3.6 DUCT AND SOOT BLOWERS

3.6.1 Duct

The drawing list for the duct is shown in Table 3-11.

Seward Boiler 15 is a balanced draft boiler provided with two F.D. fans, two Ljungstrom air
heaters, two twin chamber electrostatic precipitators (ESPs), and two LD. fans. The two ESPs are
joined by twin flue gas ducts that are referred to as A and B duct.

Figure 2-4 presents a plan view of the ESPs and flue gas ducting, with the old duct B replaced by
the new duct B, which is used for desulfurization of the flue gas by the CZD system.

Figure 3-4 presents a plan view of the desulfurization duct, which has a 120 foot-long straight run
for injection of the atomized lime slurry. This is the duct length necessary for the absorption of
SO; from flue gas and for drying out the absorption products. The atomizing nozzles are located
at the duct inlet. The duct is provided with four sets of thermocouples at four duct cross sections:
B, C, D, and E. During normal operations, the B section thermocouples will be used only during
testing. A summary of duct dimensions and construction is included in Figure 3-4,

Figure 3-5 illustrates the arrangement of thermocouples at one typical duct cross section. Single
thermocouple probes can be inserted along the duct walls either 6 inches or 2 feet away from the
duct walls. The near-wall thermocouples will be used only for test purposes.

The flue gas flows and temperatures will be measured at the inlet of the duct in the discharge
plenum from the Research-Cottrell (R-C) precipitator, then at the E section of the duct, and also at
the outlet from the LD. fan. SO,, NOy, and CO; concentrations and gas temperatures will be
measured at the discharge plenum from the R-C ESP and at the discharge from the 1.D. fan.
There will be an opacity meter in the discharge duct from the LD. fan.

The utility requirements for the duct are limited to lighting and convenience outlets and water for
an eye wash and sink.

The duct extension is passive in nature. The only thing to control will be the personnel safety
lighting, which will be activated by an ambient light sensor.

There will be nothing to start up on the duct. The only foreseeable upset condition that could occur
would be deposits that must be removed. There are three external entrances to the duct, each
equipped with platforms and access ladders. Cleaning access is through any or all of the entrances.

3.6.2 Soot Blowers

Ten soot blowers placed in the bottom of B duct will reentrain any particles of ash and/or reacted
lime into the gas stream, where they will be carried by the flue gas to the second ESP for removal.
Four additional retractable soot blowers at the C cross section will clean the thermocouples on the
turning vanes.
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The equipment list for the soot blowers is shown in Table 3-12. The drawing list for the soot
blowers installation is shown in Table 3-13.

The utility requirements for the soot blowers are:

Steam (only one unit is activated at a time) — 16 Ib/cycle of RB1 through RB10 and
254 Ib/cycle for RB11 through RB14

480 V, 60 Hz, 3-phase power for rotation and the retraction motors for the retractable
soot blowers

120 V, 60 Hz, 1-phase for the control circuits

The total combined requirements of the duct and soot blowers are as follows:

Lighting (120 V) — 20 kW
480 V - 300 Wh/cycle
120V - 166 Wh/cycle
Steam — 1,176 Ib/cycle

- The soot blower operational control is located in the main control room. The operation of this unit
is described in the Copes-Vulcan manual.

The startup of the soot blowers is covered in the Copes-Vulcan manual. Any upset in operation
would require changing the injected medium in the duct from lime slurry to water.
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Table 3-11
DUCT DRAWING LIST

Dwg. No. SK- Sheet | Size Drawing Title
E-408-1002 1of1 Foundations — Boiler Gas Flow System
E-518-1002 A 1of1 E | Duct Support Steel — Boiler Gas Flow System
E-518-1003 1of1 E | Support Steel — Boiler Gas Flow System
E-518-1004 1of1 E | Duct Plan Top — Boiler Gas Flow System
E-518-1005 lofl E | Bottom Duct Plan — Boiler Gas Flow System
E-518-1006 Tof2 E |Duct Elevations - Boiler Gas Flow System
E-518-1006 20f2 E | Duct Elevations — Broiler Gas Flow System
E-518-1007 | 1of3 E | Miscellaneous Steel and Platforms — Boiler Gas Flow System
E-518-1007 20f3 E | Miscellaneous Steel and Platforms — Boiler Gas Flow System
E-518-1007 3of3 E | Miscellaneous Steel and Platforms — Boiler Gas Flow System
E-518-1008 lofl E | General Notes
E-110040-01 Spec. A | CZD Duct Modification to Boiler Flue Gas Duct
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Table 3-12
SO0T BLOWER EQUIPMENT LIST

Equipment Description Purchase Order
Number 21178-
i‘ RB1 - Copes-Vulcan Model DS-E rotary soot blower MO002
RB-10
RB-11 - Copes-Vulcan Model T-20E retractable soot blower M002
_ RB-14
b TDV Copes-Vulcan 1 in. Class 600 1b thermal drain valve - M-002
Dwg. E-191501
Ccv Copes-Vulcan 2 in. Class 300 Ib mainstream valve M-002,
CV-600-2A
: Isolation 2 in., 600 1b, 1,000°F steam valve M-002
' valve
C-20 Copes-Vulcan controller panel — Type A M-002
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Tahle 3-13
SO0T BLOWER DRAWING LIST

Dwg. No. Size Drawing Title
D-335408 E Copes-Vulcan Soot Blower Arrangement
D-335409 D Copes-Vulcan D5-E Rotary Views
D-339791 D Copes-Vulcan T-20EV Retractable Views
D-339792 D Copes-Vulcan T-20EV Sleeve Views
D-333726 D Copes-Vulcan Schematic Wiring Diagram
D-333725 D Copes-Vulcan External Wiring Diagram-Panel
C-339803 C Copes-Vulcan Starter Cabinet Assembly
B-297035 B Copes-Vulcan Physical Wiring Diagram Rotary
C-339805 C Copes-Vulcan Physical Wiring Diagram T-20E
A-335436 A Copes-Vulcan Steam Consumption Data
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Figure 3-4
PLAN VIEW OF DUCT WITH THERMOCOUPLE LOCATIONS
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DUCT SPECIFICATIONS
Duyct Dimensions 8' wide, 11" high

Duct Material 1/4" steel plate, ASTM A 36

Duct -Insulation 2-1/2" thick block, nominal
density 12 pcf, ASTM C 612, Class 3, asbestos
free, exterior face covered with 0.003" thick
aluminum foil

[

Duct Jacketing Stucco-embossed Alclad 3004 — | ——— ATOMIZING NOZZLES
alurminum conforming to ASTM B 209 14" (EXISTING PLENUM SECTION)
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Figure 3-5
TYPICAL THERMOCOUPLE SECTION (6 THERMOCOUPLES PER THERMOWELL =
24 PER SECTION)
JUNCTIONBOX -
§ THERMOCOUPLE

L DUCT SURFACE
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3.7 WINTERIZATION

The purpose of winterization of the CZD-FGD system is to allow the system to operate through
winter extremes in temperature and other climatic variations associated with winter. The
winterization enclosures were tailored to meet the needs of the equipment.

! - 3.7.1  Environmental Enclosures

The environmental enclosures were fabricated from bolted and welded framework covered with
o 0.040-inch-thick, textured, corrugated aluminum siding. The siding is lined with foil-faced rigid
fiberglass insulation that has been mechanically fastened to the interior surface. All seams are
taped with matching foil-faced tape.

The interior environment of the enclosures will be heated by the natural convection heat from the
duct, which will be adequate down to 25°F. Electric spot heaters will provide a minimum
temperature of 40°F with the outside air at -25°F when the boiler is not in operation. The interior
P is lighted for inspection of equipment and observation of instruments.

Ty During the summer, the exterior observation doors may be left open to moderate the interior
temperature.

The configuration of the weather enclosure located at the top of the duct is shown in Figure 2-20.

. 3.7.2 Heat-Tracing and Insulation of the Interconnecting Piping

By The interconnecting piping between the lime slurry prepara’uon area and the lime slurry feed area is
heat-traced and insulated to Penelec’s standard.

The heat-tracing tape has a capacity of 6 W/ft and will be self-limiting. It is fastened to the pipe at
intervals and connected to a separate power circuit through a thermostat to limit operation to
appropriate temperatures. Each thermostat is equipped with an indicator light to allow. the roving
operator to ascertain that the circuit is activated when needed.

: Insulation was applied over the heat-tracing tape and skinned after installation. The insulation type
o is preformed rigid fiberglass.

e Jacket sheathing is 0.040-inch-thick textured aluminum sheathing.

The piping between the lime slurry feed area and the lime slurry injection area was treated in the
same way as the piping between the lime slurry preparation area and the lime slurry feed area.
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3.8 INSTRUMENTATION AND CONTROL (I&C) SYSTEM

381 Overview

Instrumentation and control (I&C) is broken down according to the plant locations at which CZD
equipment and systems are found. These six operational areas/systems are:

m Atomizing air compression system

m Lime slurry preparation system

m  Lime shurry feed system

= Lime injection system

m  Duct flue gas monitoring and controls

m  Control room

Startup, operation, and monitoring of the equipment and systems within these areas will be
through a combination of actions performed locally or in the control room (remote operation). In
general, all pump, mixers, and the initial startup of systems must occur locally. In this way, the
operator can visually verify the condition of the equipment in the area and determine whether it is
safe to put the equipment or system into operation. Once a system or equipment is in operation,
monitoring the condition of equipment and the changing of system setpoints can occur remotely, at
the control room, or locally through panel mounted switches and controllers.

The ready/standby system is also part of the CZD I&C and operates through the Bailey distributed
control system (DCS) from the control room. The ready/standby switch provides the operator
with the means to control whether or not lime slurry is injected into the duct, without unnecessarily
upsetting CZD controls, and safeguards the operation of the Buell ESP. Low atomizing air
pressure interlock logic is also provided.

Remote monitoring and control of the CZD process from the control room is carried out from the
existing combustion control management control system (MCS) and supplemented by the process
control view (PCV) station. Supplemental plant and process operating information is available
from Leeds & Northrup (L&N) recorders located in the ESP control room and in the duct B
weather enclosure.

3.8.2 System Description
'The general types of equipment that will constitute the CZD architecture are as follows:

m Primary sensing elements that sense equipment and process stream parameters

s Field transmitters, with enclosures to suit the process area environment, which receive
the signal from a primary sensing element and convert it to a 4-20 mA current loop or
other industry standard output
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m Final control elements that provide actuation or throttling capability, some of which
are of an electropneumatic type and utilize an instrument air supply

= Instrument signal wiring or fiber optic cables, which are routed between the field
transmitters, controllers, local indicators, and the DCS enclosures located at three
locations in the plant and back to the control elements

= A DCS, based upon a Bailey Controls architecture, which includes electronic
processors and other devices to monitor and control the CZD process

m Chart recorders which provide additional display, trending, and data logging
capabilities to the system

3.8.3 Distributed Control System

A review of the CZD I1&C begins with the DCS, which will enable the operators to operate and
observe the CZD equipment and systems either locally or from the control room. The DCS,
therefore, makes the best use of the benefits of observing, firsthand, the proper operation of CZD
operations backed by observing all CZD operations to gain an overview understanding of the CZD
systems.

A simplified block diagram of the proposed DCS is presented as Figure 3-6. The drawing shows
the various elements of DCS components and their location throughout the plant.

3.8.3.1 I.img Preparation DCS Enclosure

In the lime preparation building, the DCS consists of the modules located in the remote
input/output (RIO) No. 2 enclosure. This enclosure is a Bailey Controls Mini-90. All system
instrumentation to the DCS for the lime slurry preparation system is wired to this enclosure and
transmitted to the processor in the control room over a fiber optic link. This enclosure accepts
digital and analog signals. This enclosure is sized for additional input/output (I/O) and loop
controllers for future expansion of the DCS in this area, if desired.

Are-
The two loop controllesSlocated in this enclosure is Bailey Controls model DCS. These controllers
are identical to those presently in use for Seward’s combustion control system.

3.8.3.2 Lime Slurry Feed/Duct B Area

The DCS components for this area are Jocated in two cabinets. The first cabinet is labeled “RIO
No. 1” and contains all of the I/O modules for interfacing to field transmitter, thermocouples, and
switches. The second enclosure contains the two loop controllers and two Leeds & Northrup
(L&N) chart recorders. The L&N chart recorders are described in greater detail later in this
section.

The loop controllers in this area are of a stand-alone type, Bailey’s CLC03, which allows them to
continue controlling the flow of lime slurry and water into the duct even if the rest of the DCS
fails. This enables operators to shift to local-only control of lime or water injection into the duct.
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It is highly recommended that the DCS and other instrumentation in this area receive their 120 Vac
power through an uninterruptible power supply (UPS), thereby allowing full control capability of
lime injection into the duct during a loss of control power. This would also enable the
ready/standby valve to operate.

3.8.3.3 GZD Multifunction Processors

The CZD DCS uses three of Bailey Control’s multifunction processors (MFPs). Two are of the
MFP-01 type with the third a MFP-02.

The two MFP-01s are central to the operation of the CZD process. All CZD I/O wired to the
various modules in the lime preparation building and the duct B weather enclosure will converge
as data into these modules. The modules are programmed or configured with all interlock, analog,
and digital controls, and calculations for CZD.

The two MFP-01s are also configured to be fully redundant. This means that both MFPs are
programmed with the identical program at all times and that each will receive the same data from
the I/O modules at the same time. During operation, only one MFP-01 will actually execute the
configuration. The second MFP will act as a hot standby by monitoring the status of the first and
will take over complete control of configuration execution in the event that the first MEP fails or is
taken off line by the DCS technician. This hot standby capability permits modifications to the
configuration to be made without shutting down any part of the CZD system. In addition, if
changes are made to the configuration or to one module when that module is placed back in
service, the change can be validated, after which the other module will be updated with the new
configuration.

The MFP-01s accept and send out information through the various slave modules. One slave
module, located in the plant control room, accepts the data and log inputs provided by Penclec’s
environmental group for the monitoring of stack and duct opacity, SO, concentration, etc. This
slave module is interfaced directly to the MFP-01s through the slave bus. The slave buses for
RIOs No. 1 and 2 are routed over a single pair of fiber optic cables to each remote enclosure. RIO
modules will aliow data to be transferred to and from the two remote enclosures to be multiplexed
over the fiber optic link. The fiber optic link allows data to be transferred at such high speeds that
the remote I/O slaves are treated the same as the one in the control room by the MFP-01s.

The fiber optic link will also be impervious to electrical noise of any type. This includes the highly
noisy environment found in power plants.

The two MFP-01s also export and import data over the plant loop network. Network access
allows data concerning the operating state of Boiler 15 to be incorporated into calculations or
displays. Network access also permits all of the CZD operating data to be transmitted to and from
operator display stations (or even other controllers).
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3.8.3.4 L&N Chart Recorders

The L&N chart recorders will be used by engineers and operators to view, data-log, and/or trend
CZD and boiler data right at the duct or ESP control room. The flexibility in viewing much of the
plant operating data at these locations will be an important asset in the setup and tuning of the CZD
system. Originally configured to handle all of CZD’s processing requirements, the MFP-02
module is now dedicated to data switching with the L&N chart recorders. Because the module is
connected to the MFP-02 over the RS-4835 network, the chart recorders can receive all of their I/O
over this data link.

The chart recorder in the ESP control room (AR-01) is dedicated to monitoring the performance of
the Buell ESP.

3.8.3.5 Operator_Interface Units

Operator interface units (OIUs) enable the control room operators to:
m View the overall operation of CZD
m Perform trending of CZD performance

m Make changes to flow and/or density setpoints to adjust CZD operation in response to
boiler load changes

m Alert the operator as to alarm conditions

m  Allow viewing of duct temperature profiles and skin temperatures

At the time of this writing, the specific operating screens for the OIU are being developed.

3.84 CZD Instrumentation

3.8.4.1 Lime Preparation Instrumentation

The 1&C shown on CZD P&IDs for this area reflect just what is necessary for continuous lime
mixing control. :

m Star valve motor and variable-speed drive
s Nuclear-type density gauge and transmitter
m Capacitance-type RF level element and transmitter

s Recirculation loop pressure controller and valve

3.8.4.2 Lime Feed Instrumentation
The instrumentation in this area includes:

s Capacitance-type RF-level element and transmitter

m Recirculation loop pressure controller and valve
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No instrumentation is furnished for the grits tank. The roving operator must pericdically check
these tanks and take the appropriate actions to empty them when necessary.

Switching of the lime slurry feed tanks (described earlier in this manual) also requires switching
Controller LC-25. A switch is provided to change the process variable (PV) input to the controller
to allow LC-25 to be used for either lime slurry feed tank.

3.843  Environmental Monitoring System (EMS
Duct instrumentation for environmental monitoring CZD operation measures:
m Duct and stack opacity
m SO, in and out
m  NO, in and out
s COjinand out
The responsibility for the maintenance of these instruments rests with Penelec’s environmental
group. This group is responsible for providing 4-20 mA signal outputs for each measurement to a

terminal block next to the L&N recorder in the ESP control room. From this terminal block, the
current loops are extended into the control room into the analog slave module.

3.8.44 Temperature Monitoring

The duct has many ports for insertion of probes that will be used for the testing of CZD. There
will be three types of temperature measurement:

m  Duct skin monitoring
m  Duct profile monitoring (B through D sections)

& Duct wall measurement

The first two types of temperature measurements are brought into the DCS for display and data
logging. They can be observed on the PCV station in the control room or on the chart recorders in
the CZD shack. The loop diagrams for these units indicate that the thermocouple extension wire
go into RIO No. 2 and are connected to isolating-type temperature transmitters. The transmitters
convert the signals to 4-20 mA current loops, which go directly to the Bailey analog slave
modules. The transmitters protect the DCS components by affording 1,000 V of isolation from
the duct, The transmitters selected for CZD come with a programmer that enables the instrument
technician to view the mV signal from the thermocouples and the output to the controllers without
disconnecting any wiring. The programmer also acts to remove high-voltage charges that
periodically build up on the individual thermocouples and extension wire.

Duct wall temperature measurements are made using the local panels provided.
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3.84.5  Flue Gas Flow Monitoring

The flow of flue gas in the duct will be monitored at three locations using differential-termnperature-
type devices manufactured by Kurz Instruments: FT-11A, FT-11B, FIT-12, and FIT-19.

FT-11A and FT-11B are multipoint probes, and their inputs are brought into a dedicated panel
(ADAM) in the duct B weather enclosure. In the ADAM panel, the flow measurements are
digitally filtered and averaged to obtain their respective flow rates. The temperature at these
locations is also monitored by the Kurz system. These flow measurements, combined with the
environmental measurements, form the basis for determining the percent SO; reduction by CZD.

Flue gas flow monitor FIT-12 provides a single point measurement at the E Section of the duct.

Airflow monitor FIT-19 measures the flow of atomizing air to the compressed air header, which
supplies the lances.
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Figure 3-6
CZD DCS ELEMENTS
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Startup Procedure, Startup Schedule,
and Operational Testing
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4.1 STARTUP PROCEDURE

4.1.‘_| Lime Slurry Preparation System

Production of lime sluiry will begin with the movement of dry lime from the lime delivery trailer
to the 50-ton lime silo. Automatic operation of the baghouse will start when the fill pipe guard is
e lowered. The Koppers panel will include controls for automatic operation of the lime silo blower
L and the air sparging air compressor(s). The operator should be familiar with the operation of this
panel before attempting to fill the lime silo with lime. Startup of the system assumes that the
supply of lime in the lime silo is adequate, that the lime slurry sump is empty, and that the control
room has set the CZD system to the standby condition.

The sequence of operation will be as follows (see CZD P&ID 21 178-M-01):

1. Perform an initial checkout to ensure that the air supply to PIC-20 and LY-23 is
adequate and that the process water supply block valve to LCV-23 is opened. Next,
establish an initial low setpoint for PIC 20 and the block valves to allow flow from
one of the two lime slurry sump pumps through PIC-20. Finally, check HCV-10A to
ensure that the ready/standby system has set the flow of lime slurry to recirculate back
to the lime slurry sump and that the piping to the lime shurry feed tank has been
flushed with water. Set DIC-01 and LIC-23 to local control and zero their setpoints.

2. Start the water level control using Controller LIC-23 located in Enclosure RIO 2 (see
Figure 3-6) by first setting it for local control and then advancing the sump level
setpoint from zero to the sump’s normal low level (NLL). During the time the lime
slurry sump is filling with water, check LIC-23 to verify that it is indicating the proper
sump level.

3. Start the lime slurry mixer and sump pump once you have visually verified that
; sufficient water has accumulated in the lime slurry sump (a point 3 feet from the
sump cover). After the one lime slurry sump pump has been started, verify the flow
of water through both PIC-20 and the standby recirculation loop. Next, verify the
i _ operation of the density indicating transmitter, DIT-01, and, if necessary, recalibrate it
using the manufacturer’s recommended procedures.”

4. Start the density control once the steps described in steps 1 through 3 have been
completed (atthough it is not required that the lime slurry sump reach its setpoint
level). Start the lime screw conveyor; then start the lime silo star valve variable-speed
drive (VSD) turough the Koppers batch control panel. Put the density controller,
DIC-01, in manual control and set it so that lime is fed into the lime slurry sump. The
lime feed rate may be increased using Controller DIC-01 to reduce the time the
system takes to reach the desired slurry density. Never add more lime than can be

" A recalibration of the density transmitter may require providing a means to flush the line with clean process
water,
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easily handled by the mixer. Once the slurry has reached approximately 50 percent of
the desired density, set DIC-01 to automatic control and adjust the setpoint.

5. Shift control to the control room (remote control) once the lime slurry density has
been set and the flow of lime judged to be adequate. At this point, level and density
setpoints are controlled from the control room. Once the lime slurry density has
reached its setpoint, raise the lime sump level setpoint to its normal operating level;
the system is now ready to supply lime slurry to the lime slurry feed tanks.

Remote monitoring and control from the control room of equipment in the lime preparation area
will include:

s Lime silo high- or low-level alarm

m Screw conveyor (ON or OFF)

m Lime silo star valve VSD current draw

m Lime slurry sump level and level setpoint
= Lime slurry density and density setpoint

41.2 Lime Injection System

4121  Pre-Startup Checkout of the CZD System
Before any portion of the CZD system is started up, the following procedure must be followed:

m  Check with the shift supervisor that the boiler is ready for operation of the CZD
system

w Verify with the plant maintenance supervisor that all maintenance work on the CZD
system (if any has been carried out) has been completed and the equipment is ready
for operation

m  Verify the status of all CZD system equipment by plant inspection and see to it that:
— All pumps and pipes are filled with water
~ Ali drains and vents are closed
— All flushing and draining hoses are disconnected

— Al utilities (power, process water, cooling water, steam, and instrument air) are
available

— Check the sump and tanks status
s Notify the control room operator that you are going to start up the CZD system

4122 Startup of the Atomizing Alr System

Start up the atomizing air compressor and check that the cooling water is flowing to the air inter-
coolers and after-coolers. Check the compressed air temperature and discharge pressure.
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There are two atomizing air compressors, one working and one spare. They are arranged for
automatic startup of the spare unit. After checking the operation of the running compressor, trip it
and check the operation of the second compressor.

Check the air receiver for the presence of water, and drain if necessary.

Open the drain valves in the atomizing air distribution header, and blow them for few minutes until
the discharge is clean (invisible).

Start up the flow of atomizing air to all atomizers and check their flow status. All atomizing air
feed valves must be wide open. All pressure gauges on individual atomizer air feeders should
indicate the same pressure. All atomizing air rotameters should indicate the same flow.

A low air atomizing air pressure can indicate a broken atomizer ceramic tip; a low flow can
indicate plugging of the nozzle or air feeder. If either of these problems occurs, bring the matter to
the attention of the plant maintenance supervisor. Any such problem must be corrected before
continuing startup. :

41.2.3 Startup of the Lime Slurry Injection System

To start up the lime slurry injection systems, use the following procedures:

s Check that the injection system valves are set up for injecting water into the flue gas
stream

m  Start up the water booster pump
m Check the water pressure in the injection header
m Check the operation of the water booster pump

m  Start up water injection into the duct at 20 gpm and then increase it slowly until the
temperature setpoint is reached. When injecting water, check the water pressure and
the flow of water at the atomizer feeders. Flow obstructions can be checked by
shutting off the water flow to individual atomizers and checking the water pressure.
A rapid drop of water pressure when the feeder block valve is closed indicates the
nozzle is not blocked. When the feeder pressure does not drop or drops slowly, it
could indicate that either the nozzle or the pressure gauge is plugged. Correct the
problem before proceeding further with the startup operation.

s Transfer the control to automatic -

4.1.24 tartup of the Lime Slurry F t

If the lime feed tank is full, lime injection can be started after successful water injection. If the lime
feed tank is empty, then it has to be first filled with lime slurry. It is assumed that the lime feed
tank is full of lime slurry, the lime feed pump and piping are filled with water, and all drains and
vents are closed.
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Check that the seal water supply is available and set all the pump suction and discharge valves for
recirculation of the lime slurry through the feed and return header. Check that the seal water is
flowing into the pump at 0.2-0.4 gpm; then start the feed pump. Check to see that lime is
circulating properly; then notify the control room so that they may switch from the standby mode
to the ready (run) mode.

When the lime shurry feed tank is full, the valve that feeds the vibrating screen closes, preventing
overfilling. If there is a failure in the agitator of tank A, the filling is transferred from the vibrating
screen to tank B. If there is a failure in one of the lime slurry transfer pumps, the end of the line
feeding the failed pump must be disconnected, moved to the backup pump, and be reconnected.

4.1.2.5 tan rati

The CZD system will be started up on water, checked for flue gas minimum temperatures at the C
section, and then switched over to the lime injection. The switchover will be done from the control
room.

When lime injection is first started, the injection rate should be set at about 35-40 gpm and
increased slowly until the minimum C section temperature of 170°F is reached. Next, the
concentration of the injected lime slurry should be adjusted until maximum SO removal is
achieved. It may be necessary to operate at a slightly lower temperature, but in no case should the
C section temperature be allowed to drop below 150°F.

The CZD system is designed to inject either atomized lime slurry or atomized water into the flue
gas. Operation using water alone will be the standby mode to which the operator can revert
whenever he encounters problems with lime injection.

The switchover from normal (ready) to standby operation will be done by turning a hand switch in
the control room. When actuated, this hand switch will (1) stop the injection of lime by diverting
the flow of lime back to the feed tank and (2) start the flow of process water to the atomizing
nozzles to flush them and to continue to cool and humidify the flue gas to prevent opacity
excursions. During standby operation, the lime feed pump will continue to operate, recycling all
its flow to the feed tank. The sump pump will also continue to operate, but there will be no
transfer of lime from the sump to the feed tank. The lime slurry flow will be diverted back to the
sump, and the transfer line will be automatically flushed with water and left full of water. The feed
of lime and water to the lime sump will cease automatically on a signal from the sump density and
level controllers.

When all problems encountered during lime injection have been resolved, normal plant operation
can be resumed by returning the same hand switch in the control room to the ready position.

The reasons for switching from lime to water injection include:
®» High stack opacity
s Low C section temperature
m Lime feed pump failure
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m Lime transfer purﬁp failure

m Lime slurry preparation problems
s Instrument control failures

m Shortage of lime

m  Vibrating screen failure

Most of the above will require equipment inspection and possibly some maintenance work before
resuming normal plant operation.

41.2.6  System Shutdown

The CZD system operates on Boiler No. 15 flue gas. Hence, whenever the boiler is down, the
CZD system must also be shut down.

System shutdown involves stopping the lime slurry feed pump, stopping the flow of lime slurry
from the sump to the feed tank, and flushing all idle lime slhurry lines with water and leaving them
full of water.

All agitators and one of the lime shurry sump pumps must be left working. The operation of the
sump pump is necessary to provide lime for water treatment.

If it is not disconnected from the feed tank and feed header, the idled lime feed pump should be left
pressurized with seal water and the discharge valve should be closed.

During winter operation, care should be taken not to turn off the heat tracing of lines, feed pumps,
and other equipment subject to freezing.

4.2 STARTUP SCHEDULE

The project schedule, shown in Figure 4-1, indicates the periods for design, construction, and
operation, as well as baseline testing and operational testing. Periods for equipment performance
testing are also shown.

Construction and installation activities at the Seward Station will be performed in two phases. The
first phase started in March 1991 and took about 4 months. The second phase will run from
December 1991 to May 1992.
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- CZD testing will be conducted in two phases. The first phase will last 6 months and include daily
) factorial runs to test different atomizers, limes, and slurry concentrations. Baseline and operational
' testing will be performed concurrently. Flue gas from locations upstream of the CZD slurry
- atomizers will be tested to determine conditions without the CZD Project (baseline testing), and
} flue gas downstream of the sturry atomizers will be tested to determine conditions with the CZD

| Project (operational testing). The first project phase will begin in July 1991, after the first phase of
construction, and will be completed by December 1991.

The second phase, 12 months in length, will demonstrate the continuous performance of the CZD
. process under actual power station operating conditions. The atomizers, lime, and slurry

h concentration that prove to be the most effective during the 6-month test period will be used during
i the 12-month demonstration phase. The second project phase will begin in August 1992, after the
second phase of construction, and continue through July 1993.

4.3 OPERATIONAL TESTING

431 TYesting Overview

Bechtel and Penelec will jointly demonstrate Bechtel’s CZD process for removing sulfur
pollutants from the flue gases leaving a coal-fired boiler. Bechtel’s overall approach is described
below. Included is a discussion of the testing and demonstration program, methods of testing and
evaluation, and demonstration test reports.

4311 Overall Test Program

Bechtel will conduct a demonstration testing of the CZD process on Penelec’s 147 MWe coal-
fired generating Seward Station, Unit 15. The test is designed to demonstrate the viability of the
process and its operability at a total cost of less than $300/ton of SO removed. Of the two outlet
flue gas ducts, only one — representing half of the flue gas produced by the boiler — will be used to
demonstrate the CZD process.

Penelec will provide the site and site support for the test and will also be the subcontractor for the
_ operation and maintenance as well as the construction and installation required for this

[ demonstration. Bechtel will furnish the necessary management, supervision, engineering,

(L procurement, and technical personnel required for the design and execution of the test program,
and will evaluate and document the results of the test program.

4.3.1.2 CID Process Description

CZD is a method for removing SO from flue gases. It is covered by U.S. Patent No. 4,623,523
dated November 18, 1986. The main operating principles of the CZD system are as follows:

u  Small particles of an aqueous dispersion of pressure-hydrated calcitic lime or

K pressure-hydrated dolomitic lime are injected into a confined zone within a flue gas
stream flowing in a duct. The confined zone is defined by a surrounding slip zone of
flue gas in the duct.
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s The amount of the aqueous lime dispersion is large enough to reduce the SO2 in the
flue gas, but small enough so that the aqueous dispersion is dried within the confined

Zone.,

s The confined zone is contained within the inside walls of the duct and is spaced apart
from the walls so that the walls remain dry.

In the application of CZD technology to the removal of SO from boiler flue gases, the CZD
system may be installed in the boiler outlet ducting or in the inlet ducting of an ESP.

In the CZD system, proper atornization of the aqueous dispersion is extremely important. This
atomization must be matched to the application. It may be accomplished by rotary atomizers,
piezoelectric-driven nozzles, nozzles driven by a pressurized gas such as compressed air, or other
specialized atomizers.

To maintain the efficacy and operability of the CZD system, proper preparation of the aqueous
dispersion is important. The weight percent solids in the lime slurry, as well as the stoichiometric
ratio of scavenger to SO, must be determined. To maintain high operating availability of the
CZD system, proper handling, transfer, and distribution of the lime slurry are all important.

In summary, the CZD process comprises preparation of the aqueous dispersion of pressure-
hydrated lime or pressure-hydrated dolomitic lime, transfer of the aqueous dispersion to and from
the nozzles, injection of the aqueous dispersion into the ducting, design of the spray pattern, and
control of the system operating variables, including temperature, pressure, and flow rates.

4313 Summary of Activities

The work in this demonstration test program will be in three phases, as summarized below.

4.31.31 Phasel

Bechtel developed a process design and P&IDs, and performed detailed engineering for a new
extended duct to be used in the CZD demonstration in Unit 15 at Penelec’s Seward Station.
Bechtel prepared all the specifications for equipment and instruments and procured the materials.
Interface with the appropriate environmental agencies was accomplished through Penelec, with
Bechtel’s assistance, as needed.

43.1.3.2 Phase 2

Bechtel will complete procurement of the equipment, instruments, materials, and fabrication of the
new long duct. Penelec will construct and install these items in accordance with the specifications.
Using Penelec operating and maintenance personnel, Bechtel will train the operators, start up
(shake down) the CZD system, and verify that the installation and control system are functioning
according to requirements. During this phase, the installation of equipment and instrumentation
will be limited to that necessary for the parametric testing to be done in Phase 3.
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4.3.1.3.3 Phase 3

Bechtel will plan and execute a parametric test program to optimize the performance of the CZD
process. The test program will be designed to develop operating conditions that achieve high
reliability and low-cost operation. Based on these results, Bechtel will complete additional design,
procurement, installation, and facility construction, as necessary, to permit a 12-month continuous
demonstration. The CZD system will be fully instrumented and integrated with the operation of
Penelec’s Unit 15. The goal will be to demonstrate the performance of the CZD process for SO2
removal without affecting either boiler operation or particulate emissions. Using Penelec operating
and maintenance personnel, Bechtel will train the operators, start up the CZD system, and operate
the system. Bechtel will supervise the continuous demonstration and carry out various
performance tests, data acquisition, and chemical analyses.

43.1.4  TYest Program Goals
The goals of the testing and demonstration program will be to:
» Remove up to 50 percent of the SO» with up to S0 percent alkali utilization

m Show that there is no detrimental effect on normal boiler operation and no increase in
particulate emissions and percent opacity

m Demonstrate the capability of operating with high- and low-sulfur coal
m Confirm reliable operation of the CZD process when integrated with the power station
m Achieve low capital and operating costs per ton of SO2 removal (less than $300/ton)

= Carry out a program of tests that to provide the necessary experience and database for
the detailed design, operation, control, and maintenance of large-scale commercial
plants :

4.3.1.5 trategies for Achieving Test Program 1

The CZD demonstration will be divided into two distinct periods: a testing period and a
demonstration period.

In the testing period, different atomizers, degrees of atomization, reagents, percent sulfur in the
coal, and changes in operating conditions will be tested to determine the optimum conditions for
the highest SO removal with maximum utilization of the reagents.

In the demonstration period, the CZD installation will be automated to operate continuously and be
fully integrated with the power plant. All the optimum parameters developed during the testing
period will be used as the basis for the continuous demonstration. The only exception will be
testing of higher sulfur coal for a duration of 2 to 3 wecks during the demonstration period.
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The test program will include the following investigations:

a  The effect of injecting atomized lime slurry in a 120-foot-long straight duct, with a
large number of atomizers, good gas/spray dispersion, and a closer approach to
. saturation temperature

. m Degree of atomization (slurry/compressed air ratio) versus length of duct required for
evaporation of atomized slurry

m Maximum volume of slurry that can be injected per square foot of duct section

= Relationship of the duct cross section and the confined zone dimensions to avoid
deposits on duct surfaces

__ m Effect of flue gas inlet temperature on the evaporation characteristics, SOz removal,
P and alkali utilization

m Factorial injection tests with hydrated calcitic lime and freshly slaked calcitic lime
! slurry using the selected atomizing nozzles; conducting the same tests with dolomitic
B lime for comparison

m The effect of lime slurry concentration on:
- FGD
— Lime utilization

— Maximum lime injection rate

— Percent opacity
m Burning high- and low-sulfur coal, to determine:

— The effects of lime injection on ESP performance, atomizer performance, and

1 | lime utilization
— The effects of additives on percent SO2 removal, lime utilization, and percent
. opacity |
: \i = Selection of different additives for improving lime utifization for the same percent
- SO removal

m Optimum parameters for the lowest cost per ton of SO removal

m If necessary, testing different methods for improving the ESP’s performance
(additives, improving rapping, improving automatic voltage control, etc.)

431.6 Test Sequence
B The testing plan will include the following sequential activities:

m Calibration of atomizing nozzles
m Factorial water tests in flue gas duct
m Factorial dolomitic lime injection tests
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= Factorial calcitic lime injection tests

m Continuous lime slurry injection tests

Different kinds of atomizing nozzles outside the duct will be calibrated in order to determine:

= Pressure and flow characteristics

®» Minimum compressed air requirements

m Constraints concerning use of multiple atomizers with multiple tips
Faciorial water tests of different kinds of atomizing nozzles in the flue gas duct will be made to
determine:

m The best orientation of atomizers for maximum water rate

m The atomizing air/water ratio for fine atomization and complete evaporation

s The confined zone dimensions, for each case, with analysis of the temperature
isotherms

432 Meth f Testing and Evalnation

4321 Jesting Matrices

After calibration of atomizing nozzles and factorial water tests in the flue gas duct, the factorial
dolomitic lime injection test will be conducted to determine the optimum parameters for SO2
removal, lime utilization, and low percent opacity. In general, an increase in the lime slurry
concentration will increase the percent SO removal, but will reduce the percent lime utilization and
increase opacity. Therefore, selection of the optimum parameters will include not only the
parameters for maximum SO removal, but also those that ensure an economical solution and a
permissible percent opacity. Test matrices will include:

m Testing with lime slurry injection rates from 30 to 55 gpm

a Testing with lime slurry concentrations from 4 to 15 percent

m Testing without additives and with various concentrations of different additives

m Testing with dolomitic and calcitic lime slurries

m Testing at low and high boiler loads

m Testing at low and high approach to saturation
By varying the operating parameters, we can determine the optimum concentrations of lime slurry
needed to meet our goals. During the testing period, a computer program will be used to do the
calculations for SO; removal and lime utilization for the different variables. Collection of this

technical and environmental data will enable us to prepare detailed computerized analyses and
monthly reports and to issue the final report.
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) Previous CZD testing results from the pilot unit and the proof of concept in a commercial unit
[ should prove very useful in designing, planning, scheduling and programming the CZD
" demonstration.

(0 4322  Procedures for Measuring, Sampling, Testing, and Analysis
The procedures to be used are outlined below.

43.2.21 Measuring Flue Gas Flows

Flue gas flows will be measured daily for 5 consecutive days to determine the amount of gas
flowing through the test duct. These measurements will be verified by comparing them with:

» Flue gas flow measurements by Kurz flow monitors mounted inside the duct
L upstream of the Buell ESP. (The flue gas velocity will be measured at three different
levels in the duct, and the average flue gas velocity will be indicated and recorded.)

] } s Flue gas flows estimated from coal and flue gas analyses
s LD. fan characteristics

L Figure 4-2 shows a traverse point arrangement in the duct for velocity measurement.

Flue Gas Flow Measurements. The purpose of these measurements is to verify the actual gas
flows and velocities prior to spraying the water into the flue gas stream.
Measuring Equipment Reqizirements. The required equipment will include:

s One 15'-0"-long S-type pitot tube with thermocouple

m One inclined tube manometer

m  One bottle of red manometer oil

m An S-type pitot tube user’s manual

s One temperature indicator

a One barometer

u One U manometer for measuring flue gas pressure

where:

h = Velocity head in inches of water as measured with an S-type pitot tube
o prG. = Density of flue gas

o D.G.P.
29 s;0 BP -3¢
= 3705 X T+460 * 29.92
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Figure 4-2

TRAVERSE POINT ARRANGEMENT IN THE DUCT FOR VELOCITY MEASUREMENT
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D.GP.
B.P. - 3%

prG. =1.3281 x —5 3760

7 where:

L T = Flue gas temperature, °F

(1 B.P. = Barometric pressure, in. Hg

L D.G.P. = Duct gauge pressure, in. W.C.

= prG. = Flue gas density at flue gas temperature and pressure, 1b/ft3
= v = Vaverage X Aduct X 60

. where:

. v = Flue gas flow, acfm

. Vaverage = Average gas velocity in the duct at the test nozzle, ft/sec

L Aguet = Duct cross section, ft2

! The flue gas flow, in actual cubic feet per minute (acfm), will then be converted to the flow in

o standard cubic feet per minute (scfm), which will then be compared with the flow indicated by the -
Kurz instruments and also with the theoretical flue gas flow based on the latest coal analysis and
oxygen content of flue gas.

4.3.2.22 |njection of Atomized Water into the Flue Gas

Atomized water will be sprayed into flue gas in the test duct to:

o » Determine the maximum volume of water that can be injected into the flue gas and
L evaporated before reaching the turning vanes ,

» Verify or correct the initial arrangement of atomizers so as to avoid wetting the duct
L surfaces

=  Ascertain the effects of atomizer operating parameters (liquid flow rates, air/liquid
ratios, and operating pressures) on the flue gas stream temperature profiles across and
along the gas flow path

[ The purpose of these tests is to verify the configuration of the atomizers and to determine the
L amount of water that can be injected into the flue gas without danger of wetting the duct walls,

floor, and turning vanes.

The water for atomization tests will be provided from the standby water supply, which will use the
same flow instrumentation as the lime supply.

R Both atomizing air compressors will be used for these tests. The airflow will be regulated by
controlling the air delivery pressure at the atomizing air feeders. An air pressure controller will be
provided for this purpose.

4-14 53-0451¢.005WO/C/R13




The total atomizing air usage will be obtained by reading the airflow rotameters and totaling the
readings. The airflow rotameters and the individual atomizer air pressure indicators will be
employed to verify that the air distribution to all operations atomizers was even.

All temperature probes in the flue gas duct will be used to obtain the longitudinal and cross-
sectional flue gas stream temperature profiles.

The adiabatic flue gas cooling temperature will be obtained by inserting a wet probe into the duct
and measuring the flue gas temperature. As long as the probe remains wet, it should read the
abiabatic flue gas saturation temperature. When read with the other temperature probes, this
temperature will indicate wet flue gas or wet duct surfaces. (The duct floor and wall temperatures
will be measured to find out if the atomized water wets the duct surfaces.)

To begin testing, six central atomizers will be mounted in the R-C ESP discharge plenum; the
water rate will be 1-1/2 gpm/atomizer. After all flue gas temperature readings are obtained, the
water rate will be increased to 2 and then 2-1/2 gpm/atomizer. The tests will start using 200
scfm/atomizer of the atomizing air. On the following day, if the results are satisfactory, these tests
will be repeated at 150 scfm/atomizer of the atomizing air; on the third day, the rate will be reduced
to 100 scfiny/ atomizer. Different types of atomizers will consume different amounts of
compressed air at 100 psig for the required liquid flow rate.

After evaluation of the test results, the four central atomizers from the first atomizer mounting
nozzles in R-C ESP plenum will be added to the six previously tested atomizers, and the injection
test will be repeated at the same flow rates as before. The four additional atomizers are not
expected to affect the duct floor temperature.

After satisfactory testing of all atomizers together at a total water rate of 50 gpm and a total air rate
of 4,000 scfm, all atomizers will be tested at reduced air rates. The reduced air rates will
correspond to 175, 150, 125, and 100 scfm/atomizer. The objective of these tests is to verify the
minimum quantity of atomizing air required for the operation of atomizers without wetting the
duct surfaces.

During the water atomization tests, the computer and recorder will be used. This will maximize
the amount of test information and provide practice in operating these devices.

4.3.2.2.3 [njection of Atomized Lime Slurry into the Fiue Gas Duct

The purpose of the parametric lime slurry tests is to find out how SO2 absorption and dryness of
the absorption products are affected by atomizer operating characteristics. These characteristics
include:

» The concentration of lime slurry

m The ratio of the lime slurry to atomizing air

m The degree of lime slurry degritting

m The type of lime used, e.g., dolomitic hydrate, calcitic hydrate, or freshly slaked lime

93-0451¢.005/WO/sh/R14 4-15
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The new test results will be compared with 1987 results from the Seward Boiler 15 old flue gas
duct and from the Campbell pilot plant to determine the effect of duct configuration on the CZD
process performance.

Lime Slurry Atomization Tests. From the water atomization tests, the following will be
determined:

m The correct arrangement of atomizers to avoid duct wetting

m The correct atomizing air/slurry ratio to produce droplets fine enough for complete
evaporation in the available duct length

m The total volume of water that could be atomized without wetting the duct surfaces

Based on these data, operating parameters (e.g., the air/slurry ratio, slurry injection rate, slurry
concentration) will be established for the initial atomization of lime slurry. These parameters will
be based on the assumption that the lime slurry behaves very much like water and that the
atomized slurry contains twice the stoichiometric quantity of lime required for the removal of
one-half of the SO present in one-half of the boiler flue gas.

Effect of Lime Slurry Concentration. The CZD lime slurry atomization section is designed to
atomize up to 50 gpm of a lime slurry using up to 4,000 scfm of atomizing air for this purpose
(total air output from both compressors) and to operate with varied slurry concentrations.

The higher degree of flue gas cooling by the atomized lime slurry is equivalent to a closer approach
of flue gas to its adiabatic saturation. Lower temperature enhances the absorption of SO2 by
injected lime.

A lower concentration of atomized slurry increases lime utilization, thereby reducing lime usage.

Typically, each daily test run will be started by atomizing 50 gpm of the dilution water to cool the
flue gas system to its operating temperature during lime injection. The cooling process will take
1 to I-1/2 hours. The outlet flue gas temperature will be recorded, and this recording will be used
to ascertain the system’s thermal stabilization,

After the discharge flue gas temperature stabilizes at about 162°F to 172°F, the flow of dilution
water will be replaced with lime slurry so that the total Iiquid feed rate to atomizers remains
unchanged. The atomization of lime slurry will reduce the SO concentration in the outlet flue gas,
which will be monitored.

During factorial testing, the lime flow will be adjusted by increasing the concentration of lime in
the lime sump and transferring the lime flow to the lime slurry feed tanks for injection.

During lime atomization, the temperatures of thermocouple probes in front of the first set of the
duct-turning vanes will be checked. The flue gas temperatures along the duct between the
atomizers and the first set of turning vanes will also be checked. Low temperatures at the turning
vanes (120°F - 130°F) may indicate that these vanes are being wetted with water and that the vane
deposits are being formed. Low duct floor temperatures (along the flue gas duct) may indicate the
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presence of water on the duct floor and the formation of floor deposits. Low temperamrcs of the
probes along the duct wall may indicate the formation of wall deposits.

To determine the cause of low flue gas temperature at the turning vanes, it will be necessary to:

» Verify the flow of atomizing air. It should be about 200 scfm/atomizer. Rotameters
o FI-21 should read about 75 scfi when the pressure gauges downstream of the
rotameters read the atomizing air pressure of 100 psig and the atomizing air

e temperature is no more than 140°F.

» Verify the flow of diluted lime slurry at the atomizers by checking the slurry pressure
: at the atornizers. It must not exceed the pressure corresponding to the atomization of
L 50 gpm of pure water.

Measures for Avoiding Wetting the Duct Walls. Drying of atomized slurries in the flue gas will
= be studied by inserting pipe probes in the duct through the test nozzles. The pipe probes should
remain in the duct for at least 30 minutes. Afterwards, they will be removed for inspection.

_ ) From previous testing we found that:

m The sections of the probes exposed to temperatures less than 140°F had very wet
’ deposits.

m The sections of the probes exposed to tcmperanires of 140°F to 155°F had damp
deposits.

m The sections of the probes exposed to temperatures of 155°F to 170°F had dry
deposits.

3 w The sections of the probes that were above 170°F remained free of deposus

. From these observations, it was concluded that to prevent deposition of solids in the duct, the
L injection rate of atomized lime slurry had to be limited to an amount that would cool the gas to no
lower than 170°F close to any duct surface, including turning vanes.

The objectives of the lime injection tests will be to:

s Find out how much lime slurry could be atomized and evaporated to dryness in the
available flue gas duct

m Identify the effects of different slurry concentrations on SO absorption and slurry
e evaporation

= Identify the effects of degritting the lime slurry on SO3 absorption, shury evaporation,
N and wetting of duct surfaces
]

L m Determine how much SOz can be removed from flue gas in the existing duct

N The duct will be equipped with 14 soot blowers to keep it clean, 10 at the bottom of the duct
; between the injection point and the turning vanes and 4 at the turning vanes. The soot blowers will
be operated at least one cycle per hour. A soot blower cycle is defined as starting at turning vanes
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14 through 11 then 10 through 1, which will be located in the bottom of the duct, followed
immediately by the reverse order. , '

4.3.2.24 Flue Gas Temperature in the Duct (Temperature Profile)

The flue gas temperature in the duct is a very important parameter for the CZD process. Confined
zone dispersion means that a hot gas zone separates the wet zone from the duct walls, to protect
against the deposition of wet fly ash and lime slurry on the walls. During parametric testing,
temperature profiles will be taken across the duct at different distances from the atomizing nozzles.
The temperature profiles will indicate the distribution of the lime slurry atomized into the duct and
the position of the hot zone along the duct walls.

43225 Reagents, Fly Ash, and Waste Solids

Reagents. Pressure-hydrated dolomitic lime (PHDL) will be supplied by Rockwell Lime
Company in Wisconsin, which will send a chemical analysis bulletin with each shipment of 25
tons. One grab sample will be taken from each of the loads of PHDL delivered to the site. Each
batch of lime slurry will be analyzed at the site for total solids, specific gravity, and available
alkalinity. These results will be listed in the monthly technical reports. Available alkalinity will be
determined by titrating a 10 percent lime slurry with 10 percent sulfuric acid at a rate of 3 ml/min,
to a final pH of 6, as shown in Figure 4-3.

Fly Ash. Grab samples of fly ash from the ESP hoppers will be taken and sent to an outside
laboratory for chemical analysis. The fly ash will be sampled before, during, and after lime
injection. The waste solids from the ESP hopper will be analyzed to determine how much of the
calcium, magnesium, and sulfate (1) is coming from the lime slurry injected into the duct, (2)
reacted with the SO; from the flue gas, and (3) is coming from the fly ash.

The fly ash samples from the ESP’s hoppers will be taken from the sample ports already
available. During the ESP testing for particulate removal efficiency, fly ash samples will be taken
from the sampling ports in the duct immediately upstream of the ESP. These fly ash samples will
be removed using a particulate-sampling train, by an outside company, and sent out for chemical
analyses. Figure 4-4 shows the particulate sampling train. Samplings will be made in accordance
with EPA’s standards.

Waste Solids. During the CZD demonstration with continuous operation, whenever the ESP is
tested (by an outside specialized company) for particulate removal efficiency, samples of fly ash
containing the reacted products will be taken with the particulate sampling train. These samples
will be removed through the sampling ports in the duct, upstream of the ESP. The solid particles
will be sent to an outside laboratory for chemical analyses, to determine the concentration of
calcium, magnesium, sulfite, sulfate, carbonate, nitrite, and nitrate. :
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Figure 4-3 ,
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Samples of waste solids will be sent to outside laboratories for analysis according to the EPA
toxicity tests. Earlier experience indicated that the concentrations of 11 heavy elements in the
leachate resulting from the EPA extraction procedure were well below the maximum
concentrations allowed by EPA and by the Pennsylvania Department of Natural Resources.

During the testing period, samples of waste solids will be obtained by inserting probes into the
duct ahead of the ESP. These samples will be sent to an outside laboratory to determine the
concentration of the chemicals described earlier.

43.2.26 Flue Gas Analysis

To determine the percent SOz removed by the CZD process, it is necessary to know the
concentrations of SO, before and after lime slurry injection. A standard dilution probe-type
continuous emissions monitoring system will be used.

The sampling ports downstream of the LD. fan, with the flue gas well mixed, will ensure a
representative sample. Also, flue gas samples will be taken upstream of the injection of atomized

slurry.

4,3.2.2.7 Atomizers Testin

The criteria for proper atomization of lime sturries were established during previous pilot-scale and
proof-of-concept testing of the CZD process. For the current demonstration test program at
Seward Station to be successful, atomizers selected for use in the program will have to meet the
established criteria. Wind tunnel testing will provide a method for characterizing atomizing
nozzles. Details regarding the design or modification of atomizers are considered proprietary
information.

4.3.2.2.8 Electrostatic Precipitator (ESP) Test

Particulate removal efficiency testing of the ESP, with and without lime slurry injection, will be
conducted to determine the ability of the existing ESP to handle additional grain loading when
atomized lime slurry is injected into the system. An online opacity monitor mounted in the stack
will also be used to determine ESP performance during testing.

The plan to obtain comprehensive ESP operational data will include two particulate measurements
made during periods when lime is not being injected:
m Before starting the lime factorial tests

m 3 weeks after the end of the lime slurry injection program

Other particulate measurements tests will be made:
m  Once during the parametric tests

m Five times during the continuous lime sturry injection runs to cover different
operating conditions

93-0451c.005/WO/MWO/R15 4-21



] During testing, the ESP’s plate voltage (kV) and current {mA) in each of the four fields will be
| recorded for secondary (dc) current and secondary (dc) voltage. These data will be tabulated with
L * other data developed during testing for a better evaluation of the factors affecting the ESP’s

particulate removal efficiency and particulate emission, in correlation with the CZD system.

4323 Data Manipulation Methods

| Routine operating information will include data obtained from measurements needed to control the
b system and to assess its performance. During testing, the following data will be recorded :

. w Time

s Gas temperature entering the duct, at four consecutive places downstream of the
atomizers, upstream of the ESP, and downstream of the LD. fan

w Gas flow rate into the duct

m Gas opacity at the stack

L ® Atomizing air to each nozzle, pressure and flow

m Liquid or slurry to each nozzle, pressure and flow

s SO; concentrations in the gas, upstream from the injection and downstream from the
LD. fan

0 .. . . .
i = Oxygen concentration in the duct at the same locations and with the same frequencies
L as SO concentrations

[ m Voltage and current of each ESP field
L s Slurry feed tank level
[ m Lime slurry concentration and pressure at the atomizer

These data will allow SO9 removal and lime utilization to be calculated for each set of
observations. '

A Bailey Infi 90 system will be employed to facilitate data reduction. Manually logged data and
e continuously recorded data will be entered into a computerized database, and measures of
e ' performance (percent SO removal, SO molar inlet rate, lime molar feed rate, lime feed ratio, and
: ' lime utilization) will be calculated according to prepared formulas.

Data in each category will be grouped into blocks of comparable operating conditions and then
averaged. For most of the parametric tests, which will last only a few hours under relatively
constant conditions, a block will usually contain all the data taken that day. For the continuous
tests, where many variables (gas flow rate, gas inlet temperature, SO3 inlet concentrations) will
sometimes change significantly, the number of data in a block will vary from measurements taken
during a few hours to those taken over a three-shift operation.

Lo 4-22 §3-0451¢.005/WO/CC/R13




4.3.24 Success Criteria

The CZD test program will be considered a success if the program criteria are met. These criteria
for success include the following:

m A CZD technology that does not adversely impact normal boiler operation and does
not increase particulate emissions or percent opacity

m Removal of up to 50 percent of the SO2 with up to 50 percent alkali utilization
®  SO; removal costs of about $300/ton SO2

Another success criterion will be obtaining and compiling system design parameters that permit
optimization of the system for application at different locations.

4.3.3 mission ir ni

An Environmental Mcnitoring Plan (EMP) is required by Bechtel’s cooperative agreement with
DOE. The EMP will describe environmental monitoring conducted at Seward Station during the
course of the CZD Project. Environmental monitoring will be a key aspect of this project. The
monitoring will supplement the National Environmental Policy Act documentation to ensure that
the CZD Project does not result in impacts that violate applicable standards or are detrimental to
human health or the environment. Environmental monitoring will also be used to develop a
database for mitigation of potential environmental problems related to the technology and for
replication of the technology independent of site-specific parameters.

Monitoring will be conducted to characterize air emissions, water and solid waste discharges, and
other safety and health concerns. Monitoring requirements for compliance with federal, state, and
local regulations will be discussed, along with supplemental monitoring requirements that are
designed to provide further information about the CZD process performance. Bechtel will use
standard EPA measurement procedures whenever possible.

Compliance monitoring will be conducted during all phases of the project: preconstruction
(planning and design), construction, operation, and postoperation. Compliance requirements will
be the same as current monitoring requirements under existing permits and state laws and
regulations, and will remain unchanged throughout the project.

Supplemental monitoring will be performed during project operations, which will consist of a
factorial test phase and a demonstration phase. The fundamental objectives of the supplemental
monitoring program will be (1) to ensure that the CZD Project harms neither the employees nor
the environment, (2) to develop an environmental and health database for the assessment of
mitigation of impact associated with the replication of the CZD project, and (3) to evaluate the
success of the CZD Project.

Information obtained during this monitoring effort will provide a database for future reference.
This information will also be used to generate quarterly and annual reports for the Pennsylvania
Department of Environmental Resources (PaDER), DOE, and Penelec. A comprehensive quality
assurance and quality control program will be followed for data received through the continuous
emissions monitoring system (CEMS) and supplemental monitoring programs.
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5.0 PLANT AND EMPLOYEE SAFETY

Penelec’s Plant Safety Manual covers (1) safety and security and (2) fire protection. There are no
special fire protection or fire fighting provisions incorporated into the CZD-FGD system because
there are no special fire hazards.

B Bechtel’s Safety & Health Plan for Bechtel Employees at the Seward Station Project Site is

b contained in Appendix A.
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6.0 COST SUMMARY

The overall cost sumniary is shown in Table 6-1. Detailed area-by-area costs are shown in
Appendix B.

The costs shown in Table 6-1 and Appendix B include everything required to provide a complete
and operable CZD system at Seward Station. These costs include all proprietary or “business-
sensitive” equipment such as atomizer lances (included as piping), nozzles, and associated headers,
piping, instrumentation, and other parts of the slurry injection atomizer array system. The cost of
individual items, e.g., nozzles, can be found in Appendix B, Plant 4, under the appropriate

- equipment category, e.g., Special Equipment.

Since earlier CZD proof-of-concept work was done at Seward Station, certain items of equipment
do not need to be purchased and installed. These include the lime slurry feed and storage tanks, the
grits tanks, the vibrating screen, and the water booster pump. In addition, Seward Station has an
existing lime silo and lime preparation sump, as well as space in its existing buildings for
installation of air compressors and a receiver. The total plant cost of about $4,367,400 shown in
Table 6-1 is based on utilization of the existing equipment and space where possible. If the
existing equipment and space were not available, the cost of the Seward Station CZD installation
would increase to $5,146,300. The incremental cost increase of $778,900 may be broken down as

follows:
Air compressors and receiver — add building, piping, wiring, etc. $115,500
Lime shurry preparation — add silo, sump, building, etc. 272,700
Lime slurry feed area — add tanks, screen, etc. : 262,700
Lime slurry injection area — add water booster pump 11,200
Balance of plant — connecting wiring, piping, instrumentation, etc. 116,8G0

Total installed cost $778,900

It is expected that there will be some cost improvement in future plants, based on design maturity
and plant operating experience, because the Seward Station CZD system is the first commercial
installation. Although most of the CZD equipment is of standard off-the-shelf design, the
atomizer nozzles are expensive, special prototypes. As the market for CZD installations develops
and production quantities of nozzles are required, the nozzle cost will decrease.

i
i
P

In Appendix B, the abbreviation S/C denotes subcontracted work, while direct labor refers to set-
in-place costs. Appendix B provides a complete breakdown of the total direct costs. Table 6-1
shows the total field cost, total home office costs, and grand total based on the total direct costs.
Field distributables, which include small tools, expendable supplies, field office costs, and similar
items, are added to direct costs to obtain total field costs. Home office costs, which include
engineering, procurement, accounting, and other supporting groups, are added to the field cost to
produce the grand total. No allowance for contingency or fee is included in the cost estimates

» furnished in this design report.
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The CZD process may be scaled as necessary to fit a variety of plant capacity requirements. The
lime slurry preparation and feed areas offer no scaleup problems, and the lime slurry injection
scaleup is a function of the site-specific plant characteristics. If existing plant ductworkis -
inadequate to provide the residence time and cross sectional area needed, new ductwork can be
designed, similar to the retrofit at Seward Station, so that the injection requirements can be met.
Consequently, duct size and length can be adjusted to satisfy the lime injection rates necessary to
achieve the desired level of SO; removal.

A preliminary assessment has been made of the capital and operating costs for CZD installations
at various unit capacities. Figure 6-1 shows the variation of capital costs, in dollars per kilowatt,
for a generic retrofit of CZD on units of various sizes. The costs in this figure were derived from
analysis of the retrofit cost for Seward Station. It was assumed that no existing equipment or
space was available and a complete lime receiving, preparation, and storage system would need to
be provided. An allowance was also made for replacement of an equivalent amount of ductwork,
similar to Seward Staton. Costs for larger or smaller units were factored using appropriate
exponents for individual items of equipment. The individual costs were then summed to give the
total direct costs. Appropriate percentages were then applied for field distributables, home office
costs, fees, and paid-up royalties to arrive at the total capital costs. Figure 6-1 indicates that the
total capital cost for plants in the range 150 MW to 500 MW varies from about $38/kW

(500 MW) to $62/kW (150 MW). The capital costs rise sharply below 150 MW.

Figure 6-2 shows the projected operating and maintenance (O&M) costs for CZD, expressed as
dollars per ton of SO, removed, versus the unit size in megawatts. The O&M costs are shown
both as 30-year levelized costs and as annual costs. The levelized costs were derived using EPRI’s
Technical Assessment Guidelines (FAG). The annual costs are on the same basis, but exclude any
capital charges and represent the actual costs before application of carrying charges and levelization
factor. Lime costs of $55 per ton, including delivery, were assumed, with a lime utilization rate of
40%. Other factors used to derive the O&M costs were:

Flue gas flow 2,400 scfm/MW
Flue gas SO concentration 2,000 ppmv
Coal HHV 11,200 Btu/lb
Plant capacity factor 65%
Plant heatrate 9,800 Btuw/kW
Moisture in coal | 12.0%
Sulfur in coal, dry basis 3.9%

As shown in Figure 6-2, the annual O&M costs vary from $310 per ton of SO removed from a
50 MW unit, to $165 per ton of SOz removed from a 500 MW unit. Similarly, the levelized costs
vary from $466 per ton of SO7 removed from a 50 MW unit, to $220 per ton of SO removed
from a 500 MW unit.
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Figure 6-2 ,
COST OF SO2 REMOVAL FOR VARIOUS UNIT SIZES BASED ON 50% REMOVAL
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For both the capital and O&M costs, unit size refers to a single unit and should not be confused
with plant size or capacity. For example, a plant having a capacity of 6060 MW may consist of four
150 MW units. In this case, capital costs should be determined from Figure 6-1 by referring to the
cost for a 150 MW unit and multiplying by 4 to determine the total plant cost. Costs determined in
this manner will be very conservative, because they do not reflect the economies of multiple units.
For example, a single lime preparation plant could service multiple CZD units. Similarly, the

O&M costs would be determined from Figure 6-2 by reference to the proper unit size {(no
multiplication necessary).
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II.

SITE SAFETY & HEALTH PLAN

PURPOSE AND SCOPE OF THE SAFETY AND HEALTH PLAN (SHP)

It is Bechtel's policy to provide our employees with a
safe and healthy place in which to work. With this end in
mind, the SHP is designed to meet all applicable federal,
state, or local regulations including but not limited to
the Occupational Safety and Health Administration (OSHA)
standards. It is also designed to meet Bechtel corporate
safety and health requirements. The SHP will be a working
document and may require changes based on variations in
site conditions or operations. It will be the
responsibility of the Project Safety and Health Supervisor
to make these changes in the SHP document as appropriate.

The purpose of the SHP is to provide guidance to Bechtel
personnel for protection against physical and chemical
hazards while conducting field tasks for the Confined Zone
Dispersion (CZD) project located at the Pennsylvania
Electric Company (PENELEC) Seward Station. This plan will
incorporate general safety measures while working at the
site, while at the same time providing an inorganic
arsenic compliance progran.

GENERAL INFORMATION
Site Identification

Site Name: Pennsylvania Electric Company (PENELEC)
: Seward Station

Client: Bechtel Research and Development

Site Location: 12 miles NW of Johnstown, Pennsylvania

M. D. Atwood, Project Safety and Health
Supervisor (PSHS)

SHP Prepared by:

S8ite Description and History

1. Site Type

[x] Active [ ]- Civilian { ] Landfill
[ ] Inactive [ ] Fed. Government [ ]
Residential
[x] Secure [ ] Arm [ 1]
Commercial

1



[ ] Unsecured [ ] (%]
Industrial

[ ] State Government [ ] Agricultural
[ ] Unknown

The Seward Station is a totally owned PENELEC facility
that has three coal-fired boilers with a total capacity of
199 MW for the generation of electric power. The coal
used for fuel at the Seward Station contains small amounts
of inorganic arsenlc, as well as other trace elements. As
the pulverized coal is burned, non-combustible elements in
the fuel such as arsenic are driven off and are present in
the exhaust gases and flyash. In addition, offgases such
as sulfur dioxide and nitrogen oxides are formed during
combustion and are present in flue gases. Under normal
operation conditions, this flyash, along with some
arsenic, may adhere to the relatively cooler surfaces in
the air pollution control system.

Description of Bechtel Activities

[ ] Preliminary Assessment [ ] Remedial Investigation/RI

[ 1 Initial Investigation [ ] Feasibility Study/FS
(walk-thru)

[ ] Initial Investigation [ ] Remedial Design/RD
(sampling)

[x] Other (Specify) Research [ ] Cleanup

and Development - flue gas
Desulfurization

The CZD project involves a research and development task
to scrub sulfur dioxide and nitrogen oxides from the
Seward Station's exhaust duct by utilizing a proprietary
lime slurry spray system inside the duct. PENELEC
employees provide direct labor to Bechtel and are covered
by PENELEC's Safety and Health Program. Specific tasks
related to the C2D project include:

1. Mixing and storing lime slurry

2. Transporting and ejecting lime slurry into one of
PENELEC's two main flue ducts

3. Monitoring flow, temperature, and other measurements.

4. Observing corrosion and flyash buildup inside the flue

duct and downstream egquipment.
5. Maintaining the C2ZD system equipment

It is during times of PENELEC operation shutdown when
entry by Bechtel personnel into the flue duct or
Electrostatic Precipitator (ESP) is made to determine

2
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internal conditions such as flyash, slag or corrosion
buildup. It is during this time that exposure to
inorganic arsenic, sulfur dioxide, nitrogen oxides, and
other toxic chemicals may be encountered. Bechtel will
take the necessary steps to control the number of
employees entering the duct where inorganic arsenic could
exceed OSHA's action levels (AL) of 5 micrograms per cubic
meter (yg/PP) of air and/or permissible exposure limit of
10 ug/M® (PEL). Typically, only one or two Bechtel
employees may enter the flue duct.

The CZD operations located in the southeast portion of the
Seward Station Plant require Bechtel to access portions of

. PENELEC's operating facility. These areas are:

1. First floor elevator area

2. Second floor elevator area and walkway to the ESP
Control Room

3. Third floor supervisor's shower and the subseqguent
walkway to the shower

4. Fourth floor elevator area

5. Vicinity of the flyash truck loading area

HAZARD EVALUATION

Both physical and chemical hazards are or may be present
at the CZD project site.

Physical Hazards -

Physical. hazards from PENELEC's plant operations and from
Bechtel's onsite activities are despribed below.

1. Noise

Bechtel employees may work at locations where motors,
pumps, and other potentially noisy equipment are
operating. Typically noise levels are below 85
decibels as a time-weighted average measured on the "A"
network of a sound level meter/dosimeter. Because
potential for noise to exceed 85 dB(A) does exist
during abnormal conditions such as equipment
malfunction, a hearing conservation program will be
implemented and noise protection devices will be
available onsite for compliance with OSHA standards
(29 CFR 1910.95).

2. Eve Damage

Bechtel employees will be in the general area of tanks,
pumps, valves and other associated equipment that may
be under pressure. This system will carry a corrosive/
jirritating substance, lime. In addition, access to



operating portions of the plant may subject individuals
to eye hazards from operations that are specific to the
PENELEC plant processes. Consegquently, all Bechtel
employees will wear safety glasses at all tlmes while
inside the plant area. ' !

3. Falling Objects ,

Bechtel employees will operate on three levels that are :
separated by "catwalk" grating. Individuals may -
accidentally drop tools or other equipment. Hard hats

will be required to protect against this hazard.

4. Oxydgen Deficiency

Entry into the flue duct is considered a confined space
and may subject individuals to oxygen deficient and/or
toxic atmospheres. Confined space entry procedures 0
including monitoring will be conducted prior to entry Ll
into the duct.

5. Electrical

Electrical eguipment will be used as onsite equipment .
to operate motors, pumps, and etc. Ungrounded 73
equipment may produce electrical shock. In addition, s
high voltage equipment related to ESP operations

present electrical hazards in that area.

6. Heat Stress Gs

Heat stress may occur while individuals are inside the
flue duct. The atmosphere inside the duct may be humid
and warm, especially during summer months. This
atmosphere, coupled with protective clothing and
equipment, can cause heat cramps, exhaustion, or P
stroke. 7

B. Chemical Hazards : Et

Chemical hazards related to the CZD project operations are
described below.

1. Inorganic Arsenic

Studies performed by PENELEC have indicated that flyash ;
resulting from the burnlng of pulverlzed coal may L
contain trace amounts of inorganic arsenic,
approximately 130 milligrams per kilogram (mg/kg},
which can be hazardous to employee health. OSHA has
promulgated regulatlons (29 CFR 1910.1018) for
protectlon against occupational exposures to inorganic
arsenic.
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Arsenic is a systemic poison and a suspected
carcinogen. Symptoms of exposure to arsenic are
vomiting, nausea, weight loss, irritability, cramps and
death. The major routes of entry into the body while
performing work at the CZD project site may include
inhalation of dust and/or ingestion through poor
hygiene practices. Ingestion of arsenic may occur
while eating, drinking beverages, chewing gum or
tobacco, or smoking. Inhalation of dust may occur
during entry into the flue duct, or any other PENELEC
arsenic-regulated areas. -

2. Inorganic Lead

Trace amounts (approximately 80 mg/kg) of lead in the
flyash has also been documented by PENELEC. Exposure
to lead may be achieved similarly to arsenic described
above. Controls against exposure to inorganic arsenic
will control exposure to lead. The action level for
lead is not expected to be exceeded; however, lead
monitoring will be conducted for personnel entering the
flue duct.

Lead is considered to be a neurotoxin, teratogen,
mutagen, and suspected carcinogen. It damages the
blood, kidneys, central nervous systen, and the
peripheral nervous system. Symptoms of exposure
include irritability, dark gums, weight loss, loss of
memory, anemia, loss of appetite, insomnia, and death.

3. Sulfur Dioxide

sulfur dioxide exposure may occur during entry into the
flue duct. Sulfur dioxide is an acid gas that
irritates eyes, skin and mucous membranes. Symptoms of
exposure include burning eyes, skin rash and irritation
to nose, throat and lungs.

4. Hydrogen Sulfide

Sulfides may exist in the flyash inside the flue duct.
When mixed with water, sulfides may produce hydrogen
sulfide, a chemical asphyxiant. Symptoms of exposure
to hydrogen sulfide are asphyxiation and death, even
though the guantity of available oxygen is appropriate
to sustain life. :

5. Nitrogen Dioxide

oxides of nitrogen, specifically nitrogen dioxide,
exists initially inside the flue duct. Nitrogen
dioxide is a reddish-brown gas with a pungent, acrid
odor. Exposure to nitrogen dioxide affects the
respiratory and cardiovascular system. Symptoms of

5
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exposure include cough, mucoid frothy sputum, dysporéa,
chest pain, pulmonary edema, cyanosis, and eye
irritation.

6. Cther Hazardous Gases

Other hazardous gases such as carbon monoxide (C0O) may
also exist within the duct and should be considered and
vented prior to confined space entry.

PROTECTIVE MEASURE FOR SPECIFIC TASKS OR LOCATIONS

The following requirements shall be adhered to by Bechtel
personnel unless deviation from these requirements has
been specifically approved by the PSHS.

Lime Mixing Operation/Area

(1) Description:

Mixing lime or hydrated lime with water to form a lime
slurry. It is anticipated that Bechtel personnel may be

in the area, but not performing the physical labor.

(2) Personal Level of Protective Equipment:

Primary: Hard hat, faceshield and splash-proof
goggles, neoprene gloves, long sleeve shirts
or tyvek, and work shoes

Contingency: Tyvek, full facepiece negative pressure

respirator with HEPA filters, hard hat,
neoprene gloves, and work shoes

(3) Engineering Controls:

(a) Lime addition to tanks shall be deone from a
dumping platform, or lift, or other safe means.

(b) Electrical equipment shall be properly grounded,
weatherproofed, and meet all applicable
requirements of the American National Standards
Institute (ANSI).

(c) Provide eyewash facilities.

(d) Provide shower facilities.

(4) Administrative Controls:
(a) Provide each employee with hazard communication,

respiratory protection, and other training as
applicable.



(5)

(6)

(b) Use proper lifting techniques
(c) Practice good housekeeping.

(d) Train employees in the hazards of the task and
proper procedures

Schedule:

Accomplished on an as-needed basis.
Comments:

Bechtel employees who are not immediately involved in
the mixing operation should remain at a safe
distance. The above personal protective equipment,
excluding hard hat, goggles and safety shoes, may be
downgraded by the Site Safety and Health Officer
(SSHO) if the individual is not in the immediate
mixing area. However, Hydrated and pressure-hydrated
lime also presents caustic (high pH) hazards and, due
to their ultra fine particle size, a potential dust
and inhalation hazard may exist in the lime storage
and mixing area.

Maintenance of the CZD Lime System Equipment

(1)

(2)

(3)

Description:

Maintaining the CZD lime slurry system equipment
includes replacing or repairing leaking or otherwise
defective valves, pipes, pumps, etc.

Personal Protective Eguipment:

Primary: Hard hat, face shield, and/or goggles
(if the equipment is pressurized both
must be used), work shoes, neoprene
gloves, and long-sleeved shirts.

contingency: Hard hat, face shield and goggles, work
shoes, neoprene gloves, and tyvek.

Engineering Controls:
(a)  Use correct tools in facilitating repair.

(b) Depressurize leach system prior to implementing
repairs.

(c) Immediately repair or replace defective
equipment.



C.

(4)

(5)

(6)

(d) Provide eyewash facility.
(e} Provide shower facility.
Administrative Controls:

(a) Provide training to each employee including
hazard communication.

(b) Practice good "housekeeping".

(c}) "Lockout" equipment such as tanks, motors, and
other similar equipment prior to conducting
maintenance work.

Schedule:
Conduct as necessary.
Comments:

Bechtel employees will generally be in the work area
in close proximity to where maintenance is ongoing.
The SSHO may downgrade personal protective equipment
for this task only after approval from the PSHS.

The high-pressure lime and water sprays present a
safety hazard. Liquids ejected from the fine spray
nozzles reach supersonic velocities which can easily
tear gloves, clothing, and cause injury if contacted
with body parts. Connecting hoses and temporary test
piping may burst unexpectedly due to high pressures
or nozzle pluggage. This failure potential leads to
potential hazards in the vicinity of the slurry
injection areas.

Entry into the Flue Duct and Associated Equipment

(1)

(2)

Description:

Onsite personnel enter the exhaust flue duct and
associated equipment such as the precipitator to
observe slag and corrosion buildup. Entry into these
areas will be conducted as confined space entry.

Confined Space Requirements to Enter the Flue Duct:

A confined space is any space having a limited means
of egress, which is subject to the accumulation of
toxic or flammable contaminants or has an oxygen
deficient atmosphere. Confined or enclosed spaces
include, but are not limited to, storage tanks,
process vessels, bins, boilers, ventilation or
exhaust ducts, sewers, underground utilities vault,

8
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tunnels, pipe lines, and open top spaces more than
four feet in depth such as pits, tubs, vaults, and
vessels, including lime storage silos, ducts, ESP
housing, chimney breachings, and mix tanks.

Requirements for entry into the C€ZD project flue duct

{(or
the

(a)

(b)

(c)

(d)

(e)

(f)

other confined spaces in the area) will include
following:

Employees shall be instructed as to the nature
of the hazard, special procedures, communication
requirements, protective equipment, and the
required emergency/rescue responses.

A Hazardous Work Permit (HWP), Figure 1, must be
completed and issued by the SSHO, reviewed by
the entering employee(s) and posted at the
entrance to the flue duct or other confined
space prior to each entry. Coordination with
PENELEC and PENELEC-required permits must also
be reviewed prior to entry.

Whenever the flue duct or other confined space
is considered to be unsafe for entry, it shall
be promptly reported to the SSHO and posted with
warning signs to prevent unauthorized entry.

A trained attendant (watchman) shall be
stationed outside the confined space and shall
monitor persons working inside the area.
Communications and rescue equipment shall be
available at all times in the event of an
emergency or if rescue should become necessary.
The watchman shall not enter or attempt rescue
in the confined space until help has been
summoned. PENELEC's emergency rescue services
will be utilized in the event a rescue is
required.

Communication (visual, voice, telephone, two-way
radio or other communication methods) shall be
maintained with all personnel inside the
confined space.

Monitoring for oxygen deficiency and sulfur
dioxide shall be conducted inside the confined
space prior to personnel entry. These
measurements shall be made only with
instrumentation designed and calibrated for that
purpose. Monitoring results shall appear on the
hazardous work permit.
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(3)

Review of data indicates that no sources of
flammable gases or vapors should exist inside
the duct and consequently will not be monitored.
Although toxic gases in addition to sulfur
dioxide may exist prior to ventilation, the
twelve to twenty-four hours of exhausting the
duct should remove even trace amounts of these
contaminants. Consequently, sulfur dioxide has
been identified as the indicator contaminant,
and if detected, other gases will be considered
present.

(g) Ventilation shall be maintained inside the flue
duct with the purpose of reducing the
toxic/hazardous atmospheres to within the
following limits:

oxygen: >19% <22%
sulfur dioxide: <50 ppm ey
hydrogen sulfide <100 ppm
carbon monoxide <50 ppm
nitrogen dioxide <1 ppm (STEL)

(h) A lifeline shall be attached to each employee
entering the flue duct.

Personal Protective Equipment

Personal protective equipment shall be specified on
the hazardous work permit. The level of protection
shall be determined based on air monitoring results.
As a minimum the personal protective equipment
defined below shall be worn:

Minimum Equipment

e Hooded and booted tyvek (all connecting parts
should be taped)

e Disposable cotton or neoprene gloves

e Full facepiece respirator with acid gas and
HEPA cartridges

e Hard hat

*+ Rubber or neoprene overboots

Optional Egquipment

e Two-way radio
e Self-contained breathing apparatus

Should air monitoring indicate the presence of sulfur
dioxide, other airborne contaminants that have been
identified below should be monitored and the
appropriate personal protective equipment provided.
If the additional monitoring is not conducted, the

11



(4)

(5)

(6)

-contaminants listed below shall be considered present

at toxic levels and personal protective equipment
shall be upgraded to include self contained breathing
apparatus (SCBA) or supplied air with an escape pack.
Oxygen - Less than 19.5% 2 N T
Sulphur dioxide - greater than 50 ppm \
Hydrogen sulfide -« greater than\loo ppm .
Carbon monoxide - greater than 50 ppm
Oxides of nitrogen - greater than 1 ppm
{STEL)

Emergency Response

Since PENELEC personnel will also enter the flue duct
at the same time as Bechtel personnel, Bechtel will
utilize the PENELEC emergency rescue system.

Instrumentation Reguired to Monitor Inside_ the Flue
Duct

The following instrumentation shall be available
onsite for monitoring the atmosphere inside the flue
duct prior to personnel entry. '

Ooxygen meter

Ssulfur dioxide meter
Personal sampling air pumps
Calibration equipment

All instrumentation shall be calibrated prior to each
use and as applicable after each use (e.g., personal
air sampling pumps).

Optional Eguipment for Monitoring Inside the Flue
Duct Prior to Personnel Entry

The following equipment may be onsite; however,
because sulfur dioxide will be the indicator gas,
their presence onsite will not be mandatory.

e Draegar tube equipment to detect carbon
monoxide

e Draegar tube equipment to detect nitrogen
dioxide

e Hydrogen sulfide monitor or draeger tube
equipment to detect hydrogen sulfide

NOTE: Toxic gases should not be present because of
ventilating the duct at a rate of 38.5 ft per second
over a 12- to 24-hour period. Sulfur dioxide is the
logical choice of contaminants to be routinely
monitored, since it is initially present, may adhere
to dust particles, and be liberated upon

12
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‘discontinuing the ventilation. The presence of
sulfur dioxide will result in assuming the presence
of other gases and require the use of the designated
optional monitoring equipment to determine actual
concentrations or, as a minimum, the use of
self-contained breathing apparatuses.

TRAINING

Hazard Communication (HAZCOM) Training Program

A HAZCOM Training Program shall be developed and utilized
for Bechtel's CZD project operations. As a minimum, the
HAZCOM Program must meet the following criteria:

¢ Meet the site-specific and PENELEC requirements

e Maintain an inventory of all hazardous material
onsite

¢ Maintain a site-specific labeling system (e.g.,
tanks, pipes, etc.)

e Maintain material safety data sheets

e Disseminate information to each employee and
multiple contractor

e Ensure that procurement is aware of their
responsibilities

¢ Maintain permanent records

The SSHO will be the HAZCOM coordinator at the CZD project
site. His responsibilities shall include:

e Conduct HAZCOM training as each employee arrives
onsite and assure that each employee has free
access to the list of chemicals onsite and their
Material Safety Data Sheets (MSDSs).

e Maintain documentation of HAZCOM training .

e Inventory all hazardous chemicals on-site or in
the facility.

s Develop an alphabetical list of chemicals onsite
and maintain this list in the HAZCOM Program.

e Assure that chemicals brought onsite are properly
stored.

13
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‘e Assure that each chemical brought onsite is
properly labeled in English and not defaced.
Portable containers for immediate use will not
require labeling except where multiple employers
are involved.

HAZCOM training topics shall include the following:
e Description and names of chemicals brought onsite.
e Discussion of MSDS information.
e Hazards from exposure to onsite chemicals.
e Symptoms of exposufe to onsite chemicals.

e Location, use, and storage protocols for onsite
chemicals.

e sSafe practice procedure for use of the onsite
chemicals.

Where multiple employers are involved, each employer shall
be provided with a copy of the list of chemicals brought
onsite.

Safety Meetings

Safety meetings shall be held at least weekly to discuss
issues related to the CZD operations. These meetings are
meant to reinforce overall safety among employees and to
address specific issues that may be of concern. It is in
this forum that changes in safety requirements are
discussed. Weekly safety meeting agendas and attendees
shall be documented and maintained with the site records.
Because of the small number of Bechtel site personnel, it
is recommended and been arranged with PENELEC for Bechtel
employees to attend the PENELEC weekly safety meeting.

NOISE PROTECTION AND HEARING CONSERVATION PROGRAM

Noise measurements shall be conducted by the SSHO for each
work location. Noise measurements that exceed 85 dB(A)
time-weighted average or 50% of the allowable dose shall
result in enrolling personnel in a Hearing Conservation
Program. Documentation of noise measurements shall be
provided to PSHS for each affected employee.

EMERGENCY RESPONSE

Bechtel will be required to adhere to all PENELEC safety
and health requirements. Since PENELEC Seward Station has
an Emergency Response Plan, Bechtel will be required to
adhere to this plan.

14
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As a representative of Bechtel, the senior onsite
representative will have the responsibility to assure that
all Bechtel site personnel are accounted for during an
emergency. He, or his designee, shall assure that each
Bechtel site employee is aware of the protocols related to
the PENELEC Emergency Response Plan.

PROHIBITED ACTIVITIES
The following activities shall be prohibited onsite:

Horseplay

Speeding above the PENELEC posted speeds

Entry into a hot duct or associated egquipment

Use of defective or unauthorized equipment

Eating, drinking, or chewing outside of the
designated area '

Flue duct entry by personnel who have not been
gualified by the SSHO or PSHS

o Use of alcocholic beverages and drugs that have not
been medically authorized (e.g., cocaine, heroin)

ARSENIC COMPLIANCE PROGRAM

As a result of sampling studies by PENELEC, a potential
health hazard from inorganic arsenic has been identified
at the Seward Station. This potential can be effectively
minimized by good occupational health practiCes, which
establish control of employee exposure to inorganic:
arsenic. The applicability of inorganic arsenic controls
for Bechtel employees who are associated with the CZD
project work will be assessed by an ongoing air and swipe
sampling program.

The control measures chosen by Bechtel to protect its

- employees have been carefully selected based on regulatory

requirements, experience, and understanding of the work
environment and personnel who are potentially exposed.
This Arsenic Compliance Program addresses
responsibilities, training, procedures, and safe
practices, medical surveillance, regulated areas,
engineering controls, hygiene and lunchroom facilities,
air sampling, personal protective clothing and egquipment,
and necessary documentation of inorganic arsenic exposure
and control during all Bechtel related activities at the
Seward Station.

A description of the Seward Station facility and Bechtel's

operations onsite is provided in Section II of this
document. ‘
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Regulatory Requirements for Contreol of Inorganic Arsenic

Bechtel will adhere to all applicable Occupational Safety L
and Health Administration (OSHA) standards including, but

not limited to, 29 CFR 1910.1018, "Inorganic Arsenic" 29 Py
CFR 1910.134, "Respiratory Protection." F

Arsenic Regulated Area -

There is presently one regulated area for inorganic
arsenic at the PENELEC Seward Station Bechtel CZD
operation. This regulated area is the interior of the v
flue gas duct which Bechtel employees enter to determine i
buildup of slag flyash and the extent of corrosion or

damage that may be related to the lime process. Bechtel s
employees enter the duct only on an infrequent basis, and
only during a PENELEC shut-down; Bechtel employees are
generally inside the duct for no more than one hour. This .
also applies to any other duct or ESP area accesses Or .
ports used during test inspections of interior components.

As an inorganic arsenic-regulated area, the number of
personnel entering the duct will be controlled. Except in
an emergency, no more than two individuals at any time
will be allowed inside the duct in order to reduce the £
number of personnel subjected to inorganic arsenic. '

Responsibilities for Controlling Inorganic Arsenic
Exposure

Project Manager (PM

The PM has overall responsibility for safety and health of
Bechtel employees working on the CZD project. The PM will
assure that an adequate Safety and Health Program is s
developed and that resources are available to implement .
the program.

Project Safety and Health Supervisor (PSHS) i

The PSHS shall develop the safety and health requirements,
including arsenic compliance, that are necessary for
conducting field activities related to the CZD project. :
The PSHS will review the results of the sample analysis, o
resolve safety and health issues, audit safety and health

field operations, train and supervise the SSHO and consult .
with the occupational physician. Changes to this plan N
shall have the concurrence of the PSHS.

Senior Site Representative (SSR
The SSR shall have responsibility for enforcing all safety

and health requirements onsite for the CZD project. The
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SSR shall assure that no unsafe activities take place
onsite. :

Site Safety and Health Officer (SSHO)

The SSHO shall be trained by the PSHS to properly function
as the SSHO. As the SSHO, he shall implement all safety
and health requirements onsite. The SSHO will report on
safety and health matters to the PSHS.

Medical Surveillance

Personnel who have access to the interior of the CID flue
duct shall be provided a medical examination prior to
entering the duct and periodically thereafter based on the
following criteria:

e Individuals 45 years of age or older shall he
provided an examination semi-annually.

¢ Individuals under 45 years of age shall be
provided an examination annually.

e Individuals shall be provided an examination upon
termination or relocation from the site.

Baseline Health Assessment Criteria defined in the Safety
and Health Services Procedure Manual, Volume II, HSP
2.1.80, "Medical Surveillance" shall be adhered to for
employees entering the CZD flue duct. Special tests shall
include sputum cytology, urinary arsenic and blood lead.

Biocassays for urinary arsenic and blood lead shall be
conducted on employees routinely assigned to the site and
who periodically enter the duct. These tests shall be
conducted on a quarterly basis by Meditect Center for
Occupational Safety and Health located in Pittsburgh, PA.

The SSHO will insure that no individual who has failed to
pass the medical examination or who exhibits a body burden
of arsenic or lead (bicassays determined on a quarterly
basis) shall be allowed to enter the flue duct.

Training

All Bechtel personnel involved in field activities at the
CZD site will be provided training related to inorganic
arsenic prior to entry into a regulated area. This
training shall be developed by the PSHS and be conducted
onsite by the SSHO. The training shall include, but not
be limited to the following.

e Media and concentration of inorganic arsenic (e.g,
flue dust)

e location of arsenic regulated areas

17



# Hazards of exposure to inorganic arsenic
¢ Mechanisms and routes of exposure

e Safe work practlces and procedures related to
control of inorganic arsenic

¢ Prohibited activities

e Personal protective equipment and their use for
entry into the inorganic arsenic regulated areas

¢ Medical surveillance requirements
Engineering Controls

Flue duct gases shall be discontinued through the duct
while employees are inside the duct. Since the interior
of the duct is a confined space, special requirements have
been defined in Section IV of this plan. Ventilation
through the duct is required prior to entry by Bechtel
personnel. Ventilation inside the duct removes combustion
gases and generally aerates respirable fine particulate
dust that contains inorganic arsenic that has accumulated
inside the duct. Whenever practical, the dust buildup
inside the duct shall be vacuumed prior to entry by
Bechtel personnel. This practice will reduce the levels
of arsenic and other respirable dust such as residual lime
to which individuals are subjected.

Personal Protective Clothing and Equipment (PPE)

PPE for entry into the flue duct has been identified in
Section IV of this plan. No Bechtel employee shall enter
the flue duct without donning the minimum PPE required.

Respiratory protection devices shall not be shared by
individuals prior to cleaning and sanitizing the
respirator. It is recommended that respirators be
individually assigned. Each individual assigned a
respirator should be required to clean and sanitize the
respirator at the end of each days use. Respirators shall
be sealed in a plastic bag and be stored and maintained in
a clean and sanitary location. Respirators shall not be
stored in the work area. No individual shall wear a
respirator unless he has been medically qualified and
properly fit-tested for the specific resplrator he is to
use. Each individual a551gned a respirator shall be
properly trained by the SSHO in the proper use,
limitations, and care of the respirator. Criteria defined
in the safety and Health Services Procedures Manual,

Volume II, HSP 2.1.65, "Respiratory Protection" shall be
complied with by the CZD project. Respiratory protective
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equipment criteria for entry into the flue duct shall meet
the following criteria.

1.

Concentrations of 1norganlc arsenic greater than the
action level of 5 micrograms per cubic meter of air
(ug/m) but less than or equal to 500 ug/m’ shall
require a minimum of a full facepiece negative
pressure respirator with a combination of acid gas
and high efficiency particulate air (HEPA) filter.
Respirator and filters shall be NIOSH/MSHA approved.

Concentrations of inorganic arsenic greater than 500
pg/m® but less than or egqual to 10,000 pg/m® shall
require, as a minimum, the use of one of the
following respirator devices:

e Full facepiece supplied air respirator operated
"~ in a positive pressure mode

or
e Self-contained breathing apparatus

At the present time, the full facepiece negative
pressure respirator is considered adequate for entry
into the flue duct. This respirator will be upgraded
by the SSHO as stated in this section and in

Section IV if air monitoring results indicate the
need to do so.

Personal protective clothing to be used inside the
flue duct for protection against inorganic arsenic
shall be a disposable hooded and bootied tyvek,
disposable gloves, and neoprene boots. All
connecting parts shall be taped prior to the
individual's entry into the duct. Upon exiting the
duct, each individual shall remove his disposable
clothlng and place them inside a plastic bag that is
located at the exit point outside the duct. The bag
shall be sealed, labeled and provide to PENELEC for
disposal. Neoprene boots shall be decontaminated
with soap and water and retained for future use.

Inorganic Arsenic Monitoring

Inorganic arsenic sampling shall be conducted by the SSHO
at the CZD project site. This sampling will be conducted
for the purpose of defining areas to be regulated, areas
above the action level, adequacy of personal protective
clothing and equipment, and the effectiveness of the
housekeeping progran. -
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Area air samples shall be collected initially and semi-
annually thereafter in each area of the site where Bechtel
employees operate and concentrations of inorganic arsenic
is not expected to exceed OSHA's permissible exposure
limit (PEL) of 10 ug/m’, however, may exceed the action
level. :

In addition, personal air samples shall be collected on a
gquarterly basis as a verification of negative exposure.

Personal air samples shall be collected each time Bechtel
personnel enter the flue duct up to three consecutive
entries. Thereafter, personal air samples shall be
collected once per quarter as verification that the
identified level of protection is still adequate.

Air sample results shall be analyzed by an American
Industrial Hygiene Association (AIHA) accredited
laboratory capable of performing inorganic arsenic by
NIOSH Method 7901. Samples shall be collected at
approximately 2 liter of air per minute for a minimum of 7
hours on 0.8 micron pore size mixed cellulose ester fiber
(MCEF) filters. For air sampling inside the flue duct,
the filter cassette shall be removed upon exiting the
duct. It is anticipated that this sample may only be 60
minutes or less in duration. The PSHS shall review all
data and provide guidance to the SSHO. All air sampling
pumps shall be calibrated prior to and after use.

Three swipe samples shall be collected quarterly inside
the approved lunch room (office trailer) and analyzed for
inorganic arsenic and lead. The swipe samples shall be
collected on 3-inch diameter 0.45 micron filters using
distilled water for wetting. The samples will confirm the
effectiveness of the housekeeping program. Any
concentrations of inorganic arsenic or lead detected above
1 pg and 5 ug, respectively, on the filter shall be
grounds for immediately strengthening the housekeeping
program.

Shower and Change Rooms

Street clothing will not be permitted inside an arsenic
regulated area. All personnel who must enter the flue
duct shall utilize the PENELEC Supervisorf‘s shower and
change room facilities located on the third floor of the
plant. Prior to entering the flue duct, each individual
shall change out of street clothing and don work clothing.
Prior to leaving, the Seward Station site, each individual
who entered the flue duct shall be required to shower
prior to donning his street clothing. Work clothing shall
be laundered after each flue duct entry by an approved

20
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laundry facility capable of receiving arsenic-contaminated
clothing.

J. Lunch Room

No individual shall be allowed to eat, drink beverages,
chew tobacco or gum, or smoke in any part of the Seward
Station plant except in those areas that have been
designated by Bechtel or PENELEC as approved lunch rooms.
The Bechtel approved lunch room shall be the Bechtel
- : Office Trailer. This trailer shall be maintained in a
U clean and sanitary fashion. The trailer shall be wet
S mopped at least three times a week, or more often as

: necessary.

- Each individual shall be required to wash his hands and

. face with soap and water prior to eating, drinking,

i chewing, or smoking after performing any task onsite. The
L PENELEC Supervisor's shower and change room is available

. to Bechtel personnel for this purpose.

j? K. Recordkeeping

) The following safety and health records shall be
i maintained by the SSHO onsite with the project files.

1. Safety meeting reports
(: 2. OSHA Form 200
| 3. Instrument calibration records
4. Equipment inspection records
5. Field logs
6. Incident reports
7. General communications
8. Safety and health plan
9. Injury and illness reports.

Records that shall be maintained by the PSHS in Oak Ridge
s shall include the following records:

1. Personal exposure records

2. Medical records

s 3. Swipe sample results

{3 4. General area air sampling results
5. S&H audit reports

L At the close of the project the PSHS shall forward to

' Health Services in Oak Ridge all medical examination,

biocassay and personal exposure records. Swipe sample

results and general areas air sampling result shall be
returned to the project files.

P——
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