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     DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government.  Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.  Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or
any agency thereof.  The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof.

    CAUTIONS TO USE OF THIS REPORT

This report is a compilation of monthly progress reports by EPRI contractors (Radian
International, Parsons Power) connected with the Environmental Control
Technology Center (ECTC).  This report is intended to provide timely information
regarding the status of testing and research to the ECTC co-sponsoring organizations.
 All data, results, and remarks contained in this report should be considered
preliminary based on the information available to date.  Any speculation or
conclusions discussed in this report are subject to change as additional information
becomes available.

Neither EPRI, members of EPRI, Radian International, Parsons Power, or any person
acting on behalf of any of them makes any warranty, express or implied, with respect
to the use of any information, apparatus, method, or process disclosed in this report,
or that any such use may not infringe privately owned rights. Neither EPRI,
members of EPRI, Radian International, Parsons Power, or any person acting on
behalf of any of them assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus, method, or process
disclosed in this report.

For further information on:

Facility Operations and Miscellaneous ECTC inquires;
contact - Gary Andes (716) 795-3397

Wet FGD/Toxics Testing, Spray Drying/Dry FGD/Duct Injection technologies;
contact - Richard Rhudy (650) 855-2421

Air Toxics/Carbon Injection for Mercury Control
contact - Ramsay Chang (650) 855-2535
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    EXECUTIVE SUMMARY

     General         Operations

Operations and maintenance continued this month at the Electric Power Research
Institute's (EPRI’s) Environmental Control Technology Center (ECTC).  Testing for
the month involved the Dry Sorbent Injection (DSI) test block with the Carbon
Injection System.

The 1.0 MW Cold-Side Selective Catalytic Reduction (SCR) unit, the 0.4 MW Mini
Pilot Wet Scrubber, and the 4.0 MW Pilot Wet Scrubber remained idle this month in
a cold-standby mode and were inspected regularly.  These units remain available for
testing as future work is identified.

    Pilot        Testing         Highlights

The 1990 Clean Air Act Amendments have required that the Environmental
Protection Agency (EPA) assess the health risks and environmental effects associated
with air toxic emissions (primarily mercury) from fossil-fuel fired utility boilers.
EPRI has sponsored research on environmental mercury since 1983 to determine
the factors that may influence human health, and to determine the role of electric
power generating stations in contributing to those factors.  Over the last four years,
EPRI’s Environmental Control Technology Center (ECTC) has conducted EPRI and
DOE sponsored testing to develop and demonstrate appropriate measurement
methods and control technologies for power plant atmospheric mercury emissions.

Building upon the experience and expertise of the EPRI ECTC, a test program was
initiated at the Center in July to further evaluate dry sorbent-based injection
technologies upstream of a cold-side ESP for mercury control, and to determine the
effects of such sorbents on ESP performance. This program was continued in October
at the ECTC, and the test results will be compared to test data from previous
DOE/EPRI demonstrations, and to other ongoing programs.

The primary objectives of this test program are to:

• Determine the levels of mercury removal achievable by dry sorbent injection
upstream of an electrostatic precipitator (ESP).  The process parameters to be
investigated include sorbent residence time, sorbent type, sorbent size, sorbent
loading, and flue gas temperature.

• Determine the impact of sorbent injection on ESP performance.



    FACILITY STATUS

     General

The NYSEG Kintigh Station provided flue gas to the Center 100% of the time during
this performance period.  As the Kintigh Station operated with a variety of coals, 
fluctuations in the Center's inlet SO2 concentrations were experienced.

Safety training for the month was conducted by the Operations Manager.  The
training topic this month included a review of the ECTC Lockout/Tagout program
for plant equipment.  Inspections of the ECTC Facility and safety equipment (SCR
air-packs, fire extinguishers, etc.) were completed and recorded this month and all
systems were found to be in good condition.  By continuing to emphasize safe work
habits at the Center, we have raised the total number of days without a lost time
injury to 1975 as of 10/31/97.

The remaining contents of the ECTC liquid SO2 tank were emptied this month by
the vendor.  As this was completed, the tank/injection system was purged with air,
and the residual contents of the system were injected through the SO2 metering
cabinets into the flue gas ductwork.  As this system is now empty, it will be isolated
and maintained, but will not be placed back into service until future testing with
this system is identified.

The monthly safety meeting with the NYSEG Kintigh Station and the EPRI ECTC
was held on October 28, 1997 to exchange information and cover joint safety issues.
The major topics of discussion included the ECTC’s Phase I environmental site
assessment (ESA), the future status of the Center’s SO2 storage and spiking system,
and the manual isolation of the TGR discharge damper (DMP-27) at the completion
of each test week.

    Pilot        and          Mini-Pilot        Testing

The equivalent and actual availability for the ECTC Carbon Injection System this
month was 100% during this test period.  There were no forced or scheduled outages
this month.

The Dry Sorbent Injection (DSI) test block was continued this month with tests   
DSI-8; DSI-9; DSI-10; DSI-11; DSI-11a; DSI-11b; DSI-12; DSI-13; DSI-14; and DSI-15. 
The objective of this test block has been to study the ECTC electrostatic precipitator
(ESP) performance and removal efficiency for total mercury as activated carbon and
other sorbents are injected across the ESP.  For this testing, the ECTC flue gas path
was configured so that the particulate and acid-gas rich dirty raw gas (DRG) from the
facility inlet would flow through the Spray Dryer Absorber (SDA) for temperature
control, and then through the ESP and the ECTC outlet ductwork. 



During the testing this month, a lignite-based activated carbon (FGD carbon from
American Norit) was injected upstream of the ESP at different loading rates as the
flue gas was sampled for particulate (via method 5), SO2/O2 (via ECTC CEMs), and
total vapor-phase mercury concentration (via method 101A).  The mercury samples
collected from the testing this month were forwarded to Radian International for
off-site analysis; ash samples from the ESP and the ECTC ash silo, and coal samples
from the Kintigh Station were collected weekly for archiving and analysis at a later
date. 

The operational parameters for the DSI testing with the Carbon Injection System
this period included: gas flow of 10,200 scfm; inlet SO2 concentration as received
from the Kintigh Station; ESP field settings with “A” and/or “A and B” fields
energized at 5-10 mA, ESP outlet particulate loadings of 0.1-0.2 lb./MMBTU; inlet
flue gas temperatures of 275˚F+ 5˚F and 300˚+     5˚F; and activated carbon injection    

rates of 0, 1.8, 4.6, 8, and 9.2 lb./hr.

The following maintenance work was completed across the ECTC facility and the
Carbon Injection System during this performance period:

• The CEM systems were inspected and calibrated regularly.

• The carbon feeder was inspected and the auger was replaced.  The feeder was
recalibrated with the new auger as it was installed.

• Several scheduled and preventive maintenance activities were completed across
the facility equipment.

• The annual hydrostatic testing of the ECTC Fire Protection System revealed that
a bypass valve and check valve were in need of replacement. These valves were
replaced and the system was certified for use.

• The airlocks were rebuilt for the waste silo.

• The ESP hopper valves and “A” field access doors were resealed.

• An equipment inventory of the upper warehouse was taken.

• Several reaction tanks were cleaned and reconditioned (exterior surface).  



    Financial         Report

The Financial Report for the four Operations and Maintenance contract tasks are
summarized below for the month of October 1997, the year to date, and the contract
total.

Task Definitions:

Task 100:  Operations and Maintenance Labor
Task 200:  Purchased Materials
Task 300:  Engineering Support
Task 400:  Training

Table i.
Monthly Operating Costs by Task

October Year to Date Contract Total
Task 100 $           39,513 $       291,236 $     14,761,049
Task 200 $           13,850 $         90,281 $       8,601,427
Task 300 $             8,968 $         97,808 $       1,292,396
Task 400 $                - $              228 $            53,463

DOE Grant     $                -         $       132,616     $          248,792

TOTAL $           62,331 $       612,169 $     24,957,127



The attached graph illustrates the budgeted and actual expenses for ECTC O&M
activities through October 1997.

Figure  i.
1997 Operation & Maintenance Costs
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    PILOT         AND          MINI-PILOT        TEST         ACTIVITY    

    Testing         Overview

The 1990 Clean Air Act Amendments have required that the Environmental
Protection Agency (EPA) assess the health risks and environmental effects associated
with air toxic emissions (primarily mercury) from fossil-fuel fired utility boilers.
EPRI has sponsored research on environmental mercury since 1983 to determine
the factors that may influence human health, and to determine the role of electric
power generating stations in contributing to those factors.  Over the last four years,
EPRI’s Environmental Control Technology Center (ECTC) has conducted EPRI and
DOE sponsored testing to develop and demonstrate appropriate measurement
methods and control technologies for power plant atmospheric mercury emissions.

Building upon the experience and expertise of the EPRI ECTC, a test program was
initiated at the Center in July to further evaluate dry sorbent-based injection
technologies upstream of a cold-side ESP for mercury control, and to determine the
effects of such sorbents on ESP performance. This program was continued in October
at the ECTC, and the test results will be compared to test data from previous
DOE/EPRI demonstrations, and to other ongoing programs.

The primary objectives of this test program are to:

• Determine the levels of mercury removal achievable by dry sorbent injection
upstream of an electrostatic precipitator (ESP).  The process parameters to be
investigated include sorbent residence time, sorbent type, sorbent size, sorbent
loading, and flue gas temperature.

• Determine the impact of sorbent injection on ESP performance.

    Summary        of         Operations

The Dry Sorbent Injection (DSI) test block with the Pilot Spray Dryer Absorber (SDA)
and electrostatic precipitator (ESP) continued during this test period.  The process
configuration for this testing (with sampling and injection points) is shown below
in Figure 1. 



Solids
Collected for
Analysis 

Flue Gas from 
NYSEG Kintigh

ESP

Fan
2 fields energized (A&B), 
unit de-rated to approx.

0.1 lb./MMBtu outlet

Carbon Injection 

Inlet Hg sample port

 ESP inlet/SDA outlet 
CEM probes (SO2, 02)

Outlet Hg sample portOutlet opacility monitor

Outlet mass particulate 
monitor

Primary Test Configuration

Flue Gas to 
NYSEG Kintigh
Stack

SDA

Solids Removed

Lime slurry injection to 
reduce gas temperature

 SDA inlet CEM 
probes (SO2, O2)

 ESP outlet/TGR 
CEM probes (SO2, 02)

Figure 1.  Process Flow Diagram for Dry Sorbent Injection (DSI) Test Block

During this test program, a commercial carbon based sorbent (activated FGD carbon
from American Norit) was studied for injection into the ECTC flue gas stream for
mercury control.  At the Center, testing was conducted primarily across the cold-side
ESP (5.0 MW equivalent gas flow).  For this testing, the ECTC ESP was configured to
simulate a retrofit application utilizing a small (1-2 field) unit; the ESP was also
calibrated and detuned to produce a baseline outlet mass particulate emission of  
0.1-0.2 lb/MMBtu.  Upstream of the ESP, the flue gas mercury concentration was
measured using EPA Method 101A.  Several of the other inlet flue gas
parameters/species (SO2, O2, HCl, etc.) were also continuously monitored and
adjusted to meet testing requirements and determine their effects on mercury
removal.

Downstream from the ESP inlet sampling point, the activated carbon was injected
into the ESP with mercury sampling at the ESP outlet to determine removal
efficiency.  Periodic sampling of the collected flyash/carbon solids was also
conducted to help determine particulate removal efficiencies across the ESP, and to
determine the impact of carbon injection on flyash loss on ignition (LOI).  Also,
with the characterization data on the inlet flue gas composition and monitoring of
the ESP operation, the particulate collection efficiency of the ESP was recorded to
determine any degradation effects as the activated carbon was injected into the
system.   



A summary of the operating conditions in October is presented in Table 1.

Table 1.   October 1997 Dry Sorbent Injection (DSI) Operating Summary

Date Test ID Process Conditions Test Summary

Wed. 
Oct. 1

DSI-8 Carbon injection (10,200 scfm,
300˚F, 4.6 lb/hr)

Carbon injection was started at 02:00 at a rate of 4.6
lb/hr.  Sampling began at 08:10 and 09:25 at the ESP
inlet and outlet.  The monthly administrative safety
meeting was held at 10:00.  Mercury analysis results
arrived from Radian and were put into result summaries
and plots.  Repairs began to the waste silo ash handling
system.

Thurs. 
Oct. 2

Carbon ran at 4.6 lb/hr through the night.  Sampling
Method 101A began at 08:10 and 09:25.  Monthly progress
reports reviewed.  It was noticed that NYSEG’s SO2
increased over the course of the day (1300 ppm ----> 2000
ppm).

Fri.
Oct. 3

Carbon ran at 4.6 lb/hr during the night.  Sampling was
conducted at the ESP inlet and outlet starting Method
101As at 06:50 and 07:59.  At 11:15 carbon was turned off
and the ESP was switched from “A” to “C” field.  The
facility was started on purge air at 12:30.  Shut down at 
14:00.

Mon. 
Oct. 6

DSI-9 Carbon Injection (10,200 scfm,
300°F, 9.2 lb/hr)

Facility warm was started at 23:35 Sun., and “A” field
was energized at 03:30 at 10mV. I&C was in at 04:00 to
calibrate CEMs, P-5A, and opacity monitor, no major
problems found. The SDA heater is going to be used once
carbon injection is started to maintain temperature
tighter at 300˚F.

Tues. 
Oct. 7

At 05:00 carbon started at a rate of 9.2 lb/hr, there were
feeder problems when injection was started and could
only achieve 8.3 lb/hr.  Method 101A sampling began at
the ESP inlet and outlet at 08:44 and 09:55.  Screw feeder
problems continued, could only get 8.3 lb/hr at 99.9%
motor speed.  The unit previously ran at ~70% to achieve
9.2 lb/hr.  The I&C dept. looked the feeder unit, some
build-up was found in the auger, but not much.  The SO2

truck was to show up around 15:00, but arrived at 23:05. 
The truck was refused to unload the SO2, will wait until
morning.  

Wed. 
Oct. 8

Method 101A sampling began at 08:05 and at 09:55.  The
screw feeder still could not achieve 9.2, only 8.8 lb/hr. 
At 12:30 the SO2 tank was emptied and began purging. 
Mercury analysis numbers arrived from Radian, updated
summaries and plots.  Also added mass loading data
during sampling using P-5A data. 

Thurs. 
Oct. 9

Method 101A sampling 08:12 and 09:23.  The screw feeder
held a little closer to 9.2 lb/hr today.  Mercury samples
M111 - M126 were sent to Radian for analysis.  Meeting
held at 13:00 to go over future testing and sampling
supplies.  Updated plots and summaries.



Table 1.   October 1997 Dry Sorbent Injection (DSI) Operating Summary (cont.)

Date Test ID Process Conditions Test Summary

Fri. 
Oct. 10

Feeder problems reoccurred, could not reach 9.2 lb/hr.  At
99.9% the feeder injected ~7 lb/hr.  The hopper was
cleaned out and turned off at 10:20.  At the same time the
ESP was switched from “A” field to “B” field.  At 11:00
purge air was started and then shut down at 14:20. 

Mon. 
Oct. 13

DSI-10 Carbon Injection (10,200 scfm,
300°F, 0 lb/hr)

At 23:55 Sun. flue gas warm-up started. I&C was in at
04:00 to calibrate CEMs, P-5A, and opacity monitor, no
major problems found. At 04:35 the inlet temperature to
the ESP had reached 300˚F, “A” field was activated. 
When “A” field was turned on, the field arced.  The
field was placed in auto and ramped up 50%.  An hour
later the field was placed back manual and arced
periodically.  The field was returned to auto, and waited
for the electrical dept. to inspect in the morning. 
Continued data evaluation and review, plots and
summaries were updated.  Screw feeder repairs started
at 10:00, the current auger was bent.  The auger was
replaced with a smaller one, only could achieve 0-8
lb/hr.  The weekly contractor meeting was held at 13:00.
 Discussed weeks plans, previous weeks testing and will
begin to only use SDA heater during night shift load
swings and sampling.  The ESP fields “D&C” ran
overnight.

Tues. 
Oct. 14

In the morning the ESP was returned to “A” field, and
the problem of arcing had corrected itself and the ESP
was back baseline conditions for performance and
mercury testing.  Mercury analysis number arrived from
Radian.  Mercury summary plots and tables were
updated.  Sampling supplies also arrived and sampling
equipment was checked over.

Wed. 
Oct. 15

Method 101A sampling began at 08:41 at the ESP inlet
and outlet, at a injection rate of 0 lb/hr.  Second Method
101A was started at 09:53. Updated plots and summaries.
 Began to prepare information for Steering Committee
Meeting on Oct. 29.

Thurs. 
Oct. 16

DSI-11 Carbon Injection (10,200 scfm,
300°F, 1.8 lb/hr)

At  05:00 the carbon feeder was started, at 1.8 lb/hr.  The
SDA heater was turned on at 06:56 to maintain ESP inlet
temperature steady.  Method 101As were conducted at
08:03 and 09:16 at the ESP inlet and outlet.  At 10:30 the
SDA heater was turned off and temperature control of
the ESP inlet was done with dampers.  The carbon feeder
was turned off at 14:00. Sampling supplies arrived today
(except acetone).  The evening shift plans are to track
ESP inlet temperature at 325˚F using dampers only.

Fri. 
Oct. 17

DSI-11a
DSI-11b

Carbon Injection (10,200 scfm,
325°F, 4.6 & 8 lb/hr)

The carbon injector was started at a rate of 4.6 lb/hr at
05:00.  Then switched to 8 lb/hr (max. on auger size) at
08:00 and injected until 10:00. This was to look at ESP
performance at 325˚F, for possible future parameters. At
10:00 the ESP was switched from “A” field to “C” field.
At 11:00 the facility was started on purge air, and began
shut down. The bottle of acetone arrived today, order
complete.



Table 1.   October 1997 Dry Sorbent Injection (DSI) Operating Summary (cont.)

Date Test ID Process Conditions Test Summary

Mon. 
Oct. 20

DSI-12 Carbon Injection (10,200 scfm,
275°F, 0 lb/hr)

At 23:45 Sun. started facility warm up. I&C was in at
04:00 to calibrate CEMs, P-5A, and opacity monitor, no
major problems found. “A&B” fields were energized at
04:05 and the rappers were reset at an hour later. 
Allowed ESP and outlet loading to stabilize.  Prepared
slide for S.C. Meeting, and updated all plots and tables.
The weekly contractor meeting was held at 13:00. 
Discussed weeks plans, previous weeks testing and the up
coming steering committee.

Tues.
Oct. 21

DSI-12 Carbon Injection (10,200 scfm,
275°F, 0 lb/hr)

The inlet ESP temperature was adjusted to 275˚F, then a
Method 5 was conducted at the Inlet and Outlet of the
ESP, starting at 10:00.  The Inlet (P-023) was finished at
10:30, resulting in a mass loading of 3.662 lb/MMBtu. 
The Outlet (P-024) finished at 11:30, with a loading of
0.096 lb/MMBtu.

Wed.
Oct. 22

Samples were prepped for analysis by Radian (M127 -
M142).  The ESP inlet temperature was adjusted to 275˚F,
and Method 101A #1 sampling was started at 08:30 at
the inlet and outlet.  Method 101A #2 was started at
09:44.  Lynn C. was in today to disassemble and box up
the IC in the lab.  Samples and the IC were shipped out
at 12:00.

Thurs.
Oct. 23

Worked on SC material and gave a presentation of
testing results to facility staff.  A meeting was held to go
over plan the nest few weeks testing and possible testing
for the remainder of the year.

Fri.
Oct. 24

The ESP inlet temperature was adjusted to 275˚F, and
M101A #1 sampling was started at 08:00.  Run #2
sampling began at 09:14.  At 10:30 the facility was
started up on purge air and shut down at 13:00.

Mon.
Oct. 27

DSI-13 Carbon Injection (10,200 scfm,
275°F, 0 lb/hr)

At 23:45 Sun started facility warm up. I&C was in at
04:00 to calibrate CEMs, P-5A, and opacity monitor, no
major problems found. “A&B” fields were energized at
04:20 and the rappers were reset at an hour later. 
Allowed ESP and outlet loading to stabilize.  Mercury
analysis results arrived from Radian.  Prepared slide for
S.C. Meeting, and updated all plots and tables. The
results from this set of mercury sampling was effected by
NYSEG changing coals resulting in high SO2. 1900 ppm,
rather than the usual   1300 ppm. The weekly contractor
meeting was held at 13:00.  Discussed weeks plans,
previous weeks testing and the up coming steering
committee.

Tues.
Oct. 28

Encountered problems with sampling equipment at the
ESP Inlet.  At 09:00 DPU #2 needed to be re-loaded.  At
09:30 the facility safety meeting was held, discussing
lockout/tagout procedures.  A Method 5 was started at
the ESP inlet and outlet at 10:32. The Inlet (P-025) was
finished at 11:30, resulting in a mass loading of 3.416
lb/MMBtu.  The Outlet (P-026) finished at 12:30, with a
loading of 0.113 lb/MMBtu. Prepared slides and
handouts for ECTC SC mtg. Wed., 10/29.



Table 1.   October 1997 Dry Sorbent Injection (DSI) Operating Summary (cont.)

Date Test ID Process Conditions Test Summary

Thurs.
Oct. 30

DSI-14 Carbon Injection (10,200 scfm,
275°F, 4.6 lb/hr)

Carbon injection began at 05:00 at 4.6 lb/hr.  Method 5
was conducted at the ESP inlet and outlet at 08:53. The
Inlet (P-027) was finished at 09:55, resulting in a mass
loading of 3.404 lb/MMBtu.  The Outlet (P-028) finished
at 10:50, with a loading of 0.078 lb/MMBtu.   Carbon was
shut off at 13:00.

Fri.
Oct. 31

DSI-15 Carbon Injection (10,200 scfm,
275°F, 8 lb/hr)

Carbon was started at a rate of 8 lb/hr at 05:00. Method 5
was conducted at the ESP inlet and outlet at 07:55. The
Inlet (P-029) was finished at 08:47, resulting in a mass
loading of 3.221 lb/MMBtu.  The Outlet (P-030) finished
at 09:42, with a loading of 0.099 lb/MMBtu.  There was a
large swing in carbon injection at the higher rates, using
the smaller screw in the feeder.  The injection rate
finished up at 6.8 lb/hr and started at 8.65 lb/hr.  The
carbon was shut off at 10:20, and the ESP was switched to
“C” field during facility purge.



    Summary        of         Results

The Dry Sorbent Injection (DSI) testing this month investigated the effects of
activated carbon injection (Norit FGD carbon) upstream of an ESP to determine total
mercury removal efficiencies and performance effects with regard to particulate
removal efficiency. Recall that FGD carbon is a lignite-based carbon material and is
primarily sold as a sorbent for removal of heavy metals species in incinerator flue
gas streams.  The average grind size for this dry carbon powder is approximately 95%
minus 325 mesh screen (45µ).  The mean particle size for this FGD carbon material
has been previously analyzed and reported to be approximately 15µ.

To simulate full-scale operating conditions for this test block, an appropriate inlet
ESP gas flow, temperature, and outlet opacity range was selected and maintained to:

• provide a representative gas/carbon residence time through the ESP;

• prevent the formation of acid gas condensation in the ESP; and,

• simulate current/future outlet opacity performance limits.

The operating conditions required to meet these objectives were specified in the
October operations summary table and included an inlet ESP gas flow of 10,200 scfm
at 300˚F and 275˚F with an ESP outlet particulate emission limit (pre-carbon
injection) of 0.1 - 0.2 lb/MBtu.  The specific test matrix parameters for the October
test period are listed below in Table 2.











The conditions of the October test matrix were continuously monitored through the
ECTC DRG flow venturi and the outlet opacity and P-5A particulate monitors, and
were regularly checked through EPA Method 2 (velocity traverse) sampling and EPA
Method 5 (outlet opacity) measurements.  This gas flow was selected to maintain a
representative gas flow residence time of 2-3 seconds through the first ESP field (“A”
field), and a carbon residence time of 5 seconds from the point of injection to the exit
of the first ESP field.

Flue gas sampling during this testing was conducted at the ESP inlet and outlet
locations using EPA Method 101A for total vapor-phase mercury measurement in
the ECTC flue gas stream.  During this test period, all flue gas sampling was
conducted at vapor-phase mercury levels as received from the NYSEG Kintigh
Station flue gas (i.e., the flue gas was not spiked/doped with any additional mercury
species - elemental or ionic).  During this period, measurements of the vapor-phase
concentrations for total mercury at the ESP inlet (without carbon injection)
indicated baseline Hg levels of 2-6 µg/Nm3.  With this data, the various
representative carbon injection rates for the test matrix were calculated as shown in
Table 3.

Carbon Injection Rate (lb/Macf) Carbon : Mercury Ratio (lb/lb) Carbon Injection Rate (lb/hr)

2 15,000:1 1.8
5 24,000:1 4.6

10 55,000:1 9.2

Table 3.  Calculated carbon injection rates

Mercury Removal

With each sampling period (with and without carbon injection), regular Method
101A samples were collected for total vapor-phase mercury and were sent off-site for
analysis.  During the October test period, the focus of the mercury removal testing
was to maintain the target ESP inlet gas temperatures (300 and 275˚F) within + 5˚F as    

fluctuations in gas temperature may have been a variable causing scatter in the
mercury removal data last month.  Recall that the analytical data from the samples
collected during the September period were scattered and showed a wide range
mercury removal (24% to 70%).  A review of the operating conditions during the
same period showed that the ESP inlet flue gas temperature was allowed to fluctuate
between a range of 285˚F to 315˚F. This data is shown in Figures 2 and 3 below.  For
comparison purposes, the data plots from the gas sampling periods/lab analyses
conducted this month for mercury removal are also shown below in Figures 4
through 7.
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Figure 2. Total Mercury Removal vs. Carbon Injection at 300˚F (+/- 15˚F).
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Figure 3.  Average Total Mercury Removal vs. Carbon Injection at 300˚F (+/- 15˚F).
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Figure 4. Total Mercury Removal vs. Carbon Injection at 300˚F (+/- 5˚F).
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Figure 5.  Average Total Mercury Removal vs. Carbon Injection  at 300˚F (+/- 5˚F)
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Figure 6. Total Mercury Removal vs. Carbon Injection at 275˚F (+/- 5˚F).
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Figure 7.  Average Total Mercury Removal vs. Carbon Injection at 275˚F (+/- 5˚F).



From a review of the data plots and the raw data collected this month, the average
mercury removal efficiencies were determined for each carbon injection rate and gas
temperature.  These efficiencies are shown in Table 4 below.  Additionally, the
average removal efficiencies for the test data at 300˚F (+/- 5˚F) were compared to
the earlier data from testing at 300˚F (+/- 15˚F).  These results are shown in Table 5.

Carbon Injection Rate ESP Inlet Gas Temperature Average Mercury Removal
(lb/Macf) (+ 5˚F)    (%)

0 300 - 20
0 - 275 -

2 300 - 21
2 - 275 34

5 300 - 36
5 - 275 52

10 300 - 50
10 - 275 63

Table 4. Carbon Injection Rate vs. Average Mercury Removal (300˚F vs. 275˚F)

Carbon Injection Rate ESP Inlet Gas Temperature Average Mercury Removal
(lb/Macf) (+  15˚F)    (+ 5˚F)    (%)

0 300 - 6
0 - 300 20

2 300 - 25
2 - 300 21

5 300 - 47
5 - 300 36

10 300 - 43
10 - 300 50

Table 5. Carbon Injection Rate vs. Average Mercury Removal  (300˚F @ + 15 vs. +     5˚F)    

In Table 4, the effects of decreasing the ESP inlet gas temperature from 300˚F + 5˚F to    

275˚F + 5˚F are shown.  This decrease in gas temperature appears to provide an    

appreciable increase in the average mercury removal across the ESP (13 - 16%) at
each carbon injection rate.  A comparison of the baseline removal efficiencies at
each temperature will be available next month as the data analysis is returned from
the off-site laboratory.

In Table 5, the effect of fluctuations in the ESP inlet gas temperature on mercury
removal efficiency are shown.  By comparing the average mercury removal data
collected during testing at a 300˚F + 15˚F with the data from this test period at   300˚F    

+ 5˚F, it appears that maintaining this constant temperature has the greatest effect in    

increasing removal efficiency at the baseline and 10 lb/Macf conditions.  However,
due to the wide degree of scatter in the earlier test data (shown in Figure 2), it is
difficult to make any accurate projections of the average mercury removal at each
carbon injection rate.   



ESP Performance

During the testing of activated carbon injection for total vapor-phase mercury
removal this month, the effects of carbon injection on ESP performance were also
measured.  To study ESP performance, the ESP outlet opacity was continuously
monitored (with and without carbon injection) through the use of several methods:

• Environmental Systems Corp. (ESC) P-5A mass concentration particulate
monitor;

• regular EPA Method 5 gas samples, and;

• continuous % opacity readings. 

Daily voltage/current (V/I) readings were also taken across each transformer
rectifier (TR) set energized in the ESP, and weekly air load readings taken before
each weekly start-up of the ESP.  These measurements, along with the operations
data during testing, allowed the impact of sorbent (carbon) injection to be
characterized with respect to ESP performance.

The test data collected this month for ESP performance indicated minimal effects on
ESP outlet opacity.  The results from the weekly air load readings on the ESP prior to
each ESP start-up indicated no degradation or change in baseline settings, and the
baseline V/I data for the ESP did not change.  It was noticed, however, that the
secondary voltages across the energized ESP field(s) did increase with increasing
rates of carbon injection.  During these same periods, a decrease in the ESP outlet
particulate mass concentration (mg/Nm3) was detected.  The data summaries
showing these ESP effects are presented in Tables 6 and 7 below.  At this time,
though, it is unclear whether the increases in carbon injection rate alone were
responsible for the decrease in ESP outlet particulate.  This effect will be studied
further in the November test period.



DATA AVERAGES BASED ON CARBON INJECTION RATES 

kV kV ESP SO2 SO2 SO2 O2 O2 O2
Date/Time Date/Time A @ B @ Load Opacity P-5A C inj. temp in fac. inlet fac. outlet removed fac. inlet fac. outlet inleakage

start end 5 mA 5 mA MW % mg/m3 lb/hr degF ppm ppm % % % %

9/29 06 10/16 07 56.00 OFF 659 1.82 169.68 0 302.21 1512 1211 20.16 5.06 7.78 13.60

10/16 08 10/16 14 54.30 OFF 658 1.88 165.71 2 302.00 1948 1635 16.05 4.98 7.77 13.96

9/30 14 10/3 00 56.90 OFF 637 1.25 163.40 5 302.23 1497 1233 17.55 5.18 8.01 14.10

10/7 05 10/10 10 56.60 OFF 678 2.30 133.93 10 301.37 1414 1133 19.93 5.04 7.68 13.20

Table 6.  ESP Data During 300˚F Testing and Carbon Injection

DATA AVERAGES BASED ON CARBON INJECTION RATES 

kV kV ESP SO2 SO2 SO2 O2 O2 O2
Date/Time Date/Time A @ B @ Load Opacity P-5A C inj. temp in fac. inlet fac. outlet removed fac. inlet fac. outlet inleakage

start end 5 mA 5 mA MW % mg/m3 lb/hr degF ppm ppm % % % %
8/26 16 8/27 13 43.7 41.9 609.1 1.8 147.0 0.0 275.4 1422.9 1176.6 17.2% 5.5 7.8 11.6%
8/29 10 9/03 04 45.4 43.8 592.7 0.8 136.7 0.0 275.3 1312.5 1071.1 18.3% 5.5 8.0 12.6%
9/03 12 9/09 04 45.8 43.5 607.2 1.1 142.5 0.0 277.9 1418.6 1206.5 14.9% 5.4 7.9 12.3%
9/11 18 9/12 01 45.4 43.0 682.9 1.4 91.2 0.0 275.3 1509.0 1250.3 17.1% 4.3 6.8 12.6%
9/12 17 9/16 00 45.5 45.6 649.3 0.6 124.8 0.0 263.3 1337.8 1170.5 12.5% 5.0 7.3 11.7%
9/19 12 9/23 01 49.4 47.1 681.4 0.5 121.5 0.0 276.1 1339.9 1134.6 15.3% 4.9 7.5 13.3%

avg. 45.9 44.2 637.1 1.0 127.3 0.0 273.9 1390.1 1168.3 15.9% 5.1 7.6 12.4%

9/23 16 9/26 10 47.4 45.6 650.3 0.6 141.9 2.2 275.3 1349.7 1140.2 15.5% 5.3 7.7 12.3%

9/12 02 9/12 16 43.4 43.7 526.1 1.7 106.6 5.0 276.3 1312.7 1104.3 15.9% 6.0 8.3 11.2%
9/16 01 9/19 11 48.7 46.6 690.3 0.4 109.9 5.0 275.2 1345.1 1136.5 15.5% 4.6 7.1 13.0%
9/23 02 9/23 15 48.2 45.7 665.5 0.5 133.4 5.0 275.4 1336.4 1131.1 15.4% 5.0 7.6 13.0%

avg. 46.8 45.4 627.3 0.9 116.7 5.0 275.7 1331.4 1124.0 15.6% 5.2 7.7 12.4%

8/27 15 8/29 09 45.9 43.7 620.0 1.4 105.6 9.6 275.5 1525.2 1249.7 18.0% 5.4 7.8 12.2%
9/03 05 9/03 11 49.4 45.4 616.9 0.7 124.9 9.6 274.9 1292.7 1083.7 16.2% 5.2 7.8 13.1%
9/09 05 9/11 17 47.1 45.3 631.9 1.6 84.2 9.6 283.6 1421.6 1183.6 16.7% 4.8 7.3 12.7%

avg. 47.5 45.1 622.9 1.3 104.9 9.6 278.0 1413.2 1172.3 17.0% 5.1 7.7 12.7%

Table 7.  ESP Data During 275˚F Testing and Carbon Injection

    Future Testing    

Testing in November will continue with the Dry Sorbent Injection (DSI) investiga-
tion across the ECTC ESP.  Based on the current test matrix, the November testing
will involve baseline (no carbon injection) sampling at the 275˚F inlet ESP gas
temperature, as well as further studies into the carbon effects on ESP particulate
removal.



APPENDIX A

TEST SCHEDULE(S)



JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1  9  9  6

DOE/PRDA Phase I - 
Mercury and HAPs 
Control with Wet FGD

EPRI Wet FGD 
Toxics Testing

EPRI Wet FGD 
Toxics Testing

DOE/PRDA Phase I - Multiple Pollutant Removal Using the Condensing Heat Exchanger (CHX) UNIT DOWN

  EPRI 
SOx/NOx   
 Process
 Testing

Third party 
Testing - 
Rotorfilter
Technology

EPRI Toxics 
Removal
Testing

ECTC 
Fall 
Outage

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

                  1  9  9  7   

4.0 MW Pilot
 FGD Unit 

DOE/PRDA Phase I - 
Condensing Heat Exchanger 

(CHX) Testing

0.4 MW Mini-
Pilot FGD Unit

Unit Available for EPRI / 
Third-Party Testing

DOE/PRDA Phase I - Clear Liquor Scrubbing 
(CLS) with Anhydrite Production

Reconfigure 
Mini-Pilot 
Scrubber

NYSEG 
Spring 
Outage

ECTC Bench-
scale FGD Unit
(proposed)

DuPont FGD 
Additives Study

Dry Sorbent Injection  for Hg 
Removal and ESP 

performance studies

CLS Anhydrite
extension 

testing

4.0 MW Pilot
Wet FGD Unit 

API Process 
Additives Study

ECTC 
Fall 
Outage

EPRI 
ECTC 
Testing

0.4 MW Mini-
Pilot FGD Unit

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

                  1  9  9  8 (proposed)   

DOE/PRDA Phase II 
Condensing Heat Exchanger 

(CHX) Testing 

DOE/PRDA Phase II 
Clear Liquor Scrubbing with Anhydrite 

EPRI / Third-Party Testing

EPRI / Third-Party Testing

ECTC Test Schedule ('96 - '98)

4.0 MW Pilot
 FGD Unit 

0.4 MW Mini-
Pilot FGD Unit



APPENDIX B

PROCESS/ANALYTICAL DATA SUMMARY
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