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1.0 INTRODUCTION

Clean Coal Technology implies the use of coal in an environmentally acceptable manner.,
Coal combustion results in the emission of two types of acid rain precursors: oxides of sulfur
(SO,) and oxides of nitrogen (NO,). This Clean Coal Technology project will demonstrate a
combination of two developed technologies to reduce both NO, and SO, emissions: gas
reburning and calcium based dry sorbent injection. The demonstrations will be conducted on
two pre-NSPS utility boilers representative of the U.S. boilers which contribute significantly to
the inventory of acid rain precursor emissions: tangentially and cyclone fired units. Because
of cost growth and lack of available funding, no further work has been done after Phase I at site
B; the wall fired unit.

Gas reburning is a combustion modification technique that consists of firing 0-85 percernit
of the fuel (corresponding to the total heat release) in the lower furnace. Reduction of NO, to
molecular nitrogen (N;) is accomplished via the downstream injection of the remaining fuel
requirement in the form of natural gas (which also reduces the total SO, emissions). In a third
stage, burmnout air is injected at lower temperatures in the upper furnace to complete the

combustion process without generating significant additional NO,.

Dry sorbent injection consists of injecting calcium based sorbents (such as limestone,
dolomite, or hydrated lime) into the combustion products. For sulfation of the sorbent to
CaSQy, an injection temperature of about 1230°C is optimum, but calcium-sulfur reactions can
also take place at lower temperatures. Thus, the sorbent may be injected at different locations,
such as with the burnout air, at the exit from the superheater, or into the ducting downstream
of the air heater with HyO added for humidification. The calcium sulfate or sulfite products are
collected together with unreacted sorbent fly ash by the electrostatic precipitator. The specific
goal of this project is to demonstrate NO, and SO, emission reductions of 60 percent and 50
percent, respectively, on two coal fired utility boilers having the design characteristics mentioned

above.




At the inception of the project, Host Site Agreements were signed by EER and three
utility companies in the State of Illinois: Site A, Illinois Power Company [Hennepin Unit 1, 71
MW (net) tangentially fired boiler in Hennepin]; Site B, Central Illinois Light Company
[Edwards Unit 1, 117 MW (net) front wall fired boiler in Bartonville; and Site C, City Water
Light and Power [Lakeside Unit 7, 33 MW (net) cyclone fired boiler in Springfield].

Funding for this project is provided by the Department of Energy (DOE), the Gas
Research Institute (GRI), and the State of Illinois Department of Energy and Natural Resources
(ENR)--the other funding participants. GRI and ENR are responsible for funding approximately

one-third and one-sixth, respectively, of the total project costs.

To achieve the objectives of the project, it is conducted in the following three phases at

each site:

Phase I: Design and Permitting
Phase II: Construction and Startup
Phase III: Operation, Data Collection, Reporting and Disposition

Phase I work has been completed for all three sites. Because of cost growth and lack of
available funding, no further work has been done after Phase I at Site B; the wall fired unit.
At Site A, Phase II has been completed and Phase III long-term tests are currently underway.

Site C is currently in Phase II of the program.

In accordance with the cooperative agreement, EER has prepared an Environmental
Monitoring Plan to verify that no adverse environmental impacts would be associated with the
project, to determine if projected emission control levels are being met, ard to maintain a data
base for future development of GR-SI technology. Tables 1 through 4 show the environmental
monitoring to be conducted at Sites A and C, (Hennepin and Lakeside) during Phases I, II and
III of the project.



The following section provides a description of the monitoring which has been conducted
during the previous «uarter at the host sites. A discussion of the monitoring results is presented
in Section 3. Section 4 provides a status report of permits obtained for the project at each

facility, and Section 5 discusses any proposed changes in the original monitoring plan based on
available information.
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2.0 ENVIRONMENTAL MONITORING

Both compliance and supplemental monitoring was conducted at the Hennepin site during
the previous quarter. At the Lakeside site, only compliance monitoring was conducted during
the previous quarter. The monitoring results from Hennepin and Lakeside are presented in the

following sections.

2.1 Cordiance Monitoring
Compliance monitering is that monitoring required by Federal, State cr local authorities.

2.1.1 Hennepin

The compliance monitoring conducted at Hennepin during the quarter which directly
influences this project includes NPDES permit monitoring and coal quality reporting. Illinois
Power submits NPDES Discharge Monitoring Reports to the Iilinois EPA, on a monthly basis.
Coal quality reports are submitted to Illincis EPA on a quarterly basis. Copies of the dischazge

monitoring and coal quality reports for July, August, and September are included in Appendix
A of this report.

2.1.2 Lakeside
The compliance monitoring conducted at Lakeside during the quarter which directly

influences this project includes NPDES permit monitoring and gaseous emissions opacity reports.

Copies of the NPDES and excess opacity reports for July, August, and September are included
in Appendix B of this report.

12



2.2 Supplemental Monitoring

2.2.1 Hennepin

The supplemental monitoring data reported during this quarter consisted of particulate
loading at the electrostatic precipitator (ESP) inlet and outlet, particle size distribution at the ESP
inlet and outlet, and continuous emission monitor daily averages fc. SO,, NO,, CO,, CO, O,,

and HC. In addition, sluice water sampling and analyses were conducted in July.

Particulate I oading

From August 26 through September 3, 1992, twelve particulat. loading measurements
were taken at both the ESP inlet and outlet, using EPA Refersnce Method 17 at the inlet and
Method 5 at the outlet. Baseline measurements were taken at full load (70 MW), while
measurements with Gas Reburning were taken at full and reduced load (60 MW), and with Gas
Reburning/Sorbent Injection at full load, and two reduced load levels (45 MW and 60 MW).
The data from these tests is summarized below in Table 5. Figure 1 relaies the ESP inlet and

outlet loadings to the test conditions as outlined.

Particle Size Distribution

Between August 26 and September 3, 1992, twelve particle size distribution
measurements were taken at the ESP inlet and eleven at the outlet, using cascade impactors. As
with the particulate loading tests, baseline measurements were taken at full load, with Gas
Reburning measurements taken at full and reduced load (60 MW), and Gas Reburning/Sorbent
Injection measurements taken at full load and two reduced load levels (45 MW and 60 MW).

The data from these tests is summarized below in Table 6.

13
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Gaseous Emissions

Emissions of SO,, NO,, CO,, CO, 0O,, and HC were monitored continuously at the stack
breeching between July 22 and September 30, 1992. Measurements were taken under the
following conditions: baseline with OFA on, gas reburning only, and gas reburning with sorbent |
injection. Daily averages were collected and the averages under each of the test conditions over

the entire period are summarized below in Table 7.

Sluice Water Analysis

Baseline sluice water analyses were conducted from July 20 through July 23, 1992 prior
to the start-up of gas reburning or sorbent injection . Because the GR/SI system had not been
operated since the end of April, a "clean baseline” without residual sorbent was sampled. The
sampling system allowed samples to be taken on a 24-hour per day basis directly from the ash
sluice line. Composites of these samples were then analyzed for the constituents outlined below.

The results of these analyses are summarized in Table 8.
2.2.2 Lakeside

No supplemental monitoring was conducted at Lakeside during this quarter.

23



S€T0

0eC0

sv'vy

¥ro

sinopy u
uopeang

njguy/qi
*ON

VLVA ONIYOLINOW NOISSINA SNONNLLNGD NIdINNAH

‘LAT8vL

topddfuf JuaqJos
-uangdy sen

uingay seo) |

(uo V40) §
auyaseq |

£53504J

24



TABLE 8.

HENNEPIN SLUICE WATER ANALYSIS

ittt ik T e

Parameter Units Method MDL Result Method MDL Result

Assenic [As) (total) mgh SW6010 0.1 ND SW6010 02 ND

Barium [Ba] (total) mg/ SW6010 | 0003 0.022 SW6010 0.1 42
Cadmium [Cd] (total) mg/l SW6010 | 0.007 ND SW6010 0.1 ND
Chromium [Cr] (total) mg/ SW6010 | 0.025 ND SW6010 02 16

Lead [Pb] (total) mg/ SW6010 | 0.085 ND SW6010 02 ND

Selenium (Se] (total) mg/l SW6010 0.2 ND SW6010 (X ND

Silver (Ag] (total) mg/ SW6010 0.01 ND SW6010 02 ND

Eron (Fe] (total) mg/l SW6010 | 0017 0.18 SW6010 034 1100
Manganess (Mn] (total) mgh swe010 | 0.003 ND SW6010 0.1 32
Mercury [Hg] (total) mg/l SW7470 | 0.0005 ND SWT7470 0.001 ND

Boron (B] (total) mg/ SW6010 0.25 8.56 SW6010 05 ND

Calcium Oxide mg/l SW6010 03 110 SW6010 05 1800

Copper (Cu] (total mg/l SWe6010 | 0012 ND EPA200.7 02 0.87

Nickel [Ni] (total) mg/ SW6010 | 0.034 ND EPA200.7 02 125

Zinc (Za) (tomal) mg/ SWe6010 | 0.004 ND EPA200.7 02 6.46

Total Dissolved Solids (Filt Residoe) mgA EPA160.1 s 620 EPA160.1 5 1100
Total Suspended Solids (Non-Filt. Residoe) ~ mg/l EPA1602 5 5600 EPA160.2 5 20000
Sulfate mg/ EPA375.4 5 30 EPA3754 s 3%

Ol and Grease (gravimerric) mg/l EPA413.1 2 ND EPA413.1 2 ND

pH (lab) SU SW9040 —_— 9.21
MDL: Method Detection Limit

ND: Not detected at a concentration greater than or equal to the MDL
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3.0 DATA DISCUSSION
3.1 Compliance Monitoring

3.1.1 Hennepin

The discharge monitoring reports for July through September (Appendix A) indicated that
no effluents were discharged from the ash pond to the Illinois River. The coal analysis reports
show that the average pounds of SO, per MBTU for this quarter was 5.32. The GR-SI
demonstration program substantially reduced the SO, emissions during the process operational

hours.
3.1.2 Lakeside

The discharge monitoring reports for the ash pond outfall structure and the coal pile
runoff during the months of July through Septemter (Appendix B) indicate that the ash pond
outfall did not exceed the NPDES permit limitations. The coal pile runoff did not produce a

discharge stream during this quarter.

The gaseous emissions opacity reports for July through September (Appendix B) indicate
that the opacity limit of 30% was exceeded during each of the three months. July exceedances
were due to startup, shutdown, changing precipitator fields, O2 swings, or unknown causes.
Excess opacity readings in August were attributed to startup, shutdown, switching precipitator
fields, or unknown causes. September excess opacity measurements were due entirely to unit

startup.
3.2 Supplemental Monitoring
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3.2.1 Hennepin

Particulate loading and particle size distribution data provide an indication of ESP
performance under the various test conditions. The data reported demonstrate the ESP
particulate collection efficiency ranged from 99.48 to 99.95 percent. Higher ESP particulate
collection efficiencies were noted for reduced load GR-SI tests and full load GR-SI tests, with
lower efficiencies for full load baseline and Gas Reburning Tests, indicating that flue gas
humidification continues to effectively enhance ESP operation. All emissions were well within
the 0.10 lbs/mmBtu limit, with a maximum of 0.035 Ibs/mmBtu. Flue gas temperature in the
ESP appears to have a significant impact on particulate emissions, expressed in lbs/mmBtu.

This relationship is demonstrated in Figures 2 and 3.

Particle size distribution data was summarized above in Table 6. Under baseline
conditions operating at full load, the test data show that 25% of the ESP inlet flyash was under
10 microns with approximately 80% of the ESP outlet flyash under 10 microns. With GR-SI
operating and at full load, the test data show that approximately 50% of the ESP inlet particulate
matter was under 10 microns with approximately 90% of the ESP outlet particulate matter was

under 10 microns.

The results of the sluice water analysis show that, for the majority of the sampling
parameters, concentrations were well below the method detection limit (MDL). Those
parameters for which concentrations exceeded the MDL included: Barium, Chromium, Iron,
Manganese, Boron, Calcium Oxide, Copper, Nickel, Zinc, Total Dissolved Solids, Total
Suspended Solids, and Sulfate.

Continuous emission monitoring daily averages were taken under the following process
conditions: baseline with OFA on, gas reburning, and gas reburning with sorbent injection.
These averages show that there was a reduction in NO, from baseline with overfire air on,
when implementing gas reburning with sorbent injection. In addition, there was reduction of

52% in SO, from baseline with OFA on, when implementing gas reburning with sorbent injection.
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Figure 2. Particulate matter emissions as a function of ESP gas temperature.
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3.2.2 Lakeside
No supplemental monitoring was conducted at Lakeside during this quarter.
4.0 PERMIT STATUS

Permits have been obtained for construction and operation of the GR-SI system at
Hennepin. At Lakeside, construction is in progress, and operating permits have not been

obtained yet. The following sections describe the permits obtained at each host site.

4.1 Hennepin

IP applied for a construction permit for the GR-SI project at Hennepin on July 7, 1989,
and Illinois Environmental Protection Agency granted that permit on October 18, 1989. A
modification to the construction permit for operation of the GR-SI demonstration for a period
of 270 days was requested. This permit was granted June 21, 1990. A permit also was required
to install the pH adjustment system for the GR-SI ash transport water to the existing ash pond.
This permit was granted on July 25, 1990. Lastly, negotiations between Illinois Power, the
Illinois EPA, and the U.S. EPA resulted in the issuance of a draft reissued NPDES permit,

which should be ﬁnalized in the near future.
4.2 Lakeside

On January 8, 1990, CWLP submitted a PSD permit application for the GR-SI
demonstration at Lakeside Unit 7. On July 5, 1990, CWLP granted the Illinois Environmental
Protection Agency a waiver from its statutory deadline to review the permit application (180
days) for a period of 120 days. Permit approval was received November 16, 1990. EER is in
the process of applying for a Special Waste Permit through the Christian County Landfill for the
future disposal of the Lakeside fly ash waste stream. A pre-permit for the disposal of special
waste at the Christian County Landfill was obtained on March 18, 1992.
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5.0 MODIFICATIONS TO MONITORING PLAN

5.1 Hennepin

There are no recommended modifications to the proposed monitoring plan as outlined in
Table 1 and 2.

5.2 Lakeside

There are no recommended modifications to the proposed monitoring plan as outlined in
Table 3 and 4.
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CITY WATER, LIGHT & POWER
3100 Stevenson Drive

UNIT OPACITY CEM
DOWNTIME REPORT

Unit: Lakeside

Month/Year: July 1992

Corrective
Date Start-End Component Cause Action Taken
7/7 12:10-13:30 Power Supply to Blown Power Fuse Replaced fuse and
opacity monitor recalibrated

7/14 10:24

<f:> Transmissometer Stuck in cal. Recalibrated CEM
7/15 10:18
7/28 OOZEE:y Power supply to Bad power supply Work was done to replace
7/29 15:00 opacity monitor cable faulty power supply cable



CITY WATER, LIGHT & POWER
3100 Stevenson Drive

EXCESS OPACITY REPORT

Jnit: Lakeside

Boiler Hours
Jpacity Limit: 30% Unit #7 - 108

Unit #8 - 165

donth/Year: July 1992
Corrective
Jate Start Opacity (%) Cause Action Taken
7-1 06:00 64.0 Startup 7
:06 58.0 "
112 65.0 "
:18 60.0 "
124 50.0 "
136 49.0 "
142 55.0 "
148 40.0 "
08:24 37.0 "
:30 42.0 "
;36 42.0 "
148 42.0 "
09:12 60.0 "
118 50.0 "
:30 38.0 "
148 42.0 "
154 ‘ 56.0 "
7-1 19:42 58.0 Startup 7
148 53.0 "
154 57.0 "
20:00 48.0 "
106 37.0 "
112 45.0 "
148 52.0 "
124 33.0 "
:30 59.0 "
:36 45.0 "
142 45.0 "
148 62.0 "
154 59.0 "
21:00 42.0 "
7-8 02:36 42.0 Startup 7
142 59.0 "
148 64.0 "
154 61.0 "
03:00 - 55.0 "
106 66.0 "
112 32.0 "



t

Lakeside Opacity Report

July 1992
Page -2-
Corrective
Date Start Opacity (%) Cause Action Taken
7-8 03:18 63.0 Startup 7
124 59.0 "
09:42 34.0 "
148 71.0 "
:54 71.0 "
10:00 59.0 "
106 51.0 "
124 59.0 "
:30 57.0 "
142 52.0 "
11;06 62.0 "
:18 62.0 "
18:36 63.0 "
19:00 54.0 "
106 64.0 "
112 59.0 "
:18 54.0 "
154 46.0 "
7-9 03:06 64.0 Startup 7
112 40.0 "
:18 63.0 "
124 57.0 "
:30 49.0 "
136 59.0 "
142 51.0 "
148 59.0 "
154 62.0 "
04:00 41.0 "
10:06 55.0 "
124 59.0 "
11:54 34.0 "
12:00 41.0 "
:30 45.0 "
136 60.0 "
154 59.0 "
13:00 59.0 "
112 51.0 "
7-10 19:54 33.0 Shutdown 7
7-11 00:12 39.0 Startup 8
01:48 59.0 "
154 50.0 "
02:00 39.0 "
:12 71.0 "
124 66.0 "



Lakeside Opacity Report

July 1992
Page -3-
Corrective
Date Start Opacity (%) Cause Action Taken
7-11 02:48 61.0 Startup 8
154 60.0 "
03:00 39.0 "
112 38.0 "
136 43.0 "
142 50.0 "
148 32.0 "
154 37.0 "
04:00 56.0 "
106 35.0 "
10:36 55.0 "
142 39.0 "
154 60.0 "
11:00 32.0 "
106 37.0 "
112 55.0 "
118 44.0 "
19:12 42.0 "
118 62.0 "
124 55.0 "
142 43.0 "
148 42.0 "
7-12 01:30 36.0 Startup 8
136 47.0 "
142 52.0 "
148 33.0 "
07:18 44.0 "
124 58.0 "
:30 79.0 "
136 71.0 "
142 74.0 "
:48 76.0 "
154 45.0 "
08:00 42.0 "
17:00 48.0 "
:06 57.0 "
124 52.0 "
:30 63.0 "
136 46.0 "
142 43.0 "
148 35.0 "
23:54 42.0 "



Lakeside Opacity Report

July 1992
Page -4-
Corrective
Date Start Opacity (%) Cause Action Taken
7-13 00:00 54.0 Startup 8
106 66.0 "
112 65.0 "
118 43.0 "
03:48 61.0 "
09:42 33.0 "
148 38.0 "
:06 38.0 "
:30 42.0 "
148 60.0 "
154 39.0 "
7-15 21:30 40.0 Startup 8
142 48.0 "
148 53.0 "
:54 32.0 "
7-16 05:06 68.0 Startup 8
112 57.0 "
118 55.0 "
124 47.0 "
:30 41.0 "
:36 40.0 "
142 44.0 "
7-16 12:00 43.0 Shutdown 8
13:48 32.0 "
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CITY WATER, LIGHT & POWER
3100 Stevenson Drive

Unit: Lakeside

Month/Year: August 1992

UNIT OPACITY CEM
DOWNTIME REPORT

Cause

Corrective
Action Taken

Date Start-End Component
8/9 10:Z§;> Opacity Monitor
8/11 01:40
8/12 13:10-20:30 Opacity Monitor

Bad power supply cable

Bad power supply cable

Maintenance was initiatec
to replace the power
supply cable

Power supply cable was
replaced. CEM was re-
calibrated



CITY WATER, LIGHT & POWER
3100 Stevenson Drive

EXCESS OPACITY REPORT

Unit: Lakeside

Boiler Hours
Opacity Limit: 30% Unit #7 - 148

Unit #8 - 209

Month/Year: August 1992
Corrective
Date Start Opacity (%) Cause Action Taken
8-23 20:06 38.0 Startup #7
112 56.0 "
:18 55.0 "
124 55.0 "
:30 55.0 "
: 36 52.0 "
142 70.0 "
148 81.0 "
: 54 80.0 "
21:00 80.0 "
:06 80.0 "
112 80.0 "
:18 80.0 "
;24 79.0 "
:30 79.0 "
136 78.0 "
142 ' 77.0 "
148 74.0 "
154 52.0 "
22:00 31.0 "
8-24 00:18 50.0 Startup #8
124 44.0 "
:30 52.0 "
136 51.0 "
142 39.0 "
148 32.0 "
01:36 46.0 "
02:42 39.0 "
148 58.0 "
154 54.0 "
03:30 43.0 "
:36 48.0 "
142 62.0 "
148 51.0 "
154 30.0 "
04:00 40.0 "
:30 57.0 "
136 42.0 "
148 44.0 "
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CITY WATER, LIGHT & POWER
3100 Stevenson Drive

UNIT OPACITY CEM
DOWNTIME REPORT

Unit: Lakeside

Month/Year: September 1992

Corrective
Date Start-End Component Cause Action Taken

NONE



X BN

CITY WATER, LIGHT & POWER
3100 Stevenson Drive

EXCESS OPACITY REPORT

Unit: Lakeside

. _ Boiler Hours
Opacity Limit: 30% Unit #7 - 165

Unit #8 - 117

Month/Year: September 1992
Corrective
Date Start Opacity (%) Cause Action Taken
9-14 19:12 32.0 Startup #7
:18 31.0 "
20:06 32.0 "
112 55.0 "
:18 67.0 "
124 58.0 Startup #7&8
:30 67.0 "
:36 59.0 "
142 55.0 "
148 51.0 "
:54 48.0 "
21:00 45.0 "
:06 43.0 "
112 41.0 "
118 45.0 "
124 : 67.0 "
:30 80.0 "
:36 69.0 "
142 42.0 "
148 35.0 "
154 81.0 "
22:00 76.0 "
:06 81.0 "
112 £1.0 "
118 54.0 "
124 31.0 "
23:24 64.0 "
:30 53.0 "
:36 43.0 "
142 58.0 "
148 81.0 "
154 74.0 "
9-15 00:00 70.0 Startup #7&8
:06 80.0 "
212 75.0 "
:18 77.0 "
124 79.0 "
:30 67.0 "
:36 53.0 "
4 42.0 "



Excess Opacity Report

September 1992

Lakeside - Page -2-

Corrective
Date Start Opacity (%) Cause Action Taken
9-15 00:48 73.0 Startup #7&8

154 80.0 "

01:00 66.0 "

106 50.0 "

112 32.0 "

118 56.0 "

124 58.0 "

:30 50.0 "

136 31.0 " .

148 68.0 "

:54 70.0 "

02:00 56.0 "

:06 52.0 "

:12 72.0 "

118 67.0 "

124 62.0 "

:30 77.0 "

136 65.0 "

142 47.0 "

154 48.0 "

03:00 70.0 Startup #8

106 65.0 "

112 69.0 "

118 70.0 "

124 72.0 "

:30 81.0 "

:36 76.0 "

142 72.0 "

:48 79.0 "

+54 77.0 "

04:00 78.0 "

106 75.0 "

112 75.0 "

118 77.0 "

124 77.0 "

:30 77.0 "

136 76.0 "

142 78.0 "

:48 78.0 "

154 77.0 "

05:00 74.0 "

106 42.0 "

9-25 12:30 50.0 Startup #7&8

136 75.0 "

142 77.0 "

148 77.0 "

154 79.0 "

13:00 7%.0 "



Excess Opacity Report

September 1992

Lakeside - Page -3-

Corrective
Date Start Opacity (%) Cause Action Taken
9-25 13:06 79.0 Startup #7&8

112 79.0 "
:18 79.0 "
124 79.0 "
:30 79.0 "
136 77.0 "
142 76.0 "
148 74.0 "
154 72.0 "
14:00 70.0 "
106 79.0 "
112 79.0 "
:18 79.0 "
124 80.0 "
:30 72.0 "
:36 75.0 "
142 70.0 "
148 50.0 "
154 62.0 "
15:00 38.0 "
142 35.0 "
148 59.0 "
16:00 40.0 "
:06 55.0 "
:18 40.0 "
:30 57.0 "
:36 34.0 "
154 43.0 "
17:00 54.0 "
106 35.0 "
+30 35.0 "
:36 35.0 "
142 33.0 "
:48 52.0 "
154 53.0 "
18:00 51.0 "
:06 32.0 "
212 42.0 "
:18 39.0 "
:30 36.0 "
19:00 40.0 "
106 40.0 "
118 40.0 "
136 44.0 "
148 36.0 "
154 35.0 "



~

Excess Opacity Report

14

September 1992

Lakeside - Page -4-

Corrective
Date Start Opacity (%) Cause Action Taken
9-25 20:00 34.0 Startup #7&8
106 31.0 Startup #8
112 50.0 "
118 52.0 "
- ! ~ L J -

U 0100 MNP 00900000 0 AR
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