs.
COOLING WATER K-1 AND THE WATER IN JAPAN.....
SHIFT OF EMPLOYEES FOR
PRGDUCTION OF UNIT NO.]—..'.“.-..‘.l..‘....'

SCHEDULE FOR WORK ON
THREEE[GHT"HOUR SHIFTSa-lcoasa-nooanlooolo-

Page
5-4_4

5.4-6

5.5-6

5.5-16

5.5-17

505-8
5.5-20

5&6"'7
5.6-2

5.7-13

5.7-16
5-7"'4

5.8-3

5 L] 10"5

5.10-6



Table

Table

Table

Table

Table
Table

5.10-3 .

5.10-4
5.10-5
5.10-6

5.10-7
5.10-8

WORKING HOUR OF EMPLOYEES FOR

THE POWER PLANT. it vv i s e bsnissossissnssas
EMPLOYMENT.&...-i-oooo-;aﬁ-lltanneain-iii

'PLANNED SHUTDOWN DAYS AND

NUMBER OF START-UP OF 7 BOILERS. . . vvuu.n

COSTS FOR CLEANING OF

TUBES OF EACH BOILER. s v vt vosovseevainne

MAINTENANCE COSTS OF THE POWER PLANT...
MAINTENANCE COSTS OF FACILITIES IN

HEAVY INDUSTRIES IN U,.S.A. AND JAPAN..:sve...

- yi -

.-

.

Page
5.10-6
5 . 10"'7
5.10-7

5.10-8
5.10-8

5.10-8




o

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure
Figure
Figure
Figure

Figure

"5.1-1
511_2
5.1-3

501"5
5.1-6

5.1-7
5-1-8

5.2“1

5.2-2

5.2-3
5.2-4

5.3-1

5-4—1'

5.,5-1

5-5_2

~5.5-3

5,5-4

Contents of Figufe in Chapter 5

SIMPLIFIED EXISTING STEAM DIAGRAM OF PPSA...

SIMPLIFIED FLOW DIAGRAM OF BOILER.......v...
CHEMICAL INJECTION POINT OF ' :

BOILER WATER SYSTEM. + v oo tonsansesnansnnoes

CROSS SECTIONAL DRAWING OF

WATER SCREEN WALL. .ot veessssossanss R
OPERATIONAL DATA ON AIR PREHEAT SECTION.....
CORRELATION BETWEEN ALLOWABLE TEMPERATURE
OF HEATING ELEMENTS OF JUNGSTROM AND
SULFUR'CONCENTRATIOQ IN FUBL. v oo vavransnse
EXISTING SINGLE LINE DIAGRAM-OF PPSA........
ELECTRICITY BALANCE OF PPSA IN-1992.........

ASSEMBLY DRAWING OF OIL GAS -BURNER.........s
DETAIL DRAWING OF BURNER TIP....csvcreavssnn
COMPARISON WITH BURNER TIPS OF MIDWAY

MIXING TYPE AND INTERNEL MIXING TYPE........
FLOW DIAGRAM OF BOILER (FORCED DRAFT TYPE)..

STEAM PRESSURE AND STEAM FLOW RATE AT
THE STEAM TURBINE INLET. . :vsisssacessananns .

HEAT BALANCE OF_NO.Z BOILER IN PPSA. ...
SCHEMATIC FLOW DIAGRAM OF

WATER TREATMENT FACILITIES. ..svo20svacsosvsns
SCHEMATIC FLOW DIAGRAM OF CURRENT

DE“MINERALIZER FACILITIES...uco-ba-ic¢-toc-c
SCHEMATIC FLOW DIAGRAM OF BOILER FEED _
WATER TREATMENT FPACILITY....iu0asesasoannsses

THE COMPARISON BETWEEN CON-CURRENT AND

COUNTER CURRENT REGENERATION. 4 4 4 5 & 8 2 & & & 4+ l L

- yil -

. _Page

5.1-36
5.1-37

5.1-38
5.1-7

5.1-19

5.1-39
5,1-40
5.1-41

5.2-7
5-2“9

5.2-2
5.2-10

5.5~21
5.5_23
5.5-24

5.5-25



Figure

Figure

Figure

Figure
Figure

Figure

Figure

"Figure

Figure
Figure

SCHEMATIC FLOW DIAGRAM OF

* WASTE WATER TREATMENT FACILITY... v teeascans

5.6-1

5.7-1

" DUST AND 02'IN FLUB GAS . ivestvtenvrsroessvas

5.8-1

CORRELATION BETWEEN FUEL OIL TEMPERATURE AND
KINETIC VISCOSITY-n-c--.---.-.-.io-'osoqeoln-o

CORRELATION AMONG CO,

AGED DETERIORATION OF

MAXIMUM CORROSION DEPTH...Ili.Q.llI‘.Illl..ll..

5.8-2

5.8-3
5.8-4

5.8-5

5.10-1
5.10-2

'CORRELATION BETWEEN ION(CL™ + S0427)

CONCENTRATION AND CORROSION RATE. . vvevsevas
ANTI-CORROSIVE EFFECT FOR CARBON STEEL......
CORRELATION BETWEEN VELOCITY AND

ADHERENT SPEED. . v.teeetestsassssosssssanans
CORRELATION BETWEEN pH 'AND

GROWING POTENTIAL OF MICROORGANISMS.........

ORGANIZATION CHART OF POWER PLANT....vue00s
INSTANCE OF STRUCTURE OF SHIFT HORKERS FOR
OPERATION OF A PLANT IN A JAPANESB REFINERY
AND PETROCHEMICAL COMPLEX. . ::oevacesssavann

- vidd -

Page

5.5-27

506"‘8

5.7=17

5.8-8
5.8-9

5.8-10
5.8-11

5.10-5

5.10-6




5
oy

Chapter 5 Diagnostic Evaluation of Power Plant Facilities

5.1 Review of Process, Operation and Maintenawnce

(1)

" 5.1.1 Existing boiler facilities

Capacity of boiler facilities

There are 10 boilers in PPSA. Seven of these boilers are
generating high-pressure steam for power géneration
(hereinaftér called high-pressure boilers).
The conditions of high-pressure steam are as follows:
pressure 139 ata '
temperature 540 °C

" No.l, No.2 and No. 3'boilers are made in Czechoslovakia and

their capa01ties are 320 t/h. No.4, No.5, No.6 and No.7
hoilers are made in Poland and thelr capacities are 420
t/h,

The total generating capaoity {No.l1 - No 7) is 2,640 t/h.

No.8 boiler is generating steam at 35 and 18 ata at a
temperature of 400°C, and lts capacity is 220 t/h.
No.9 and Nec.1l0 are generating steam at 18 ata at a

‘temperature of 270°C, and the capacity of No.9 and No.10 is

60 t/h.
“Phé main Specificatlons of these boilers are summarized in
" 'Table 5.1-1, '

(2)

Kinds of steam and usage of generated steam

There are 7 pressure levels ; 139 ata, 70 ata, 45 ata, 35
ata, 18 ata, 7.5 ata and 1.2 ata, as shown in Figure 5.1-1

‘{Diagram of steam supply system).

The usage and main specifications of generating steam are
summarized in Table 5.1-2.

There are 5 steam turbines in PPSA for power gemeration.



(3)

1}

The main specifications are listed in Table 5.1-3. 90% of
139 ata high-pressure steam generated by 7 high-pressure
boilers is used as driving source for power generation.
Several kinds of steam (35 ata, 18 ata, 7.5 ata, 1.2 ata)
are extracted from these turbines. 70 ata, 45 ata, 35 ata,
18 ata and 7.5 ata steams are directly supplied to each
main pipeline from depressurization of the 139 ata steam
through the reducing valves. |

Existiﬂg'facilities of No.1l, No.2 and No.3 boilers -

The boiler facilities of 00320No.l, 00320No.2 and 00320N0.3
are studied in this section., ' However, as all terms such as
boiler manufacturer, design stéam generation capacity,
design steam temperature and design steam pressure are the

same, the 00320No.3 boiler which is. under considération for

revamping will be studied as a typical case.

The 00320No.3 boiler is a general purpose one compr151ng a
combustion system including combustion air supply, heat
recovery system from combustion gas and a £low system of
boiler feed water and boiler water. Simpllfied Flow
Diagram is shown in Figure 5.1-2.

Combustion section

Combustion air is supplied by forced blowers. - After being
pre-heated by the steam air heater, heat is exchanged with
combustion flue gas in the Jungstrome type air- heater and
the temperature is raised to about 240°C,

A steam air heater is installed to prevent corrosion in the
Jungstrome and flue gas duct.,

Combustion fuels in PPSA are vacuum residue, of £ gas, tar
and diesel oil, ' .
Consumption percentages of each’ fuel ‘based on equivalent
typical fuel heating value (7 000 kcal/kg) are shown in
Table 5.1-4.)

5'-7 1—2
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Table 5.1-4 - FUEL CONSUMPTION OF BOILERS IN PPSA

Kind of Fuel Percentage Note

Vacuum Residue 97.7 % Burning in normal
operation '

Off Gas _ 2.6 % Balancing

Tar 0.5 % Phenol tar

Diesel 0il 0.2 3 Flushing of vacuum
residue oil line

Sourca:‘PPSA _ _

Note : Details of the fuels are shown in Table 5.6-~1.

2) Boiler feed water and boiler water section

After chemical decarbonation of the Vistula river water by
adding Ca(OH), and FeS0,, one part of treated water is
supplied for cooling water and tﬁe rest for boiler feed
water (hereinafter calléed B.F.W).

The river water for B.F.W is introduced to the

deﬁineraliZef. After filtrating raw water in the

'demineralizer; organic materials, anions and cations in the

raw water are removed by ion exchange rasins., Details of
the demineralizer are described in Section 5.5. The water
treated in the demineralizer is then introduced as boiler

- feed water to the preheating section.

(a) Quality of B.F.W and boiler water (hereinafter called
B.W.) | |
The quality of B.F.W is checked 3 times per day and the
quality‘of'B:w is checked by manual analysis every 2

hours. | -
‘The control target figures for quality of B.F.W and B.W
are shown in Table 5.1-5.

'501"3



Table 5:.1-5

AND B.W.

THE CONTROL TARGET FIGURES FOR QUALITY OF B.F.W.

target quality

actual data

[Boiler Feed Water]

pH

hardness

oil and fat
total iron

_ total Caopper

Conguctiv1ty
5104

{Boiler Water]

pH
total evapo-

1atio§ residue

P05

[ -1
[mg-CaC03/1]
(mg/1]

{mg-0/1]max .
{mg/1])

{mg/1)
{mg/1)
(pS/cm}
{mg/1]

{ -1
{mg/1]

{mg/1]
[mg/1]

8.

ma

OD:.OU‘!

-9.5
0

0.3
.02
max 0.035
max 0.003
0005"04- 10

max 0.0

9.0-9.5

1.-5"3-0
‘ 003_0-4

8.5-9.2
0.0

000"'0-3
0.02

0.02-0.03

- 0.002-0.003

OI 05"0- 10

0.010-0.025

902_9-5

Source: PPSA

This Table shows that actual data of all items are
'satisfied target values and thése target values are
- almost the same as Japanese standard 'JIS B 8223',

- {b) Preheating of B.F.W :
- 'B.F.W ig preheated through gland leakage steam

condenser and low pressure steam heater and fed to

deaerator.,

high pressure steam heater.

(c) Deaeration
Two deaerators are installed in No 3 boiler and
dissolved oxygen in B,F.W is removed by direct contact
heating with steam.
The content of dissolved oxygen in déaerated water is.

0.01-0.03 mg—Ozfl.
series.

i-4

It is then preheated to around 185°C by

The two deaerators are operated in



(d)

Chemical injection
Quality of B.F.W of high pressure boiler is strictly

. controlled by adding chemicals.

a)

The kinds of injection chemicals and injection points
are shown in Figure 5.1-3. The purposes of each

. chemical is as follows

NyH, (hydrazine)
Since existence of dissolved oxygen in boiler feed

water causes iron to corrode, scale formation and

" interference of heat transfer through heat exchanger

tubes, it is normally necessary to maintain oxygen
concentfation under 0.002 mg-0,/1 for high pressure
boilers.

Physical treatment, only such as deaeration in

deaerator, is not sufficient, so chemical treatment is

- applied. : Hydrazine (N2H4) is injected into suction
line of feed pump(s) of deaerator and dissolved oxygen

is removed as shown in the following reaction :
Nzl‘ld_-‘} 02 = 2“20 + Nz

Unreacted or excess hydrazine is decomposed at around

' 230-330°C and ‘NH3 and Ny are produced. -

1f hydrazine is added excessively, pH will be increased
and go over the upper limit of pH. Therefore, it is
better for residual content of hydrazine to be-

- controlled under 0.01 mg/l.

b)

NH3 (Ammonia)

_When dissolved OxYQén-is fully removed, corrosion does

not occur. However, there are some possibilities of
oxygen invasion in. cases of start-up, low load
operation and sea water leakage from condenser tubes.
NH5 injection at outlet of deaerator keeps pH of boiler
water between 8.5-9.5 and lessens the possibility of
corrosion,



3)

c)} NagPO4 (Sodium Phosphate)
Na3PO,4 is added to inhibit scale formation caused by
salts in B.F.W. NagPO4 reacts with ca?t and Mg2' and
produces Ca/Mg salts. These salts are precipitated.
When these salts are precipitated in B.W,; they are
deposited as sludge. The sludges is blown ocutside by
B.W-blow operation.

Section of heat recovery from combustion gas

Temperature of combustion gas in combustion chamber of No.3
boiler is 1,400-1,900°C. Heat of combustion gas is

recovered through water screens, second-, third- and first-
superheater and econonizer.

Temperature of combustion gas is decreased to around 350°C

at outlet of economizer. This combustion flue gas is i@
utilized as heat souce of combustion air and emitted from

stack at 150°C.

Sootblowers which are normally installed in beoilers burning

- heavy o0il are not instélled in No.1l, No.2 and No.3 units,

. 4)

Economizer tubes are installed in a staggered arrangement.
Structure of boiler combustion chamber:

The frame of water screen wall of 00320 Nd.l,.00320 No.2

and 00320 No.3 is shown in Figure 5.1-4., Outside diameter

of tubes is 60 mm(Smm-thickness) and these tubes are

attached with fins of 22.5 mm height. The tubes are laid

at 130 mm pitch so that there are open spaces of 25 mm

between the. front ends of fins. : o

Theréefore, a balanced draft éohtrol'system'isfappliéd to

maintain the pressure of the combustion chamber below
atomospheric pressure, L : B ) {QP

. 5.- 1"‘6



Figure 5.1-4 CROSS SECTIONAL DRAWING OF WATER SCREEN WALL
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5.1.2 Matters to be pointed: out, evaluations and countermeasures

regarding the boiler facilities
(1) Boiler capacity

The boiler capacity is discussed in section 5.1.5
considering relation between capacity and operation rate.

(2)-Steam'pressure control system

-The steam pressﬁre control system is discussed in section
5.3. |

(3) Boiler facilities (00320 No.1-00320 No.3 )

1) Matters to be pointed out

.
o

(a) Combustion section
The combustion section is discussed in section 5.2,

5.1-7



" (b) B.F.wW and B.W section
The flow of B.F.W and B.W section is the same as other
general high pressure boilers. Therefore, there are no

comnments to be pointed out in this section.

{c) Section of heat recovery from combustion gas
The flow system of combustion gas heat recovery is the
same as high pressure boilers in-Japaﬁ exceﬁt-there are
-not any sootblowers in Superhéatérs, econémizers énd
JungétrOme. ' _ '
This has caused the gradual fouling of heat transfer
tubes, decreasing boiler efficiency and causing the
temperature of combustion gas to increase. When the
outlet temperature of the third superheateér énd
economizer rises above the design temperature, the
boilers have to be stopped to clean the fouled tubes. ' g%

{(d) Structure of combustion chamber
When the structure of water screen is not a welded type
and the pressuré of the combustion chamber is
controlled below atmospheric by balanced dréft, there
‘are some possibilities of air invasion into the
chamber.' Therefore, when castable refractories are
cracked, the boiler casing internally exposed to
combustion gas is externally cooled by outside air and
suffers corrosion damage.

2) Evaluation of the matters to be pointed out and nécessary
countermeasures - -

{a) Combustion section

The combution section is discussed in section 5.2,

511"8



(b)

(c)

- (@)

B.F.W and B.W section

“The flow of B.F.W and B.W section is the same as other

general high pressure boilers. Therefore, no

countermeasures are necessary.

Section of heat recovery from combustion gas

Main subject to be pointed out is that no sootblowers
are installed in superheaters, economizer and Jung
Strom.

It is necessary that sootblowers are installed at the

locations as shown in Fighre 6.2-1 to keep tubes clean.
~In general, not a staggered but a checker arrangement

is used in an economizer of boilers burning heavy fuel
oils. Whether the staggered arrangement is converted
to a checker arrangement or not is:.decided considering
the degree of tube fouiing and maintainability.

Structure of combustion'chamber

It is better to convert the structure of water screen
to a welded type if-possible.' To convert the present
‘type of water screen-to a welded type,-présent-openings

between fins are connected by welding and then tubes

" are connected by 70 mm plates.

when fin length is longer, -the temperature at front end

of fins rises and fins are affected by high temperature

oxidation. : :

It was reported that the front ends of 22.5 mm fins of

No.3 boiler were actually affected by high temperature

oridation and the clearance of fin opening was extended
to more than 25 mm which was prescribed on the drawing.
It is not recommended to connect existing tube fins by

welding. L N

Finlength of 63.5 mm diameter heat transfer tubes of

typical welded boilers is around 19 mm,

5,1-9



5.1.3

(1)

(2)

1)

Therefore, conversion of the structure of water screen to a
welded type means the replacement 6f -the boiler. 1t is
better that the boilers run in -the actual structures as
long as possible and new boilers be constructed in the
future.

Present boiler operation

General review of boiler operation

The test run data of No.3 boiler is not available, thus

this review is based on the test run data of No.2 boiler.
The test run data of No.2 boiler is shown in Table 5.1-6,
5.1-7 and 5.1-8. This data was for loads of 57%, 84%, 87%

- and 99% of the rated capacity.

In the case of 99 % load, fuel was pre-heated to 181°C and
B.F.W was pre-heated to 183°C. Combustion air was pre-
heated to 50°C by steam air heater and to 244°C by  Jung
Strom. '

Combustion flue gas témperature was 353°C- at outlet of
economizer. - Flue gas was heat exchanged through Jungstrom
and emitted at 156°C to stack.

Amount of fuel consumption in 1992

Total amount of fuel consumption in 1992 is shown in Table
5.1-9 and actual figures of steam generation of each boiler
in 1992 are shown in Table 5.1-10. '

Following is a summary of these tables.

Total amount of fuel conSumptioh-in power plant section of
PPSA was 636,557 t/y. Fuel consumption in January was

‘maximum, 75,586 t/month and in’July was minimum, 30,520

t/month.
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2}

Based on the test run data of No.2, fuel consumption per 1
ton steam generation is calculated and summarized in Table
5.1-11.

Table 5.1-11 FUEL CONSUMPTION OF NO.2 BOILER

Beoiler load Fuel consumption
57 % load ~ 70.0 Kg/t-Steam
84 % load 68.9 kg/t-Steam
99 % load 69.7 kg/t-Steam

Source: PPSA

(3)

1)

2}

Amount of monthly steam generation and boiler load in 1992

Total amount of steam genefationﬂfrom all boilers in 1992
was 9.448 million-ton/y (herring after MM-ton/month).

Maximum steam demand was in January and the émount of steam
generation from all boilers in January was 1.094 MM-

ton/month with an hourly average of 1,470 t/h.

3)

4)

Minimum amount of steam demand was in July and the amount
of steam generation from all boilers in July was 0.495 MM-

ton/month with an hourly average of 666 t/h.

Maximum amount of steam generation was 0.223 MMiton/mbnth
(hourly average: 300 t/h} in October from 00420 No.6

" boiler.

5)

' This répresented means 71% load of the rated capacity.

Maximum load of 00320 No.3 boiler was 0.173 MM-ton/month in
pecember and hourly average was 232 t/h. This represented
73% load of the rated capacity.
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6) The monthly average loads of high ptessure boilers in
opération are as follows! '

Table 5.1-12 MONTHLY AVERAGE LOADS OF HIGH PRESSURE BOILERS

IN 1992
boiler No. Average load({t/h) rated capacity(%)
No.1 222 69
No.2 233 73
No.3 235 - 73
No.4 268 64
No.5 249 59
No.6 260 62
No.7 306 73

Source: PPSA

7) The monthly average loads of low pressure boilers in
operation are as follows: '

Table 5.1-13 MONTHLY AVERAGE LOADS OF LOW PRESSURE BOILERS

IN 1992
boiler No. AVefagé load{t/h) ratedPCapacity(%}
No.8 45 _ 75
No.9 41 - 73
No. 10 82 | 37

Source: PPSA
(4) Boiler operating hours and load in 1992.
Monthly operating hours of each boiler are shown in Table
5.1-14.

The following is a summary of the table,

1) The operating hours of 00420 No.4 boiler were the longest,
7,065 hrs/y among 7 boilers. . ﬁt
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2)

3)

4)

()

Table

The operating hours of 00320 No.2 boiler was the shortest,
2,930 hrs/y. Its yearly operating rate was 33.4%.

The average operating hours of high-pressure boilers were
5,229 hrs and its yearly service ratio was 60.0%.

The sum of operating hours of 3 low-pressure boilers Were.
1,878 hrs. The average operating hours per one boiler was
626 hrs and its yearly service ratio was 7.0%.

The operating hours of 00220 boiler were 1,770 bhrs.
The'OpErating hours of OKG60 No.l and OK060 No.2 are 71 hrs
and 31 hrs.

Number of start-up oﬁerainns

‘Number of start up operations of high-pressure boilers in

1992 are listed in Table 5.1-15, Start up operations were
done 63 times in 1992, The reasons for start .up operation

.of high pressure boilers are listed in following Table 5.1-

16,

5.1-16 THE. REASONS FOR START UP OF HIGH PRESSURE. BOILERS

IN 1992
‘reasons ' number of start up
-1, after maintenance - 34
2. after hot stand-by 18
- 3. after cold stand-by - 2
4. after emergency shut down : 9
total | o 63

Source:!: PPSA

Hot stand-by means troubles without cooling down operation.
Trouble without shut down_maintenancé and cold stand-by
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1)

2)

means trouble with fire ¢ut and cooling down operation.
00320 No.2 boiler and 00420 No.5 boiler were started up
most freguently, 12 times, and 00420 No.6 boiler the least
frequntly, 3 times. : .

Accordan to the report of PPSA, the main reasons of shut
down of high pressure boilers are as follows :

Fouling on heat transfer tubes

Heat transfer tubes were fouled after 1000 hrs operation at
the present of load between 60% and 75%. Heat transfer
efficiency dropped due to the lack of a sootblower and the
richness of dust and unburned mist caused by burning vacuum
residue,

Therefore, the temperature of combustion flue gas rises and

‘when it reaches the limit of the materials, the boiler is

stopped and maintained.

When the outlet temperature of the third superheater goes
above 880°C or that of the economizer goes above 400°C, the
boiler is stopped.

Sulfuric acid corrosion 6n hoiler casing

Water screens of 00320 No.l to No.3 boilers, as shown in
Figure 5.1-4, are ﬁot welded structures so that the
combustion flue gas is in contact with the rear side of
boiler casings, causing the condensation Of_dilﬁte sulfuric
acid at a lower temperature'than-the_dew point of acid,
eventually making holes by corrosion. ‘

When a 3% sulphur content fuel is burnt and the oxygen
content in the combustion chamber is assummed to be about
3%, the content of 803 is about 40 ppm. In this case the
dew point of acid is assumed to be 140°C. '
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3) Sulfuric acid corrosion on. Jungstrome and water screen

Jungstrom is so structured, being separated into 2.rooms by
seal plates,'that combustion air at about 50°C and
combustion flue gas at about 350°C continuocusly pass
through the rotating heat transfer elements and exchange

" heat. Therefore, some areas will be cooled below the dew
point of acid and exposed to severe corrosion by dilute
sufuric acid. o
The temperature of combustion flue gas déwhStream is so
decreased, to around 150°C, that if cooled externally, the
temperature of duct surface is decreased below the dew
point of acid and corrosion by dilute sufuric acid occurs

on duct surface.

'5,1.4 Matters to be pointed out, evaluations and countermeasures
%E regarding present boiler operation

(1) Matters to be pointed out;

1)-The'boilér éfficiency is discussed in Section 5.4 and the
operation rate is in 4) and 5) of this section.

2) Fuel cohsumption.
Fuel consumption per 1 ton steam generation is 68.9-70.0
kg.
This value is 5% worse than other values of Japanese
boilers burning vacuum residue.

3) Monthly steam generation and boiler load
According to the data in 1992, each boiler ran at about 70%

é% load. . Because the boiler efficiency is influenced by
boiler load, it is better that boilers of base load run at

5.1~15
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5)

(2)

1)

2)

3)

the load of maximum efficiency. It is assumed from the
data of Table 5.1-7 that the load of maximum efficiency is

~76% - B5%. Therefore, présént boiler load is a bit low.

Operating time

The average yearly_operating time was 5,229 hrs éccording
to the data in 1992. This means that boilers were working
60% of the time. In general facilities such as b011ers
run continuously except whén inspection and maintenance is
requxred by regulations.

Number of start up operations

63 start up operations is too many. The matters to be
pointed out regarding present boiler operation are that

continuous operating time is short and number of shut downs

in operation is too high (shut downs are too frequent). ﬁ%
These matters have to be solved for modernization of the
boiler section.

Evaluations of the matters to be pointed out and necessary
countermeasures

The boiler efficiency is discussed in clause 5.4 and the
operation rate in 4} and 5) of this section. -

Fuel consumption

The countermeasures for improvement of fuel consumption are
discussed in Section 6.2.

Monthly steam generation and boiler load

As memtioned in (1)-3) of section 5.1.6, it is better for
boilers to run at the load of maximum efficiency

¢ 5- 1"’16



(a) Load setting of boiler operation

The amount of steam geneérated in January was the
ma#imum and the hourly average rate was 1,470 t/h.
This represénts only a 56% load even in January. When

_boilers are modernized and bollers can run continuously
for a year, it is possible that one high pressure
boiler is not required when boilers run at a lcad of
maximum efficiency.

- One sample_of boiler load balance which is
automatically adjusted by load adjustment bdilers even
if a boiler running at maximum load suddenly stops, is
shown in Table 5.1-17.

Table 5.1-17 ONE SAMPLE OF BOILER LOAD BALANCE AT THE CASE
1,470 T/H OF TOTAL STEAM DEMAND

3 i

boiler number load % of rated load

No.1 . 260 t/h 80% of rated load

No.2 260 t/h : ' 80% of rated load
No.3 ocut of use

* No.4 " -316 t/h : 75% of rated icad

* No.5 o 316 t/h ~ 75% of rated load

* No.6 318 t/h 76% of rated load

" No.7 out of use

_Nofe:'* means for load adjustment

According to the forecast of PPSA, the steam demand

will increase by 15%. In this case the amount of

necessary steam generation will be 1,700 t/h and it
 _¢111 be able to meét the required amount by loading-up
- No.1-No.7 boilers.
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(b) Non-use of low pressure boilers

The total operating hours of 3 low pressure boilers was
1,878 hrs/y. Each operating period was too short.
OKO60 No.1 and No.2 boilers generate 18 ata steam which
can be supplied through the reduéing-vélVes or by
extracting from turbines. 00220 boiler genérates 45
ata steam which cannot be supplied by extracting from
turbines. When extraction condensing turbines are

- installed, 45 ata steam is extracted and existing low
pressure boilers are possibly out of useé.

4} Numbérs of start up operations

‘As boilers in 0il refineries in Japan run continuously
except for periods of shut down for inspection required by
regulations, one start up operation in¢luding shut down
operation is possible.

Countermeasures for frequent shut downs are as follows:

(a) Fouling on heat transfer tubes
" There are 2 countermeasures. The first is restricting
.the formation of substances related to fouling by
preventing unburning (Impfovement of combustibility).
The second is removing the foul substances deposited on
the tubes.
Improvment of combustibility is discussed in clause
5.2, ' '
Installation of sootblowers on superheaters, ec0npmizer
and Jung Strom of boilers burning'heavy fuel oils is -
cffective at remove fouling materials. Sootblowers are
installed on superheaters, economizer and Jung Strom of
Japanese boilers burning heavy fuel oils and are
working effectively, enabling the boilers to run
continucusly for 2 years,
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It is recommended that Jungstromes are installed at the
locations shown in Figure 6.2-1.

- (b) Sulfuric acid corrosion on boiler casing

' As meﬁtioned in {5)-2) of section 5.1.5, it is
impossible to stop corrosion at the stage when
corrosion on boiler casing occurs unless sulfuric acid
dewéd and adhered on the casing is completely removed.
Therefore, it is difficult to recommend any
countermeasurés at this stage.
It is not Qdifficult to repair corrosion holes of casing
during operation of boiler. It is better for existing
facilities to be in use as long as possible,

(c)‘Sulfuric acid corrosion on the heat transfer elements
of Jungstrom and the duct
The operational data on the air preheat section are
shown in Figure 5.1-5. This figure is a summary of
Table 5.1-7 regarding the air preheat section.
Combustion air is preheated at the steam air heater and
further heated through Jungstrome by heat contained in
combustion gas. As combustion gas contains S03, the
conditions against corrosion become very severé in an
environment at temperatures below the dew point.

- Figure 5.1-5 - OPERATIONAL DB_’I‘A ON AIR PREHEAT SECTION

Combustion air " Combustion gas

temperature temperature
Ambient temperature . = 15°C
_ |
Outlet temperature - 50°C
. of steam air heater l .
_ _ - )
Air inlet/Gas outlet 50°C - 156°C
temperature of. jungstrome 4 : t
Air ocutlet/Gas inlet - - 244°C 3583°C
temperature of jungstrome ! t
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I1f the duct is completely ‘insulated, sulfuric acid
corrosion does not occur. However, because the skin
temperature of the duct is actually lower than that of
combustion'gas, it is safer if the control temperature
of the duct is flxed at around 160°C, taking allowances
into consideration.

The data was taken at an ambient temperature, at 15°C.
- In PPSA's winter, the outlet temperature of steam air
heater will be lower than that at 15°C. Therefore, it
iz necéessary that the éapacity'of the steam air heater
is incréased to keep the temperature of elements higher
- than the lowest control limit to avoid sulfuric acid
corrosion on the heat transfer eléments of Jungstrom.

A chart of the lowest control limit temperature of
elements is shown in Figure 5.1-7. As shown clearly in
‘this Figure, it is necessary that the outlet
témpefature of steam air heater is raised to 105°C. ig

¥

Existing facilities for electricity supply
Generator capacity (refer to Table.5;1—3)

There are 5 generators in PPSA. All turbines are

‘ektraction back préssure turbines.

The capacity of each generator is 55 MW. No.l1-No.3 are

made in Czechoslovakia and No.4 and No.5 are made in

Poland.

The flow system of electricity in PPSA is shown in Figure
5.1-7. The bus bar of electricity flow is 30 kv. - Incoming
electricity of 110 kv is received thrOugh:4'tran9formers
{capacity: 75 MVA). |

' Electricity is generated at 10.5 kv and transformed to 30

kv and is supplied to the bus bar.
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(2)

Electricity balance

Monthly electricity balance in 1992 is shown in Figure 5.1~
8.

Maximum amount summing consumption and.outside sale was
around 110 % 103 MWsh/month in January. This représents a
the total average power generation of 148 MWih/h and a per
generator power generation of 30 MWsh/h.

Maximum amount of purchased electrlcity was around 56 % 103
MW *h/month in August. Electricity consumption in August
was around 85 x 103iMWh/month. Generated electricity was
in August was around 29 x 103 MWih/month. This represents
an avérage power generation of 39 MWsh/h. Oﬁly'ohe
generator in operation is enough to meet the demand.

Evaluation Of existing facilities for electricity supply

Generator capacity

5 Generators (SS Mw per generator)'ére enough. However,
all driving turbines are extraction back pressure turbines

'so that the actual amount of electricity generation depends

on steam demand.
As clearly shown in Figure 5.1-8, the operation rate of

~ generators is high in wintel when the steam demand is

large. It is low in summer when the steam demand is lower
and only one generator operation is enough to meet the
demand.

As mentioned above, the main point is the strong effect of
steam demand. To be frée from the effect, the installation
of an extragtion condensing turbine ié discussed in PPSA.
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(2)

7

(1)

(1)

1)

Electridity kbalance

The evaluation of electricity balance is described in
Section 6.3.

Present steam supply sfstem-
Low pressure supply system

tThe major characteristic of Figure 5.1-1, Steam &
Electricity Flow, is that all reducing valves for low
pressure steam are taken out of 139 ata steam header.

Steam of 35 ata, 18 ata, 7.5 ata and 1.2 ata are supplied
by extracting from steam turbines and through reducing
valves,

70 ata steam is suppled only through reducing valves and 45
ata steam is supplied from 00220 boiler and through
reducing valves,

Matters to be pointed out, evaluations and countermeasures
regarding present steam supply system '

Matters to be pointed out

Reducing valves

Reducing valves are exposed to such severe conditions such
as high temperature and large pressure differences and the
water injection part incurs thermal shock. Also, the
configurations of the valves are complicated and their cost
is high. ' -

It is not normal practice that all low pressure ‘steam is
supplied through reducing valves from the steam of the
highest pressure, such as PPSA, because the higher pressure
difference valves require higher grade materials and
additional measures against erosion due to the severe
temperature conditions.
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2)

45 ata steam supply
The demand for 45 ata is about 40 t/h lower than the 220
t/h of boiler capacity, so that 00220 boiler efficiency is

-agsumed to be low,

(2}

1)

2)

(3)

1)

2)

'Evaluations of the matters to be pointed out and necessary

countermeasures

Reducing valves _

The system of stepwise pressure reduction, such as from 139
ata to 70 ata and from 70 ata to 45 ata, provides easier
operating conditions for the reducing valves.

It is recommended that a Conventional system, such as
stepwise pressure-reduotion,~be applied at the time when
existing reducing valves have to be replaced.

45 ata steam supply
The countermeasure against this matter is discussed in

section 5.1.6.
Steam-Electric balance

In order to increase electric power generation in the
summer season, there are two effective generation systems.

Condensing turbine generator system

This system is under consideration by PPSA now.

The evaluation against this system is described in Chapter
6 Section 6.3 regarding extraction condensing turbine.

Gas turbine generator system

This systém'is widely adopted in order to solve the problem
of peak load. Since a big amount of hot exhaust gas which
containg a large quantity of oxygen is generafed in this
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system, it is required that waste heat of gas turbine
exhaust gas is recovered.

In general, the oxygen concentration in the flue gas is
“about 14-15 vol % and the temperature of turbine exhaust
gas is about 520-530°C. Therefore, some fuel is added to
this hot exhaust gas and the heat of the exhaust gas is
recovered in thé waste heat ‘boiler. The steam generated
from this boiler is used as deriving fluid for éextraction-
back pressure turbine generator. This system is called a
gas turbine combined system. _

However, the fuel used in this gas turbine is restricted to
" the light fuel such as fuel gas, LPG, gas oil and others.
Consequently, it is considered that the condénsing turbine
generator system is morée suitable than gas turbine
generator system for PPSA.

" 5.,1-24
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Table 5.1-1 THE MAIN SPECIFICATION OF BOILERS IN PPSA

Marnfacturer | Mamf. Install, | Evaporationi Steam Steam BW

' (Yoar) | (Year) Rate| Press.| Temp Terp
M. 1 | I.Bmenskalosrs) | 1964 | - 1966 320 139 540 195
0. 2 " 194 | 1966 320 139 540 195
N0 3 v 1967 | 1969 320 139 540 195

M. 4 | Fé.Raciborz 1970 1971 420 139 sg0 | w0
M. 5 " 193 | 1974 420 139 s40 | 20
No. § " 1975 | 1976 420 139 540 230
T . T p 1980 420 139 s | 230
~ No. 8 ; Wagner Biuro 1976 1977 220 43 400 105
M. 9 | FX.Racibore 192 | 1963 60 18 270 105
.10 p 192 | 1963 60 18 270 105

SO.USC& : P.P,SuA-
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Table 5.1-2 THE USAGE AND MAIN SPEGCIFICATION OF STEAM

Service Req. Req. Req.

Press. Temp. Quantity

139 ata Steam Generator _ 135 ata 535°C 1,900 t/h

Plastic Extruder - ata -°C - t/h

70 ata Steam Ethylene Oxide Unit 75 ata  450°C 28 t/h

45 ata Steam Ethylene Oxide Unit 45 ata  450°C 180 t/h

Cracking Unit

35 ata Steam heating . 35 ata  290°C 200 t/h

18 ata Steam heating 18 ata -250°C 400 t/h

7.5 ata Steam heating 7.5 ata 205°C 300't/h

1.2 ata Steam heating ' 1.2 ata
{Break down of usage for heating] .
' (Max. Value)

Steam Central Heating 1.2 ata °C 105 t/h

: : 7.5 ata °C 200 .t/h

18 ata °C 280 t/h

Preheating of Air 7.5 ata °Cc 220 t/h

Preheating of BFW 1.2 ata °C 205 t/h

7.5 ata - 200 t/h

18 ata 280 t/h

35 ata 300 t/h

Preheating of Fuel - 18 ata °C 280 t/h

35 ata 300 t/h

Preheating of Raw Water. 7.5 ata °C 220 t/h

Source: PPSA
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t/hr
hr

enerated steam
rating time

ope

g

upper column
lower colum- - -

Table 5.1-14 BOILER LOAD AND OPERATING TIME OF .EACH BOILER IN 1992
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Figure 5.1-3 CHEMICAL INJECTION POINT OF BOILER WATER SYSTEM
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5.2 Diagnostic Evaluation on Combustion Method and Control System

5.2.1

Present combustion method

Vacuum residue forms 97% of total fuel comsumption as shown

in Table 5.1-4. bDetails of fuels in PPSA are described in

. Section 5.6.

- Some .low NOx burners are. attached to reduce NOx emission.

i

Accoring to the fact made clear in PPSA, the original
design temperature of combustion chamber was 1,900°C.

After changing burners to low NOx burners, outlet
temperature of combustion chamber decreased -to 1,400°C.
Consequently, unburned tars attached to heat transfer tubes
ahd became clinker. As a result of clinker formation,
elaborate work is necessary for cleaning and restoring the
fouled tubes.

Combustion burner for vacuum residue oil installed in 00320

'No.Z boiler is'illustrated in Figure 5.2-1. A fabrication

" drawing of burﬁer'tip is shown in Figure 5.2-2.

](i)

A steam (18 ata, 310°C) is used for the burner as fuel
atomizing steam. The amount o6f steam consumed as atomizing

steam is 2.6 to 3.9 wt% of fuel consumption.

.Matters to be pointed out, evaluations and coulntermeasures
‘regarding present combustion method

Matters to be pointed out

It is important for a boiler as a combustion facility to
solve the matter of unburnt tars adhering and clinkered on
heat transfer tubes. The combustion conditions:of boilers
in PPSA are severe because of using vacuum residue oil as

fuel. However, as boilers burning the same fuels in Japan
run continuously. for a year, as shown in Table 5.2-1, it is

- possible for boilers in PPSA to-run for a year.



(2) Evaluations of the matters to be pointed out and necessary
- countérmeasures '

1) Amount of atomizing steam and configuration of burner tip
Burner tip of midway mixing type without mixing chamber is
used in PPSA. Configuration of burner tip of midway mixing

‘and internal mixing are shown in Figure 5.2-3.

Both tips are widely used for heavy fuels, particularly for
heavier fuels such as vacuum residue.

Figure 5.2-3 COMPARISON WITH BURNER TIPS OF MIDWAY MIXING TYPE
AND INTERNEL MIXING TYPE

Fuel -011 —=——% T Fuel Oj¥_17"7
F —— .
Steam ™3 ‘Steam =2
]
midway mixing type internal mixing type

The burneéer tip of midway‘mixing type has the advantage of
using a lesser amount of atomizing steam compared with the
internal mixing type. Actual amount of atdmozing_steam in
PPSA is very small, i.e. 2.6-3.9 Wt%‘of-fuél'consumption,
According to the experience of long run heavy fuel

combustion in ‘Japan, the amount of atomizing steam of
midwaylmixing type burner tip was around 13 wt$.

Vacuum residue oil was burnt in Japan in the case shown in
Table 5.2-1 and burner tips of internal mixing type were

used. o o ' e _
The amount of atomizing steam for heavy fuel combustion was 1§
around 13 wt$ and other burner tips, of which'étomizing '

5,22
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(3)

steam can be fed at around 20 wt% was used when burning
vacuum résidue. '

As nozzle numbers of burner tip for oil burning in PPSA are
large, such as 12, the shape of flame is assumed to be
continuous film. To improve combustibility of burning
heavy fuel oils it is necessary to decrease number of
nozzles and to facilitate the supply of combustion air.
Following is summary of the above:!

The countermeasure against combustion system is that the
amount of atomizing steam be increased to around 137wt% s0
that atomization of fuel will be improﬁed.

Counitermeasures against NOx emmisions

Combustibility is discussed considering NOx emmisions.

Whén combustibility is too high, temperature of flame rises
and NOx emmisions are increased.

Slow burning occurrs and flame shape and brightness are
instantly Changed at the burners which are called low NOx
burners. These factors cause local heating on heat

transfer tubes. Therefore, the investigation of local

. -heating is necessary in mutual cooperation with boiler

manufacturers.

- However, it is necessary to carry out modification of
_detail configurations by trial: and error.

. According to results regarding NOx emmisions burning vacuum

residue in Japan, the lowest emission level is around 150

ppm at the rated load even using low NOx burners. As
discussed in section 5.7, the allowable NOx emission is as
low as 105 ppm at the rated load. This value is not
decided yet, and it is assumed to be difficult to attain

the goal with the improvement of combustion method alone.
Therefore, it is c¢considered appropriate to pursue burner

combustibility and deal with NOX emission with
denitrification facilities in the future.

5-2-3_



5.2.3

(1)

Présent control system

Combustion air control

- In Figure 5.1~2~[Simpiified-Flow Diagram of Boiler]}, the

present combustion control system is included.

As described in itemf(S) of Section 5.1.1, balanced_draft
control is used in No.1-No.3 boilers because the structure
of wateér screen is not a wWelded type and the pressure of
combustion chamber is kept below atmospheric pressure by
the démper of induced blower of combustion gas.

The pressure of wind box of combusticn air is controlled by
damper of forced draft blower. When steam generation has
to be raﬁidly increased, the control system works. such that
first fuel suﬁply increases and then combustion air
increases. The system is controlled such that combustion f§§

- air supply will delay rapid steam generation.

(2)

Steam pressure control

According the present P & ID, it is possible that fuel is
able to be increased responding to steam pressure
fluctuation. When air to fuel ratio control is applied,
measurement of combustion air: flow is necessary. ' Hovwever,
no flow meter for combustion air is installed. (Flow meter

is not always necessary in the case of constant load.)

5-2"‘4



5.2.4 Matters to be pointed out, evaluations and countermeasures

regarding present control system
{1) The matters to be pointed out

1f No.3 boiler is operated without load fluctuation, no
further discussion on present control system is necessary.
But in the load adjustment boilers which automatically
adjust the pressure fluctuation of steam header, there'is
gome possibility of imcomplete combustion and flame
extinguishment the case where combustion air is not
sufficient due to rapid load fluctuation, for example
‘during emergency shut down of the other boilers.

(2) Evaluations of the matters to be pointed out and neCessary

countermeasures

£
¥

Air to fuel ratio control is necessary for load adjustment
boilers. Conceptual flow of this system is shown in Figure.
5.2-4. |
This system is applied to the boilers to whose structure a
water screen is welded. 7The water screens of No.4- No.7

are a welded type, and if these boilers are used as load
adjustment and No.l- No.3 are used as base load, there are -
no matters to be pointed out.
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Figure 5.2-1 ASSEMBLY DRAWING OF OIL GAS BURNER
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5.3 Review of Requirements for Steam and Eléectric Power

5.3.1

5.3.2

(1)

1)

Current steam specification

There are seven Kinds of steam used in PPSA: 139 ata, 70
ata, 45 ata, 35 ata, 18 ata 7.5 ata and 1.2 ata.

139 ata steam is used for the steam turbine for the power
generation in PPSA.

Figure 5.1-2 shows the relationship between steam pressure
generated in PPSA and extracted steam pressure of steam
turbines for electric generators. The specification of

séven kinds of steam is shown in Table §5.1-2.
Evaluation for the specification of the steam

Steam Specification for turbine used for power generation

Comparison with Japanese specification

Table 5.3-1 shows the general steam condition used for
industrial. power generation in Japan.

- Table 5.3-1 GENERAL: STEAM CONDITION FOR INDUSTRIAL

POWER GENERATION IN JAPAN

- gteam pressurel ‘ steam temperature
42 atg 400 - 440°C
60 atg 440 - 480°C
88 atg 480 - 510°C
102 atg . . B1D ~ 538°C
127 atg o ~ 538°C

Source: Seminar of turbine and generator, published
by Thermal & Nuclear Power Society. (1978)



2)

Although there is no condition listed for 139 ata steam,
in Table 5.3-1, the temperature 540°C would be proper
for 139 ata steam.

Comparison with Geissler's recommended equation

Cenerally speaking, the higher the steam pressure and
temperature, the greater the expected efficiency of power
generation, ‘
However, it is probable to have reverse effectiveness

for small scale plants} for examplée, a small increase in
eélectric power ocutput compared to the the increase of steam
pressure and higher cost investment for boiler feed water
punps.,

Geissler's recommended equation is often used to evaluate
the economic steam pressure for turbines used for power
generation, %
Geissler's recommended equation is expressed as follows :

P = KJG : : (Eq.5.3-1)

Here, P = economic steam turbine inlet pressure (kg/csz)
K = constant (usually 8 - 12)
G

= flow rate at turbine inlet (t/h)

Figure 5.3-1 shows the plot of actual steam turbine
condition with steam.inlet pressuré on the hdrizontai axis
and steam flow rate on the vertical axis. The three curves
are drawn in Figure 5.3-1 for three constants, i.e., 8,10,
and 15. | '

The constant k (= 8) seemed to be applied for the

extraction turbine judging from this figure. Steam

condition for PPSA is plotted with the mark © in the same

figure, It is understood that the condition of the

turbines used in PPSA is almost the same steam condition as *i?
used in industry.

5.3_‘2
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(2)

1)

2)

Therefore, it c¢could be said that the steam conditions in
PPSA are reasonable.
For the steam used for turbines, quality control of the

steam is required in addition to the steam tempeérature and

steam pressure. The water quality control in the steam

‘Grum is thereforé important. However, the steam quality is

controlled nicely as discussed in item (3) in the Section
5&1.50

Steam Specification for heating

Pressure and Temperature

As long as steam has enough pressure and temperature for
the process, there  is nothing in particular to point out.
Since there are seven kinds of steam in PPSA, required

steam for the process would be easily selected.

Quality of the steam

- Pure watey branched at the upstream of the injection point

of boiler'chemical (Sodium Phosphate) is used at the
desuperheater from 139 ata steam to 70 ata and 45 ata
steam. \ . _ ,

Therefore, there is no problem with the quality of these
steams. '

Regarding the steam of 35 ata, 18 ata, 7.5 ata and 1.2 ata,
they are obtained by the extraction of the power generation
turbines. '
Since the quality of 139 ata steam is adequately
controlled, these steams have no problem to be pointed out.

5 u'3'-3



5.3‘3

Specification of power-generators

- PPSA has five 55 MW power generators as shown in Figure
501_20 i

“The specification of the five power generators are shown in
Table 5.3-2.

“Table 5.3—2 SPECIFICATION OF POWER GENERATORS IN PPSA

Item ' Value
Generated Power 55 MW
Voltage 10.5 kv
Frequency 50 + 0.5 Hz
Power factor . 0.80 -

Source: PPSA
‘Note : per one generator

Evaluation of the power generator
Generated power is increased to 30 kV and transmitted to
the bus in PPSA. ' ' '

Generated voltage is general.
There is nothing additional to be pointed out.

5-3"'4




Figure 5.3-1 STEAM PRESSURE AND STEAM FLOW RATE AT
'THE STEAM TURBINE INLET

I 1 I
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5.4 Diagnostic Evaluation on the Energy Balance and Fuel

Efficiency
5.4.1 Energy balance of existing boiler

The energy balance of 99% rated load based on the test run
data shown in Table $.1-7, 5.1-8 and 5.1-9 is calculated.

Some normal operation data, not including in these tables,
were provided by PPSA at the time of second site visit, and

were used in this energy balance calculation.
(1) Input heat
1) Combustion heat of fuel (0O 11)

¥ Q11 = Quv x W pyeL
" As the heating value of fuel is 40,612 :kJ/kg = 9,708
kcal/kg and the amount of fuel consumption is 21,690 kg/h,
0 13 = 9,708 x 21,609 = 210.57 x 10%® kcal/h

Q pv = heating value ' (kcal/kg)
W pygp = amount of fuel consumption (kg/h)

2) Sensible heat of fuel (Q 13)
Qg2 = W opyg ¥ CP pugn * (t FuEL ~ ¢ amb)

As the specific heat of fuel is 0.45 kcal/(kgt°C),
0.4 = 21,690 x 0.45 (181-18) = 1.59 x 10% kecal/h

- where
Cp ypypr, = Specific heat of fuel (kcal/(kg1°C) .
t pypp, - ‘temperature of fuel - (°C)

t qup = ambient temperature (°C)

5.4-1



3) Sensible heat of air (0 13)

1)

Q13 = Wryer ¥ V c-alR X ™ X Cp a1R X (E 545 ~ € 5mp)
As the theoretical amount of air is 10.712 Nm3/kg and the
excess air ratio is 1.095 éccbrding to the Table 5.1-9,
0 14 = 21,690 x 10,712 x 1.095 x 0.31 (50 - 18)

= 2.52 % 10%cal/n :

where _

v C—AIR = theoretical amount of air - (Nm3/kg)

m = exXcess air ratio _ =)

Cp arr = Specific heat of fuel of air (kcal/{kg:°C)
t AIR = temperature of air {°C)

Sensible heat of boiler feed water (Q 14)

The amount of injection steam into the desuperheater is
assumed to be 2% of the amount of steam generation.
Therefore, the amount of injection stéam into the
desuperheater is 311,000 x 0.02 = 6,220 kg/h.

" The amount of water injecéion into the desuperheater is

represented by the following formula:
Amount of water injection
= (W p,s.u-sMm * b p.s.u-stu * (W gy -
W p.s.H-std) ¥ D 25 Hogmy - W sy X

h 35,.H-sTM) / (h 25 H_gtM - P p.s,.H-wTR)
where : .

W p.gs.H-gmm = amount of injeotion steam to De-Superheater
| {kg/h)
h p g.H-stM = enthalpy of injection steam to De-Superheater
{kcal/(kgi1°C))
W arM - = amount of steam generation (kg/h)
h 55 y-gty = enthalpy of steam out from 2nd Superheater
- (kcal/(kgi°C))
h 35.1-sTM = enthalpy of stéam out from 3rd Superheater
(kcal/(Kgr°C))

5.4"'2
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h D.S.H—WTR.i enthalpy of injection water (kcal/(kgi1°C))

Therefore, the amount of injection water is calculated as
follows : '

amount of injection water
{6,220 % 684 + (311,000 - 6,220) x
768 - 311,000 x 761} / {768 - 134)
= 2,610 (kg/h)
Here, the sensible heat of boiler feed water is shown by

the folloﬁing formula:
sensible heat of boiler feed water
= (W gpw -~ W p.s.H-wrr? ¥ (h p s . u-prw = D Brw)
+ Wph g, H-wrr ¥ (M p.s . u-wrr - " Brw)

where N :
W ppy = amount of boiler feed water (kg/h) _ _
h ppy = enthalpy of boiler feed water (kcal/(kgi1°C))

W'p.g.4-wyrr = amount of injection water inte D.S.H (kg/h)

R p.g.H-WIR = enthalpy of injection water (kcai/(kg|°C))

Therefore, '

Q 14 = (311,000 - 2,610) x (183 ~ 10) + 2,610 x (134 - 10)
| - 53.68 x 10% Kcal/h

Heat of atomizing steam (Q 15)

The amount of atomizing steam is considered to be 4% of the
fuel consumption. The enthalpy of the atomizing steam is

‘estimated to be 724.5 kcal/h from the steam table.

Therefore, the heat of the atomizing.steam is calculated as
follows: : _ '
0 15 = 21,690 x 0.04 (724.5 -18) = 0.613 x 10% Kecal/h

The calculation results of heat input are summarized in
Table 5.4-1,

_5.4"3



Table 5.4-1 BREAK DOWN OF HEAT INPUT

heat input . amouﬂt of heat irnput %
combustion heat of fuel 210.57 x 10% Kcal/nh 78,33
sensible heat of fuel 1.59 % 10% kcal/n 0.6%
sensible heat of air '2.52 % 109 Keal/n 0.9%
sensible heat of feed water 53.68 x 10° Kcal/h 20.0%
heat of atomizing steam 0.61 x 10% Kcal/h 0.2%
Potal heat input 268,97 % 10%® Kcal/h  100.0%

{2) Output heat
1) Heat of generated steam (Q ;3)

The enthalpy of the generated steam is estimated from the
stesm table to be 819.01 kcal/(kgi1°C)).

Therefore, the héat of generated steam is calculated as

" follows ' ' .

Qg1 = 311,000 x (819.01 ~ 18) = 249.11 x 10° Keal/h

2) Dry basé heat contents of flue gas (Q 43!

According to the P&l D provided, heat held in the leaking
air must be taken into accolint as the thermometer for flue
gas is installed downstream from the bypass duct of Jung
Strom so that the heat held in dry flue gas is represented
with the following formula: -
Q02 = % puEL ¥ V p-rg X CP pg ¥ (156-18) + (V p1gp/22.4) x
" Cp ag X (156-18) |
where _
W ppgp, = fuel consumption (xg/h)
V p.pg = dry flue gas volume per fpel (Nm3/kg)
Cp pg = specific heat of flue gas (kcal/(kge°C)) )
V atr = amount of leaking air (Nm3/kg) ' g
specific heat of air (kcal/(kg1°C))

p

i

CP AIR
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Therefore,
0 o2 = 21,690 x 10.090 x 0.33 x (156-18) + (115,610/22.4) x
7.00 x (156-18) = 14.95 x 10% Kcal/h

3) Heat of steam in flue gas (0 g3)

There are two kinds of steam, one is from combustion
reactidn and the other is atomizing steam.
Therefore, the heat of steam in flue gas is shown with the
| following formula,
© 03 = ¥ pyst, * (¥ yorg - ¥ popc) X €0 gqy % (156-18) +
W pygr ¥ 0:13 ¥ N gelta

where :
W pupn = fuel consumption (kg/h)
v W-FG = amount of wet flue gas per fuel (Nm3/kg)

V p-rg = amount of dry flue gas per fuel-(Nm3/kg)

@§

Cp grm = specific heat of steam (kcal/(kgs°C))

h' jelta = enthalpy of steam (kcal/kg)

Therefore,

Q o3 = 21,690 x {11.391 - 10.090) % 0.45 x (156-18) +
. 600 x 2,820 = 3.44 x 109 Kcal/h

4) Blow loss {0 gg)

As continuous blow of boller water is not performed at
present,

Q 04 = 0.0
5) Other loss (Q g5)

The other loss is a fhérmal loss due to radiation and
thermal conduction is calculated from the difference
between from the difference between heat input and heat
'§§ - output as follows:
| Qo5 = (01 +Q 2 +0 130 14 + 015) - (Qo1 + Q02 *

5.4"‘5



Qg3 * Q g4) = 2.84 x 10% kecal/n
The caléulation results of heat output are summarized in
Table 5.4-2. '

Table 5.4-2 BREAK DOWN OF HEAT OUTPUT

heat output ' amount of heat output %
heat of generated steam 249,11 x.106 Kcal/h  92.6%
dry base heat of flue gas 14.95 x 10% Rcal/h 5.6%
heat of steam in flue gas 3.44 x 10°% Rcal/h 1.3%
blow loss | 0.00 x 10% Kcal/h  0.0%
other loss 1.46 x 10% Kcal/h  0.5%
Total heat output 268.97 x 10% Kcal/h 100.0%

(3} Circulating heat

1) Heat amount obtained by steam air heater (Q gy)

Vair = YW FuEL ¥ V ceAIR ¥ O
QRr1 = Vair ¥ ¢ air ¥ (T gau-our - T sau-1n)
where

AIR = amount of combustion air (Nma/h)'

c-AIR = amount of theoretical air per fuel (Nm3/Kg)
= excess air rate { - ) :

SAH-IN = inlet temperature of Steam Air Heater (°C) .
21,690 x 10.712 % 1.095 = 254,416 NmS/h -
254,416 x 0.31 x (50-18) :
2,524 x 10% Keal/h

AIR
R1

v

v

m _

T SAH-OUT outlet temperature of Steam Air Heater (°C)
T

v

Q

[}

2) Heat obtained by air heater (Q B2}

: ' . . A
Q r2 = VY AIR X CP A1r ¥ (T gau-our - T san-n)
T ap-our = outlet temperature of Air Heater (°C)

5.4-6



T aAg-IN = inlet temperature of Air Heater (°C)
254,416 % 0.31 x (244-50)
15.301 x 10%® Keal/h

]

Q r2

{4) Performance values
1) Heat load at combustion chamber (Qy)

01 =(011+Q12+% Qg * Qg2 / Ve

where

Vee =-yolume of a combustion chamber (m3)

0 ; = (210.57 + 1.59 + 2,524 + 15.301) x 10° 7 1470
= 156,452 kcal/(mS1h)

I

2) hourly equivalént amount of steam generation (F 1)

& Fj={Wgpuxhgm - (Wppy xhpgey + W p.s.u-wir
' x b p g, u-wrr)} / 538.8
where '
h gmm = enthalpy of steam generated (kcai/{kgu“C)
Therefore,
Fq = (311 000 x 819.01 - (311,000 % 183 + 2,610 x 134)} /
538.8 = 366,461 kg/h

3)_cohvepted evapbration ratio {F;)

F2 = F1 / (W pyer * W pg)
‘where o

Wgg = 0il equivalent amount of fuel gas (kg- FOE/h)
Therefore, :
F, = 366,461/21,690 = 16.895 Rgéstm/kg-fuel oil

4) Boiler efficiency (Fg)

0 o-nrr = ¥ rugL ¥ P o011 % (T 0-nTR out = T O-HTR IN)

5.4-7



F3 = (Fl # 53B.8 +.Q BLow)'x 100 /7 (0 Il + 0 15 + 0 rR1 *
Q o-utr)

- where

Q groy = heat recovered from blow boiler water (Kcal/h)

0 o-nrr = heat obtained by oil heater : (Kcal/h)

T 0-HTR out ~ outlet temperature of oil heater (°C)

T o-HTR IN = inlet temperature of oil heater (°C)

Therefore, T

O o-nrr = 21,690 x 0.45 x (190-183) = 0.068 x 10° Kcal/h

Fy = (366,461 x 538.8 + 0. ) 100 / (210.57 + 0.613 +-2.524
+0.068) % 10° = 92.4 3

The calculation results of the heat balante are shown in
Figure 5.4-1,.

Figure 5.4-1 HEAT BALANCE OF NO.2 BOILER IN PPSA

©1,3
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5'4.2

Review of the result of energy balance

Boiler efficiency is affected by the temperature and
pressure 6f generated steam. The general level of

- efficiency is 91-94% as a standard of lower calorific value

(1)

1)

2)

‘base on a boiler which generates 540°C steam. As

calculated in section 5.4,1, the boiler efficiency in PPSA
was 92.4% so that when the test run operafion was done, the
boilers run normally. The result of énergy balanée is
reviewed comparing Japanese result of burning vacuum
residue.

Input heat

As shown in Figure 5.4-1, the ratio of combustion heat of
fuel in the item of input heat is 78.3%, which is about by
5% higher than the compared case. This is attributable to
the low sensible heats of combustion air and B.F.W.

To decrease the ratic it is necessary to increase preheat
capacity. When preheat capacity is increased, the
following items are improved.

Corrosion by dilute sulfuric acid on the heat transfer
elements of Jung Strom and the downstream of ducts due to
the low temperature at outlet of steam air heater of
combustion air

Amount for electricity generation
Demand of low pressure steam for preheat causes increase of

steam extraction from generators and increases electricity
generation.

! 5-4"9



(2) Output heat

In the item of output heat, the heat held in generated
steam is 92.6%, which is about by about 3% lower. This is
attributable to the large heat loss from the dry flue gas.
This is caused by the high (353°C) temperature of the
combustion gas introduced to the Jung Strém. There is a
possibility that the efficiency of heat transfer of the
boiler tubes is degraded due to the lack of soot blowers in
the boiler.

5-4"‘10
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5.5 Evaluation of the Present Air Pollution Control, Boiler Feed

Water Treatment System and Waste Water Treatment Facility

5.‘561

(1)

Review of environmental control measures

As shown in Table 2.0-10, the emission volume of S0,, NOx
and dust in the power plant are approximately 71%, 66% and
55% respectively in the total emission volume of PPSA.
Therefore in order to reduce the total emission volumé of
PPSA, it is advisable to reduce the emission volume in the

- power plant.

‘Also, the emission in the power plant as seen in Table 5.5-

1 and 5.5-2, S0, exceeds the limit value both in 1992 and
1993, and in the case of NOx in 1993.

Current situation of S0, and NOx emission

Table 5.5-2 shows the calculation result of S50,

- concentration (g/GJ) and emission amount (kg/h) based on

heating value and consumption of fuel in each capacity of
boilers, _

The major assumption for calculating 80, and NOx emissions
are as shown below (see Table 5.1-9 for details).

~ Operation rate 99% . .
- Fuel consumption : 21.69 t/h (@320 t/h boiler)
- Heating value $:41,000 kj/kg

e

- Dry flue gas : 10,090 Nm3/kg
- Sulfur content  1.2.8 wt%- : Lo
- NOx generation : 254 vol ppm (@4% 0, concentration)



1)

2)

(2)

1)

‘Current situation of S04 emission .

When comparing SO, measurement values by PPSA with
calculation values as shown in Table 5.5-2, the measurement
values of PPSA are about half of the CalculétiOn values.

In the event that comparison is made on S0, measurement
values by PPSA with local standards which aré add-on

"standards set forth by loecal government and becoming more
‘stringent year after year, the measurement values exceed
‘the local standard both in 1992 and 1993.

In case of comparison with the national standard, the
measurenent values have cleared the standard (1,720g9/GJ)
éffective'up to the ‘end of 1997, but cannot ¢léar the
standard (17OQ/GJ) to be effective on and after 1998,

Current situation of NOx emission

Calculation is made based on the estimated value of 254 vol
ppm which is said to be an average NOx emission in the
COmMMon boilers for use in power gener&tiOn'in'PPSA; The
result of the calculation'COnforms to the measurement

values in gcood manner.

The measurément'values of - PPSA have cleared the local
standard in 1992, but cannot clear the standard in 1993,
since a much stricter standard is applied-in11993..

In view ¢f the national standard, the“measurement'values of
PPSA cannot clear it in either year. '

Measures for reduction of 80, and NOx emission

Measures for reduction of S0, emiséion

Refer to Paragraph 5.7.1.

b5.5-2




2}

(3)

Measures for reduction of NOx emission
Refer to Paragraph 5.7.2.
Problems of environmental protection

In view of S0, emission, the current emission amount of the

power plant is unable to clear the local standard.

Therefore, in order to fully clear the local standard as

well as the national standard to be set forth, an emission

‘1limit about 1710 (170g/GJ) of the current value

{1,720g/G3), it will 1/10 of sulfur content (<0.3 wt%)
compared to the current one (2.8 wt%)}, or to install a

desul furization unit.

As for NOx, since the local standard has a trend to become
more stringént YGar'after year and it is difficult to cope
with this trénd Just by'use of 1¢w NOx combustion system,
installation of denigration unit is worth consideration in
drder to fully meet the standard in the future. '

' Sodner or later,'PPSA will be forceéd to take effective

measures for environmental protection even if it is
difficult in terms of production costs, the best

* countermeasure shall be planned from now on in close

cooperation with the authorities concerned.

) 5-5“3
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5.5.2

(1)

Present conditions of boiler feed water'treétmEnt'system

Capacity of boiler feed water treatment system the boiler
feed water treatment system of PPSA consists of three
systems as shown in Table 5.5-3, with a total cap301ty of
1,540m5/h.

Table 5.5-3 CAPACITY OF BOILER FEED WATER TREATMENT SYSTEM

System - No. of Capacity of Name of .Total

Trains Trains Trains Capacity
ist System 800m3/h
2nd System 3 80m3/h A,B,C 240m3/h |
3rd Sysiem 5 ~ 100m3/h b,E,F,G,H  500m3/h
T patal capacity  1,50m3/m 8

Source:. PPSA

(2)

'Of the above,  the facilities covered by this study are the

2nd system {Trains A,B,C) and 3rd systemn (Prains

'D,E,F,G,H).

Pre-treatment system

The raw water is taken from the Vistula River and the pre-
treatment system for the boiler feed water treatment system

is provided as shown in Figure 5 5-1. Theé pre-treatment

system consists of an accelerator for decarbonation and
coagulation and a gravity type filter (using.sand and

gravel) to reduce the turbidity and color, and remove

suspended solids. The quaiity of the pre—treated ttater is

as shown in the Column "Decarbonated Water kgz" of Table gga
5.5-4. ‘

555"‘6



(3) Boiler feed water treatment systenm
1) Composition of System

The present boiler feed water treatment system consists of
8 trains as shown in Figure 5.5-2. The cdmposition of
these trains is shown in Figure 5.5-3. Noteworthy features
here -are the difference in- the order of the ion exchange
resin towers between the 2nd system (A, B, C tréins) and
-3rd system (E, F, G, H trains) and their type, namely,
multi—stége type. The sequential order of each tower is as
- shown in Table 5.5=5 below.

Table 5.5-5 SEQUENTIAL ORDER OF EQUIPMENT IN
BOILER FEED WATER TREATMENT SYSTEM

Train A,B,C D,E,F,G,H
Tsemuential T
Crder
1. Filter Filter
2, Organic matter Strong.cation

adsorption exchange resin
3. Strong cation Organic matter
exchange resin adsorption
4. Weak anicon weak anion
exchange resin exchange resin
5. C0, removal CO, removal
6. Strong cation Strong cation
exchange resin exchange resin
7. Stroﬁg'énion Strong anion
exchange resin exchange resin
*ZE 8. Sioz removal Sibz'rem0va1

" Source: PPSA

5.5-7



2)

3)

Further, data on the resin used, filling volume, make-up
ratio, chemical consumption, regeneration waste water
volume in each ion exchange resin tower, are summarized in
Table 5.5-6. '

‘Ion exchange resin regeneration method

The partial sequential order from 3 through 7 of Table 5;5—
5 above is shown in-Figure 5.5-3. The special features of

‘the ion exchange resin regeneration in PPSA are as follows:

a) The regeneration is done by the cocurrént flow method

b) The cation exchange resin and anion exchange resin are
regenerated at different intervals.

¢) Although both the cation exchange resin and anion
exchange resin have plural radicals, they are separately
regenérated.

Waste watéer from boiler feed water treatment system

The volume of waste water from the boiler feed water

treatment system is shown in Table §.5-7. Its nature is

- not clear because there is no pertinent analytical data.

Table 5.5-7 PERCENTAGE OF WASTE WATER FROM
' 'BOILER FEED WATER TREATMENT SYSTEM

Filter 46%
Organic Matter Adsorption Tower : 11%
Strong Cation Exchange Résin Tower 15%
Weak Anion Exchange Resin Tower 23%
Strong Anion Exchange Resin Tower 4%
$i0, Removal Tower R 1%

Source: PPSA

5&5"8
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(1)

Further, as to the facility layout, the acid and alkaline
waste water pipes are connected to the same waste water
line.

. Points at issue, evaluation and measures to be taken on

" hoiler feed water treament system

Capacity of boiler feed water treatment system

PPSA has a high pressﬁre boiler facility with a steam
generation capacity of 2,640t/h, in addition to

. petrochemical polymer facilities. Based on thi=s, the

(2)

boiler feed water treatment capacity of 1,54Om3/h seems to
be adequate.

Further, the small capacity of between 80 and 100m3/h of
each system also seems to be adequate, considering the very
severe nature of the raw water.

The quality of boiler feed water produced at the present
boiler feed water treatment facility is shown in Table 5.5-
B. 1t satisfactorily meets the requirement as feed water

for the power plant steam boiler.

Pre-treatment system

The quality of the pre-treated water is far inferior, as

raw water for boiler feed water treatment facilities, to
that of'the raw water génerally-used-ih Japan, but it is
within the acceptable limit for the production of boiler

feed water.

i 555"9



(3) Boiler feed water treatmént facility

1)

2)

Composition of systems

The composition of the: systems is as shown in Table 5.5-5.
The location of the Coé-removal tower seems to be a slight
problem. Originally, a CO; removal tower is for. physically
removing CO, sO as to reduce the load of the ion exchange
resin, and its efficiency is remarkable under such low pH
conditions as 5.0 pH or less. Under the present facility
conditions, where the ion exchange capacity of the strong
cation exchange resin tower on the primary side is lowered,
the capacity of the CO, removal tower might be also
lowered. In such case, the load of the anion résin=tower

"might increase.

‘Therefore, it is desirable to replace the sequential order

of 4. and 6, namely,-thé weak anion resin tower and the
strong cation resin tower, respectively.

Ion exchange resin regeneration method

The chemical consumption at the time of ion exchange resin
regeneration is as shown in Table 5.5-6(3/3).  The point at
issue concerning the present facility is the excessive
consumption of régeneration chemicals. Several measures
can be considered in order to reduce the ¢onsumption of
regeneration chemicals. Their details are mentioned in
paragraph 6.1.2 of Chapter 6.

a) Selectivity of ion exchange resin
Where ion resin is used, its selectivity is very
important, Because of differences in ion selectivity,
the ion exchange layers are formed according to the
water flow direction, in the order of Ca*?Z > Mgt? s zn*?
> K* > NHg* > Na* > H* with regard to cation resin, and

5 . 5"'10
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b)

50,72 > Nog~ > €r04~2 > €17 > HCO3™ 5 §i0, "with regard
to anion resin.

These ionic sequences, showing their affinity, are

‘called “"exchange potentials”

accordingly, there may be leaks at the break through
point in the order of Nat, Mgt2, ca*? from the cation
towers, and Si0O,”, HCO3, CI~ from the anion towers.

Regeneration level and ion exchange capacity
"Regeneration level' means the regeneration agent
consumption volume converted to 100% purity. For
example, in the case of the regeneration of 11 (1 liter)
of resin using 100g of hydrochloric acid,  the
"regeneration level" is 100-HCl/1-Resin. The ioﬁ
exchange capacily of resin changes depends on the
"regeneration level". The ion exchange resin is very

‘expensive, and unnecessarily excessive capacity may

- ‘result in high costs. On the other hand, the cost of

c)

the regeneratién agent constitues the major part of the
water. treatment facility operating cost. Therefore, it
is very important to make a comprehensive judgement
after studying the following factors, for the
construction of a competitive facility. '

i) Raw water quality as design condition
ii) Resin to be selected and Break through capacity

.1ii) Regeneration level

Regeneratlon interval

The regeneration interval is b351cally determined

depending on thé break through capacity and filling

volume of the resin. Generally, cation bresk operation

which determines the regeneration timing by detecting

Na- leakage using a water analyzer is carried out.

9. 5-11



d)

Otherwise, in a water treatment facility which is
designed to produce water of the same volume per cycle
from the cation tower and anion tower, the:regeneration
operation is carried out at the time when the water
production volume has reached the designated water
produCtion'volume, or ion break has been detected. If
contact efficiency is constant, the regeneration
interval will not influence the regeneration agent
volume used per 1m3 pure watér, but will largely
influence the production yield of puré water.

Regeneration efficiency
The factor mentioned in b) above is related to the

“capacity of the boiler feed water treatment system.

Apart from this, the factor which is related to contact

efficiency is also extremely important. _For example,

there are two different regeneration methods: the
countercurrent regeneration method and'cocﬁrtent
regeneration method. ' In the case where the regeneration
is done uaing_regeneration agent of the same volume,'the
countercurrent regeneration method allows a larger
volume of ion exchange and a purer water production than
the cocurrent regeneration method, which is the
conventional technology. The regeneration methods and
their ionic composition distribution at the water
production and the regeneration stages are shown in
Figure 5.5-4. From this figure, it is clear that the
countercurrent regeneration method allows a purer water
production because of a smaller volume of Na*-(SiOZ"2 in
the case of anion resin) compared to the cocurrent flow
regeneration method.

5': 5"12



- 3) Wasté water from the boiler feed water treatment system -

The percentage of waste water from each equipment of the
boiler feed water treatment system is as shown in Table
5.5-7. ~This table shows that it is an imperative
reguirement:tozreCOVQr the filter drain in order to improve
the actual drain volume of 1.40m3/h per pure product water.
Although the concentration of suspended solid in the
backwash water of the filter is high, as the ion
concentration is the same as that of the raw water, the
backwash water of the filter is generally recovered as raw
water after the removal of suspended solids by a
céntrifugal separator.

© Fuirther, in order to reduce the waste water volume during
the regeéneration of ion exchange resin, it is necessary to
recover the purge Wafer after the replacement of the

¥

substitution of the chemical: agent.
4) New trend of waste water treatment system

In ANNEX 7, one example of boiler feed water treatment
system which has high efficiency water in-take and
regeneration, is attached.

5.5.4 Present condition of waste water treatment in power plant

The power plant site is provided with two facilities: a
‘neutralization facility for the waste water from the boiler
feced water treatment system and a treatment facility for
" the sanitary water. There are no other treatment
facilities for other waste water.
:It'is-designed'in.such a manner that all waste water other
than stbrm water flows into the main pipe of System 1
ﬁ% header -of the waste water of the oil refinery and
petrochemical plants, and rain water flows into the main

'5.5-13



rain water header coming from the o0il refinery area. Both
waste waters are finally treated in the central general
waste water treatment facility as shown in Figure 5.5-5.

Points at issue, evaluation and measurés to be taken
regarding the wastée water treatment in power plant

(1) Waste water produced in.power'plant

Shown_below is the waste water generally produced: in the
power plant.

- Waste water from boiler feed water treatment system

- pust collector cleaning water

- Alr preheater cleaning water

- Chemical cleaning water .

- Turbine room floor drain
- Boiler room floor drain

- Boiler blow water

- Condenser cooling water

- Drain from around fuel-related eqguipment:
- Sanitary water

- Rain water from power plantisite

(2) Waste water treatment . in power plant site

In public power station piants, waste water (reatment
facilities for their exclusive use are generally provided,
and the waste water produced in such power plant as shown

in (1) above are completely treated in the aforementioned

waste water treatment facilities so that waste water of a
quality which meets the standard value can be discharged.
However, as this power plant is-oniy part of the PPSA
complex and there is a central'genéral waste water
treatment facility, it is not necessary to provide a

L

5‘0 5"14
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dedicated waste water treatment facility exclusively as is
done for a public¢ power plant. However, as to alkaline or

acidic waste water, such as boiler blow water, dust

collector cleaning water, air pre-heater cleaning water,

chemical cleaning water, and so on, it is better to

" neutralize them within the power plant site before sending

them into the main header. This will help prevent troubles
such as corfosion of the main header pipe and also reduce
the load of the central general waste water treatment
facility.

5.5-15



TOTAL ANALYSIS OF VISTULA RIVER,
AND DECARBONATED WATER

COOLING WATER

Table 5.5-4
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Table 5.5-6

[pre-treating Section]
Charge Rate(m* /h)
Temperature ( °C )
pi(-)

Floccurant Name
Floccurant Inject. (g/m )

Space Velocity of Clarifier(m/h)

Retention Time{min)
Filter Arrangement
Space Velocity of Filter{m/h)
Criteria of Backwash
Frequency of Backwash
point @ (Filter Outlet) (
[Demineralizer)
(1) Cation Tower
Ion Exchange Resin
Filling Amount{1)
Treating Capacity(m /Cycle)
Make up Ratio(%/Year)
point @ (C-Tour Outlet) {
{2) Decarbonator
" Packing Thickness{m)
point @ (Decarb.Outlet) {
{3} Anion Tower '
Ion Exchange Resin
7 Filling Amount(1)
" Treating Capacity(m' /Cycle)
Make up Ratio(%/Year)
point @ (A-Tour Outlet) (
[Silica Polisher]
() silica Polisher
' Jon Exchange Resin
Ion_ExChanQe Resin
" Filling Amount(1)}
Filling Amount(1)

Treating Capacity(m® /Cycle)

" Make up Ratio(%/Year)
point ® (Si0. P.Outlet)

. OPERATING DATA OF BOILER FEED WATER SYSTEM (1/3)

parallel series
see next page )
A,B,C D,E,F,G,H
Wofatit KPS wofatit KPS
8,500 X 2 12,600
1,300 x 2 2,100
5% 5%
see next page )
- 2.8 2.8
see next page )
A,B,C _ D,E,F,G,H
Amberlite IRA 910 Amberlite IRA 910
7,400 11,200 |
5,000 7,500
5% 5 %
see next page )
A,B,C b,E,¥,G,H

wofatit KPS/MB

Wofatit KpS/MB

Wofatit SBW/MB

Wofatit SEW/MB

1,800

3,600

28,000
59

{ see next page ) -

5'& 5"‘17
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7,000
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Table 5.5-6 OPERATING DATA OF BOILER FEED WATER SYSTEM (2/3)

Design Base

{Water Examination]

PointD  Point® Point®  point®  Point®

PH + - - - +
Turbidity(-) - - - - -
COD(mg/1} + : - - - +
Elect. Conductivity(s Sfcm) - . - - ¥
Ca{mg-Ca00, /1) o - - - +
Mg (mg-Cal0, /1) + " - - +
Na (mg—CaQ0; /1) + - - L - +

K (mg-CaCo, /1) | - - - - .
Total Cation{mg-CaQ0, /1) - - ;= - -

HOOs {mg-CaC0s /1) + - - - -
SO {mg-CalC0: /1) - - - - -
Cl (mg-Cal0l: /1) - = - - +
NO, (mg-CaC0; /1) - - - - -
CO;  (mg-CaCO; /1) ~ s + - -
810y (Rig-CaCo; /1) s - - s +
Total Anion(mg-CaCO, /1) _ . : _ L §
_Operation

Pointd  point®  Point®  Pointd  Point®
pH 10.5 - - = 6.8
Turbidity(-) - . - . -
COD(mg/1) | 5.0 - - = 1
Elect. Conductivity(s Sfem) - - - - 0.2
Ca{mg-CaC0, /1) 120 - - = 0.00
Mg {mg-CaCos /1) 20 - - - 10.00
Na{mg-CaQ0, /1) 50-250 1.0 - - . 0.2
K {mg-Caco, /1) - - - -
“Total Cation{mg-CaC0, /1) - - - - -
HOO, (mg-Cally /1) 0-2.0 -~ - - .-

80 (mg-CaQ0, /1) - - - =

Cl1  (mg-Ca00, /1) - - - - -

NOy (mg-CaCO /1) - - S

00: {mg-CaC /1) - 2000  10.0. - - B
$10; (mg-Cal0, /1) 5-10.0 - - 0.5 0.03

Total Anion(mg-CaC0, /1) - - - =




Table 5.5-6 OPERATING DATA OF BOILER FEED WATER SYSTEM (3/3)

[Regeneration of Ion Exchange Resin]

&

[Cemineralizer]
(1} Cation Tower
Regenerant. Concentration{wt %} HCI "33 wt %
Regeneration Conc. (WP %) about HC1 5 wt &
Regeneration Temp. (C) 15 - 25 C
A,B,C D,E,F,G,H
Product{m® /Cycle) '
HC1 Consumption(g/1-Resin) 80 92
Reg. Waste Water(m® /Cycle) 140 160
{2) Anion Tower
Regenerant Concentration{wt %) NaOH 45 wt 3
Regeneration Conc. (WT %) about NaOH 4 wt %
Regeneration Temp. (°C) 15 - 25 °C
, - A,B,C D,E,F,G,H
p product(m® /Cycle) '
‘*g? NaOH Consumption(g/ 1-Resin) 80 80
Reg., Waste Water(m' /Cycle) 135 ' 185
~ {silica Polisher]
{I) silica polisher
Regeneration Conc. (WT %) about. HCH 5wt %
Regeneration Temp. (°C ) 15 - 25 °C
| A,B,C ' D,E,F,G,H
Product.(m* /Cycle) .
HC1 Consumption(g/1-Resin) 142 170
Reg, Waste Water(m' /Cycle) - 1600 200
Regenerant Concentration{wt %) NaOH 46 wt 2
Regeneration Conc.(WT %) about NaOH 4-5 wt 2 _
" Regeneration Temp. ('C) 15 -25 C
NaOH Consumption(g/1-Resin) 97 120
Req, Waste Water{m' /Cycle)} 57 53
| HC1 Comsumption = 0,696 kg/m’ ~Demineralized Water

NaOH Comsumption = 0.898 kg/m -Demineralized Water
NAC1 Comsusption = 0,011 kg/m -Demineralized Water

"5-5‘,"19



Table 5.5-8

'QUALITY OF BOILER FEED WATER

Item Quality
Si0, .0.025
Hardness none
Fe 0.02 mg/L
Cq 0.005mg/L
Oxydizable 5.0mg KMnO, /L~
pPH 8.5 - 9.2
Na 0.1 mg/L
0il none
Electric Conductivity'

0.2pS/cm

Source:PPSA
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"~ Figure 5.5-4 THE COMPARISON BETWEEN CON-CURRENT AND
COUNTER CURRENT REGENERATION

Step 1 Step 2 Step 3 Step 4

Con-Current
Regeneration|Feed Water HC1 HC1

e \HMC{’%
~ ;;F“I\\ Na —5\\

e

Counter- -~

Current

Regenerationf — ““”““"1 T

) Y .
++
C\a ca™ CaH
. +F -
gyt . \Na-’- Ht
H+
@ J HC1 HCl
Step 1 : Operation
Step 2 : End of Operation
Step 3 : Regeneration
iiﬁ - Step 4 : End of Regeneration
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5.6 Review of Type and Quality of Fuel

5.6.1 Current fuel used in PPSA

(1)

(2)

Type of fuel used in 1992

There are four types of fuel used in PPSA, i. é.,.Vacuum
residue, fuel gas, diesel oil and phenol tar.

Table 5.6-1 shows actual consumption for each type of fuel
in 1992, In this table, actual fuel consumption and

- gtandard fuel equivalent consumption which is converted to

the standard fuel (heating value : 7,000 Kcal/kg) are
comparead.,

Table 5.1-4 shows the consumption for each fuel based on
standard fuel in 1992. The rate of fuel consumption of
vacuum residue oil is 96.7% and high pressure boilers are

generally vacuum residue oil fired boilers.
Quality of fuel

PPSA has used refined Ural Crude 0il so far. waever, it
is obvious that Crude o0il from the Middle East will be more
refined in the future. |

Therefore, the new specification was added recently and

‘useéd for this Feasibility study. Table 5.6-2 shows the

quality data and specification of fuel oil.

'5-6"1



Table 5.6-2 QUALITY DATA AND SPECIFICATION OF FUEB QOIL

Item actual data(2.1'94) future speécification
heating value (kJ/Kg) - 40,00042, 000
specific gravity - - :
sulfur {wt %) 2.78 max. 3.0
nitrogen (wt %) 0.57 o -

Residual Carbon L .= s : S
aAsphalten (wt %) . 4.76 -
Vv {wt ppm) : 117 220 (3)
Ni {(wt ppm) : 39 -
Viscosity _ ~2.5°E @ 190°C -

Source:! PPSA _
“Note : ( ) shows specification in 1992.

5.6.2 Evaluation of fuel

In addition to the heating value, content of sulfur,
nitrogen, residual carbon and etc. in fuel are important
factors to evaluate. These factors have a large effect on
the emission of air pollutlon and corrosion of fuel gas
system., .

Here, each material in fuel is reviewed.

(1) Sulfur

Sulfur in fuel becomes S50x when burned. This SOx causes
acid rain and problems to human héalth. '

In particular, S03 becomes sulfuric acid by dissolving in
water. It is Known that part of S0y becomes S03 by being
oxidized in the atmosphere. Therefore, the total amount of
504 is regulated by law.

It is required to reduce sulfur content in the fuel or to
desulfurize the flue gas in order to reduce S0, emission to
the atmosphere,

PPSA has a plan to install a flue gas desulfurization
process (hereinafter FGD process) for the boilers from No.4
to No.7.

g@
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At the same time, the flue gas ducts from No.l - No.3
boilers will be joined with FGD process.
The capacity of FGD is 110 x 104 Nm3/h - 2 trains.
These capacities are equivalent to ébout“2,400 t/h bhoilex
steam generated in the case of 3 % 6xygen content in flue
gas. : - ' '
Accordinglly, flue gas of 90% from all high pressure
boilers in PPSA will be able to treat in these FGD process,
when O, concentration in flue gas for all high pressure
boilers will be reduced to approximately 3%.
Here, 0, concentration in flue gas from present No.1l - No.3
are very high because of internal leakage in Jungstrom,
{(The amount of leaked air is estimated to be about 12 x 104
Nm3/h per one boiler.)
ConSéquently; the replacement of the Jungstroms are very

- effective measures to utilize the abilities of FGD process.

{2) Nitrogen

Conversion to NOx from fuel depends on the operation and
combustion conditions and, generally, is about 50%, while
allfthe sulfur in the fuel is converted to S0, and 503.
NOx is ¢lassified into 2 types, One is NOx generated by
nitrogen in the air (so called Thermal NOx) and the other
‘is generated:  in the fuel (so called Fuel NOx).:
NOx content is influenced by excess air ratic, boiler load,
nitrogen content in the fuel, structure of combustion
chamber (two stage combustion, flue gas recirculation
etc.), type of burner (low NOx burner) etc..
‘Therefore it is recommended to understand the following
- correlations for each boiler in terms of NOx emission by
test runs and to operate with as low NOx . emission as
pOSsibie; '

1) Correlation between oxygen content in the boiler flue gas.

Oxygen content shall be measured at the upstream of the
Jungstrome.

'5.6-3



2} Correlation between NOx content and boiler load.

3) Correlation between NOx content and load balance of upper,

(3)

middle and lower burners.

Even though the conversion to NOx from fuel is about 50%,
nitrogen content in the fuel is not disregarded in case of
severe regulation of NOX emission.:

Since Ural Crude 0il, the main crude oil for PPSA, contains
less nitrogen compared to Middle East Crude 0il, it is
préeferable for fuel. '

However, imports of Middle East Crude 0il are estimated to
increase in the future. Since the countermeasure for this
is to determine the best combustion conditions for minimum.
NOx - eéemission because no de-NOx plant is planned now. The
correlations recommended above should be grasped at an
early stage.

For example, if the nitrogen content in the fuel is
increased by 0.1%, then fuel NOx would be increased by
about 25 pprm. .

Here, actual data of nltrogen content in fuel of PPSA shown

~in Tablé 5.6-2 is 0.57 wt '%. This value is 0.20% higher

than Japanese example of vac residue oil fired boiler.
Consequently, it is considered that NOx concentration in
flue gas are approximately 50 vol ppm- higher than Japanese
actual data

Vanadium’

It is known that high temperature corrosion is accelerated
by the existence of vanadium in ash, if the fuel contains
vanadium in large quantities. : '

So far it is reported that no high temperature corr0310n
was found in PPSA., This may be due to low vanadium content
in the fuel.

However, vanadium content in the fuel will increase because
of increased import of Middle East Crude 0il in the future,
and accordingly PPSA forecasts the increased vanadium

'5.6*4




emisgsion after 1993 as shown in Figure 5.7-2.

In the above situation, it is necessary to provide
countermeasures against high temperature corrosion.

Since there is no process to remove vanadium from fuel,
vanadium content in fuel is fixed by the crude oil which is
refined at the atmospheric distillation units.

As the magnesium compound reacts with vanadium compound

easily and increases the melting point of ash by a little

addition of the anticorrosion additive, application of an
anti-corrosion additive which contains magnesium compound

“as a main compound, is the main stream.

Ash on the boiler tube has a tendency to exfoliate and
accumulate at the bottom of the boiler furnace. This
exfoliation is estimated to be caused by the sootblower.

" Generally speaking,- the magnesium type anticorrosion

(4)

additive is injected with the ratio of magnesium to
vanadium (Mg/V) of 2 : 1.

Therefore, more injection of the additive is required for
fuel which contains higher vanadium content. This means
that it is effective for:.anti-corrosion but the additive
may bring some disadvantage such as lowering efficiency by
the adhesion of ash leading to a higher flue gas
temperature if there are no soctblowers installed.
Sootblowers are an essential equipement in the case of
application of the anti-corrosion additives {(not only for
boiler tubes but also for Jungstrome). '

Residual carbon {Conradson Carbon)

In Japan, Conradson Carbon is grasped as the property for
residual carbon of heavy fuel, On the other hand, in PPSA
asphalten content is grasped. Residual carbon has very
much to do with the combustibility of fuel o0il, so residual
carbon influences the dust content in the flue gas.

It is assumed that Conradson carbon value is more than 20
wt %, when asphalten content is 4.76 wt % shown in Table

5.6-1,

5.6-5



(5)

Accordingly it is considered that the residual carbon in
fuel oil 'in PPSA is the same or easy grade compared with
the Japanese example. ' :

Figure 5.6-1 shows the correlation between Conradson carbon

- ¢ontéent and dust content in the flue gas.

Viscosity

The viscosity of fuel is another property that has very

much to do with the combustibility. Here, Figure 5.6-1

shows the correlation between fuel temperature and kinetic
vigcosity.

It is assumed that the fuel used in PPSA is milder than
Japanese example in terms of combustibility.

However, the heavier vacuum residue oil becomes,  the more
sulfur content in fuel ©il increases. ' If the sulfur
content in fuel oil increase, $0, emission from the process
heater such as atmospheric distillation units will be .

increased. :
Accordinglly, the sulfur content in fuel oil will actually
be reduced in the future. : -

516—6
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Figure 5.6-1 CORRELATION BETWEEN FUEL OIL TEMPERATURE AND
KINETIC VISCOSITY
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5.7 Review of Level of Emission and Effluent from the Plant
5.7.1 Present emission amounts of air pollutant

S0,5, NOx, dust, CO, aliphatic hydrocarbon and aromatic
hydrocarbon are registered as air pollutants.. The
regulated maximum emission value and actual emission values
of each material in 1992 and 1993 are shown in Table 5.7-1.
The actual amounts of emission and fees in proportion to
pollutant emission of these materials are shown in Table
5.7-2.

The regulated maximum emission values and actual emission
values of each material for No.l - No.3 boiler are
summarized as follows.

g/GJ is used as unit for national regulated value and kg/h

is used for local regulated value.
(1) S0, emission

National regulated (valid to 31 Dec. '97) 1,720 g/GJ

value . (After 31 Dec. '97) 170 9/G3
| Actual value  ( '92) 1,228 g/GJ

~ Local regulated value for '92 _ 618.44 kg/h
' Actual value ( '92) 733 kg/h
Local regulated value for '93 309,22 kg/h

Estimated value ( '93) 677.7 kg/h
(2)'N0x (Equiﬁalént of ﬁoz) emission

" National regulated (Valid to 31 Dec. '97) 160 g/GJ

"~ value o (After 31 Dec. ‘97) 160 g/63

' L Actual value ( '92) 170.6 g/GJ

- Local regulated value for '92 ' 141.56 kg/h

‘ ; Actual value { '92) 101.85 kg/h

g; Local regulated value for '93 58.59 kag/h

Estimated value { '93) 114 ka/h

'5-7-"'1



(3)

(4)

(5)

However, local regulated value for NOx emission is not

decided yet, and is now under deliberations.

Dust emission

National regulated (Valid to 31 Dec.

value {After 31 : Dec.
' Actual value {

Lotal regulated value for ‘92
Actual value |
Local regulated value for '93
Estiméted value (

CO emission

National regulated (Valid to 31 Dec.
value (Aftexr 31 Dec.
Actual wvalue (
Local regulated value for '92
Actual value (
Local regulated value for '93
Estimated value  {

Aliphatic Hydrocarbon emission

National regulated (Valid to 31 Dec.
value (After 31 Dec.
_ Actual value (
Local regulated value fof '92
_ Actual value (
Local regulated value for '93
' Estimated value (

507"2

197).
AV

‘g2
192)

'93)

'97)

'97)

192)
"92).

93}

'97)
'97)
'92)
'92)

'93)

35.56
8.8
35,56

6.6

8.4

' 163.13

163.13

g/GJ
- g/Gd
15

g/GJ
kg/h
kg/h
Kg/h

‘kg/h

g/GJ

- g/GJ

g/GJ
kg/h
kg/h
kg/h

kg/h

g/GJ

.g/GJ
- g/GJd
kg/h

kg/h

kg/h

ka/h

v,
i B



(6)Aromatic Hydrocarbon emission

National regulated (Valid to 31 Dec. '97) - g/GJd
“wvalue {After . 31 Dec. '97) - g/GJ
_ actual value ( '92) 4.3 g/GJ
Local regulated value for '92 . 4.55 kg/h

' Actual value ( '92) 2.56 kg/h

Local regulated value for '93 - kg/h
Estimated value :( '93) 1.9 kg/h

5.7.2 Emission level of air pollutant
(1) s0,
The amount of SOZ emission is determined by the content of

sulfur in the fuel and the amount of fuel consumption.
Therefore, there are two countermeasures to reduce 304

" emission. One is the reduction of the content of sulfur in
the fuel and the other is the removai of S0, from the
combustion flue gas.

Wwhen the fuel with a heating value bf'41,000 kJ/kg is

‘burnt, allowable maximum sulphur content of the fuel is
3.55 wt % in order to keep the national regulated maximum
emission value, 1.720 g/GJ.  Present sulfur content in the
fuel is around 3 wt%. However, in case the national
reguleted maximum emissien value is reduced to 170 g/GJ or
1/10 after 1998, either fuel conversion to low suiphur or
adoption of FGD process will be necessary. The '
concentration of sulfuric components in fuel actually used
was 2.5% in 1992 and 2.3% at the first half of 1993.
According to the emission standards of the Ministry of
_Environment the allowance of emission will necessitate
either the change of fuel or FGD process.

The' capacity of FGD process for 00420 No. 4 through No. 7

| poilers are 1100,000 NmS/h x 2 trains and the flue gas

y & ducts from No.l1 - No.3 are joined with FGD ducts.
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(2) NOx

Nitrogen okides in combustion flue gas are NO; and NO,
hence called NOx. In ordinary exhaust gas from a boiler,
‘NO occupies 95% of the volume. Both nitrogen in fuel and

- in combustion air contribute to NOx formation. '

The emission standards of the Ministry of Environment adopt
~the value of 160 g—NOz/GJ for the boilers’at PPSA,

When the heat value of fuel, the logical air amount and the
amount of dry exhaust gas are choosen as 41,000 kJ/kg,
10.712 Nm3/kg and 10.090Nm37kg respectively, the -émission
concentration of NOx in the conversion value of 4% 0,
becomes 254 vol ppm. ©On the other hand, the agreement with
the'Plock prefecture specifies thertotal emission of each
boiler as in the examples of 00320 No. 1 through No. 3
boiler where the pefmitted emission from June 6, 1@91
through December 29 1992 Was 141.56 KG/H. This value will
be 253 vol ppm if an operation at the rated load’ as shown
in Chart 5.1.1 is assumed. However( the value is 58.59
kg/h in 1993 and corresponds to 105 vol ppm when evaluated
as the conversion value of NO, in the conversion value of
4% 04.

However, these value are not decided yet, but now under

g@

deliberation. Accordingly, PPSA presented target value for
this study shown in Table 5 7-3.

fable 5.7-3 TARGET VALUES FOR NOx TO BE REDUCED

Capacity -under 50 MW  over 50 MW
Modernization 120 g/GJ _ - 160 .g/GJ
Newly installation 90 g/GJ _ 120 g/GJ

Source: PPSA
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1)

Heére, No:l - No.3 boilers are over 50 MW. Accordingly, the

target value for this modernization study is 160 a/Gd.
In the case of Japan, the control limits against the
existing facilities are different depending on the
location, and the values are between 150 - 180 vol ppm.
In the Japanese example of the vacuum residue oil fired

‘boiler, NOx concentration is around 160 vol ppm when the
‘nitrogen content in fuel is 0.35 wt 5. This boiler adopted
some measures to reduce NOx such as corner-firing, 2 stage

.combustion, and tilting burners.

Here, measures such as 2 stage combustion and corner firing
are suitable for newly installed facilities because these
measures reguire large scale reconstruction of existing

boilers.

. Actually, it is suitable to replace low-NOx burners for

existing boilers. In generally,: it is possible to reduce
the level to about 200 ppm by adoption of loﬁ NOx burners.
However, it will probably be a limit of 250 ppm in the case
of PPSA, because the nitrogen content of fuel used in PPSA
as shown in Table 5.6-2 is 0.57 wt % is a very high level.
Accordingly, it is expeocted to satisfy the térget value in

‘Table 5.7-3 by édoption of low-NOx burners.

In general, the following measures are adopted.
Remodeling of a burner tip

This is the most simple facility as a measure against NOx.

" Though some difference in efficiency exist depending on

2)

opérational conditions, 20 to 30% improvement can be

“expected for heavy oil combustion.

Adoption of biased combustion method

‘The combustion temperature is controlled by using upper and
. lower burners, each of which requires different amount of '



' 0il, thus achieving NOx reduction. With a proper burner

3)

combined, the improvements mounting to 40 to 45% were

‘demonstrated in some examples.

Steam spray

The steam atomizing method is devised to lower flame

temperature by blowing vapor into a combustion air duct,

‘reducing the concentration of oxygen in combustion air to

retard combustion and allow the_stéam to attract heat.
Although this method demonstrates NOx reduction until the

" concentration of oxygen reaches 19%, further reduction than

18% adversely lowers the reduction effect. Since this

method has high operation cost, it is used in such cases as

" a short term measure at the time of high load ‘and a backup

4)

5)

measure. The improvement in the case of heavy oil _
combustion was 12 to 13%. i%

Low NOx burner

when measures described in the above 1), 2) and 3) are not
sufficient to attain the goal, the measure will extend to a
burner c¢hange. This method exhibits 15 to 20% improvement
over the method in 2).

2 stage combustion

In this method, 90 to 95% of logical air amount is
introduced through a burner inlet and 10 to 20% of air
necessary for combustion is introduced through an air inlet
provided at the upper part of a burner. The more the air
through the burner inlet is reduced, the ‘higher NOx
reduction is achieved, but an éxcessive reduction results

“in combustive instability and frequent generation of dust. :2?

The stage combustion method exhibits 15 to 25% improvement.
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6)

(3)

Recirculation of exhaust gas

fhis method allows a portion of combustion flue gas to mix

with combustion air and reduce the concentration of 0Op,
enabling moderate combustion to lower the combustive
temperature and achieve NOx reduction. The more the
recirculating gas increases, the greater the reduction
efféect becomes possible, but the excessive recirculation
makes the combustion unstable so that 20 to 30% of the
combustion air is considered to be the limit. ' The
reduction effect by recirculation exhibits 5 to 50%

variation, indicating its dependence on each furnace.
Dust

pust in flue gas exhausted from oil fired boilers contains
oil ash in fuel, unburned carbon and a very small amount of
S04 mist. The particle size of this dust is about 1 - 3
um, and this is much smaller than dust particles exhausted
from coal fired boiler. _

The amount of unburned carbon generated in an oil fired
boiler is influenced by the combustibility of the burner.
For example, countermeasures against NOx emissions such as

described in (2) of 5.7.2 aim mild combustion, so these

countermeasures are antagonistic to control dust emission,

‘As shown ‘in TFable 5.7-1, the limit value of dust emission

from No.l = No.3 boilers permitted by local authority in
1992 and 1993 is 35.66 kg/h. This value is equivalent to

-:rabdut 150 mg/Nm3 under the rated load as dust concentration

in the flue gas.

-On the:-other hand, the emission level in 1993 is 6.6 kg/h.
" this value .is equivalent to about 28 mg/Nm3 at the rated
‘load. -
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2)

3)

Therefore, there is no problem with dust emission at the
present.
However, it is clear that the amount of dust emission is

strongly influenced of 0, content in flue gas and Conradson

‘carbon content in fuel oil.

Accordingly, reduction of dust emission may be highlighted
in the future on the following ground.

Increasing conradson carbon content in fuel oil .

When Middle East Crude is refined much more at PPSA in the
future, Conradson carbon content in fuel oil will be
increase. ‘Under same operating condition such as 0y
concentration in flue gas and s0 on, as Conradson carbon

content increases, so does dust emission.
Reinforcing countermeasures of NOx reduction : g%

When Middle East Crude is refined more, nitrogenous
components in fuel oil will increase, and therefore
countermeasures of NOx reduction become more severe.

Reinforcing countermeasures of NOx reduction means

increasing dust emission.

Installation of so06l blower

Installation of soot blower is indispensable to maintain
stable and continuous operation throughout the year,

The scot blower will be operated once or twice a day. Long
refracting soot blowers are suitable for each supefheater
zone and economizer zone. At least 5 units will be
required for these zone, Estimated operating time of the

1ong refracting type blower is about 10 min.. .

Fixed position rotating blowers are suitable for the 'i?
heating element of the Jungstrom, and estimated operating
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(4)

time is about 50 min.. _

Here a part of dust in flué gas adheres on the inside wall
of the fliue gas duct and stack and grows into a layer.
Accordingly, there is a possibility that a part of the dust
layer is stripped, when these soot blowers are operated,
because velocity at flue gas duct-aﬁd stack increase
instantly when one soot blower start.

' Therefore it is required to make sure of the direction of

wind before start of soot blower.
CO

Amount of CO generated in oil fired boiler. is under
influence of combustibility too. |

In Japan, it was once tried to install CO analyzer in flue
gas system in order to check combusting condition.

However it was determined that an O, analyzer was enough to
check conbusting condition,

Figure 5.7-1 shows the correlation between 0; content and

. dust content in combustion flue gas as one example. .
" This figure shows that 0, control in flue gas is possible

to control both concentrations of dust and CO in flue gas.
As shown in Table 5.7-1, the limit value of CO emission
from No.l - No.3 Boiler permitted by local authority in
1992 and 1993 is 163.13 kg/h. . This value is equivalent to
about 544 vol ppm of CO concentration in flue gas at the
rated load. I

Actual emission level of CO.in 1993 is 5.0 kg/h.

This value is equivalent to about 17 vol ppm at the rated
load.

There is no problem with CO emission at present,
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