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1.0 INTRODUCTION 

This report summarizes the results of environmental monitoring conducted in a demonstration 
of Gas Reburning-Sorbent Injection (GR-SI) technology, at Illinois Power Company’s Hennepin 
Station Unit 1. Energy and Environmental Research Corporation (EER) carried out this GR-SI 
demonstration in a Clean Coal Technology (CCT) Round 1 Program from June, 1987 to 
January, 1993. The project was completed in three phases: Phase 1 - Design and Permitting, 
Phase 2 - Construction and Start-Up, and Phase 3 - Operation, Data Collection, Reporting and 
Disposition. The design of the GR-SI system was completed in March, 1989. Construction and 
Start-Up were completed in June, 1991 and testing (operation) of the system was initiated 
immediately after Start-Up. The GR and SI systems were evaluated first with parametric 
(optimization) tests, from June, 1991 through August, 1991. Following this, the combined GR 
and SI systems were operated for one year (September, 1991, to September, 1992) with the unit 
under normal dispatch load control. At the conclusion of the year-long GR-SI demonstration, 
three alternate sorbents were tested. This report presents environmental monitoring data from 
the long-term GR-SI testing period; earlier results were presented in quarterly reports. 

The goal of the GR-SI demonstration was to reduce acid rain precursor gases, nitrogen oxides 
(NO,) and sulfur dioxide (SO*), by 60 and 50%, respectively. The combustion of coal at utility 
power plants contributes significantly to the total emissions of these species. The technology 
used is Gas Reburning (GR) and Sorbent Injection (SI). GR involves injection of natural gas, 
accounting for 15 to 25% of the total heat input, in the region above the coal burners. A 
rebuming zone is formed, which is slightly fuel rich, to reduce NO, to N,. Overtire air is 
injected higher up in the furnace to complete the combustion process. In SI, dry hydrated lime 
sorbent is injected into the upper furnace for reaction with SO,. The micron-sized sorbent is 
injected with carrier air at the furnace exit. Spent and unreacted sorbents are then captured by 
the normal particulate collection device, an ESP of baghouse fabric filter. 

GR-SI demonstrations were conducted at two sites, on units typical of pre-NSPS utility boilers 
which contribute to emissions of acid rain precursor gases. One demonstration was at a 
tangentially fired unit (Illinois Power’s Hennepin Station Unit I), results of which are described 
in this report, while the other was at a cyclone tired unit (City Water Light & Power’s Lakeside 
Unit 7, in Springfield, Illinois). The environmental monitoring data from the other site are 
presented in separate documents. 

In accordance with terms of a cooperative agreement with project sponsors, EER prepared an 
Environmental Monitoring Plan (EMP) which specified environmental measurements to be taken 
during each phase of the project. The purpose of environmental monitoring was to verify that 
project emissions control levels were met, to ensure that there were no adverse impacts on the 
local environment, and to develop a data base for the GR-SI technology for future applications. 

Environmental monitoring was conducted durin g each phase of the project to determine 
pre-project (baseline) environmental impacts of operating Hennepin Station Unit 1 and impacts 
due to GR-SI operation. The monitoring during Phases I (Design and Permitting) and II 
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(Construction and Start-Up) was limited to compliance monitoring of coal analyses, ash sluice 
system water analysis, and emissions monitoring (NO,, 0,. CO) for use in the GR-SI system 
design. The Hennepin Station has been operating under two permits issued by the Illinois 
Environmental Protection Agency (IEPA). The air emissions source permit limits emissions 
of SO, while the National Pollutant Discharge Elimination System (NPDES) Permit regulates 
aqueous discharges to the Illinois River. Compliance with the SO, limit is determined by 
analysis of coal samples for theoretical SO, level below of 6.0 lb/MBtu. The only aqueous 
discharge pertinent to this project is Outfall 005, which is the discharge from the ash pond. This 
was of interest since spent sorbent changes the chemical makeup of the material sluiced to the 
pond. The compliance monitoring was continued in Phase III (Operation, Data Collection, 
Reporting and Disposition) and was supplemented with other measurements. These included 
monitoring of gaseous emissions NO,, SOz, CO, CO,, and hydrocarbons, N,O, particulate 
loading and size distribution, fly ash resistivity, and opacity. 

Funding for this project was provided by the U.S. Department of Energy (DOE), the Gas 
Research Institute (GRI), and the State of Illinois Department of Energy and Natural Resources 
(ENR). GRI and ENR were responsible for fundin g approximately one-third and one-sixth, 
respectively, of the total project costs. 

1.1 Gas Rebumina-Sorbent Iniection 

Gas Rebuming is a combustion modification in which primary (coal) firing to the burners is 
limited to 75 to 85 % of the fuel (corresponding to the total heat release). Nitrogen oxides (NO,) 
are formed in the burner region of the furnace from the oxidation of fuel bound nitrogen and 
from high temperature N, fixation in the flame. In GR, the reduction of NO, to molecular 
nitrogen (Nz) is accomplished via the downstream injection of the remaining fuel in the form of 
natural gas (which also reduces the total SO, emissions). Natural gas is injected with 
recirculated flue gas (FGR) through injectors in each corner of the unit. The FGR acts as a 
carrier to improve reburning fuel jet penetration and reduce mixing time. Sub-stoichiometric 
combustion of natural gas forms a variety of hydrocarbon fragments and free. radicals which 
reduces NO, to N,. In a third stage, burnout air is added at a relatively low temperature in the 
upper furnace to complete the combustion process without generating significant additional NO,. 
Three zones are created in the furnace with the following design stoichiometries: 1.10 (coal 
burner zone), 0.90 (rebuming zone), and 1.18 @urnout zone). 

Sorbent Injection (SI) involves dry injection of calcium based sorbents (such as limestone, 
dolomite, or hydrated lime) into the upper furnace. The micron-sized sorbent is injected with 
carrier air through multiple ports on the boiler front and side walls. In the furnace, the sorbent 
undergoes calcination to form highly reactive calcium oxide (CaO), which then undergoes 
sulfation to form calcium sulfate (CaSO,) and sulfite (CaSO,) solids. Sulfation reactions occur 
at temperatures of 2200°F down to 1600°F. The sorbent is typically input at a rate 
corresponding to a Ca (sorbent) to sulfur (coal) ratio of 2.0. Sorbent/SOz reactions can also take 
place at lower temperatures. Thus, it is possible to inject sorbent at different locations, such as 
with the burnout air, at the exit from the superheater, or into the ducting downstream of the air 
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heater with H,O added for humidification. The spent and unreacted sorbent are collected 
together with the fly ash by the electrostatic precipitator. SO, reduction of at least 50% was 
expected from both sorbent-SO2 capture and from replacement of coal with sulfur free natural 

I.2 Descriution of Host Boiler 

The host unit is a 71 MW, (net) tangentially fired unit, supplied by Combustion Engineering. 
At its normal continuous rating the unit produces 525,000 lb/hr of superheated steam at a 
temperature of 1005°F and a pressure of 1500 psig. It has a reheat steam cycle which reheats 
462,000 lb/hr of steam also to a temperature of 1005°F. It was commissioned in 1953 and fires 
a high sulfur (approximately 3%) Midwestern bituminous coal. Coal is pulverized to a 
specification of 70% passing 200 mesh U.S. Standard Sieve, then fired through three. levels of 
tangential nozzles. Coal combustion takes place in a swirling zone in the furnace. The 
combustion gases then flow through the convective pass consisting of a secondary superheater, 
high temperature reheater, primary superheater, low temperature reheater, economizer, and 
regenerative air heater. The unit is equipped with an ESP, which provides 223 ft’/lOOO actual 
cubic feet of flue gas per minute, at the units rated capacity. The ESP limits particulate 
emissions to well below the 0.1 1biMBtu limit. Combustion gases then are discharged to the 
stack. 

2.0 ENVIRONMENTAL MONITORING 

Environmental monitoring was conducted in each phase of the project. The purpose of the 
monitoring was to ensure that GR-SI operation was condlicted in an environmentally acceptable 
manner and to establish a data base of environmental parameters for use in future applications 
of technology. Monitoring in Phases I and II entailed compliance monitoring of ash sluice 
discharge water, coal analyses, and limited emissions characterization for the purposes of GR-SI 
process design. The measurements are shown in Table 2-1. The Phase III monitoring was 
aimed at obtaining a full range of measurements to determine process efficiency and impacts on 
gaseous or aqueous discharges. The supplementary measurements are listed in Table 2-2. The 
measurements of NO, and SO, emissions were of primary importance to verify that project 
target emissions reductions were met. Other measurements were used to characterize 
combustion completion (CO), ESP performance (particulate matter), and other species which 
may be impacted by GR-SI at a coal fired unit. EPA reference methods were used to verify the 
accuracy of continuous emissions measurements. 

3.0 RESULTS DISCUSSION 

The Environmental Health, Safety and Socioeconomic (EHSS) impacts of the GR-SI 
demonstration on the local region are discussed in this section. Following this, the results of 
environmental monitoring are presented. Impacts of GR-SI on the quality of water discharged 
from the site and in groundwater wells are discussed. The characteristics of the major waste 
product of GR-SI, solid fly ash/spent sorbent, are then discussed. The air 
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TABLE 2-l. HENNEPIN UNlT 1 COhlPLIANCE MONITORING 

MEASUREMENT 
Coal composition 

sulfur, ash, 
Btu, moisture 

ATR EMISSION SOURCE OPERATING PERMIT 
SAMPLE TYPE FREOUENCY LOCATION 
21 hour composite Daily Coal hoppers 

MEASUREMENT 
Flow Rate 

NPDES PERMIT 
SAMPLE TYPE FREOUENCY 
Single reading Onceiwk 

LOCATION 
Existing ash pond 

estimate discharge 
PH Grab sample Once/wk Existing ash pond 

discharge 
Total Suspended Solids 24 hour composite Onceiwk Existing ash pond 

discharge 
Oil and Grease Grab sample Twiceimo Existing ash pond 

discharge 
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TABLE 2-2. SUPPLEMENTAL EnfISSIONS MONITORING 

MEASUREMENT 

PHASE I 
Preliminary NO, 

02 
co 

PHASE II 
No measurement 

PHASE III 
Baseline NO, 

so2 
co 
co2 

02 
Particulate 
Particulate 
Particle Size 
Distribution 

Resistivity 
Velocity 
Opacity 
N2O 

Parametric NO, 
so2 
co 
co2 

02 
HC 
Particulate 
Particulate’ 
Particle Size 
Distribution 

Resistivity 
Velocity 
Opacity 
N2O 

SAMPLE TYPE 

Continuous (7E) 
Continuous (3A) 
Contiiluous (10) 

Continuous (7E) 
Continuous (6C), Method 6 
Continuous (10) 
Continuous (3A) Method 3 
Continuous (3A) Method 3 
Method 17 
Method 5 
Cascade Impactors 

Cyclonic flow probe 
Method 2 
In-situ optical 
Extractive 

Continuous (7E) 
Continuous (6C) 
Continuous (10) 
Continuous (3A) 
Continuous (3A) 
Continuous (25A) 
Method 17 
Method 5 
Cascade Impactors 

Cyclonic flow probe 
Method 2 
In-situ optical 
Extractive 

LOCATION 

Economizer Inlet 
Economizer Inlet 
Economizer Inlet 

Eton Outlet or Stack Breeching 
Eton Outlet or Stack Breeching 
Eton Outlet or Stack Breeching 
Eton Outlet or Stack Breeching 
Eton Outlet or Stack Breeching 
ESP Inlet 
ESP Outlet 
ESP Inlet and Outlet 

ESP Inlet 
ESP Inlet 
Stack Breaching 
Stack Breeching 

Eton Inlet or ESP Outlet 
Eton Inlet or ESP Outlet 
Eton Inlet or ESP Outlet 
Eton Inlet or ESP Outlet 
Eton Inlet or ESP Outlet 
Eton Inlet or ESP Outlet 
ESP Inlet 
ESP Outlet 
ESP Inlet and Outlet 

ESP Inlet 
ESP Inlet 
Stack Breeching 
Stack Breeching 



TABLE 2-2. SUPPLEMENTAL EMISSIONS MONITORING (CONTINUED) 

Long Term NO, Continuous (7E) 
Operation SO2 Continuous (6C), hlethod 6 

co Continuous (10) 
co2 Continuous (3A), hfethod 3 
02 Continuous (3A), hfethod 3 
HC Continuous (25A) 
Particulate Method 17 
Particulate Method 5 
Particle Size Cascade Impactors 
Distribution 

Stack Breeching 
Stack Breeching 
Stack Breeching 
Stack Breeching 
Stack Breeching 
Stack Breaching 
ESP Inlet 
ESP Outlet 
ESP Inlet and Outlet 

Resistivity Cyclonic flow probe ESP Inlet 
Velocity Method 2 ESP Inlet 
Opacity In-situ optical Stack Breeching 
N2O Extractive Stack Breeching 



emissions measured during the GR-SI demonstration are then presented. Finally, the impacts 
of GR-SI on worker health is addressed. 

3.1 EHSS Imoacts 

The EHSS impacts of the GR-SI demonstration were addressed prior to initiation of the project 
and evaluated during the testing phase. Health concerns for Hennepin Station personnel due to 
the GR-SI demonstration were limited to two areas: noise from GR-SI equipment and potential 
hazards in handling sorbent. The GR-SI system includes four fans. Data on the noise levels 
of three of the four were available and indicated that they produce noise. levels below that 
considered an audiometric hazard (85 decibels - averaged over 8 hours) at the fan casing. Data 
on noise from operation of the other fan were not available, but this was expected to be minor 
in relation to background station noise. The other health concern was from handling of sorbent. 
The sorbent is an alkaline material and is a known irritant. The transport system used to carry 
the sorbent to the silo incorporated features to limit fugitive dust emissions. The silo vent is 
equipped with a fabric filter to prevent fugitive dust emissions. The sorbent transmission system 
to the boiler also has design features to prevent dust emissions. In addition, specific handling 
techniques were developed in case project or IP personnel were required to directly handle the 
sorbent. This included use of tight goggles and dust masks, which have been required for 
employees handling sorbent at EER’s Santa Ana Test Facility. 

The socioeconomic impacts were also predicted prior to initiation of the project. The impacts 
of the GR-SI demonstration on the area surrounding the Hennepin Station were determined to 
be minor. The project required delivery of two truckloads of sorbent per week, but the 
transportation route was planned along a major highway and not along small residential streets. 
The added traffic was very minor in comparison to the 1800 vehicles which daily traversed 
nearby Interstate Highway 180. Economic impacts to the area were expected to be minor. A 
majority of the testing personnel involved in the GR-SI demonstration at Hennepin were from 
outside of the local area; they were EER personnel based in the Orrville, OH office. These 
included the Phase II construction manager and the Phase III GR-SI testing personnel. Some 
support, particularly in Phase II, was provided by local personnel. The use of local personnel 
and purchased materials had small positive impacts on the local economy. 

The energy and material requirements are part of the socioeconomic impacts. Full load GR-SI 
operation resulted in an increase io auxiliary power of approximately 300 kW. This is 0.4 
percent of the generating capacity of Unit 1 and 0.26 percent of the station capacity. Therefore, 
GR-SI had a negligible impact on the electric energy availability in the area. The project 
resulted in a reduction in coal usage due to firing 18 percent gas and due to the demand-related 
reduction in capacity factor from approximately 62 to 34 percent. These resulted in a reduction 
in coal usage by Unit 1 from approximately 184,000 to 98,ooO tons/year. The full load GR-SI 
design natural gas input was 2240 scfm and the average natural gas consumption over the 
long-term testing period was 1930 scfm. GR with 2240 scfm of natural gas at a capacity factor 
of 34 percent, results in a total annual consumption of 400 MSCF. Capacity exists to deliver 
3,400 billion SCF of natural gas annually to the U. S. market over current consumption; 
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therefore the natural gas used is a very small percentage of available natural gas. Full load GR- 
SI at a Ca/S molar ratio of 2.0 required sorbent input at a rate of 7,200 lb/hr. At a capacity 
factor of 34 percent, the annual sorbent usage is 10,720 tons: 

3.2 Water Ouality 

Aqueous discharges from the Hennepin Station are regulated by the National Pollutant Discharge 
Elimination System (NPDES) permit. A modified permit was issued by the Illinois 
Environmental Protection Agency (IEPA) on June 2, 1989. It specified discharge limits and 
monitoring requirements for the following sources of discharge water: 

Stream Number 
001 
001 (a) 
001 (b) 
001 (c) 
003 
005 
005(a) 

Discharee Stream 
Condenser Cooling Water 
Boiler Blowdown 
Intake Screen Backwash 
Roof Drain Discharge 
Ash Lagoon #2 and #4 Discharge 
Ash Lagoon #3 Discharge 
Chemical Metal Cleaning Waste 
Treatment System Effluent 

The GR-SI demonstration potentially impacted only Stream No. 005, which contains the bottom 
and fly ash transport water from Unit 1. Unit 1 sluice water was estimated to be 0.35 Million 
Gallons per Day (MGD), but was expected to increase to 0.69 MGD during full load GR-SI 
operation. The permit specified the frequency and type of sampling required to verify that the 
following maximum discharge limits were not exceeded: 

PH Minimum: 6 
Total Suspended Solids (TSS) Average: 15.0 mg/l 
Oil and Grease: Average: 15.0 mg/l 

Maximum: 9 
Maximum: 30.0 mg/l 
Maximum: 20.0 mg/l 

The permit also specified limits of thermal impacts on the main river water. A maximum 
temperature rise of 5°F above the natural temperature and maximum temperatures of 60 to 
90”F, depending on the month, are also specified. 

Application of GR-SI to Hennepin Unit 1 was expected to change the nature and quantity of ash 
produced, but expected impacts on the ash pond discharge water makeup were expected to be 
minor. The GR-SI ash is fully characterized in the following section. Only a minor impact on 
Total Suspended Solids (TSS) was expected, since the sorbent size is smaller than normal fly 
ash, with a mean particle diameter of 5 microns, and has a lower settling rate. But with proper 
retention time in the pond, any increase in total suspended solids was expected to be minor. 
Injection of CO, was used to bring the pH to the acceptable range, and no impact on the oil or 
grease was expected. Some increase in sulfates was expected since a fraction of the spent 
sorbent sluiced with fly ash is CaSO+ 
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The compliance monitoring conducted by IP during long-term GR-SI testing indicated no 
discharge from the ash pond. The existing pond is unlined, resulting in flow into the ground 
instead of discharge to the Illinois River. The monitoring sheets, submitted to IEPA, are 
attached in Appendix A. During the first quarter of 1992, eight sluice water samples were taken 
during baseline operation and five during GR-SI operation. The pH of all samples was in the 
6 to 9 range. 

Supplemental analyses of ash sluice water were conducted. Samples taken during baseline 
operation as well as the long-term testing period were analyzed and the results are shown in 
Table 3-3. The results indicate low metals content, with most metals not detected. Moderate 
levels of sulfates, Fe, and CaO were detected. The sluice water concentrations are not required 
to conform to the limits stated above since those apply to water discharged to the Illinois River 
and no discharge took place during the long-term testing period. 

Supplemental monitoring of groundwater was also conducted. The groundwater sampling data 
for sultite, sulfate, nitrate as nitrogen, nitrite as nitrogen, total dissolved solids, boron, chloride, 
etc., are presented in Table 3-4. The groundwater concentration standards depend on the 
classification. Class I and Class II groundwater have standards for total dissolved solids (TDS) 
of 1200 mg/l and sulfate of 400 mg/l. Application of GR-SI to the unit had the potential to 
increase sulfate concentration in the discharge water, from sluicing of solid CaSO,. Elevated 
groundwater concentrations of sulfates, relative to the standards, were measured in some of the 
wells. 

3.3 GR-SI 

GR-SI operation resulted in an increase in the quantity and a change in the makeup of the ash 
produced. Under GR-SI operation at a CaLS of 2.0, approximately 7,200 lb/hr of sorbent was 
injected. The sorbent reacted with flue gas SO, and oxygen to produce calcium sulfate and 
calcium sultite. Over the long-term GR-SI demonstration period the average calcium utilization 
was 24%, with the remainder of the sorbent passing through as unreacted lime (CaO). 

Changes in ash characteristics were evaluated by tiring coal representative of the normal supply 
at the Hennepin Station in a pilot scale test furnace, under conditions designed to simulate 
baseline and GR-SI conditions. The ash produced was then evaluated for characteristics shown 
in Table 3-5. The ash analyses were compiled in a document entitled “Pilot Scale Ash 
Characterization Test Report for IP Hennepin Station, Unit l”, which was issued in December 
1988. The results of ash characterisation with respect to composition, pozzolanic activity 
(compressive strength in a cement mix), temperature rise upon addition of water, and leaching 
properties are summarized below. 
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TABLE 3-3. SLUICE WATER ANALYSES 

24 hour Composite Samples From: 8:30 7120192 From: 8:30 7122192 
Sampling Period To: 8:30 7121192 To: 8:30 7123192 

Parameter Units 

mgll 
mg/l 
mg/l 
n1gl 1 
mg/ 1 
mg/ 1 
mg/ 1 
Illg/ 1 
mgl1 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mgll 

Method u &g&t Method 

Arsenic [As] (total) 
Barium [Ba] (total) 
Cadmium [Cd] (total) 
Chromium [Cr] (total) 
Lead [Pb] (total) 
Selenium [Se] (total) 
Silver [Ag] (total) 
Iron [Fe] (total) 
Manganese [Mn] (total) 
Mercury mg] (total) 
Boron [B] (total) 
Calcium Oxide 
Copper [Cu] (total) 
Nickel [Nil (total) 
Zinc [Zn] (total) 

SW6010 0.1 ND SW6010 
SW6010 0.003 0.022 SW6010 
SW6010 0.007 ND SW6010 
SW6010 0.025 ND SW6010 
SW6010 0.085 ND SW6010 
SW6010 0.2 ND SW6010 
SW6010 0.01 ND SW6010 
SW6010 0.017 0.18 SW6010 
SW6010 0.003 ND SW6010 
SW7470 0.005 ND SW7470 
SW6010 0.25 8.56 SW6010 
SW6010 0.3 110 SW6010 
SW6010 0.012 ND EPA200.7 
SW6010 0.034 ND EPA100.7 
SW6010 0.004 ND EPA200.7 

ND 
4.2 
ND 
1.6 
ND 
ND 
ND 
1100 
3.2 
ND 
ND 
1800 
0.8 
1.25 
6.46 

Total Dissolved Solids 
(Filt. Residue) 
Total Suspended Solids 
(Non-Filt Residue) 
Sulfate 
Oil and Grease (grav) 
PH (lab) 

mg/ 1 EPA160.1 620 EPA160.1 

mg/l 
mg/l 
mg/l 

S 

EPA160.2 
EPA375.4 
EPA413.1 
SW9040 

5 

5 
5 
2 
-- 

5600 
230 
ND 
9.21 

EPA160.2 
EPA3754 

EPAA413.1 
___ 

MDL 

0.2 
0.1 
0.1 
0.2 
0.2 
0.5 
0.2 
0.34 
0.1 

0.001 
0.5 
0.5 
0.2 
0.2 
0.2 

5 

5 
5 
2 
--- 

1100 

20000 
390 
ND 
_-- 

(BASELINE OPERATION) 

MDL: Method Detection Limit 
ND: Not detected at a concentration greater than or equal to the MDL 
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TABLE 3-3. ASH SLUICE WATER ANALYSES (CONTINUED) 
(LONG TERM DEMONSTRATION PERIOD) 

Date 

Test 

PH 

1 I6192 

____ 

11.08 

Dissolved Solids(mg/l) 1500 

Suspended Solids(mg/1)5500 

Sulfates (mg/l) 480 

Oil, Grease (mg/l) ND 

Metal cme/ka 

As 
Ba 
Cd 
Cr 
Pb 
Se 
& 
Fe 
Mn 
Hg 
B 
CaO 

ND 
5.9 
ND 
ND 
ND 
ND 
ND 
450 
5.4 
ND 
50 
74 

l/6/92 

____ 

11.61 

1200 

10000 

390 

ND 

ND 
3.8 
ND 
ND 
ND 
ND 
ND 
320 
3.6 
ND 
30 
53 

l/7/92 

BL 

11.28 

2100 

5000 

780 

ND 

ND 
9 

ND 
ND 
ND 
ND 
ND 
780 
8.0 
ND 
74 

110 

118192 

BL 

11.15 

1400 

4500 

500 

ND 

l/9/92 l/9/92 

GR GR 

11.11 11.30 

2800 3800 

2000 1400 

670 530 

ND ND 

ND ND ND 
5.6 5.4 4.4 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
530 360 330 
4.5 5.0 3.9 
ND ND ND 
50 54 40 
66 1600 1200 
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TABLE 3-S. ASH ANALYSIS PARAMETERS. 

PARAMETER METHOD 

Temperature Rise on Addition of Water 

Sulfate 

Phenols 

I& 
ASTM D4326 X 

ASTM D17.57 

Std Methods for Water and 

Wastewater (SMWW) Method 510 

Sultide 

Chloride 

Cyanide 

Total Organic Carbon 

Chemical Oxygen Demand 

EP Tox - Metals, Ph 

Paint Filter Test 

Specific Gravity 

Apparent Loose Density 

Apparent Packed Density 

Fineness 

Temperature Rise on Addition of Water 

Pozzolanic Activity 

Increase of Drying Shrinkage 

Autoclave Expansion 

Water Requirement 

Settling Rate of Water 

SMWW 427 

SMWW 407C 

SMWW 412 

ASTM D429 

ASTM D1252 

Ref: EPA SW-846 

Ref: EPA SW-846 

ASTM C188, C618 

ASTM Cl 10-85, Section 15 

ASTM CllO-85, Section 16 

ASTM 430, C618 

ASTM CllO-85, Section 10 

ASTM C311, C618 

ASTM C311, C618 

ASTM C151, C618 

ASTM C311, C618 

ASTM Cl 10-85, Section 9 

SAMPLES 
ANALYZED 

X 

X 

X 

X 

X 

GR-SI 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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The baseline ash (without GR-SI) contained approximately 55 percent silica, 21 percent alumina, 
12 percent ferric oxide, and various other materials and trace minerals. The GR-SI ash was 
approximately 50 percent spent sorbent, with 42 percent calcium oxide and 6 percent sulfur 
trioxide (calcium sulfate), 28 percent silica, 11 percent alumina, and 6 percent ferric oxide. The 
high CaO content influenced several characteristics including pozzolanic activity and temperature 
rise upon addition of water. 

Pozzolanic activity was evaluated by two tests, a ‘I-day and 28-day test. The evaluation involves 
replacement of 35 percent of a cement mixture with the material to be tested. The results of the 
7-day test indicated a compressive strength of 505 psi. The 28-day test results are presented as 
a percentage of the control (pure cement case). The extended test hardness was 127 percent of 
the control, i.e. 27 percent stronger than pure cement. Therefore, the fly ash/sorbent mixture 
has cementitious properties, hardening to a very strong material. 

Another characteristic affected by the high CaO content is the temperature rise upon addition of 
water. The baseline ash showed a temperature rise of only 0.5”C upon addition of water, while 
addition of water to GR-SI ash resulted in a temperature increase of 9°C. The weight ratio of 
water to ash in these evaluations was approximately 4:1, which is significantly less than the 
17.6: 1 used in sluicing the ash. Therefore, the actual water temperature rise was significantly 
less than determined by this test. 

The leaching characteristics of the ash were evaluated in an EPA EP toxicity test. The metal 
content and the limits requiring classification as a hazardous material, are presented in Table 
3-6. Both baseline and GR-SI ash have metal contents far below the EPA hazard level. 
Reductions in leaching of Cadmium and Chromium from GR-SI ash relative to baseline ash were 
measured. It would be expected that leachate from GR-SI ash would have lower metals content 
than baseline fly ash since the sorbent is over 90 percent calcium hydroxide. Also, for EP 
toxicity tests, the higher pH of this GR-SI ash binds the heavy metals, making them significantly 
less prone to leaching. 

3.4 Emissions Gaseous 

The IEPA limits gaseous emissions of SO, to 17,050 lb per hour, from Units 1 and 2. 
Compliance monitoring of coal analyses is required with a level below 6.0 lb/MBtu indicating 
compliance. During the first three quarters of 1992, the coal sulfur contents were: Quarter 1, 
1992 -- 5.26 lb/MBtu, Quarter 2, 1992 -- 5.30 Ib/MBtu, Quarter 3, 1992 -- 5.32 lb/MBtu. 
GR-SI operation resulted in reduction in emissions of SO,, NO,, CO,, HCl, and HF, while CO 
emissions were maintained generally below 100 ppm. Over the long-term GR-SI testing period, 
the average emissions and reductions from Unit 1 were: 

sa2 
2.510 

Emissions (IblMBtu) Reduction From Baseline (%) 
w a22 EC! HE s& NO, cQ2 m HF 

0.246 189 0.017 0.00010 52.7 67.3 7.8 73.0 97.0 
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TABLE 3-6. RCRA EP CHEMICAL CHARACTERIZATION 

Arsenic (mgil) 

Barium (mg/l) 

Cadmium (mg/l) 

Chromium (mg/l) 

Hexavalent Chromium, Cr+6 
WU 

Lead (mg/l) 

Mercury (mgil) 

Selenium (mgll) 

Silver (mg/l) 

BASELINE ASH GR-SI ASH 

<O.l co.1 

<0.2 <0.2 

0.08 co.01 

1.26 0.14 

<0.2 <0.4 

5.0 

100.0 

1.0 

5.0 

<0.05 co.05 

< 0.0005 < 0.0005 

<O.l <O.l 

0.02 0.08 

5.0 

0.2 

1.0 

5.0 

Sample Weight (g) 

Volume of 0.5 N acetic acid 
required for pH adjustment 
(ml) 

100.02 

200 

100.04 

400 

Volume of deionized water 
added to the extract (ml) 

Final volume of the extract 
(ml) 

1800 1600 

2000 2000 

Initial pH 10.44 12.22 12.5 

Final pH 4.86 12.14 

EPA 
HAZARD 
LEVEL 
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All of the above emissions were measured, with the exception of the CO, emissions rate which 
was calculated based on natural gas and coal composition. The HCl and HF emissions and 
reductions are the median of measured data during GR-SI operation. 

N,O emissions were also measured during the first quarter of 1992, under baseline, SI, and 
GR-SI operation. The average N,O emissions were: 0.8 ppm (baseline), 1.4 ppm (SI), and 1.6 
ppm (GR-SI). These levels are very low, indicating that GR-SI operation results in insignificant 
emissions of NzO. 

Fly ash resistivity measurements indicated an increase from the baseline range of 3~10’~ to 
8~10’~ ohm-cm, to the range of 6x10” to 3x10” ohm-cm under GR-SI. However, flue gas 
humidification, used when injecting sorbent, enhanced ESP performance. 

Particulate matter sampling was conducted during baseline, GR, and GR-SI operation. The 
maximum emissions rate was 0.035 lb/MBtu, measured during baseline operation. Flue gas 
humidification was successfully applied, resulting in particulate emissions in the 0.015 to 0.025 
Ib/MBtu under full-load GR-SI operation. A smaU increase in the fraction of the PM,, was 
observed for GR-SI emissions. During full-load GR-SI operation the fraction of particulate 
matter under 10 microns was approximately 75 to 90 percent of the outlet loading. This may 
be compared to a baseline PMIO fraction of approximately 60 to 75 percent. But since the total 
mass of particulate emissions are reduced by a small amount [GR-SI Full Load Average: 0.021 
Ib/MBtu, Baseline Full Load Average: 0.026 Ib/MBtu] this change in the fraction of PM,, did 
not increase the total mass of PM,, emitted. 

3.5 Worker Health 

Monitoring of noise levels near the unit was conducted during GR operation in January, 1992. 
The noise levels were measured at several locations including, near the sootblower air 
compressor, west of the overfire air duct on the 5th floor, and in the sorbent fan area on the 4th 
floor. The audiometric device used was a Bruel & Kjaer Model Number 2205. The results 
indicate that noise exceeded the Department of Labor’s Occupational Safety and Health 
Administration (OSHA) noise ‘action limit’ of 85 decibels (applied over an 8-hour period) only 
near the sootblower air compressor. While the noise level exceeded 85 decibels at this location, 
employees are only briefly at this location during eight hour period. Audiometric hazard 
warning signs have been posted on the sootblowing air compressor and on the entry doors to the 
sorbent silo. 

TABLE 3-7. NOISE LEVELS NEAR HENNEPIN UNIT 1 

DC& Test Location . . Test Condm 
l/14/92 Sootblower Air Compressor (In-Service) GR 
1114192 Fourth Floor, west side of boiler GR 79 
l/14/92 Fifth Floor, west of OFA duct GR 79 
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OSHA has also established a standard for total dust exposure of 15 mg/m3 and standard for coal 
dust of 2.4 mg/m3, above which employees should not be exposed for more than 8 hours. 
Ambient air sampling was conducted in January, 1992. The results indicate very low dust levels 
as shown in the following table: 

&& 
l/14/92 
l/14/92 
l/18/92 
l/18/92 
l/21/92 
l/2 l/92 
l/22/92 
l/22/92 

TABLE 3-8. AMBIENT DUST LEVELS OUTSIDE OF PLANT 

Filter Number Location TSP l&m31 
1453 upwind 16.7 
1452 downwind 21.9 
1455 upwind 21.4 
1454 downwind 22.5 
1456 upwind 63.2 
1457 downwind 36.2 
1459 upwind 39.5 
1558 downwind 20.5 

Plant Contribution fun/m31 
5.2 

1.1 

Negligible* 

Negligible* 

TSP: Total Suspended Particles 
*: High background contribution from neighboring plant facility 

Air sampling in several work areas was also conducted. The results indicate that dust levels are 
below 15 mg/m3 in all areas with the exception of inside the lime silo. High dust levels would 
be expected in this location, requiring use of protect&dust masks. 

TABLE 3-9. AMBIENT DUST LEVELS INSIDE OF PLANT 

l2i-G Location QQgv &t Concentration fme/m3) 
l/14/92 Inside lime silo GR 33.8 

Fifth Floor GR 7.43 
l/17/92 Inside lime silo Baseline 8.14 

Fifth Floor Baseline 3.22 
m&t!2 - Condition Dust Conce tration Ime/m31 
l/21/92 Inside lime silo GR-SI 1216 

Fifth Floor GR-SI 1.37 

While the high dust level inside the lime silo was measured during GR operation, the high dust 
level may be attributed to GR-SI operation during the previous day. 
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4.0 PERMIT CONSIDERATIONS 

Permitting considerations for the Hennepin Unit 1 GR-SI demonstration project were considered 
at the beginning of the project. The analysis focused on determining the necessary permitting 
changes for installation and operation of the GR-SI system. Several permanent and temporary 
modifications required consideration, including: 

. temporary reductions in NO, and SO* 

. possible temporary increase in PM,, 

. possible increase in stack gas temperature 

. discharge of ash/sorbent sluice water 

. permanent humidification capability 

. permanent sorbent injection capability 

The temporary reductions in NO, and SO, emissions due to GR-SI operation had the potential 
for application of NSPS or PSD provisions of the CAA upon completion of the program, when 
the emissions would rise to original levels. Section 60.14 of Title 40 of the Code of Federal 
Regulations (40 CFR 60.14) states that “any physical or operational change to an existing facility 
which results in an increase in the emission rate to the atmosphere of any pollutant to which a 
standard applies shall be considered a modification” necessitating permitting of the facility as 
a new source. In addition, 40 CFR 52.21 indicates that an increase in NO, or SO2 emissions 
of 40 tpy (36 ton/a) makes a source subject to PSD provisions of the CAA. But, since the 
primary purpose of the retrofit was to control gaseous emissions, it was expected that EPA 
would rule that the retrofit was not a modification requiring new emissions standards. 

A modified permit to construct was issued by the IEPA on May 27, 1992. The permit granted 
construction of a flue gas humidification system, a sorbent silo with fabric filter, a sorbent surge 
tank with a fabric filter, a multiclone in the flue gas recirculation line, and the sorbent injection 
system. The permit also stated the following: 

. The construction and operation of the Clean Coal Technology (CCT) program 
does not constitute a modification as defined in 40 CFR 60.14. Since the 
equipment installed has the primary function of reducing air pollutants, under 
40 CFR 60.14 (e) (5), it is exempt from being considered a modification. 

. Annual emissions of particulate. matter and PM,, during the CCT 
demonstration program shall not increase more than 24.9 and 14.9 tons, 
respectively, above the pre-CCT demonstration levels. Accordingly, the CCT 
project does not constitute a major modification for purposes of 40 CFR 
52.21. 

. The Clean Coal Technology (CCT) demonstration project shall be limited in 
operation to one year, provided that this project may be formally extended by 
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the Agency, if necessary, to complete the CCT demonstration program but not 
to exceed 5 years including time needed to restore the boiler to original 
operating conditions. The limited operation period classifies the project as 
temporary. 

. As a temporary demonstration project, emissions from this unit during the 
demonstration project shall not be considered “representative” for the purposes 
of PSD or NSPS emissions comparisons. Accordingly, removal or 
discontinued use of the CCT demonstration equipment shall not be considered 
as a modification for purposes of 40 CFR 52.21 or 40 CFR 60.14. 

. Routine actions taken to restore this unit to its pre-CCT demonstration 
condition and operating at the condition and capability will not subject this 
unit to the requirements of 40 CFR 52.21 or 40 CFR Part 60. 

. The emissions limits, 35 Ill. Adm. Code 212, 214 and 217, which currently 
apply to this unit shall not change as a result of the construction, removal or 
discontinued use of the CCT demonstration equipment, as described in the 
application. 

Therefore, a return to pre-project emissions will not trigger application of NSPS or PSD 
provisions. 

The permit also required that particulate matter emissions measurements be conducted upon 
resumption of GR-SI testing. These tests revealed that humidification effectively enhanced ESP 
performance, resulting in no change in particulate matter emissions and little change in the ESP 
outlet and stack gas temperature. 

The project originally called for construction of a new ash pond for disposal of the ash/spent 
sorbent. This would have required modification of the NPDES permit as well as additional 
permitting considerations due to construction in a 1Wyear floodplain. Due to several factors 
including prohibitive cost of construction of a new ash pond, sluicing of the GR-SI ash to the 
original pond was decided upon. A modified NPDES was issued by the IEPA addressing the 
required handling of GR-SI ash and the required environmental monitoring in case of a discharge 
to the Illinois River. The permit specified use of CO,, acetic acid or other chemical to adjust 
the pH to approximately 9.0. Other, less costly methods of neutralisation were prohibited due 
to their potential to increase chloride and sulfate levels in the Illinois River and groundwater. 
Since no discharge to the river occurred during the GR-SI demonstration, the extensive 
monitoring specified was limited. If a discharge had occurred, two types of testing would have 
been required: chemical specific testing on a quarterly basis, and biomonitoring of acute toxicity. 
The chemical specific testing was conducted regularly, even though not required by the conditions 
of the NPDES Permit. Biomonitoring was not conducted. 
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5.0 MODIFICATIONS TO MONITORING PLAN 

Outfall and Groundwater Monitoring (NPDES Permit) 

Prior to the initiation of the project, a modified (NPDES) permit was issued July 15, 1985 with 
an expiration date of April 1, 1990. Five discharges were permitted plus four secondary 
discharge streams. Flow, pH, Total Suspended Solids, and Oil & Grease were being monitored 
on a weekly or twice monthly basis for Discharge No. 5 (from the Cwest] ash pond receiving ash 
sluice from Unit #l). 

Subsequent to the installation and initial operation of the GR-SI system, a Reissued (NPDES) 
Permit was issued on August 10, 1992, to expire July 1, 1997. Modifications for Discharge No. 
5 added the following special conditions: 

13.a) Notification of Agency on date the GR-SI project begins 
13.b) The raw residue transport water shall be pH adjusted using carbon 

dioxide or other chemicals which will not contribute chlorides or 
sulfates to the waste stream 

13.~) Groundwater monitoring shall be conducted during the 
demonstration project and for six months, thereafter 

13.d) Modeling or dye tracing to identify the West Ash Pond System 
effluent mixing characteristics with the Illinois River 

17.a) Chemical-Specific Testing 
17.b) Biomonitoring 
17.b. 1) Standard Definitive Acute Toxicity Tests 
17.b.2) Testing Frequency 
17.b.3) Toxicity Assessment 
17.~) Benthic and sediment monitoring 

Of these special conditions, only 13.a), 13.b) and 13.~ became implemented, since no discharge 
occurred from the outfall of the West Ash Pond to the Illinois River. 

Air Emissions Monitoring 

Construction Permit 

The construction Permit was granted for the construction of the Gas Rebuming-Sorbent Injection 
system at Hennepin Boiler #l. The special conditions applicable to this construction were: 

la) The construction and operation of the Clean Coal Technology (CCT) 
demonstration equipment does not constitute a modification as defined in 
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lb) 

W 

2b) 

w 

3) 

9 

4b) 

4c1 

44 

40 CFR 60.14. 

Since annual emissions of PM and PM,, will increase minimally, the 
project does not constitute a major modification for purposes of 40 CFR 
52.21. 

The CCT demonstration project shall be limited to operation to one year, 
but able to be formally extended by the agency. 

Emissions from this unit during the demonstration project shall not be 
considered “representative” for the purposes of PSD or NSPS emission 
comparisons. 

Routine restoration to pre-CCT demonstration condition will not subject 
this unit to the requirements of 40 CFR 52.21 or 40 CFR part 60. 

The emissions limits which currently apply to this unit shall not change as 
a result of the construction, removal or discontinued use of the CCT 
demonstration equipment. 

Within 90 days of full load or 180 days of full startup, the particulate 
matter concentrations in the effluent stream of Boiler #l shall be measured 
by an approved testing service. 

Prior to carrying out particulate tests, notice shall be given to the Agency’s 
regional office and the Agency’s Source Emission Test Specialist. 

Three copies of the Final Reports shall be submitted to the Agency within 
14 days. 

A copy of the summary of Results, General Information, and Conclusions 
as contained in the Final Report, shall also be submitted to the Source 
Emission test Specialist. 

Imposition of these Special Conditions in 4a - 4d of the Construction Permit established the 
requirement to test the emissions after the operation of the unit as fitted with the Gas Rebuming- 
Sorbent Injection system. The Special Conditions of la - 3 established an understanding and 
assurances that the acts of installing, operating and restoring the GR-SI system would not cause 
reclassification of the unit to a higher level required emission control. 

Reporting 

The original environmental reporting schedule was based on quarterly reports covering multiple 
sites and possibly multiple phases. Through mutual agreement and approval by DOE, 
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environmental reports will occur at the completion of each major portion of the demonstration 
and will include only that portion of the overall project. 

The Environmental Monitoring Reporting is revised from a quarterly basis to one where a 
monitoring report, i.e., Environmental Monitoring Test Series Report (EMTSR) is written at the 
completion of each major demonstration task. DOE agrees that the EMTSR’s would be more 
comprehensive, meaningful, and save manpower along with associated costs. 

Modifications and Corrections 

During the period of this (Long Term Load Following Operation), the following modifications 
were made to the monitoring plan: 

9-30-g 1 
There is one recommended modification to the proposed monitoring plan now listed in Tables 1 
and 2. In Table 2, under the air measurement category, the coal dust parameter has been deleted 
and an ambient dust parameter added. This ambient dust parameter will be sampled with a Hi- 
Volume sampler once prior to Phase III and during Long Term Testing at a location upwind and 
downwind of the sorbent silo. Monitoring the ambient dust at the sorbent silo will more 
accurately document the potential impact of GR-SI related dust on worker health and safety. 

12-31-91 
The recommended modifications to the proposed monitoring plan listed in Tables 2 are as 
follows: Under the supplemental water measurement category, the frequency of monitoring the 
Illinois River has been changed to reflect monitoring once prior to Phase III testing, and once 
during long term testing; Under the gaseous emissions category the opacity parameter has been 
deleted and replaced with particulate data because the combined stack opacity readings at 
Hennepin do not accurately represent only Unit #l opacity readings; Also under gaseous 
emissions category the velocity parameter has been deleted due to the combined stack velocity 
readings. The combined stack velocity readings do not provide accurate data for conducting 
ambient air models for Unit #I. 

The recommended modifications to the footnotes in Table 2 are listed below. 

Footnote #l- Monitoring will occur once prior to GR-SI operation, quarterly until the 
program is completed, and quarterly through closure and post-closure 
piOdS. 

Footnote #3- Sampling will be conducted once prior to Phase III, then monthly for the 
first six months of long term testing. 

Footnote #5- Samples will be collected once prior to Phase III, and once during long 
term testing. Additional testing will be conducted if the NsO concentration 
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exceeds 5 ppm. 

Footnote #7- Sampling will be conducted once prior to Phase III. During long term 
testing, sampling will be conducted monthly for the first three months. 

Footnote #8- Sampling will occur once prior to Phase III, and CEM data will be reported 
during long term testing. 

Footnote #!9- Deleted. 

3/31/92 
The recommended modifications to the proposed monitoring plan listed in Table 2 under 
Supplemental Gaseous Emissions are as follows: Under the frequency of monitoring for NO,, 
SO,, CO, CO,, O,, and HC, Footnote #9 should be changed to read Footnote #8. This was a 
typographical error. 

9130192 
Tables 1 and 2, incorporating the changes noted above, can be found in Appendix C. 

6.0 CONCLUSIONS 

Extensive environmental monitoring in the areas of gaseous and aqueous discharges, worker 
health, solid waste characterization, and other areas showed that GR-SI significantly reduced 
gaseous pollutants and had only minor effects on other areas. Over the long-term GR-SI 
demonstration, NO, and SO, were reduced by 67 and 53%, respectively. Emissions of other 
species including CO, total particulate matter, and PM,, were unaffected by GR-SI operation. 
The major aqueous stream which may have been impacted by the GR-SI process, the ash pond 
discharge, had no flow during the demonstration. However, direct sluice water and groundwater 
sampling showed acceptable water quality, with some elevated groundwater sulfate levels which 
existed before the GR-SI demonstration. Compliance analyses of coal showed that all samples 
had a theoretical SO, level below 6.0 lb/M&u. Characterixation of the solid waste, which is a 
mixture of fly ash and spent sorbent, indicated that it is a nonhazardous material with low levels 
of metals in the leachate, it results in a modest temperature rise upon addition of water, and it 
has cementitous properties. Worker health monitoring showed that exposure to noise and ambient 
dust was generally within applicable standards, with audiometric protection and goggles/dust 
mask required in specific areas. Overall, the project had minor impacts ion the local 
environment, while significantly reducing acid rain gases. 
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NP(IES Pennit No. IL1001554 

Illinois Environmental ?rotec:ico Agency 

Division of Water Pollution Csntrol 

2200 Churchill Road 

P.O. Box 19275 

Springfield. Illinois 627969276 

NATIONAL POLLUTANT DISCHARGE EL!MNAIION SYSTEM 

Reissued (NPOES) Pernit 

Expiration o?.:e: July 1. 1997 

Name and Address of Pennitttt: 

Illinois Power Company 
500 South 27th Street 
Port Office Box 511 
Decatur, Illinois 62525-1805 

Discharge Number and Name: 

NO. 
NO. 
NO. 

001 Condenser Cooling Water 
001(a) Boiler Blowdown 
001(b) Intake Screen Backwash 

NO. 
NO. 
NO. 
No. 

Issue Ode: August 10, 1992 
Effective Date: September 9, 1992 

Facility Name and Address: 

Illinois Power Company 
Hcnncpin Power Plant 
Henntpin. Illinois 61327 
Putnan county 

Receiving Waters 

Illinois River 

001(c) Roof Orain Oischarge 
003 Ash Lagoon X2 and .M Oischargc 
005 Ash lagoon Yl and #3 Discharge 
005(a) Chemical fletal Cleaning Waste Treatment System Effluent 

In compliance with the provisions of the Illinois Environmental Protection Act, Subtitle C Rules 
and Regulations of the Illinois Pollution Control Board. and thr NPCP. the above-named permitter 
is hereby authorizcd to discharge at thr above location to the above-n&red receiving stream in 
accordance with the standard conditions and attachments herein. 

Permittee is not authorircd to discharge after the above expiration date. In order to receive 
authorisation to discharge beyond the expiration date. the permittee shall submit the proper 
application as required by the Illinois Environmental Protection Agency (IEPA) not later than 180 
days prior to the expiration date. 

m+ 
Hanrgcr. Permit S&ion 
Division of Water Pollution Control 

TGti:TRK:jd/O495E/3 
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NPOES Permit No. ILOOOlSS4 

Effluent Limitations and Hanitaring 

PARAMETER 

LOAD LIMITS 
lbsldav 

30 DAY DAILY 
AVG. FAX. 

CON$F;RA;IOy 
I.15 a/ 

30 DAY 
AVG. 

SAHPLE SAMPLE 
FREQUENCY TYPE 

I. from the effective date of this permit until the expiration date. the effluent of the following 
discharge(s) shall be monitored and limited at all times a.s follows: 

Flow 

Outfall(s): 001 Condenser Cooling 'dater 

This discharge consists of: 
Condenser Gaoling Water 1. 

:: 
House Service Water 
Boiler Blowdown 

4. Intake Screen Backwash 
5. Roof Orain Discharge 

Approximate Flow 
153.26 HGD 

7.0 HGD 
0.027 HGO 
0.258 MGD 

Intenittent 

Daily 24-Hour 
Total 

Total Residual 
Chlorine See Special Condition No. 3 

Temperature See Special Condition No. 4 

'See Special Condition No. 3 

I/U.xk = 

Daily Continuous 

Outfall(s): 001(r) Boiler Blowdown Approximate Flow 
0.027 MGD 

Flow l/Week Single 
Reading- 
Estimate 

Total Suspended Solids 15.0 30.0 l/Week 24-Hour 
Composite 
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CPlES Pennit No. ILOOOlSS4 

Effluent Limitations and Monitoring 

PARAMETER 

LOAD LIZITS CONCENTRATION 
lbs/dav L!XTS ma/l 

30 DAY OAILY 30 OAY DAILY 
AVG. r&x. AVG. tax. 

SAMPLE SAHPLE 
FREQUENCY TYPE 

1. From the effective date of Lhis permit until the expiration date. the effluent of the following 
discharge(r) shall be monitored and limited at all times as follows: 

Outfall(s): 001(b) Intake Screen aackwash 

Approximate Flow 
0.26 mo 

Flow l/Week Single 
Reading 
Estimate 

So as to minimirc adverse impacts, for purposes of 
this permit. the intake structure operation and 
maintenance shall include, but not be limited to. 
the following: 
1. Outer bar racks shall be routinely cleaned 

and collected debris properly disposed. 
2. The trawling screens shall cormncncc 

operating whenever the head loss across 
the screens exceeds four (41 inches. 

3. The travcling screens shall be operated 
at least once per 8 hour shift, provided, 
however. that this requirement shall be 
inrpplicablr when the generating units 
arc not operating. 

Outfall 001(b) may be routed either to.thc 
discharge flume or directly to the 
Illinois River. 

Outfall(s) OOllc) Roof Orain Oischargc 

This discharge consists of: 
1. Power Block Building Roof Drains 

See Standard Condition No. 17 

Approximate Flow 
Intermittent 
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NPOES Permit No. iLOOOlSS4 

Effluent Limitations and flonitorirg 

PARAUETER 

LOAD LIMITS 
lbs/dav 

30 DAY DAILY 
AVG. tax. 

CONW;ZITION 
L. _ 5 mall 

30 DAY' DAILY 
AVG. tax. 

SAMPLE SAnPLE 
FREQUENCY TYPE 

1. From the effective date of this permit until the &piration date, the effluent of the following 
discharge(s) shall be monitored and limited at all times as follows: 

Outfall(s): 003 Ash Lagoon #2 and #4 DisciarSe 

Flow 

This discharge consists of: 

:: 
Unit 2 Bottom Ash and Fly Ash 

A;prq$te Flow 

0emincrali;er Regenerate Wastes 0:0X IIGO 
3. Unit 2 Non-chemical Metal Cleaning Washwater Intenittent 
4. Unit #l and Unit rZ Ash Hopper Overflow" 0.20 HGO 

z: 
Fly Ash Air Separator Overflow Intermittent 
Ash Hopper Tank Emer ency Overflow 

87: 
0eminerali:er Room F 9 

Intermittent 
oar Orainage Intermittent 

Power Block Building Floor Drains and Sump Oischarges 0.1 MGO 
9. Reverse Osmosis Unit Concentrate 0.036 mo 

l/Week Single 
Reading 
Estimate 

PH See Special Condition No. 1 l/Week Grab 

Total Suspended Solids 15.0 30.0 l/Week 24 Hour-*- 
Composite 

Oil and Grease 15.0 20.0 Z/tionth Grab 

"This wastestream may be discharged to the East (Outfall 003) or West (Outfall 005) Ash Pond 
System. 

"'See Special Condition No. 6 
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NPOES Pennit No. ILOOOlSS4 

Effluent Limitations and Monitoring 

PApAtlETER 

LOAD LIHITS 
lbsldav 

30 DAY DAILY 
AVG. MAX. 

CONC~~iRATION 
L!Y i mu 1 

30 OAY OAILY SAMPLE SAHPLE 
AVG. ru. FREQUENCY TYPE 

I. From the effective date of this permit until the expiration date, the effluent of the fallowing 
discharge(s) shall be monitored and limited at all times as follows: 

,..~, _. 

Outfall(sl: 005 Ash Lagoon #l and #3 Discharge 

Thi s discharge consists of: 
Unit #I Bottom Ash and Fly Ash Tianspart Water 
Unit Yl and #2 Ash Hopper Overfla~"" 
Coal Breaker Building Drain Sump 
Illinois River Ored 

7 
e Spoils 

Unit #l Non-chcmica Metal Cleaning WasSwater 
Chemical Metal Cleaning Waste Treatment System 
Effluent 
Coal Pile Runoff 
Unit #l and Unit #2 Ash Line Lox Point Orainoff 
Crib Hausr Sum _ .- ..____ _-~.~r 
Well Water Drain Line 
Water Treatment Plant Sump 
Boiler Drum Chemical Tank Orainage 
Gas Reburning/Sorbent Injection Waste 

Approximate Flow 
0.21 mo 
0.2 iit0 

Intermittent 
Intermittent 
Intewittent 
Intenittcnt 

fntemittent 
Intcnittcnt 
Intermittent 
Intanittent 
Intermittent 
1;t;gm;$lt 

Flov l/Weak Single 
Reading 
Estimate 

PH See Special Condition NO. 1 l/Week Grab 

Total Suspended Solids 15.0 30.0 l/Week 24 "r""' 
Composite 

Oil and Grease 15.0 20.0 t/Month Grab 

**-*This wastestream may be directed to the East Ash Pond Systw (Outfall 003). 
***.* See Special Condition No. 6 
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N?QES Penit No. IL0001554 

Effluent Limitations and Monitoring 

PARAUETER 

LOAQ LIHIiS CONCENTRATION 
lbs/dav LIHITS ma/l 

30 DAY DAILY 30 DAY DAILY 
AVG. fax. AVG. uu. 

SAiiPLE SAflPLE 
FREgUENCY TYPE 

1. From the effective date of this penit until the expiration date, the affluent of the following 
discharge(s) shall be monitored and limited at all times as follows: 

Outfall(s): OOS(a) Chemical Metal Cleaning Waste Treatment System Effluent 

Approximate Flow 
Intermittent 

Flow 

Iron (Total) 

Capper (Total1 

Oaily When 24 Hour 
Discharging Total 

1.0 Daily When 24 Hour 
Discharging Composite 

1.0 Daily When 24 Hour 
Discharging Composite 
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NPDES Permit No. IL?tYllZ54 

Soecial Conditig?s 

The pH shall be in the range 6.0 to 9.0. 

Samples taken in compliance with the effluent monitoring requirements shall be taken at a 
point representative of the discharge, but prior to entry into the receiving stream. 

A. During times when the condenser cooling water is chlorinated intermittently, total 
residual chlorine (TRC) may not be discharged from the station for more than three hour:' 
per day or from any single generating unit's main cooling condensers for more than two 
hours per day. The discharge limit is 0.2 mg/l. measured as an instantaneous maximum. 

1. Continuous TRC monitoring throughout a representative chlorination period shall be 
perfanned once per week in the cooling water discharge flume during the respective 
chlorination period of one condenser half allowing for lag time between the 
initiation of chlorination and the time of sampling. For continuous chlorine 
monitoring, analytical data from only two representative monitoring periods each 
month need be reported on the monthly discharge monitoring report. The time of 
sampling, the time and duration of the chlorine dosing period, and the amouot of 
chlorine applied shall be reported. 

2. If continuous monitoring cannot be perfanned. a minimum of three grab samples shall 
be collected in the discharge flume at five minute intervals or less. once per weak 
during a representative chlorination period, allowing for lag time between the 
initiation of chlorination and the time of sampling. to develop a chlorine 
concentration curve. The time of sampling. the time and duration of the chlorine 
dosing period, and the amount of chlorine applied shall be reported. 

B. During times when the condenser cooling water is chlorinated continuously. the discharge 
limit is 0.05 mg/l. measured as an instantaneous inaximum. 

C. Chlorination of house service water is authorired by this permit, provided that the 
discharge limits above arc not exceeded at Outfall 001. 

Discharge of wastewater from this facility must not alone or in combination with other 
sources cause the receiving stream to violate the following thermal limitations at the cdga 
of the mixing zone which is defined by Section 302.211. Illinois Adm<nistrativa Code. Title 
35. Chapter 1. Subtitle C. as amended: 

Maximum temperature rise above natural temperature must not exceed 5.F (2.78'C). 

Water temperature at representative locations in thr rain river shall not exceed the 
maximum limits in the following table during more than one (1) percent of the hours in 
the IZ-month period ending with any month. Horcovcr. at no time shall the water 
temperature at such locations exceed the maxilrmn limits .in the following table by more 
than 3'F (1.67.C). (l'ain river temperatures are temperatures of those portions of the 
river essentially similar to and following the sunr thermal regime as the temperatures of 
the main flow of the river.) 

J&LEA tiaL epr; l!u &!x?dxb!&5sJlLQLL!!nLk t 
*F 60 60 60 90 90 90 90 90 90 90 90 60 i 

'C 15.6 15.6 15.6 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 15.6 

C. At times when the river water intake temperature is lrrr,than or equal to 4l.F. the 
pc&ttee shall either (1) screen the condenser cooling rater discharge flume so as to 
restrict the entry of fish into the discharge flume but allow the passage of fish from 
the flume which may have become trapped in the flume II 1 result of high river stage 
conditions, or (2) operate the condenser cooling rater pumps at the cribhouseiaccording 
to the following protocol: 

a. Whenever Unit 1 is in sewice. both Unit 1 circulating cooling water pumps must be 
operated if available. or one Unit I pump and one Unit 2 pump must be operated. 

b. Yhenever Unit 2 is in service. batk Unit 2 circulating cooling water pumps mutt be 
operated if available. 

5. There shall be no discharge of polychlorinatcd biphenyl cornPounds. 



NPOES Permit No. ILOOOISE~ 

Soeciai Co nditi n 

6. If inclement weather prohibits the collection of a Zbhcur composite sample for five 
consecutive days, sampling shall consist of a grab sample. 

7. Illinois Power Company has complied with Section 302.211(f) of Title 35, Chapter 1, Subtitle 
C: Water Pollution Regulations and Section 316(a) of the CHA by demonstrating that thermal 
discharge from Hennepin Power Plant has not caused and cannot reasonably be expected to cause 
significant ecological damage to the Illinois River es aeProvcd by the IPCB in PC3 783 on 
October 19. 1970. Pursuant to 35 Ill. Adm. Code 302.211(c) no additional monitorina or 
modification is being required for reissuance of this NPC& penit. 

a. Illinois Power Company's demonstration for the Hennepin Purer Plant in accordance with 
316(5) of the CWA has been approved by this Agency by letter dated December 29, 1978. 
determined that no additional intake monitoring or modification is being required for 
reissuance of this NPOES permit. 

9. Standard Condition NO. 9 shall not constitute a waiver of any eonstjtutional rights of 
penittce. 

the 

10. The provisions contained in Standard Condition NO. 17 shall not prejudice permi:tee's right to 
obtain or be granted A reasonable time 4n which to comply, but in no event shell such time be 
later than any applicable Federal or State of Illinois statutory or regulatory compliance 
date, in connection with any modification made pursuant thereto. 

11. 

12. 

13. 

i 

Standard Condition 11(a) of Attachment H is rewritten es follows: 

An application submitted by a corporation shall be signed 5y a principal executive officer of 
at least the level of vice president. or his duly autharizd representative. if such 
representative is responsible for the overall operation of the facility from which the 
discharge described in the application form originates. In the case of e partnership or a 
sole proprietorship. the application shall be signed by a general partner or the proprietor, 
respectively. In the case of a publicly bmed facility, the application shall be signed by 
either the principal executive officer, ranking elected official, or other duly authorizd 
employee. 

Standard Condition 11(b) of Attachment H is rewritten es follows: 

Pursuant to d0 CFR 122.22(b) all reports required by permits, other information requested by 
the Oirector, and all permit applications submitted for Group II storm water discharges under 
122.26(b)(3) shall be signed by a person described in 60 CFR 122.22(a). or by a duly 
authorired representative of that person. A person is a duly authorired representative only 
if: 

(1) 

(2) 

(3) 

The authoriration is made in writing by e person described in paragraph (a) of this 
section; 

The authoriration specifies either en individual or a position having responsibility for 
the overall operation of the regulated facility or activity such as the position of plant 
manager. operator of a well or a well field, superintendent. position of equivalent 
responsibility. or an individual or position having overall responsibility, or an 
individual or position having overall responsibility for environmental matters for the 
company. (A duly authorired representative mey thus be either a nemed individual or any 
individual occupying a named position.) and 

The written authorization is submitted to the Oirector. 

Disposal of GR-SI Residues in the West Ash Pond System shall be monitored and limited in 
accordance with the following Best Management Practices Plan: 

a) Authoriration to dispose GR-SI Residues in the West Ash Pond System is granted only for 
the term of the demonstration project. The Agency shall be notified on the date the 
demons:ration project begins. 

b) The rew residue transport water shall be pH adjusted to rpproximetely 9.0 prior to 
discharge into the west Ash Pond System using carbon dioxide. acetic acid or other 
approved chemicals which will not contribute chlorides or sulfater to the wastestream. 
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C) 

d) 

NPOES Permit No. IL0001554 

>ecial Conditions 

Groundwater monitoring shall be conducted during the demonstration project and for six 
months thereafter. quarterly sampling of all four existing downgradient wells for Boron. 
Calcium: Chloride, Manganese, Nitrate, Nitrite, pH! Sulfate, Sulfite and Total Dissolved 
Solids IS required. Analytical data shall be submrtted to the Agency within 60 days 
after sample collection. The first samples shall be collected upon commencement of the 
demonstration project. ._ 

Hodeling or dye tracing to identify the West Ash Pond System effluent mixing 
. characteristics with the Illinois River shall be conducted and the point in the river 

where the sulfate water quality standard will 5e act identified. This infomation shall 
be submitted to the Agency within six months after commencement of the demonstration 
project. 

lo. Sludge generated by the pretreataent of chemical metal cleaning waste in the chemical metal 
cleaning waste treatment tank at Hennepin Power Plant may be disposed of on the active area of 
the coal pile et the Hennepin Power Plant within the following guidelines: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Chemical metal cleaning waste treatment tank sludge shall not exceed the Toxicity 
Characteristic regulatory levels when subjected to the Toxicity Characteristic Leaching 
Procedure for the 25 organic constituents and 8 metals regulated under the Toxicity 
Characteristic Rule (fR Vol. 55, No. 6l/Harch 29, 1990. 11798-11877. 

Sludge shall be applied on the active area of the coal Pile. 

Sludge shall be applied on the active area of the coal pile at e controlled rata to 
prevent coal pile runoff. 

Sludge application shall not be permitted if the coal pile has been wetted by rainfall 
within the ZQ-hour period preceding the i.ntcnded appli.cation time. 

Sludge application shall not be permitted on the coal pile during precipitation or when 
precipitation is irrmineot. 

The filter cake from the portable sock filter may be disposed on site with the sludge 
generated by the chemical mete1 cleaning wastewater treatment process. 

Sludge or filter cake which is a hazardous waste shall not be placed on the coal pile. 

This Special Condition does not relieve the permittee of any State or federal requirements for 
management of hazardous waste. Documentation to support a hazardous waste determination 
pursuant to 40 CFR 262.11 shall be maintained by the permittee. 

15. The permittee shall record monitoring results on Discharge Monitoring Report forms using one 
such Ton for each discharge each month. 

The completed Discharge Monitoring Report fans shall be submitted to IEPA no later than the 
15th day of the following month, unless otherwise specified by the permitting authority. 

Discharge Monitoring Reports shell be mailed to the IEPA at the following address: 

Illinois Environmental Protiction Agency 
Division of Water Pollution Control 
2200 Churchill Road 
Springfield. Illinois 62706 

Attention: Compliance Assurance Section 

16. Within 180 days after the beginning of L discharge from the ash ponds (Outfalls 003 and 005). 
a 2 C application form shall. be completed as required by 40 CFR 122.21(g)(71 and submitted to 
[EPA. The monitoring must ii\cludc et least three samples for the required metals, amnooia. 
and cyanide. This permit may be modified. following public notice and opportunity for 
hearing. based on the monitoring results if necessary to Prevent violations of water quality 
standards. 
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NFOES Permit No. IL00015IA 

rpecial Conditions 

17. During the time period of the CR-S1 demonstration projec:, the following additional monitoring 
shall be done on Outfall 005 if a discharge from this outfall occurs: 

a. Chemical-Specific Testing 

On a quarterly basis, a grab sample of the discharge shall be analyred for the following 
parameters, and the results reported with the 0ischar;e Monitoring Report for the month 
in which the samples are collected: 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
copper 
Lead 
nercury 

Nickel 
Selenium 
Silver 
Thallium 
Zinc 
Sulfatts 
Total Dissolved Solids 

b. Biomonitoring 

The penittee shall prepare a preliminary plan for biomonitorin and submit the plan to 
IEPA for review and approval prior to any discharge from Outfal 005 related to GR-SI 7 
demonstration project. The permittee shall begin biomonitoring of the effluent discharge 
within 90 days after approval of the biomonitoring plan or other such date as contained 
in the Agency's notification letter. 

1. Acute Toxicity - Standard definitive acute toxicity tests shall be run on two 
trophic levels of aquatic species representative of the aquatic community of the 
receiving stream. Except as noted here and in the IEPA document "Effluent 
Biomonitoring and Toxicity Assessment," testing must be consistent with tiethods fpy 
Heasurina the Acute Toxicitv of' Effluents to Aouatic Oroanisms EPA-600/6-3W13,. 
Unless substitute tests are pre-approved. the following tests are required: 

a. Invertebrate 48-hour static LC60 Bioassay using Ceriodaphnia. 

b. Fish 96-hour static renewal LCSo Bioassay using fathead minnow. 

2. Testing Frequency - The above tests shall be conducted on a monthly basis for three' 
months within 90 days following approval of the biomonitoring plan or other such 
date as contained in the Agency's notification (approval) letter. Results shall be 
reported according to E?A/600/4-3S/OlQ. Section 10. Report Preparation. and shall be 
submitted to IEPA within I week of becoming available to the permittee. 

Should the results of any two months of sampling indicate toxicity for each month, 
the permittee shall submit within 90 days of the second toxicity event a plan for a 
toxicity identification evaluation (TIE) to the Agency. The Agency should.be 
contacted at that time. 

3. Toxicity Assessment - Should the review of the results of the biomonitoring program 
identify toxicity. the Agency may require that the permittee prepare's plan for 
toxicity reduction evaluation and identification. This plan shall include an 
evaluation to datemine which chemicals have a potential for being discharged in the 
plant wastewater, a monitoring program to determine their presence or absence and to 
identify other compounds which are not being removed by treatment, atid other 
measures as appropriate. The permittee shall submit to the Agency its plan for 
toxicity reduction evaluation within 90 days following notification by the Agency. 
The permittee shell implement the plan within 30 days or other such date as 
contained in a notification letter received from the Agency. 

The Agency may modify this permit during its term to incorporate additional 
requirements or limitations based on the results of the biomonitoring. In addition, 
after review of the monitoring results, the Agency may modify this permit to include 
numerical limitations for specific.pollutants. Hodifications under this condition 
shall follow public notice and opportunity for hearing. 



c. Senthic and Sediment Honitoring 

Prior to any discharge from Outfall 005 relate? to the GLSI demonstration project, the 
pernittee shall prepare a plan for benthrc and sediment manitoring of the receiving 
stream in the imnediate vicinity of Outfall OCS, and submit the plan to IEPA for raviev 
and approval. The monitoring program should be designed to document any instream 
chemical or biological impacts from the discLarge, and should include monitoring prior 
to, during. and after discharges associated with the GR-$1 project. 

la. During the winter season (December I 
shall be prepared. 

- Harch 151, a swry of winter operating conditions 
The sumnary shall include daily average and maximum "Oelta T" and 

discharge temperatures. and shall be submitted to if?A for review by Hay 15 of each year. : 
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