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5.0

5.1

DESIGN CRITERIA
General Description

This section specifies the operating conditions and design and
performance criteria for the flue gas desulfurization plant.

The flue gas desulfurization (FGD) system shall be designed for
utility power plant operation and shall be designed and arranged to
treat the flue gas from a coal-fired steam generator after it emerges
from the combustion air preheater, selective catalytic reduction and
electrostatic precipitator.

The FGD plant shall be designed and furnished that allow continuous
operation of the power plant unit under any trouble on the FGD
plant.

The flue gas absorber system shall be designed to operate
satisfactorily and reliably for extended periods at 30 percent of
steam generator MCR.

The flue gas desulfurization system shall be designed for
pressurized operation.

The FGD system shall be designed for continuous operation at the
conditions as specified in Sections 5.3 and 5.4.4 while treating 100
percent of the flue gas generated by operation of the steam
generator at any condition up to its maximum continuous rating
(MCR).

Flue gas reheat shall be accomplished by a flue gas reheater. The
flue gas reheater shall reheat treated flue gas leaving the absorber
with heat removed from flue gas before it enters into the absorber.

The Specifications are based on a one absorber designed to treat
100 percent of the design flue gas flow. More than one module
may be provided if-required by the CONTRACTOR's design to
comply with any of the requirements of the contract documents.

Each FGD system shall be capable of independent operation. Each
system shall be provided with dampers as specified in Section 8.21.

Each FGD system will discharge to a separate 6.7 meter diameter
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flue gas stack which is 250 meters high. The stack contains flues
for two systems.

The product of flue gas absorbing reaction shall be forced oxidized
to produce calcium sulfate (gypsum).

Slurry shall be discharged from an appropriate point in the system
and transferred to the gypsum dewatering equipment provided as
specified in Section 8.4. The dewatered gypsum filter cake will be
washed and dewatered to produce a saleable gypsum product. The
gypsum product shall be stored in gypsum storage building until
sold or removed for disposal. The gypsum storage building shall be
designed to have an effective capacity at minimum 15,000 tonnes.
The building shall have two entrance/exits for gypsum removing
trucks. The building shall be a steel frame structure enclosed as
required for noise abatement. Stairs and platforms shall be provided
for access to all equipment. Access hatches, if required, and
monorail beam shall be furnished for the installation and
maintenance of heavy equipment. All equipment and materials shall
be of industrial grade and quality, suitable for frequent stop/start
operation in a seacoast environment.

The gypsum filter cake wash water shall be returned to the absorber
system.

Each absorber system shall be designed to remove sufficient sulfur
dioxide from the flue gas so that the overall sulfur dioxide emission,
including any leakage in the regenerative flue gas reheater, at the
inlet of stack should be no more than 35 ppmvd with 6% Ox.

The FGD system shall be completely protected from erosion,
corrosion, cementation, or plugging. The CONTRACTOR shall
provide all special coatings, washers, soot blowers, strainers,
screens, grinders, comminutors, or cther devices as required to
provide this protection.

Site Conditions

The Taichung Steam Power Station of the Taiwan Power Company
will supply necessary power to the FGD systems. The FGD layout
of Taichung Units 9 and 10 is shown on the attached Drawing No.
1528-M-X-020. The layout is to illustrate the general concepts
only, and modifications may be made to accommodate the design of
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the equipment offered by the CONTRACTOR.

The plant site is located near Taichung Harbor at the seacoast in a
sub-torrid zone with severe salt wind conditions and dust-laden
atmosphere. The climatic conditions are as follows:

a. Grade elevation, MSL 8.25 meters
b.  Daily Maximum Humidity 100%
c.  Daily Average Humidity 79%

d.  Daily Ambient Outdoor Air
Temperature, °C

Average 22.6
Maximum 35
Minimum 5.6

e.  Indoor Ambient Air Temperature, 3 to 11°C higher than
°C outdoor temperature

Rainfall shall be computed on the following intensities for rainfall
events having a once in ten year period:

Duration, hour Intensity, mm/h
0 146
0.5 100
1 77
52

The site is subject to earthquakes and typhoons. The seismic loads
for structures and major equipment shall be derived from the latest
edition of ROC "Regulations Concerning Building Technology"
(RCBT). To avoid any significant variations among different
loading analysis methods, the total seismic forces shall be in no
case lower than the following:

0.15 W horizontal

Where W = total dead load plus normal operating live load which

.would reasonably be estimated to be on the structure at the time of
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an earthquake.

The wind loads act on all outside surfaces shall be derived from a
typhoon gust speed of 60 meters per second (134 mph) at 10
meters above grade.

Wind pressure 2.4 kPa (50 psf) of flat surface not exceeding 30
meters (100 ft) above grade and 3.6 kPa (75 psf) of flat surface at 2
height exceeding 30 meters above grade shall be assumed. The
seismic forces or the wind pressure shall be used in design of all
the equipment and structures, whichever is greater and more critical.

The moving equipment exposed to wind shall be designed to operate
normally under the monsoon with a wind velocity of 20 meters per
second.” The above wind velocities are considered to be taken at 10
m (30 ft) above grade level.

Operating Conditions

The FGD systems shall be designed for operation under the
following conditions:

There will be two (2) additional power generating units Taichung
Units 9 and 10 in the Taichung Power Station. The capacity of each
unit is 550 MW. The site has been selected and is to be constructed
in the western side of the existing Units 1 through 8.

To meet the power system peak and off-peak loads, as well as to
improve quality of the Taipower system, power units were specially
designed for Daily Shutdown and Startup (DSS) and Auto
Generation Control (AGC). Weekend Shutdown (WES) and start-up
will be executed in case of need. Each unit will be operated under
the condition of governor free mode at a certain range.

The steam generators to be supplied are of balanced draft, single
reheat, drum type with natural circulation design to burn pulverized
coal. Each steam generator has a maximum continuous rating
(MCR) of 1,830,000 kilograms per hour (4.034 million pounds per
hour) of steam at 17.4 MPa gauge (2,524 psig), with a gross heat
input of 5,358 million kJ/h (5,079 million Btu/h) for burning coal.

The particulate collection system consists of an electrostatic
precipitator designed to limit the particulate content in the flue gas
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stream to the FGD system to the amount as specified in Section
5.4.4.

The contingency that the electrostatic precipitators may operate at
reduced efficiency for short periods of time shall be considered in
design of the absorber.

It is anticipated, during start-up of the generating unit, that the
electrostatic precipitator will not be fully energized. Therefore, the
particulate loading may exceed the expected quantity. The Bidder
shall state as part of the Proposal Data the particulate removal
efficiency anticipated for an inlet grain loading of 10,000 mg/Nm3.

Particulate content at the FGD system -inlet will exceed the
maximum specified in the event of failure of the electrostatic
precipitators. The Bidder shall state as part of the Proposal Data the
capability of the absorber system to handle fly ash and his
recommendations regarding absorber operation during failure of the
electrostatic ~ precipitators. The maximum allowable inlet
particulate grain loading and duration shall be stated as part of the
Proposal Data.

The FGD system shall be guaranteed to be capable of continuous
operation during periods of reduced particulate collector efficiency
without undue problems caused by erosion or corrosion within the
FGD system. The FGD system is not required to meet performance
guarantees during this condition.

The flue gas desulfurization (FGD) system and auxiliary equipment
shall be suitable for automatic operation at all loads from start-up to
the maximum continuous rating of the steam generating unit.

The FGD system shall be designed for safe and reliable operation
under the following steam generator operating conditions in any

combination.

Daily start-up following an overnight shutdown of approximately 8
hours duration

Weekly start-up following weekend shutdown of approximately 48
hours duration

Continuous load following from 30 to 100 percent of maximum
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continuous rating

Operation at 30 percent of maximum continuous rating over
extended periods of time

Continuous operation at maximum continuous rating
Air and Flue

Combustion air is supplied to each boiler by two motor-driven, axial
flow forced draft fans located on ground elevation. Two (2)
Ljungstrom regenerative type air preheaters are dso provided to
heat up the combustion air before it enters into the furnace.
Primary air fans are also equipped for the intended purposes.

The steam generators are also equipped with high dust type selective
catalytic reduction (SCR) system installed immediate downstream
of the economizers. After it passes through the SCR, flue gas is
diverted to the air preheaters, it is then discharged to the
electrostatic precipitators for further treatment.

Two (2) motor-driven induced draft fans are furnished with each
boiler and located between the electrostatic precipitators and the
chimney. FGD systems are intended for insertion in between the
I.D. fans and the chimney.

Raw Materials

Fuel analysis

Primary fuel for the steam generator will be raw, unwashed coal
delivered directly from the mine.

Coal
The FGD system shall be designed and guaranteed to operate as
specified with any coal whose properties are defined by the ranges

stated in the following tabulated data.

The average coal analysis is as follows:

As Received Proximate, wt % yUltimate, wt %
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Surface Moisture 6.50 -

Air Dried Basis Proximate, wt %  Ultimate, wt %
Inherent Moisture 2.50 -

Ash 14.5 -
Volatile Matter 28.0 -

Fixed Carbon 51.0 -
Carbon - 70.2
Hydrogen - -4.90
Nitrogen - 1.60
Oxygen - 7.90
Sulfur 0.60 -

High Heating Value, as 26460 kl/kg
received (6300 kcal/kg)

The FGD systems shall be designed to permit troublefree operation
when steam generators are bumning any coal within the range of the
following design coal guidelines Specification:

Proximate Design Coal Range. wt, %
Total Moisture (A.R.) 20 Max
Ash (AD) 19 Max.
Volatile Matter (A.D.) 24 -42
Fixed Carbon (A. D.) 60 Max.

Ultimate (Aur Dried Basis)

Inherent Moisture 1-10
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Ash 19 Max.
Sulfur 03-15
Nitrogen 0.4-2.0
Carbon 51.6-84.7
Hydrogen 34-6.0
Oxygen 12-232
Chlorine 0.05
Fluorine 0.015
High Heating Value, as received 23940 kJ/kg
(5700 kcal/kg)
542 Ash

The maximum range of ash constituent based on the TPC selected
coal is as follows:

Ash Constituents (Air Dried Basis) Range Weight, %

Si0O, 24 -81.5

Al,0, 14 -39.0

Fe;0; 19.0 Max.

CaO 0.1-28

MgO 0.2-85

K,O 3.2 Max.

Na,O 2.0 Max. for bituminous type ash

Na,O 6.0 Max. for lignitic type ash



543

544

544.1

TiO,
SO;
P»0s

Ignition Oil

P9

0.6-3.10
11.0 Max

3.8 Max.

The characteristics of a distillate fuel oil to be used for steam
generator ignition are as follows:

Gravity, degrees API

Corrosion Flash Point,

C.0.C

P. M.
Viscosity, SSU
at 38°C (100°F)
Diesel Index

Heating Value
(Minimum)

ASTM Distillation

End Point (Maximum)

Flue Gas Conditions

Product of
Kaohsiung

Plant (K)

32, Minimum

0

60°C (140°F) Min.

2.7-5.8 mm?2/s
(35 -458S8U)

50 Minimum

44190 kl/kg
(19,000 Btw/1Ib)

385°C
(725°F)

Product of
Miaoli

Plant (M)
29-34

Passive
93°C(200°F) Min.
2.7-5.5 mm2/s
(35 - 44 SSU)
50 Minimum

44430 kl/kg
(19,100 Btw/lb)

393°C
(740°F)

The FGD system shall be designed to operate under the following

conditions:

Steam Generator Operating Conditions




A-1 P10
30 Percent 60 Percent 70 percent 100 percent
of MCR of MCR of MCR MCR
Fuel Heat Input to 1886 3468 3928 5361
Steam Generator,
Million kJ/h
Total Flue Gas 1019600 1874000 2123000 2897400
Flow, kg/h to to to to
1029000 1892000 2143000 2924000
Percent of Total 100 100 100 100
Flue Gas Flow to
be Treated by
Absorber System
Flue Gas 108 123 126 132
Temperature at I.D. (226) (254) (259) (270)
Fan Inlet, °C(°F) (160°C MAX.)
Flue Gas Density at 0.9580 0.9281 0.9190 0.8962
Specific Nominal to to to to
Temperature , 0.9574 0.9274 0.9183 0.8956
kg/n?
Dry Flue Gas 72x10° 1.3x 10° 1.5x10¢ 2.0x 10°
Volumetric Flow to
1.D. Fan Inlet,
Nmy/h
Particulate content 40~50 40~50 40~50 40~50
in (Influent) Flue
Gas Stream,
mg/Nm?
Particulate Content 20 20 20 20
in Treated (Exiting)

Flue Gas Stream,

mg/Nm?
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i Nitrogen Oxides 35 35 35 35
" Content in (Influent)

Flue Gas Stream,
ppm

j.  Design Sulfur 210 210 210 210
Dioxide ' to to to to
Concentration in 1050 1050 1050 1050
Untreated (Influent)

Flue Gas, ppm dry
basis, base on 6
percent of 02

k. Maximum Leakage 3 3 3 3
Rate for Leakage
Type Flue Gas
Reheater, percent
(Volumetric Flow)

Limitations, if any, on removal of sulfur dioxide during start-up, at
loads below 30 percent of the steam generator maximum
continuous rating while firing coal, shall be stated in the Proposal
Data.

Limestone

Limestone is expected to have an available calcium carbonate
content of 95 percent. For calculation of material mass balances,
limestone with 95 percent available calcium carbonate shall be
assumed.

The maximum’ or minimum allowable percentages of the various
constituents of the limestone shall be stated in the Proposal Data.

The FGD system shall be guaranteed for operation with any
limestone defined by the ranges stated in the Specification.

The limestone reagent delivered to the plant site will be in
powdered form, it is 90 percent through 325 mesh, and is expected

to have composition of the following range:

Limestone Constituent Range, wt %
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Si0,
Fe, 0,4
Al Oy
CaO*

MgO**

P,0;

Ig Loss

Naz O

P12

0.16-4.10
Trace-1.15
Trace-1.15
52.05-55.74

0.41-5.05

0.03-0.17

41.49-44.16

Trace-0.15

* Equivalent CaO of the CaCO; content.
** No credit allowed for MgO beneficial impact.

The following tabulated data are the chemical analysis for main

limestone mines of Taiwan, R.O.C., wt, %.

Region IgLoss SiO, Fe,O; ALO; CaO MgO P,05 Na0
I-Lan 4224 046 014 010 5522 1.16 - -
Kaa-Nah-Ahn 4182 038 014 006 5526 1.00 - -
Central-Cross- 4192 0.70 0.10 Tr 5574 1.14 - -
High-Way

San Chan Brook  41.64 0.06 014 012 5550 1.36 - -
of Hua Lien

Chier-Wan 4299 037 051 009 5336 149 005 -
Sha-Po-Dang 42.14 067 026 015 51.02 202 0.11 -
Tumg-Mem 43.56 ‘0.30 0.14 0.18 5317 238 - 0.11 -
Muh-Guah- 4369 016 013 021 5416 218 0.10 -
Brook

Jy-Yaa-Can- 4282 349 049 1.12 5230 041 003 -

Brook
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Ta-Kang-Shan 43.04 2.07 Tr 040 5319 117 0.10
of Kaohsiung

Shou-Shan 4324  0.56 - 229 5558 0.67 -
Hsiao-Caang 41.77 3.5 < 1.64 5141 145 -
Tun-Pih-Guang-  42.79  3.11 - 024 5358 140 -
Chimng of

Taiwan

Guan-Tzyy-Lin 4375 143 - 0.64 4894 505 -
Jeeng-Tour-Shan 44.16  0.53 - 031 52.70 140 -
Kung-Tien 4408 055 - 047 5350 1.14 -
Kung-Tien 4382 031 - 047 5339 092 -

Chyh-Ke-Shan 42.16 387 0.88 0.18 5211 079 005
of Hsin-Chu

Chyh-Ke-Shan 4149 4.10 - 080 52.05 148 -

Chu-Tour-Jiaan 4198 342 049 021 5331 055 017
of Tao-Yuan

NOTE: "Tr" means "Trace".
Water Supply

Makeup water and pump seal water will be supplied from the raw
water storage tank through the raw water supply system. Circulating
water will be supplied from the circulating water system. Closed
cooling water makeup will be supplied from the demineralized
water system.

Raw Water
Raw water quality is expected to be variable but the following
analysis is considered typical (all constituents expressed in mg/L as

calcium carbonate unless otherwise specified).

Constituent Concentration mg/L

0.15

0.09
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Calcium
Magnesium
Sodium as Na+
Bicarbonate
Chloride as Cl-
Sulfate as SO,=
Silica as Si0;
Iron as Fe
Manganese as Mn
Chiorine as Cl;
pH

Turbidity as NTU

Circulating Water

P14

62.5
42.1
8.3
177
9.86
27.7

13.1

7.8

0.7

Circulating water is provided from the sea. Circulating water
quality is expected to be variable but the following analysis and

temperatures are considered typical.

Item

pH

Salinity, %
Suspended Solid, ppm
Total Hardness, ppm

CaCO, Hardness, ppm

Range
7.2-82
17.3-33.7
0.01 - 0.04
3420 - 6300

432 -744
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Fe, ppm as Fe 0.03 -0.07
Dissolved Oxygen, ppm 53-9.0
Total Alkalinity, ppm as CaCO, 114 -130

Temperature of circulating water

Mean Seawater -

Month Temperature Range, °C
January 20.5-21.5
February 20-21
March 21-22
April 23-25
May 25-26.5
June 26.5-27
July 27-28
August 28-28.5
September 26-28
October 24 -26
November 22.5-24
December 21.5-225
54.63 Closed Cooling Water

Closed cooling water makeup is provided from the demineralized
water system. Demineralized water quality will be within the limits
listed below:

Content Concentration
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Total Dissolve Silica 0.01 mg/L Si0, Maximum

Specific Conductivity 0.5 micro ohms/cm at 25°C Maximum
Carbon Dioxide Trace

Sodiuﬁl 0.01 mg/L Na Maximum

Power Source

Two (2) 6900 V, 3 phase, 60 Hz power supply sources shall be
furnished by the CONTRACTOR as shown on the Dwg. No. 1528-E-
X-602, one as the normal supply from secondary of the FGD main
auxiliary transformer which will be connected to unit generator, the
other as the start-up and standby supply from secondary of the FGD
start-up transformer which will be connected to parallel 161 kV
buses in the switchyard, for each of the two (2) FGD systems.

The two (2) power supply sources will operate within a +10%
voltage variation and a frequency variation of 60 Hz +5%.

Emergency Operation

Should an unscheduled outage of a regenerative air heater occur, the
flue gas desulfurization system will experience a rapid flue gas
temperature increase to approximately 400°C. This temperature
excursion would persist for approximately 30 minutes.

The flue gas desulfurization system shall be designed to withstand a
temperature excursion of the above magnitude and duration without
damage or increased maintenance.

Model Test

A three-dimensional model of not less than 1/12 scale, shall be
constructed and tested by the CONTRACTOR.

A description of the model test proposed shall be included as part
of the Proposal Data.

The arrangement used for modeling shall have prior approval of the
Engineer.
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