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I.  Project Status

A, Test Summary

The dry sorbent injection (DSI) system was tested with calcium-based sorbents
from April 30, 1993 through November 2, 1993 at Public Service Company of
Colorado’s (PSCC) Arapahoe Unit 4 Steam Electric Generating Station.

The test consisted of two phases: (1) Optimization of the operating parameters
and (2) Parametric tests on the optimized system to assess the performance as
various boiler operating parﬁmeters were modified. Nearly 200 different tests
were completed over this period. Calcium was injected both into the boiler at a
temperature range of approximately 1000°F and into the inlet to the fabric filter
dust collector (FFDC). Testing was conducted both with and without flue-gas
humidification. After these two phases were completed, a series of air toxics tests
were conducted. These tests measured air toxics during the injection of calcium-
based reagents before the FFDC and during humidification. In addition, baseline

air toxics tests for dioxins and furans were repeated.

B. Summary of Environmental Monitoring

The purpose of this report is to document the environmental monitoring that was
completed as part of the calcium injection test series. Monitoring was completed
according to the Environmental Monitoring Plan for the Integrated Dry NO,/S50 ,
Emissions Control System, dated February 1992 and its addendum dated July 1993.

Generally, the testing went well and there were no significant environmental
events during the test period and there were no excursions of any compliance
requirements during testing. A significant amount of supplemental monitoring
was completed to determine the emissions while operating and testing the DSI

system with calcium-based reagents. The test series report Calcium-Based Dry
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Sorbent Injection, dated December 1994 contains a complete discussion of the

calcium test program.

Additional supplemental monitoring to collect data for 21 potential air toxics was
completed during the calcium injection testing. Sampling for this testing was
conducted October 19 and 20, 1994. Additional baseline testing to determine a
number of dioxins and furans was also conducted without the calcium injection
system in operation. This baseline sampling was conducted October 11, 12, and
13, 1993,
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II. Summary of Compliance Monitoring Results

A. Sulfur Dioxide Monitoring

Regulation 1, VI.A.3.a.(ii) of the State of Colorado states that the maximum
emission of sulfur dioxide (SO,) is 1.2 Ib/MMBtu. An Altech 180 continuous
emission monitoring (CEM) system was installed at Arapahoe Unit 4 in June
1992. This monitor was used to collect emissions data during this test program.

However, the monitor was not used for compliance monitoring during this test

series,

SO, emissions for Avg. SO, Content

compliance monitoring Quarter (1993) (lb/Mlif[Btu) SO, Violations
were calculated from the 2nd 0.844 None
amount of sulfur in the 3rd 0.861 None
fuel. Table 1 4th 0.850 None
summarizes this data. Table 1:  Arapahoe 4 SO, Emissions

Emissions calculated to

be above the regulatory limit of 1.2 lo/MMBtu are provided to the state quarterly.
The test period covered most of the second, all of the third, and part of the fourth
quarters of 1993, Appendix A contains copies of the reports documenting this

information to the Colorado Department of Health (CDH).

B. Opacity Monitoring

According to Regulation 1,II.A.1., PSCC must report to the CDH anytime
Arapahoe Unit 4 exceeds 20% opacity due to any air pollutant. The unit uses a

Lear Siegler RM41 continuous opacity monitor to measure and record opacity.

During the test period, the average daily opacity ranged from 0.7to 6.8%.

Arapahoe Unit 4 had thirty one 6-minute opacity excursions exceeding the 20%
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opacity limit for a 99.93% compliance percentage over the test period. None of
these excursions occurred, however, while testing the calcium-based DSI system
and all were related to the startup and shutdown of the unit. Appendix A

provides copies of the reports documenting this information to the CDH and the

compliance rate calculation.

C. Aqueous Stream Monitoring

Colorade Wastewater Discharge Permit No. CO-0001091 requires that
Arapahoe Unit 4 must sample and report on various aqueous discharges.
Appendix B contains copies of the reports provided to the CDH during the
combustion test period for April through November of 1993. Note that there
were no violations and that the station was in compliance 100.0% of the test

period.
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III. Summary of Supplemental Monitoring Results

A. Gaseous Species Monitoring

Significant gas monitoring was done to determine the environmental effects of the
Integrated Dry NO /SO , Emissions Control System and, specifically, the DSI
system using calcium-based sorbents. Appendix C contains a summary of all test
data obtained during the calcium-based DSI testing conducted April 30 through
November 2, 1993. The test summary contains average emissions by test for the
following gases:

¢ Nitric oxide (NO})

e Carbon monoxide (CO)

¢ Carbon dioxide (CO,)

¢ Oxygen (O,)

¢ Sulfur dioxide (SO,)

B. Particulate Monitoring

Three particulate tests were conducted during the air toxics testing.
Environmental Protection Agency (EPA) Method 5 was used to conduct these
tests at the FFDC inlet and outlet. The inlet particulate levels ranged from
2.437to 1.873 gr/DSCF and averaged 2.207 gr/DSCF. The outlet particulate
levels were 0.0019, 0.0007, and 0.0006 gr/DSCF and averaged 0.0012 gr/DSCF.
The high outlet value (0.0019 gr/DSCF) could be the result of rust and other
materials not associated with combustion. The efficiency of the FFDC averaged
99.952%.
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C. Aqueous Stream Monitoring

No supplemental monitoring of aqueous streams was planned or required during
the calcium-based DSI test program but, the consumptive water use of the flue-
gas humidification system and urea injection system was recorded for

informational purposes. Table 2 shows water use by month.

Month Gallons Acre —feet
D. Solids Stream Monitoring May 1993 254,185 0.78
June 1993 490,849 1.51
Coal
July 1993 339,858 1.04
Coal sampling and analysis was August 1993 0 0
conducted during the air toxics September 1993 90,503 0.28
sampling period. Two sets of coal October 1993 260.359 0.80
. ) November 1993 0 0
samples were obtained. The first
Total 1,435,754 4.41

set of samples were obtained

during baseline testing for dioxins Table 2:  Water Use by Flue-Gas Humidification
System

and furans. The second set of

samples were obtained during the air toxics testing with the calcium-based DSI

system.

Table 3 lists the proximate analysis and Table 4 lists the ultimate analysis of the
coal burned during the repeat of the baseline dioxin and furan sampling.
Originally dioxin and furan sampling was completed under baseline conditions
during the selective non-catalytic reduction air toxics test period completed March
8, 1993 through March 11, 1993. Due to contamination of native isomers in the
method blanks, samples, and archived resin a valid measurement could not be
obtained and the testing was repeated during the current air toxics test period.
Except for the percent ash values which are slightly higher than normal, the
results show good agreement and are typical for the bituminous coal fired at

Arapahoe Unit 4.
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Test 1 Test 2 Test 3 Avenge
Property As Dry As Dry As Dry As Dry
Received Basis Received Basis Received Basis Received Basis
% Moisture 10.34 - 10.10 -- 10.22 -- 10.22 .-
% Ash 9.62 10.73 11.58 12.88 11.78 13.12 10.99 12.24
% Volatile 34.46 38.43 33.87 37.68 33.60 37.42 33.98 37.84
% Fixed
Carbon 45.58 50.84 44.45 49 44 44.40 49 .46 44 81 49.91
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Bu/lb 11,197 12,488 10,962 12,193 10,933 12,177 11.051 11.030
FC/VM 1.32 1.32 1.31 1.31 1.32 1.32 1.32 1.32
Ib SO yMMBTu
@ (100%) 0.79 0.86 0.84 0.83
Table 3: Proximate Analysis for Baseline Air Toxics Testing
Test 1 Test 2 Test 3 Average
Property As Dry As Dry As Dry As Dry
Received Basis Received Basis Received Basis Received Basis
% Moisture 10.34 - 10.10 - 10.22 - 10.22 -
%Carbon 64.42 71.85 62.77 69.82 61.97 69.02 63.05 70.23
%Hydrogen 4.43 4.94 4.35 4.84 4.51 5.02 4.43 4,93
% Nitrogen 1.57 1.75 1.51 1.68 1.56 1.74 1.58 1.72
% Sulfur 0.44 0.49 0.47 0.52 0.46 0.51 (.46 0.51
% Ash 9.62 14.73 11.58 12.88 11.78 13.12 10.99 12.24
%Oxygen (diff) 9.18 10.24 9.22 10.26 9.50 10.5% 9.30 10.36
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Table 4:  Ultimate Analysis for Baseline Air Toxics Testing

Table 5 lists the proximate analysis and Table 6 lists the ultimate analysis of the

coal burned during the air toxics testing during the calcium-based DSI system.

Generally, Arapahoe Unit 4 burns Colorado coal from the Yampa mine, but

PSCC occasionally purchases spot market Colorado coal from the Edna mine.
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The higher sulfur levels in the analyses indicate that Arapahoe Unit 4 fired its

alternate coal both days of air

toxics testing for the calcium-based DSI system.

Test 1 Test 2 Test 3 Avenge
As Dry As Dry As Dry As Dry Basis
Propenty Received Basis Received Basis Received Basis Received
% Moisture 11.33 - 12.15 - 11.60 .- 11.69 -
% Ash 8.49 9.58 7.96 9.06 7.80 8.82 8.08 9.15
% Volatile 34.92 39.38 34.96 39.79 35.01 39.60 34.96 39.59
% Fixed
Carbon 45.26 51.04 44.93 51.15 45.59 51.58 45.26 51.26
Total 100.00 100.00 100.00 100.00 100.00 100.00 99.99 100.00
FC/VM 1.30 1.30 1.29 1.29 1.30 1.30 1.30 1.30
Bu/ib 11,034 12,444 10,959 12.475 11.076 12.529 11.023 12,482
b SO ¥
MMBw 1.05 1.09 1.03 1.06
Table 5:  Proximate Analysis for Calcivm-Based DSI System Aifr Toxics Testing
Test 1 Test 2 Test 3 Average
Property As Dry As Dry As Dry As Dry
Received Basis Received Basis Received Basis Received Basis
%Moisture 11.33 12.15 - 11.60 -- 11.69 -
% Carbon 62.71 70.72 62.29 70.91 63.14 71.42 62.71 70.95
%Hydrogen 4.38 494 4.30 4.90 4.36 4.93 4.35 4.92
% Nitrogen 1.59 1.79 1.6} 1.83 1.64 1.85 1.61 1.82
% Sulfur 0.58 0.65 0.60 0.68 .57 0.65 (.58 .66
% Ash 3.49 9.58 7.96 9.06 7.80 8.82 8.08 %.15
% Oxygen (diff) 10.92 12,32 11.09 12.62 10.89 12.33 97 12.59
Total (%) 160.00 100.00 100.60 100.00 100.00 100.00 100.00 100.00
Table 6:  Ultimate Analysis for Calcium-Based DSI System Air Toxics Testing
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Fly ash

Supplemental monitoring of fly ash and bottom ash was also completed during the
calcium injection testing. The samples were obtained in order to perform
mineralogical, elemental, anion, and leachate analyses. These analyses take a
significant amount of time to perform. These results will be reported in the
environmental monitoring section of the Final Report, Volume 2: Project

Performance and Economics.
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A total of 21 potential air toxics was
measured at Arapahoe 4 with the
calcium-based DSI system operating.
Table 7 lists the air toxics that were
sampled during the calcium-based DSI
testing. Table 8 compares the target
air toxics measured during each of the
four test series. This report presents

baseline dioxin data and air toxics

data for the calcium-based DSI system.

Refer to the other three

IV. Summary of Air Toxics Monitoring Results

Arsenic Lead
Cadmium Molybdenum
Copper Phosphorous
Mercury Beryllium
Trace Selenium Cobalt

Metals Calcium Manganese
Barium Nickel
Chromium Vanadium
Calcium Sodium

Anions ' Chloride Sulfate
Fluoride

1.

Table 7:

Elemental precursors of these znions measured in the fuel
(CI,F, S).

Target Compounds
Based DSI System

for Calcium-

environmental monitoring reports for more information on the other tests

conducted.

Sampling of the baseline dioxins was conducted on October 11, 12, and 13, 1993.

The air toxics tests for the calcium-based DSI system were conducted on

October 19 and 20, 1993. No sampling occurred during sootblowing operations.

April 8, 1997

10



Test Period
Target Compounds Low-NOx SNCR I Calcum-Based DSI Sodium-
Combustion | pyeeline 3 | SNCR | Baseline | Sodmm | Based DSI
Trace Meuals X X X X
Acid-Forming
Anions X X X x
Volatite Organic Benzene/toluene X X
Compounds Formaldehyde
Semi-Volatile PAH
Organic
Compounds PCDD/PCDF ' x? b ¢
Solid
Particulate X X x x
Radio Nuclides X
Total/hexavalent X
Trace Metals chromium
Speciation
Mercury X
Nitrogen
Compounds X X
HHV. Ultimate/
Proximate X X X X X X
Analysis
Loss-On- X X X X
[gnition

1. Polychiorinated dibenzo-p-dioxins (PCDD) and poivchiorinated dibenzofurans (PCDF).

2. Due to anomaious contamination of native 2,3,7,.8,PCDD/PCDF isomers in the method blanks, samples, and archived resin, the results
of these tests are invalid and were repeated dunng the calcium-based DSI test period.

3. Some baseline tests were repeated in the SNCR test period.

Table 8: Target Compounds

PSCC contracted with Carnot, Inc. of Tustin, California to complete the air toxics
work at Arapahoe Unit 4. Fossil Energy Research Corp. of Laguna Hills,
California provided some assistance at the site and with data collection. Table 9

lists the laboratories used to analyze the collected samples.
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Analysis Laboratory Location
Solid particulate Carnot, Inc Tustin, CA
Chloride and suifate (as Carnot, Inc Tustin, CA

necessary for confirmation)

Acid-forming anions

Curtis and Tompkins

Berkeley, CA

Trace metals

Curtis and Tompkins

Berkeley, CA

Semi-volatile organic
compounds

Zenon Environmental
Laboratories

Burlington, Ontario,
Canada

LOI for ash

Commercial Testing and
Engineering

Denver, CO

Trace metals and anions
analysis of fuel and ash

Curtis and Tompkins

Berkeley, CA

Coal preparation and ultimate
analysis, including anions

Commercial Testing and
Engineering

Denver, CO

Neutron activaticn analysis

Massachusetts  Institute of
Technology

Cambridge, MA

Coal preparation

A.J]. Edmonds

Long Beach, CA

Ash preparation and anion Commercial Testing and Denver, CO
analysis Engineering
Ash preparation Carnot Tustin, CA

Table 9:  Laboratories for Air Toxics Analyses

The Environmental Monitoring Plan (EMP) addendum for air toxics includes
details on the method used to determine the total mass flow of the air toxics. In
addition to the measured concentrations of the air toxics in the sample, mass
flows of the solid and gas are required. Table 10 lists the mass flowrates for the
flue gas and the solids used to determine the mass flow of the toxics. The actual
flue-gas flowrate is used for each of the trace metal, particulate matter, and anion
tests. The flue-gas flowrates for the VOC and cyanide tests were from the major
test conducted concurrently. The existing plant equipment was used to measure
the coal flow. The measured particulate loading and flue-gas flowrate was used to
calculate the flowrate of the fly ash and the stack ash. The coal input and the fly

ash flowrates were used to calculate the bottom ash flowrate.
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Stream Test Location Test 1 Test 2 Test 3
Inlet 271,100 279,700 276.300
Trace Metals
Outlet 279,200 288,700 279,700
Particulate Inlet 252,500 263,000 272.700
Flue Gas Flow Matter Outlet 260,000 268,900 275.900
Rate (DSCFM) Inlet 252,500 263,000 272,700
Anions
Cutler 260,000 268,900 275.900
Dioxins and Infet 232,600 199,100 225,200
Furans Outlet 234,900 204,700 206,900
Coal Flow (Ib/h) 101,800 105.400 104,300
Fly Ash Flow (Ib/h) 8,359 8.351 7.474
Bottom Ash Flow (Ib/h) ‘ 3,638 3,889 4,593
Total Ash Flow (Ib/h) 11,997 12,240 12.067
Stack Ash Flow (tb/h) 42 1.6 1.4

Table 10: Stream Mass Flow Data

Table 11 lists the average operating conditions of Arapahoe Unit 4 during the
calcium and baseline air toxics testing. All three baseline dioxin tests were
conducted at 75 Mwe. A problem occurred on the first day of testing that limited
load to 7SMWe. The problem was corrected the following day but the remaining
tests were conducted at the same load to provide three replicate tests. Figure 1
shows a simplified diagram of the unit and shows the five different sample
locations. Gaseous samples were obtained at the inlet and the outlet of the
FFDC. Solid samples of unpulverized coal, bottom ash, and fly ash were also
obtained. This section lists the results of the air toxics testing. For details on the
methods used for sampling, analysis, and quality assurance, see the Environmental

Monitoring Plan Addendum for Air Toxics Monitoring, dated July 1993.
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Baseline Dioxins

Calcium-Based DSI Air Toxics

Property 1 2 3 1 2 3
Unit load (MW, net)’ 76 75 75 112 112 112
tnpur Air(lb/h) 753,000 | 705,000 | 716,000 | 976,000 | 995,000 | 1,028,000
Coal (Ib/h) 67,600 | 68,900 | 72,200 101,800 105,400 | 104,300
Steam flow (Ib/h) 638,000 | 632,000 | 630,000 | 959.000 | 966,000 | 966,000
Injection rate - -- - 51.5 52.4 51.7
(Ib/min)
Ca/S - - - 2.06 2.07 2.10
DSI [sorbent feeder - - - 56%/68% |57%/69% |56%/68%
output (A/B)*
Humidification -- - -- 70.9 66.8 72.8
water (gpm)
%0,", dry 7.70% | 7.24% | 7.34% 6.11% 6.25% 6.32%
FFDC | €O (ppmd) 14.0 19.2 13.2 71.7 231 212
outlet | NO (ppmd) * 216 194 196 225 221 225
SO, (ppmd) * 308 308 307 280 283 262

1. From Camor's pontable O, that sampied at each sample point.

2. From a single point Altech CEM system located in the FFDC outlet duct.

3. The "B"ID fan was off line for the first baseline test. To maintain consistent operating conditions, the remaining tests were
operated at 75 MW,
4 Indicates level of operation of "A”and "B" DSI feed systems.

Average Operating Conditions and Continuous Emissions Data

Table iti:

Table 12 lists the methods used during this sampling program that differ from the

EMP.

A. Uncertainty Analysis

In the tables that follow, a value for uncertainty expressed as a percentage is

provided for all data.

The calculation method used is based upon ANSI/ASME

PTC 19.1-1985, "Measurement of Uncertainty.” The uncertainty is based on a

95% confidence interval for the mass emissions for the target species but is

expressed as a percentage so that it may be applied to other units. A very

important part of the method is assigning an estimated bias error for the major

April 8, 1997
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Species EMP Specified Method Method Used
p—— Arsenic EPA SW 846-7060 (GFAA) EPA SW 846-6010 (ICP)
Infet Cadmium EPA SW 846-7131 (ICP) EPA SW 846-6010 (ICP)

Chromium EPA SW 846-7191 (GFAA) EPA SW 846-6010 (ICP)
Arsenic EPA SW 846-7060 (GFAA) EPA SW 846-6010 (ICP)

m Cadmium EPA SW 846-7131 (ICP) EPA SW 846-6010 (ICP)
Chromium EPA SW 846-7191 (GFAA) EPA SW 846-6010 (ICP)
Arsenic EPA SW 846-7060 (GFAA) INAA
Barium EPA SW 846-6010 (ICP) EPA SW 846-6010 (ICP with EPA3050 digestion)
Chlorine ASTM D4208 & ISP INAA
Sulfate EPA SW 846-300-IC ASTM D4239 & LECO SC-132
Cadmium EPA SW 846-7131 (ICP) INAA
Mercury EPA SW 846-7470 (CVAA) INAA

Fuyel Selenium EPA SW 846-7740 (GFAA) INAA

Chromium EPA SW 846-7191 (GFAA) EPA SW846-6010 (ICP-AES)
Lead EPA SW 846-7421 (GFAA) EPA SW846-7420 (GFAA)
Calcium EPA SW 846-6010 (ICP) EPA SW 846-6010 (ICP with EPA3050 digestion)
Sodium EPA SW 846-6010 (ICP) EPA SW 846-6010 (ICP with EPA3050 digestion)
Manganese EPA SW 846-6010 (ICP) INAA
Vanadium EPA SW 846-6010 (ICP) INAA
Barium EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Beryltium EPA SW 846-6010 (ICP) EPA SW B46-7060 ICP-AES
Cadmium EPA SW 846-6010 (ICPH) EPA SW 846-7060 ICP-AES
Chromium EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Cobalt EPA SW B456-6010 (ICP) EPA SW 846-7060 ICP-AES
Copper EPA SW B46-6010 (ICP) EPA SW 846-7060 ICP-AES

Flyast/ Manganese EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Mercury EPA SW 846-7470 CVAA EPA SW 846-7471 ICP-AES

Bo:;‘m Molybdenum EPA SW B46-6010 (ICP) EPA SW 846-7060 ICP-AES
Nickel EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Phosphorus EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Vanadium EPA SW 846-6010 {ICP) EPA SW 846-7060
Calcium EPA SW 846-6010 (ICP) EPA SW 846-7060 (ICP with EPA3050 digestion)
Sodium EPA SW 846-6010 (ICP) EPA SW 846-7471 (ICP with EPA3050 digestion)
Fluoride EPA 300.0(1C) EPA 340.2 (ISE}
Sulfate EPA 300.0(1C) ASTM D4239 & LECO SC-132

Table 12: Test Methods Different from EMP (TBD)
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variables. The value presented represents only an approximation of the
uncertainty as not all bias errors may be estimated. The uncertainty is also not a
measure of long-term trace-species emissions for this boiler, but only the
uncertainty for the specific test period. It was assumed that the samples are a

normal population distribution. Table !3 summarizes the bias values used to

determine uncertainties.

Location Particle Flowrate 2 Fuel Fly Ash Bottom Ash
Collection ' Flowrate * Flowrate * Flow Rate*
Inlet 15% 0% 0% 15% 15%
Outlet 0% 0% N/A N/A N/A

Bias based on difference between pitot and heat rate flowrates.
No bias estimated as measured inlet. measured outlet, and calculated flow agreed within +-5%

No bias estimated as calculated flue gas flow agreed with measured outlet flow.
. Bias equals the inlet paricie collection bias.

Table 13: Summary of Bias Values Used for Uncertainty Calculations

B

B. Treatment of Non-Detectable Measurements

Many of the target species for which a measurement was attempted were not
found using the specified sampling and analytical techniques. If a measurement
for a target species was not found, the value that could have been measured (i.e.
the detection limit) if the trace emissions were present are reported. The "non-
detects" are shown as less than the detection limit. The difficulty occurs when
averaging various samples of which some or all of the measurements are below
the detection limit. The following summarizes the two cases:

e All values below detection limit: The arithmetic average of the detection limit
is shown with a " <" sign to indicate that the trace species is less than the
reported average detection limit. For example, if a species was not found and

the method provided a detection limit of 0.45,the values is reported as <0.45.
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¢ Some, but not all, values below detection limit: The value of all
measurements above the detection limit are averaged with one-half of the
detection limit. For example, if three measurements of 10, 8, and <6are
found, the average would be (10+8+6/2)/3 or 7. Note that no " <" sign is
used in these reported averages even though some of the values are below the
detection limit. If the average calculated with this method is less than the
greatest detection limit; the largest detection limit is reported and a "< "
symbol is used. For example, if values of 6, <4,and <2 were reported, the

average would be reported as <4and not (6+4/2+2/2)/3 or 3.

C. Treatment of Blank Values

Three different types of blanks were used as part of the air toxics testing quality

assurance (QA) program. The QA program included field blanks, reagent blanks,
and laboratory preparation blanks.

Field blanks are samples obtained by assembling a complete sample train at the
test site using the same procedures as when obtaining the actual sample. The
sample train is then leak checked and disassembled to recover and analyze the
sample. Field blanks are not used to "correct” the data generally but are used to

provide an indication of the quality of the sample.

Reagent blanks consist of samples of the reagent and/or filters that are collected
at the site. Analysis of these samples show if any of the results were caused by
existing levels of the trace species in the material used to collect or recover the
sample. If measurable values of the trace species are found, the data is usually

corrected by subtracting the value measured in the reagent.

Laboratory reagent blanks consist of samples of the chemicals used during the

measurement analysis. If measurable values of the trace species are found, the
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data is usually corrected by subtracting the value measured in the reagent. Any

measurable values in the laboratory reagent may be caused by initial trace species

in the chemicals or by the analytical procedures.

In the tables that follow the value of the field blank is shown for reference, but
none of the data has been changed due to these measurements. If a measurement
has a value near the field blank measurement, there may be some question as to
the accuracy of the data and the reported value may NOT be source related. A
separate column lists a blank correction percentage for all trace species that were
corrected due to either a reagent or laboratory reagent blank. This is an average

percentage calculated as follows:

Z[ blank value ]
sample value & 100
number of samples

% blank correct =

For example, if three samples contained 10, 5, and 4 mg/kg of a trace species and

the reagent blank was 2 mg/kg, the blank correction would be:

blank correction = ._2._ + 3 + g. ® ﬂ =37%
10 5 3

4

Thus, on average, the actual value measured was 37% higher than the value
reported in the table. If the blank correction is reported as 0%, no blank
correction was calculated and the reported value was the measured value. Note
that in most cases a high blank correction value does not mean that the data is
inaccurate. [f a sample was contaminated with a trace species due to a filter, and
the filter was analyzed and the data corrected, it is likely that the data is

meaningful.
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D. Gaseous Species Monitoring

This section reports the trace metal, acid-forming anion, and FFDC efficiency
from the air toxics testing of the calcium-based DSI system. In addition, it reports

the furan and dioxin data from the baseline tests.

Trace Metals

Table 14 lists the gaseous trace metal emissions for the calcium-based DSI test
period. Although calcium and sodium are neither trace metals or air toxics,
Table 14 also lists their results. At the FFDC inlet, all 15 trace metals, calcium,

and sodium were reported above their detection limits.

Previous air toxics test series at Arapahoe reported a wide unexplained variation
of barium, calcium, and sodium in various solid streams between different test
methods. Curtis and Tompkins, the laboratory completing the analysis,
investigated and discovered a problem with the ASTM D3683 ashing/acid
digestion method of sample preparation. Coal samples were prepared according
to ASTM D3683 and also EPA method 3050. The EPA method does not require
ashing or digestion using HF acid. A comparison of the data with the two
different digestion methods for both the calcium and sodium injection program
compared to INAA is shown in Table 15. This data suggests that ASTM D3683
(that uses HF acid digestion) may have a significant low bias. The EPA 3050
method provides better precision between replicates and better accuracy when

compared to INAA which does not require sample digestion.
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D3683 E3050 INAA
Reagent mg/Kg mg/Kg mg/Kg

Barium | sodium 5,976 24,390 33,122
calcium 6,670 17,447 28,925
Calcium | sodium 122,740 | 213,404 NP
calcium 78,917 | 204,879 NP
Sodium | sodium 14,843 64,322 105,096

calcium 31,849 27,423 46,099

Table 15: Comparison of Alternate Digestion Methods with INAA

EPA method 29, multi-metals method, also uses HF acid for digestion of solid
matter collected in the sample train. Due to the potential negative bias that may
be caused with HF acid, all data collected for barium, calcium, and sodium from
the solid samples using Method 29 are believed invalid and are presented for
information only. Table 16 compares the inlet fuel levels to the values measured
at the FFDC inlet determined from the Method 29 test using HF digestion. Note
the very large discrepancy in the inlet values. It is believed that the fuel values
are more accurate and that the FFDC inlet values for the three elements
presented are invalid. They are shown in this table only to note the large

variation that was believed due to the HF digestion techniques. Note that the
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inlet values are based on a large amount of particulate matter that is present at
the FFDC inlet. Due to the very low particulate at the FFDC outlet, the possible
interference with HF digestion is not believed to significantly affect the outlet
data. While the fly ash and coal samples could be re-analyzed after the discovery

of the possible HF interference, it was not possible to re-analyze the Method 29

train.
Fuel FEDC Inlet Percent
b/102 B | /10" B | Difference
barium 17,400 43} 3,937%
calcium 205,000 1,240 16,432%
sodium 27,400 2,580 962 %

Table 16: Comparison of fuel vs FFDC Inlet Measurements

Uncertainties for copper, lead, and nickel were 100% and greater. The wide
spread between the replicate tests caused the high uncertainty for these three
elements. A review of the data logs and sample methods did not reveal any

errors that could explain the differences.

The FFDC outlet trace metal emissions were very low with many at or near their
detection limit. The high uncertainty values are due mainly to a wide variation of
replicate tests. Due to the very low measured emissions, the reagent or laboratory

blank corrections were also relatively high for many elements.
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Anions

Anions were measured from both the front (solid/liquid phase) and the back-half
(gaseous phase) of each particulate train. As expected, the majority of all anions

occur in the gaseous phase. Results of the testing are presented in Table 17.

At the FFDC inlet, the sample-train measured 465 ppm of gaseous suifate and the
CEM measured 460 ppm of SO,. The gaseous fraction represents SO, plus any
SO, in the vapor phase. The sample-train measured 3 ppm of solid-phase sulfate
at the FFDC inlet, representing sulfuric acid mist and solid-phase sulfate present
at the 250°Ffilter temperature. At the FFDC outlet, the sample-train measured
287 ppm of gaseous sulfate and the CEM measured 275 ppm of SO,.
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Baseline Dioxin and Furan Emissions

Table 18 lists the gaseous polychlorinated dibenzo-P-dioxin (PCDD) and
polychlorinated dibenzofuran (PCDF) emissions at the FFDC inlet and outlet.
Note that sampling and analysis techniques were optimized to lower detection

limits to an average 10 times lower than that of normal dioxin and furan tests.

All dioxins and furans were measured near or below their detection limits. At the
FFDC outlet, OCDD and 23478 PeCDF were the only individual isomers detected
in all three samples. However, these isomers were also detected in the field

blank, so their detected levels may not be entirely source related.

In Table 18, the column headed by "EPA Equiv." lists the EPA toxic equivalent
for each specie. These values can be used for comparing risk and are used in the
establishment of emission limits for municipal solid waste (MSW) incinerators.
These equivalent values were calculated by multiplying the average actual

emission of a specie by its EPA risk factor.

The total emissions of EPA equivalent toxics at the FFDC inlet was

0.0015 ng/Nm ? and consisted of 0.0008 ng/Nm ? of detected species and

0.0007 ng/Nm * of nondetects. Thus, 47% of the total EPA equivalent at the inlet
of the FFDC was due to nondetects. The total emissions of EPA equivalent
toxics at the FFDC outlet was 0.0014 ng/Nm* and consisted of 0.0003 ng/Nm 3 of
detected species and 0.0012 ng/Nm ? of nondetects. Thus, the nondetects at the
outlet relate to 86% of the total EPA equivalent toxics. For comparison, well
controlled MSW incinerators typically have on the order of 1 ng/Nm?* of

equivalent toxic emissions, three orders of magnitude higher than Arapahoe
Unit 4.
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FFDC Efficiency

Table 19 shows the FFDC removal efficiency for trace metals, anions, calcium,
and sodium. The FFDC did not affect flue gas concentrations of PCDDs or
PCDFs. The FFDC averaged 98.6% removal efficiency for trace metals and
99.95% for particulates.

The FFDC’s removal efficiency for mercury was 93.7%, significantly higher than
was obtained in previous testing without calcium injection with humidification.

Fly ash unburned carbon during this testing averaged 11.21%. Water was also
injected into the flue gas to improve calcium utilization. The water injection
cooled the flue gas to approximately 150°F. It is believed that the combination of
low flue gas temperature and high unburned carbon in the fly ash allowed the

higher than expected mercury removal.

As was discussed in the trace metals section, sodium, calcium, and barium are
believed to be severely biased low. Thus the data for these three elements is

presented for informational purposes but the relative numbers are considered

invalid.

The combination of the FFDC with calcium injection with humidification obtained
significant removal of the acid-forming anions. Removal of both chloride and
fluoride were 55.1% and 97.5% respectively. The removals are comparable to
previous testing with urea injection but are significantly higher than the original
baseline which were 10% for chloride and 20% for fluorides. SO, removal during

the test was approximately 37% due to the calcium and humidification system.
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Species Inlet Outlet FFDC Removal
Trace Metals 1b/10 *? Bu 1b/10 ** Btu %
Arsenic 20 0.09 99.5
Barium 431 0.94 99.8
Beryllium 9.5 <0.02 >99.8
Cadmium 3.9 0.15 96.2
Chromium 63 0.26 99.6
Cobalt 53 <0.22 >99.6
Copper 310 0.42 99.9
Lead 55 ¢.38 99.3
Manganese 108 0.59 99.4
Mercury 34 0.21 93.7
Molybdenum 26 0.22 99.1
Nickel 19 0.22 98.9
Selenium 57 <0.06 >99.9
Phosphorus 12,800 <l.1 >99.99
Vanadium 194 <0.11 >99.9
Calcium '* 1,240 106 91.4
Sodium '? 2,580 13 99.5
Average -- - 98.6
Total Particulate 4.27 1b/MMB 0.0021 1b/MMBu 99.95%
Acid-Forming Anions Ib/10 ? Btu Ib/10 ' B %

Chloride (Cl) Solid 4] <21 >48.9

Gas 784 353 54.9

Total 825 71 55.1

Fluoride (F) Solid 241 21 91.3

Gas 6,460 150 97.7

Total 6,700 167 97.5

Suifate Selid 10,600 115 98.9

Gas 1.57(10% 9.89(10°%) 37.1

Total 1.58(10% 9.90(10% 37.5

NOTES:

"< “indicates that the quantity measure¢ was less than the detection limit; thus the detection limit is shown.

" > "indicales that the percentage removal is based on a detection limit so the expected mimmum removal rate.

1.  Included even though neither trace metals or air toxics.

2. Values tor these metals are reporied but are believed mvalid due to a problem with sample preparation. (see text)

Table 19:

FFDC Removal Efficiency (Calcium-Based DSI Test Period)
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E. Solids Stream Monitoring

Calcium-Based Sorbent Analysis

Table 20 lists the trace metal and anion _
Calcium Sorbent
. : Sorbent
analysis results for the calcium-based Test 22 | Blank H,0
. . Correct
sorbent (calcium hydroxide) and
. . . mg/kg % ug/L
humidification water. Although calcium
Arsenic <12 0 <5.0
and sodium are neither trace metals nor Barium 9.0 o 1
air toxics, Table 20 also lists them. Beryllium <0.49 0 <2.0
Cadmium <1.2 0 <50
0 . y l
The humidification water contained Chromium 3.1 0 <10
.. Cobalt <4.9 0 <20
negligible amounts of trace metals but
Copper 5.3 0 <5.0
significant amounts of calcium, sodium, Lead <073 o <30
and acid-forming anions. The total mass Manganese ' | 45 2.4 <10
input of air toxics due to the sorbent and Mercury <0.091 0 <0.20
water added to the process was Molybdenum | 6.2 0 23
i . . Nickel | 5.3 0 <20
insignificant in comparison to the amounts
) . Selenium <6l 0 <250
in the coal. Notable exceptions were
Phosphorous 195 0 <100
molybdenum and chloride. The sorbent Vanadium 79 0 <10
water contained 41% of the total mass Calcium NP 0 |27.000
input of molybdenum and 46% of the Sodium NP 0 117.000
input chlorides. Other air toxics that Chloride <3.0 0 |25
. Fluoride 34 0 960
were input due to the sorbent and water
Sulfate 170 0 104350
were much lower and ranged from O to
. 1. Prep blank levels were higher than the sampie values.
10% of those input from other sources on s0 the samples were not blank corrected.
. Table 20: AirToxics Analysis of Hydrated
a mass basis. Lime
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Coal Analysis

Previous air toxics testing at Arapahoe has shown the importance of obtaining
representative  solid samples. This is a difficuit task due to the scale and current
equipment. Coal sample procedures were modified and the ASTM D2234
collection method was followed more closely during the sodium- and calcium-
based DSI test periods than during the low-NO, combustion and SNCR test
periods. In addition, the ASTM D2013 preparation method was followed during
the sodium- and calcium-based DSI test periods. For barium, lead, calcium, and
sodium, EPA Method 3050 was used for coal digestion instead of ASTM D3683.

For many trace metal data points, there were two or three sets of results. On
average, there were three sets of data with some having as many as six sets, For
example, one point had results from:

e Curtis & Tompkins analysis using conventional digestion.

¢ Curtis & Tompkins analysis using EPA 3050 digestion.

¢ Standard Laboratory’s analysis.

¢ Curtis & Tompkins triplicate analysis using conventional digestion.

e Curtis & Tompkins triplicate analysis using EPA 3050 digestion.

e INAA.

Except for a few cases, the results from these different sources did not agree.
Ideally, if the data for one element from one set was consistent with expected
levels and other process streams, then the data for elements within the same data
set processed by the same lab and method would also be consistent.

Unfortunately, a common bias for a data set could not be found. Therefore, the
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use of a particular data set depended solely on its agreement with levels

determined in other input and output streams from the same test program.

For the low-NO, combustion and SNCR test periods, INAA was selected as the
analytical technique most likely to produce representative data sets for arsenic,

barium, mercury, selenium, and chloride because INAA:

e Could achieve lower detection limits for arsenic, mercury, selenium, and
chloride.

e Results for barium agreed with USGS and Cyprus Yampa Valley coal data.
ICP-AES results were biased low.

Since INAA is not a proven analytical technique for trace metal analysis of coal, it
was not chosen to analyze an element unless there was a clear technical

justification to discard the conventional data.

For the coal samples from the sodium- and calcium-based DSI test periods, INAA
was the only technique used to analyze arsenic, mercury, selenium, and chloride.
With the use of EPA 3050 digestion technique for barium, the ICP-AES analysis
results for barium are no longer severely biased and are now consistent with
expected levels. For sodium-based DSI test, the conventional analytical results for
cadmium, chromium, manganese, and vanadium were considered as qualitative

and discarded.

Table 21 lists the analysis of the coal for trace metals and acid-forming anions.
Although calcium and sodium are neither trace metals nor air toxics, Table 21
also lists them. All trace metals were detected in each replicate. Most elements
show relatively good precision (uncertainty less than 100%). A single high nickel
reading caused uncertainty of 120%. While high the nickel readings are in the

range expected for this coal.
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Fly Ash

Table 22 lists the results for the fly ash and bottom ash from the calcium-based
DSI test period. Although calcium and sodium are neither trace metals nor air
toxics, Table 22 also lists them. Cadmium is the only element reported below its
detection limit. The results for barium, calcium, and sodium from Test-1 were not
used in the average. The combination of EPA 3050 digestion and ICP-AES
analysis is used only for these three elements, therefore a problem with the
digestion or ICP analysis may have affected these results. The conventional
digestion of the sodium sample for Test-1 also yielded a value an order of
magnitude higher than the other samples. This suggests that EPA 3050 digestion
failed to dissolve the entire samples of barium and calcium and that the sodium
sample was contaminated. Test-3 for sodium appears to be negatively biased

when compared with output stream fevels.

Matrix effects and certain digestion techniques make the analysis of selenium very
difficult. Selenium is by far the most problematic of potential air toxics elements
to analyze. With the discovery that hydrofluoric (HF) acid was interfering with
GFAA, ash samples were re-analyzed using EPA 3050 digestion. This method
eliminated the need for diluting the ash samples to minimize interference as well
as most of the questionable results and high detection limits. However, the ash
results for selenium obtained with EPA 3050 digestion from the sodium- and
calcium-based DSI test periods are not consistent with expected levels. Despite
high detection limits and poor precision, the conventional ash results for selenium

agree, on average, with expected values and are used in the mass balance.
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Bottom Ash

Overall, sample preparation does not appear to have biased the results of the
bottom ash. The average results for arsenic, cadmium, mercury, and molybdenum
were below the detection limit. Except for selenium and sodium, the replicates
show good agreement. As with the fly ash, the conventional digestion methods
used to analyze selenium often produce spurious data points. Also, since bottom
ash levels of sulfate contribute less than 1% of the total sulfate stream, the spread

in the sulfate results is considered negligible.
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F. Mass Balance Results

Mass balances are an important quality check on toxics emissions data. Using
different sample and analytical techniques to measure toxics in both gaseous and
solid forms is difficult. Mass balances provide a quick means for determining how
well various analytical methods agree. The low absolute quantities of the

measured materials, however, makes the occurrence of a 100% mass balance very
unlikely.

There are three major sources of potential error in the mass balance: operating
conditions, analytical difficulties, and sample collection and handling. Since
Arapahoe Unit 4 operated at or near steady-state conditions and the daily tests
show that the same coal was fired throughout the tests, operating conditions are
not likely to contribute any significant sources of error. Analytical difficulties
usually only affect the results of individual replicates or species, so they are
considered with each species. Normally, analytical difficulties outweigh sampling
problems. On a utility coal-fired unit, however, obtaining representative samples
from process streams flowing at thousands of pounds per hour adds a major
source of potential error. It should also be noted that uncertainties only represent

CODSiStEl’lcy , NOt accuracy.

In addition, recent findings from other Department of Energy (DOE) sponsored
programs indicate that the sample digestion methods of EPA Method 29 are not
effective for large quantities of ash and introduce a 20 to 60% negative bias. The
difficulty of finding a correct digestion method and the need for different
digestion methods for different elements casts doubt on the validity of the sample
preparation procedures of both EPA Method 29 and the ASTM methods which

use only one digestion method for all elements.
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Only compounds dependent on the fuel inputs can be balanced. Since semi-
volatile organic compounds depend on combustion parameters, they cannot be
balanced. The boiler/FFDC mass balance uses the coal and calcium-based
sorbent as its inputs and the bottom ash, fly ash, and FFDC outlet as its outputs.
The boiler mass balance uses the coal for its only input and the FFDC inlet and
the bottom ash as its outputs. For the sorbent results, nondetects are treated as
zeroes if the detection limit is greater than 25% of the fuel input (selenium, for

instance) or if the element is not expected to exist in the sorbent (arsenic and

mercury, for example).

Table 23 shows the mass balance results for the calcium-based DSI test period.
Based on fuel-input and fly ash levels, the FFDC results for mercury appear to be
positively biased. For the boiler/FFDC balance, most species were in the range
of 69 to 130%, except for barium, cobalt, and phosphorous. The following may

have affected the results for these elements:

e Since the fuel input for barium is considered accurate, the barium levels in the
ash are considered negatively biased by 30 to 40%.

¢ The fuel input for cobalt appears to be biased low.

e Since previous tests produced good closure for phosphorous, the phosphorous
levels in the sorbent may be biased low. The phosphorous levels in the
bottom ash, however, are higher than those in previous tests, so these values
may also be causing the poor closure results.
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Inputs Intermediate Outputs Mass Balance
Specics Fuel Dst! FFDC Inlet | Bottom Fly Ash FFDC Boiler/ | Boiler?
{Calcium) Ash Outlet FFDC?

Trace Mctals 1b/10 *2 B ib/10 2 Bu 16/10 2 Bru %
Arsenic 7 <3.4 20 <44 30 0.093 75 52
Barium 17.400 26 NV 3,580 7,300 0.94 62 -
Beryllium " <1.4 9.5 13 22 <0.022 105 72
Cadmium > 54 <3.4 3.9 <39 <8.8 0.15 - 72
Chromium 24 14 63 79 157 0.26 99 63
Cobalt 03 <14 53 54 101 <0.22 144 115
Copper 196 14 310 172 308 0.42 117 122
Lead 310 <2.1 55 79 244 0.38 104 43
Manganese 1.450 123 108 448 812 0.59 80 38
Mercury * 37 <0.25 3.4 <0.072 1.7 0.21 74 128
Molybdenum 18 18 26 <15 46 0.22 110 108
Nickel 41 15 19 57 102 0.22 102 54
Selenym > 15 <174 57 18 7 <0.057 100 83
Phosphorus 15.200 532 12,800 0,300 £9,800 <1.1 140 94
Vanadium 565 2 194 183 346 <0.11 90 67
Average Mctals 100 79
Calcium * 205000 | 1.47009 NV 77,300 | 1.08(10% | 106 69 -
Sodium 27.400 522 NV 4,780 15000 | 13 7 -
Acid-Forming Anions 1610 ? B b/i0 "? B 16710 ? B 4
Chloride (Ct )° 1,720 M2 825 848 645 M 77 o8
Fluorde (F) 6.650 122 6,700 21 7,680 167 116 101
Suifate 1.59(10 % 3.670 1.58(10 % 2,790 410,000 | 990,000 88 100
Avcrage Anions 994 100

"< "indicates that the quantity measured was less than the detection limit; thus the detection limit is shown.

"NP" indicates not performed, "NV"indicates not valid.

1.

2.

Sorbent input stream includes trace metal and anion levels in both the calcium sorbent and the sorbent water.

Boiler/FFDC mass balance calcuiated using: {outlet + fly ash + bottom ash)/(fuel + sorbent). Boiler mass balance calculated using:
(inlet + bottom ash)/fuel.

Fuel concentrations from INAA.

Calcium sorbent flow rate as {{weight% of Ca) * (Ca flow rate) * (109} + (sorbent H ;0 flow rate).

Table 23: Mass Balance Results for Calcium-Based DSI Test Period
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G. Summary of Test Results

Table 24 summarizes the fuel input, FFDC inlet, and FFDC outiet results for
each of the test periods. Yampa coal was fired at Arapahoe Unit 4 for low-NO,
combustion, SNCR, and sodium-based DSI test periods. For the calcium-based
DSI test period, Edna coal was fired at Arapahoe Unit 4. It is not clear whether
the significantly higher values for many trace metals in the coal tested during the
sodium- and calcium-based DSI test periods is due to more representative
techniques or the coal matrix. The higher levels in the FFDC of these trace

metals, however, indicates that changes in the coal matrix caused the higher levels

in the fuel input.

The increase of the trace metal levels in the FFDC inlet are consistent with the
fuel input levels. However, if the FFDC inlet is considered as a point of

uncontrolied emissions, the emissions levels are consistently in the same range.

Improved FFDC removal efficiency with sorbent injection may account for the
lower levels of chromium, copper, manganese, nickel, and vanadium in the
sodium- and calcium-based DSI test periods. Both sodium and calcium injection
before the FFDC significantly reduced the FFDC outlet levels of phosphorous,
chloride, fluoride, and sulfate. The lower levels of arsenic, mercury, and selenium
suggest that calcium injection removes these elements more effectively than

sodium injection.
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Table 25 compares the trace metal levels in the output streams as a percentage of
the fuel input. A larger distribution of the trace metals in the bottom ash
improved the mass balances for the sodium- and calcium-based DSI test periods.
The bottom ash levels for the SNCR test period appear negatively biased by 15%
of fuel input. For the low-NO, combustion test period, the bottom ash levels
appear negatively biased by 20% of fuel input and the fly ash levels appear
negatively biased by 15% of fuel input. The use of the same collection methods
for all four test periods suggests that the closer adherence to ASTM preparation
methods during the sodium- and calcium-based DSI test periods improved the
trace metal results. Also, the use of more representative sampling techniques for
fly ash during these test periods appears to have reduced the occurrence of poor

trace metal results seen during the low-NO, combustion test period.

Output Stream (% of Fuel Input’) Total
Test Period % CI
Bottom Ash Fly Ash FFDC Outlet (% Closure)

Low-NO 9 53 2 64
Combustion *

SNCR 14 67 2 83

DSI (Sodium) 28 63 1 92

DSI (Calcium) 31 68 1 100

1. Fuel input for sodiam- and calcium-based DSI test periods inciude the sorbent injection streams.
2. The fuel result for molybdenum appears 1o be severely biased low. The percentages for the low-NO  combustion test
period are based on an average of the molybdenum levels in the fuels from the SNCR and sodium-based DSI test penods.

Table 25; Distribution of Trace Metals Across Output Streams
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INTEGRATED DRY NO, /SO, EMISSIONS CONTROL SYSTEM

ENVIRONMENTAL MONITORING REPORT

Calcium-Based Dry Sorbent Injection System Test Period:
April 30, 1993 through November 2, 1993

Calcium DSI Air Toxics Test October 19-20, 1993
Dioxins/Furans Air Toxics Test October 11-13, 1993

Appendix A: State Emission Reports



Opacity Compliance Calculation

Table 26 summarizes the number of 6-
minute opacity exceedances reported to
the CDH during the testing period.
These data are from the compliance

reports sent to the CDH that follow.

There were a total of 31 exceedances for

a total of 186 minutes above 20% opacity.

The calculation used to compute the
Arapahoe 4’s compliance with the 20%

opacity limit is shown below.

%compliance = 1m—(mxloo)

operation time

Month Number of Violations
April 30 0
May 5
June 2
July 0
August S
September 14
October 1-20 5
Total 31

Table 26: Summary of Opacity Violations

186 minx—"*
=100- 3“‘;“ x100
2,108.3 h—(28 daysx%;:)-(l day x> ]4,979 h+(20 days» 23 "]
-100-0.08005
-99.92%

Appendix A—1




@ Public Service: | CommetCoone

P.O. Box BAO
Denver, CO 80201- 0840

July 29, 1993

Mr. Roy Doyle

Air Pollution Control Division
Colorado Department of Health
4300 Cherry Creek Drive South
Denver, CO 80222-1530

RE: Second Quarter, 1993 Excess Emissions Report, Arapahoe Units #14
Dear Roy:

Attached is the excess emissions report for the second quarter, 1993, for the Public Service
Company of Colorado Arapahoe Steam Electric Generating Station, Units #1-4.

Dates not reported on the attached emissions report are those in which the units were not
running. The operating hours for Units #1-4 during the quarter were: Unit #1 - 1,498.8 hours,
Unit #2 - 1,508.9 hours, Unit #3 - 1,405.5 hours and Unit #4 - 2,108.3 hours.
Feel free to contact me at 294-2810 with any questions in this regard.

Sincerely,

Pt d. Cobtn.

Peter J. Cohlmia
Chief Environmental Scientist

PIC:tc

Attachments
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Fossil Fuel-Fired Steam Generators, Subpart D . ¢ oo ,; 5

Suggested Format for Sources in Region VIII*. 3 "'“f T

Minimum Requiremeants Under Section 80.7 (ses lnm'uctlons)&..-..g,. *

A% e lET \-v ;'J_ f‘.f )

Part 1 - This report includes all the required information under section 60 7 for - "' *" ot e

-» -"‘ '

».1’

‘.a’ .

a. Quarterly emission reporting period ending: - :
March 31 (June 30) September 30 December 31 : 5,
b. Reporting year: _1993 .
c. Reporting date: _07/14/83
d. Person completing report: _Mark Spomer
e. Station name: _Arapahge Station
f. Plant location: 2601 South Platte River Drive
g. Person responsible for review and integrity of
report: _Peter ), Cohlmia
h. Mailing address for person in 1-g above:
£. 0. Box 840, Denver, Colorado 80201
i Phane number for 1-g above: _294-2810
Part 2 - Instrument information, complete for each instrument.
a. Opacity Monitor: Unit 1 Unit 2 Unit 3 Unit 4
b. Manufacture: Lsar Siegler LS. L.S. L.S.
c. Model No: RM41 RM4 1 RM41 RM41
d. Serial No: 668 140Q 1369 997
e. instailation: 177 /79 679 779

Part 3 - Excess emissions (by pollutant)

Use Table |: Attach separate narrative per instructions.
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Part 4 - Conversion factors

a. Zero and Cal values used, by instruments:
Unit1 Unit2 Unit3 Unité
Zero 0 Q00 _00 _00
Cal 525 _§17 _580 485

Part 5 - Continuous Monitoring System operation faillures

See Table Il: Complete one sheet for gach monitor
attach separate narrative per ingtructions.

Part 6 - Certification of report integrity, by per in 1-g above:

THIS IS TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE, THE
INFORMATION PROVIDED IN THE ABOVE REPORT IS COMPLETE AND ACCURATE.

‘NAME _Peter J. Cohlmia

SIGNATURE _Q‘m Cotdnt

Title Chief Environmental Scientist

Date _17!%27193

* Suggested Format for Subpart D sources In:

Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming : '; -
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TABLE |

Excess Emissicns

Date Time* From - To Pollytant
] -

No violations

Opacity
Attached is additional information for excesses ocgurring during the PRI Quarter

el

¢ As defined in the instructions form the applicable section of the Federal Register; attached
narrative of causes, etc,
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Continuous Monitaring System Operation Failures

Date Time* From —~ Yo Instryment ___________Effect op Instrument Output
B/17/93 0815 10 6/17/93 0800 Lear Siegler Removed for calibration
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LA A A A AR R RS ARARSRNRLERESEEREESEREAEEERSEANEEREREASSERRAdARRRS SR lllS R R NS EERERZ,;

OPACITY MONTHLY DATA REPORT

LA A AR XA R R AR R AR RS AR B A RAARSARAXE R XRRE RS A AR R S A ARSERARSR L REXENEE RN

I | A
;PowER PLANT:‘ ARAPAHOE” L uattfﬂ“ ﬁﬁ £

CUNITe: 48 5 w SOURCE S --cusnenrﬁe-f‘u..%
REPORT START TIME: QUARTER = 2 4/1893

.—vv‘v-rv"r*

B+ N .
. ™ ' O -
DAY  eccemmeceoo-- VIOLATION CATEGORY ---g~--=-=--=- " WEIGHT AVERAGE
A B c D E FACTOR OPACITY
20-25% 25-307% 30-35% 35-45%Z  OVER 4517 A

4/01 0 0 0 S0 TR 24 3.4
4/02 0 o 0 0 v 24 3.4
4/03 0 ) 0 00 24 3.4
4/04 0 0 0 (0 23 3.2
4/0% 0 0 0 0 24 3.1
4/06 0 0 0 0 24 3.4
4/07 0 0 0 SN B » 24 3.6
4/08 0 0 0 0" " 24 3.8
4/09 0 0 0 0 . 24 3.3
4/10 0 o} 0 0 24 3.5
4/11 0 0 0 0 24 3.3
4/12 0 0 0 0 24 3.6
4/13 0 ] 0 B - g =“-24 - 3.4
a/14 0 0 0 L0 2 ‘oé""i?“_. ; 3.4
4/15 0 0 0 0L z;;;ﬁ 24 3.3
4/16 c 0 0 0 o . 3.3
4/17 0 0 0 0 3.3
4/18 0 0 0 0 3:5
4/19 0 0 0 G 3.5
4/20 0 0 0 0: 3.3
4/21 0 0 0 0’ 3.3
4/22 0 0 0 0 3.5
4/23 0 0 0 0 3.7
4/24 0 0 0 0 3.6
4/25 0 0 0 TR 0T 3.4
4/26 0 0 0 0 : 3.6
4/27 ] 0 0 0 3.4
4/28 0 0 0 0 3.4
4/29 0 0 0 ] 3.5
4730 0 0 0 0 3.4

MONTHLY .
TOTALS 0 _ 0 0 0 ‘ 0 719 3.4

EPORT COMPLETE
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. UNIT: 4'~*ﬂf'v'ﬁwﬁr-souacéw-~cunﬁENToﬁ‘1
REPORT START TIME: QUARTER = 2 6/1993

LA

F-h g lema Q1
DAY ~eccemccme-a-- VIOLATION CATEGORY~--:;;;t-e;----:§-UEIGHT AVERAGE
A B c D N E ~ - FACTOR OPACITY
20-25% 25-30% 30-357 35-4517”;ov55 457 y4
5/01 0 0 0 %053 ) 3.4
5/02 0 0 0 v 0t 3.4
5/03 0 0 0 . Oy 3.7
5/04 0 0 0 0. 0y 3.6
5/05 0 0 0 0 .0 3.5
5/06 0 o} 0 0 ' 3.3
5/07 0 0 o U0 g3} 3.3
5/08 4 0 0 1: > 0oy 5.5
§/09 0 D 0 SR ¢ 04 3.4
5710 0 0 0 0 AR 24 3.5
5/11 0 0 0 0 0 24 3.4
§/12 0 0 0 .0 0 24 3.3
5/13 0 0 0 0" L. O"T, 24 3.6
5/14 0 0 0 Q- » 03 24 4.4
5/15 0 0 0 0 o DN 24 4.7
5/16 0 0 0 0 0 24 4.5
5/17 0 0 ] 0 0 24 4.3
5/18 0 0 0 0 o 24 4.0
5/19 0 - 0 0 o =7 o 24 4.3
5/20 0 0 0 0 ] 24 4.2
5/21 0 0 0 ] 0 24 4.4
5/22 0 0 ] 0 0 24 4.5
5/23 0 o 0 0 0 24 4.2
5/24 0 0 0 0 0 24 4.1
5/25 0 0 0 0 0 24 Q.1
5/26 0 0 0 0 0 24 4.1
5727 0 0 0 0o ] 24 4.5
5/28 0 0 0 0 0 24 4.3
5/29 0 0 0 0 0 24 q.1
5/30 0 0 0 0 0 24 4.4
6/31 0 0 0 0 0 24 4.4
MONTHLY

TOTALS 4 0 0 t 0 744 4.0

YEPORT COMPLETE
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A A AR L LR EEXEEELSEAARELERRS R 2R RAlRRRXAZ2a i Al Al i il i R AR RN XX J

PUNITs g AR A S QURCE.
REPORT START TIME: QUARTER = 2

| : AN
A R SRR e
DAY  wmceveemeaa-- VIOLATION CATEGORY’-ﬁ;;J;;;;;zgggn_&WEIGHT AVERAGE
A B c D - o B FACTOR OPACITY
20-25% 25-30% 30-357 35-45% ovea 457 ' 4

6/01
6/02
| 6/03
6/04
6/05
6/06
6/07
6/08
6/09
6/10
6/11
6/12
6/13
6/14
6/15
6/16
6/17
6/18
6/19
6/20
6/21
6/22
6/23
6/24
6/25
6/26
6/27
6/28
6/29
6/30
MONTHLY
TOTALS 0 0 2 0 0 720 3.7

s e e ° 8 * s = -

L } L )

.'..‘..
BOAOOWNDAWWWNOAWOAOANDIODAWONNNONNN®

- s = . -

000000000000 DO0DODO0O0O0O0OO0O00000000O0
0000000000 O0ONODO0OO0O0D0000O000000000O0

0000000000000 00000C0O0O0QDO0OO0O0OOQO0OO0O
WWWWwWwwwwwwWwiwdwWwWwWwWwwwbwbwobbdbbh
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REPORT COMPLETE
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('\.},ﬁ- | POWER, PLANT:. ARAPAHOE
= “Unitr” 4 -
Report Period: Quartlr - 2 1993
REASON CODES FOR: - s e
HOURLY EXCLUSIONS = none A g
UPSET EXCLUSIONS = none : ';.;-_;., ;-;-{;-.ﬂ
START DATE-TIME  END DATE-TIME  MIN-Z MAX-Z AVG-X TYPE VIOLATION REASON

P A A T R P S e WD e b B D A b e YR EE R AR W SN ke S O S ML SR IR W P RSP TR I SR WP P WP TR YR SR W AR VP T A T D D IR SR W D S e e I W TR R T N M W W ow ke e e

05/08/1993 12:12 05/08/1993 12:17 21.8 21.8 21.8 V UNIT STARTUP
05/08/1993 12:30 05/0B/1993 12:41 21.0 38.0 28.5 O UNIT STARTUP
05/08/1993 12:54 05/08/1993 13:05 24.3 25.0 24.6 O UNIT STARTUP
05/14/1993 11:54 05/14/1993 12:05 36.3 40.1 38.2 VO HNGFECTP?EBQNJ@A»T&%MK
06/19/1993 04:00 06/19/1993 04:11 30,4 31.7 31.1 VFO UNIT STARTUP




@ Public Service:  Company ot Coorade

Govemmaenta: and
Environmantal Affairs

P. 0. Box B40

Denver, CO B0201 - 0840

October 28, 1993

Mr. Roy Doyle

Air Pollution Control Division
Colorado Department of Health
4300 Cherry Creek Drive South
Denver, CO 80222-1530

RE: Third Quarter, 1993 Excess Emissions Report, Arapahoe Units #1-4
Dear Roy:

Attached is the excess emissions report for the third quarter, 1993, for the Public Service
Company of Colorado Arapahoe Steam Electric Generating Station, Units #1-4.

Dates not reported on the attached emissions report are those in which the units were not
running. The operating hours for Units #1-4 during the quarter were: Unit #1 - 740.5 hours,
Unit #2 - 679.2 hours, Unit #3 - 932.3 hours and Unit #4 - 1,979 hours.

Feel free to contact me at 294-2810 with any questions in this regard.

Sincerely,

(A= d. Ghlonse

Peter J. Cohlmia
Chief Environmental Scientist

PIC:tc

S0, &l
ron m“"‘y’n

Attachments
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QUARTERLY EXCESS EMISSIONS REPORT (EER)

Fossil Fuel-Fired Steam Generators, Subpart D
Suggested Format for Sources in Region VIII*

Minimum Requirements Under Section 60.7 (see instructions)

Part 1 - This report includes all the required information under
section

Part

60.7 for

Quarterly emission reporting period ending:
March 31 June 30 (September 30) December 31
Reporting year: __1993

Reporting date: _10/14/93

Person completing report: _ Mark Spomer
Station name: __Arapahoe Station

Plant location: _2601 South Platte River Drive

Person responsible for review and integrity of
report:

Mailing address for person in 1-g above:
-P. O, Box 840, Denver, Colorado 80201
Phone number for 1-g above: __294-2810

2 - Instrument information, complete for each instrument.

Opacity Monitor: Unit 1 Unit 2 Unit 3 unit 4
Manufacture: Lear Siegler L.S. L.S. L.Ss.
Model No: RM41 RM41 RM41 RM41
Serial No: 568 1409 1369 997
Installation: 1/77 6/79 6€/79 7/79

Part 3 -~ Excess emissions (by pollutant)

Use Table I: Attach separate narrative per instructions.
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Part 4 - Conversion factors

a. Zero and Cal values used, by instruments:

Unit 1 Unit 2 Unit 3 Unit 4
Zero 0.0 — 0.0 —_0.0 ~0.0
Cal -y 751 —51.7 —B8.0 48,5

Part 5 - Continuous Monitoring System operation failures

See Table II: Complete one sheet for each monitor
attach separate narrative per instructions.

Part 6 - Certification of report integrity, by per in 1-g above:

THIS IS TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE, THE
INFORMATION PROVIDED IN THE ABOVE REPORT 1S COMPLETE AND
ACCURATE.

NAME Peter J. Cohlmia

SIGNATURE _Q.ﬂ J G

Title Chief Environmental Scientist

Date _45&![/93

* Suggested Format for Subpart D sources in:

Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming



Page 3 of 4

TABLE I

Excess Emissions

Date Time* From =— To Pollutant Magnjitude* Lb/106 BTU
502

No violations

Opacity
Attached is additional information for excesses occurring during
the Third Quarter

+

* As defined in the instructions form the applicable
section of the Federal Register; attached narrative of
causes, etc. '
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Continuous Monitoring System Operation Failures

* == To

In

‘Date _ Time* From

7/14/93 0900 to 7/14 1545
7/28/93 0755 to 7/28 1400
9/10/93 0800 to 9/13 1423

9/27/93 0640 to 8/27 1355

#3 L.S.
#2 L.S.
f1 L.S.

'4 L.S.

Calib.
Calib.
Calib.
Calib.

and filter audit
and filter audit
and filter audit

and filter audit
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POWER PLANT: ARAPAHOE R
UNIT: 4 SOURCE = CURRENT

REPORT START TIME: QUARTER = 3 771993

*0ORT COMPLETE

DAY  -----rmee-o -~ VIOLATION CATEGORY -----me-cc=-o-- WEIGHT AVERAGE
A B c 0 E FACTOR OPACITY
20-25Z.  25-30% 30-35% 35-45%  OVER 457 %

7/01 0 0 0 0 0 24 3.1
7/02 0 0 0 0 0 24 3.1
7/03 0 0 0 0 0 24 3.6
7/04 0 0 0 0 0 24 3.3
7/05 0 0 0 0 0 24 3.4
7/08 0 0 0 0 0 24 3.1
7/07 0 0 0 0 0 24 3.3
7/08 0 0 0 0 0 24 3.5
7709 0 0 0 0 0 24 3.4
7/10 0 0 0 0 0 24 2.9
7/11 0 0 0 0 0 24 3.5
7/12 0 0 0 0 0 24 3.2
7/13 0 0 0 o 0 24 3.9
7/14 0 0 0 0 0 24 a.4
7/15 0 0 0 0 0 24 4.3
7/16 0 0 0 0 0 24 a.1
7/17 0 0 0 0 0 24 4.3
7/18 0 0 0 0 0 24 3.9
7/18 0 0 0 0 0 24 4.3
7/20 0 0 0 0 0 24 4.4
7/21 0 0 0 0 0 24 4.0
7/22 0 0 0 0 0 24 4.0
7/23 0 0 0 0 gm0 e, - 24 4.3
7/24 0 0 0 0 LME O Tt 24 4.3
7/25 0 0 0 0 ;ggsxo;‘j{¢f¢24 N 3.9
7/26 0 0 0 0 TRl Gh 43T 5HE 247 3.8
7/27 0 0 0 0 L7 0 24 4.0
7/28 0 0 0 0 ERoT I 24 4.0
7/29 0 0 0 0 . ruppmrn, 4.2
7/30 0 0 0 0 a0 a.2
7/31 0 0 0 0 “<alitovRaked . 3.9

A e -_--,----.f%iﬁ%:;.ft‘“ ...........

MONTHLY , Begmid Ly s

TOTALS 0 0 0 [ ViR XY Lan744 3.8

TR TS
Al BB
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Fle eI e B ‘»—rﬁiiﬂzwumeaﬁwnv\r.w\ﬂ::a“;r s v
POWER PLANT: ARAPAHOE ; ‘
UNIT: 4 SOURCE = CURRENT

REPORT START TIME: OQUARTER = 3 8/1993

DAY  ~e-ecmeeee-a- VIOLATION CATEGORY -----=-v------ WEIGHT AVERAGE
A B c D E FACTOR OPACITY
20-25% 25-307 30-357% 35-45%  OVER 457 z

8/01 0 0 0 0 ] 24 4,2
8/02 .0 0 0 0 0 24 4.4
8/03 ] 0 0 0 ] ~ 24 a.s
B/04 0 0 0 0 0 24 4.3
B/05 0 0 0 0 0 24 4.2
B/06 0 0 0 0 0 24 4,2
B8/07 0 0 0 0 ] 24 3.9
8/08 0 0 o 0 0 24 3.9
8/09 0 0 0 o 0 24 3.8
8/10 0 0 0 0 0 24 4,3
8/11 0 0 0 0 o 24 4.2
B/12 0 c 0 0 0 24 4.6
8/13 0 0 0 0 to .24 4.4
8/14 0 0 0 0 -0 24 4,1
8/15 o 0 0 0 0 24 4.0
8/16 0 0 0 0 -0 24 4.0 _
B/17 0 0 0 0 w 05 .~ 24 3.9
B/18 0 0 0 0 -'”o: 24 a.s
8/19 ] 0 o} o ' ' 4.3
8/20 0 0 0 0 4.5
B/21 0 0 o} ] 4.0
8/22 0 0 0 0 3.7
8/23 0 0 0 0. 3.6
8/24 0 0 0 0 3.4
B/25 0 0 0 0 3.6
8/26 o 0 0 0 4.3
8/27 0 0 0 0 ‘ 5.9
8/28 0 0 0 0 ;; '«.3"ﬂ;; §.6
8/29 . 0 2 1 1 28 5.9
8/30 ] 0 0 0 i Y24 . 4.9
8/31 o 0 ] ] E? o Ciel T R 4.9

................................................ - —..-—d---....----------

MONTHLY . C

TOTALS ] 2 1 1 1 743 4.3

: s it Do i B
>ORT COMPLETE ,3&? .
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POWER PLANT: = ARAPAHOE ' '
UNIT: 4  SOURCE = CURRENT

REPORT START TIME: QUARTER « 3 9/1993

DAY el bl VIOLATION CATEGORY ---=-=-~e=cecc-=- - WEIGHT AVERAGE
A B c D’ E FACTOR DOFPACITY
20-25% 25-30% 30-35Z% 35-464 OVER 46% ¥4

9/01
9/02
9/03
s/04
8/05%
9/06
9/07
9/08
2/08
9/10
8/11
$/12
9/13
9/14
9/15
9/16
8/17
9/18
9/19
9/20
9/21
9/22
9/23
9/24
9/285
9/26
9/27
9/28
8/2%
9/30

24
24

s ¢ a =

PR OWHPFPDODOUDLBAOANDODHRWAWRWAWDBWRDWEOURLN®DWO

-

e Drecr vy 240
2T 0 e 24 ‘
a0 2

000000 WrHrOOO0DO0DO0OO0OO0ODO0O0O00O0DDOOOOOO
0O00DO00OFRWOOOO0OOODO0OD0OO0O0O0D0DVOO0O0O0OO000O0O
000 O0MORO0O0O00D000000000000000000O0
000D OONIHODODOODODODOOO0O0DO0DO0ODO0CO0OO00OO0CO0O0O
RO TOITOIAAbDOTOIIOIIIOILUT T VTN D NTD BWQ

MONTHLY
TOTALS 4 4 1 3 2 716 4.8

EPORT COMPLETE
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LA S A R REEENE REAARSEEREEEEENERLIANENEEE Y ANEEESE SRR AN AN AR A ALENESALRE N ELES NE R J N B KB R g gy

- - vmas «-- OPACITY. Violation Report

LA A A REE A EEEA LR R Y RN R EE RIS R XYY EY 2

P —

. - B & R ’
WANT B AT DTN AT AT N

i : S N PPV ) B - 4 FINA M
POWER PLANT: ARAPAHOE i e
Unit: 4 Source = CURRENT
Report Perdiod: Quarter « 3 1993
REASON CODES FOR:
HOURLY EXCLUSIONS = none
UPSET EXCLUSIONS = none
START DATE-TIME END DATE-TIME MIN-Z MAX-7% AVG-% TYPE VIOLATION REASON

07/13/1993 15:00 07/13/1993 15:05 36.1 36.1 36.1 VIO (MBS -mlaoared
08/29/1993 15:00 08/29/1993 15:058 29.6 29.6 29.6 VIO UNIT STARTUP
0B/28/1993 17:00 08/29/1993 17:23 29.1 46.3 35.8 VIO UNIT STARTUP
09/23/1993 11:36 09/23/1993 12:05 22.9 36.9 28.9 VOF UNIT SHUTOOWN
09/24/1993 02:24 09/24/1993 02:29 59.6 B9.6 59.6 VIO UNIT STARTUP
09/24/1993 02:36 09/24/1993 03:11 21.4 50.8 35.4 VIO UNIT STARTUP
09/24/1993 04:36 09/24/1993 04:41 22.0 22.0 22.0 VIO UNIT STARTUP
09/24/1993 05:06 09/24/1993 05:11 29.8 29.8 29.8 VIO COAL MILL OPERATION

09/27/1993 13:06 09/27/1993 13:11 44.8 44.8 44,8 VIO CMAlpmlr {
c e e . MOT countTED




@ Public Service oo ¥ Solorne

Governmental and
Environmental Atfairs

P. D. Box 840

Denvar, CO 80201 - 0840

January 27, 1994

Mr. Roy Doyle

Air Pollution Control Division
Colorado Department of Health
4300 Cherry Creek Drive South
Denver, CO 80222-1530

RE: -Pourth Quarter, 1993 Excess Emissions Report, Arapahoe Units #1-4
Dear Roy:

Attached is the excess emissions report for the fourth quarter, 1993, for the Public Service
Company of Colorado Arapahoe Steam Electric Generating Station, Units #1-4.

Dates not reported on the attached emissions report are those in which the units were not
running. The operating hours for Units #1-4 during the quarter were: Unit #1 - 2,033.7 hours,
Unit #2 - 2,068.2 hours, Unit #3 - 2,070.3 hours and Unit #4 - 2,181.9 hours. '
Feel free to contact me at 294-2810 with any questions in this regard.

Sincerely,

p.u.;t \l : é:' U 'W“‘c.

Peter J. Cohlmia
Chief Environmental Scientist

PIC:tc

Attachments
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OUARTERLY EXCESS EMISSIONS REPORT (EER)
Fossil Fuel-Fired Steam Generators, Subpart D
Suggested Format for Sources in Region VIII*
Minimum Requirements Under Section 60.7 (see instructions)

Part 1 - This report includes all the required information under
section 60.7 for

a. Quarterly emission reporting period ending:
March 31 June 30 September 30 (December 31)

b. Reporting year: 1993

c. Reporting date: _01/12/94

d. Person completing report: Mark Spomer

e. Station name: __Arapahcoe Station

f. Plant location: 01 Sout e ve v

g. Person responsible for review and integrity of
report: Peter J. Cohlmia

h. Mailing address for person in 1-g above:
8 enve co do 0
i. Phone number for 1-g above: 294-2810

Part 2 - Instrument information, complete for each instrument.

a. Opacity Monitor: Unit 1 Unit 2 Unit 3 Unit 4
b. Manufacture: Lear Siegler L.S. L.S. L.S.
c. Model No: RM41 RM41 RM41 RM41
d. Serial No: 568 1409 1369 997
e. Installation: 1/77 6/79 6/79 7/79

Part 3 - Excess emissions (by pollutant)

Use Table I: Attach separate narrative per instructions.
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Part 4 - Conversion factors

Zero and Cal values used, by instruments:

Unit 1 Unit 2 Unit 3 Unit 4
Zero 0.0 0.0 0.0 0.0
Cal 53.4 51.7 58.0 49.5

Part 5 - Continuous Monitoring System operation failures

See Table II: Complete one sheet for each monitor
attach separate narrative per instructions.

Part 6 - Certification of report integrity, by per in 1-g above:

THIS IS TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE, THE
INFORMATION PROVIDED IN THE ABOVE REPORT IS COMPLETE AND
ACCURATE.

NAME @"‘(iﬁ. 1. (ohlmin
SIGNATURE _QZS_Z N. Gt

ritle (Autt Swinem L g ot
Date Ill?/qgi
I 77

* Suggested Format for Subpart D sources in:

Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming
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TABLE I

Excess Emissions

Date Time* From -- To Pollutant Magnitude* Ib/106 BTU
—80*

No violations

. Qpacity .
Attached is additional information for excesses occurring during
the Thiwd Quarter
ﬁv\f?—%

* As defined in the instructions form the applicable
section of the Federal Register; attached narrative of
causes, etc.
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PowER PLANT: ARAPAHOE ' T
UNIT: < SOURCE = CURRENT
REPORT START TIME: QUARTER = 4 10/1983

DAY LT ppep——— VIOLATION CATEGORY ===vwevcee-- .- WEIGHT AVERAGE
A B o D E FACTOR OPACITY
20-25% 25-30% 30-3517 35-45% OVER 4517 ya
10/01 ] 0 0 0 0 24 1.0
10/02 0 () 0 0 ] 24 1.2
10/03 0 0 ) 0 0 24 1.4
10/04 ) 0 0 0 0 24 1.7
10/05 0 -0 0 0 0 24 1.9
10/06 0 0 0 0 0 24 1.8
10/07 0 0 0 0 0 24 1.7
10/08 0 0 0 0 0 24 0.8
10/09 1 ) L ) E AL 1) 24 2.2
10/10 0 0 o] i 0 24 1.1
10/11 0 0 0 0 0 24 1.2
10/12 0 0 0 0 0 24 1.0
10/13 0 0 0 0 0 24 1.2
10/14 0 0 0 0 0 24 1.7
10/15 0 ) 0 0 0 24 1.7
10/16 0 0 0 0 0 24 1.5
10/17 0 ) 0 0 0 24 1.7
10/18 0 o] 0 0 0 24 1.2
10/19 ) 0 0 0 0 24 0.9
10/20 0 0 0 0 0 24 0.7
10/21 0 0 0 0 0 24 1.3
10/22 0 0 0 0 0 24 1.6
10/23 0 0 0 0 0 24 1.9
10/24 0 i} 0 0 0 24 1.7
10/25 0 0 0 0 0 24 1.5
10/26 0 0 0 0 0 24 1.5
10/27 0 0 0 0 0 24 1.6
10/28 0 0 0 0 ] 24 1.2
10/29 0 0 0 0 0 24 1.8
10/30 0 0 0 0 0 24 2.1
10/31 0 0 0 0 0 25 2.0
AONTHLY
TOTALS 1. 0 1 2. 3 745 1.5

EPORT COMPLETE
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F. XPOWER PLANT 1 ARAPAHOE & - . - ~PdBLio: L. Al T st e
UNIT: 4 SOURCE = CURRENT
REPORT START TIME: QUARTER = 4 11/1993

DAY e ecceeee- VIOLATION CATEGORY =-cem-=-e=- “—- WEIGHT AVERAGE
A B C ) E FACTOR OPACITY
20-254% 25-30% 30-354% 35-45% OVER 451 Vi
i11/01 0 0 ] 0 0 24 1.6
11/02 0 0 0 0 0 24 2.1
11/03 0 0 0 0 0 24 1.7
11/04 0 0 0 ] 0 24 1.4
11/08 0 0 0 ] 0 24 1.3
11/06 0 0 0 0 0 24 1.2
11/07 0 0 0 0 0 24 1.2
11/08 0 ) 0 0 0 24 1.4
11/09 0 0 0 0 0 24 1.4
11/10 0 0 0 0 0 24 1.4
11/11 0 0 ] 0 0 24 1.5
11/12 0 0 0 0 0 24 1.4
11/13 0 0 0 0 0 24 0.8
11/14 0 0 0 0 0 24 1.1
11/1% 0 0 ) 0 0 24 1.3
11/16 0 0 0 0 0 24 1.4
11717 0 ) 0 0 0 24 1.3
11/13 0 0 0 0 0 24 1.1
11/19 0 0 0 0 0 z4 1.4
11720 0 0 0 0 0 24 1.0
11/21 0 0 0 0 0 24 1.3
11/22 0 0 ) 0 0 24 1.5
11723 0 ) 0 0 .0 24 2.0
11/24 0 0 0 ) 0 24 1.6
11/25 0 0 0 0 0 24 1.6
11/26 0 0 0 0 0 24 1.2
11/27 ] 0 0 0 0 24 1.0
11/28 0 0 ) 0 0 14 1.4
11729 0 0 0 0 0 24 1.2
11/30 0 0 0 0 0 24 1.6
MOMTHLY
TOTALS 0 o} 0 0 0 7a0 1.4

REPORT COMPLETE
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“POWER~ PLANTr-ARAPAHOE Yo ' E
UNIT: 4 SOURCE = CURRENT
REPORT START TIME: QUARTER = 4 12/1993
DAY  eccmcccmmea- VIOLATION CATEGORY ---==--=cc=v-=-- WEIGHT AVERAGE
A B ¢ D E FACTOR OPACITY
20-25% 25-30% 30-35% 35-457  OVER 45% y
12/01 0 0 0 0 0 24 1.4
12/02 0 0 0 0 0 24 1.3
12/03 0 0 0 0 0 24 1.4
12/04 0 0 0 0 0 24 0.9
12/05 0 0 0 0 0 24 1.4
12/06 0 0 0 0 0 24 1.8
12/07 0 0 0 0 0 24 1.3
12/08 0 0 0 0 0 24 1.%
12/09 0 0 0 0 0 24 1.2
12/10 0 0 0 0 0 24 1.0
12/11 0 0 0 0 0 24 1.5
12/12 0 0 0 0 0 24 1.4
12/13 0 0 0 o 0 24 1.3
12/14 0 0 0 0 0 24 1.4
12/15 0 0 0 0 0 24 1.9
12/16 0 0 0 0 0 24 1.7_
12717 o} 0 0 0 0 24 1.7
12/18 0 0 0 Q 0 24 1.8
12/19 0 0 0 0 0 24 1.9
12/20 0 0 0 0 0 24 1.5
12/21 0 0 0 D 0 24 1.8
12/22 0 0 0 0 o] 24 1.6
12/23 0 0 0 0 0 24 1.7
12/24 0 0 0 0 0 24 1.3
12/25 0 0 0 D 0 24 1.2
12/26 0 0 o] 0 0 24 1.4
12/27 0 0 0 0 0 24 1.8
12728 0 0 4] 0 0 24 1.4
12/29 0 0 0 0 0 24 1.8
12/30 0 0 0 0 0 24 1.9
12/31 0 0 0 0 D 24 1.8
MONTHLY
TOTALS 0 o] 0 0 0 744 1.5

PORT COMPLETE
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INTEGRATED DRY NO, /SO, EMISSIONS CONTROL SYSTEM

ENVIRONMENTAL MONITORING REPORT

Calcium-Based Dry Sorbent Injection System Test Period:
April 30, 1993 through November 2, 1993

Calcium DSI Air Toxics Test October 19-20, 1993
Dioxins/Furans Air Toxics Test October 11-13, 1993

Appendix B: Aqueous Stream Compliance Data
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INTEGRATED DRY NO, /SO, EMISSIONS CONTROL SYSTEM

ENVIRONMENTAL MONITORING REPORT

Calcium-Based Dry Sorbent Injection System Test Period:
April 30, 1993 through November 2, 1993

Appendix C: Calcium-Based DSI System Data Summary



Data Used For Duct Injection Trend Plots.

Tast Rate Load cas Iann..;ais AsQ2 aSQ2 @ Ca/S=2
582 5/12/93 108 1.54 21.2 27.5
605 6/28/93 107 1.63 65 12.1 14.8
605 6/28/83 109 1.66 76 9.2 11.1
605 6/28/93 108 1.76 61 19.1 21.7
605 6/29/93 108 2.07 40 20.5 19.8
605 6/29/93 106 1.87 43 20.5 21.9
610 711193 109 1.69 s 32.0 37.9
810 711793 106 1.82 25 29.4 32.3
582 5/12/93 108 1.36 69 13.8

582 5/12/93 108 1.41 67 16.3

612 712193 104 1.07 s 14.8

578 5/10/93 100 1.69 59 20.0 237
579 5/11/93 100 1.71 58 19.1 223
580 5/11/93 100 1.85 50 19.5 21.1
584 5/13/93 100 1.55 48 20.7 26.7
610 71193 100 1.69 36 32.6 38.5
603 6/22/93 95 1.75 47 20.8 23.8
576 5/3/93 100 2.41

579 5/11/83 100 0.95 51 12.0

584 5/13/93 99 0.78 47 11.4

610 7/1/93 98 1.09 24 22.6

605 6/28/93 91 1.69 41 2256 26.7
805 6/28/93 91 1.74 39 20.8 23.9
605 6/28/93 91 1.33 45 16.9

605 6/29/93 86 1.63 41 23.4

600 6/16/93 80 1.86 40 23.3 25.1
604 6r22/93 80 1.78 35 17.8 20.0
599 6/15/93 80 0.40 a5 23

601 6/17/33 80 0.85 45 12.9

602 6/21/93 80 0.39 45 3.9

610 71193 78 1.42 42 19.3

612 7/2/93 79 1.40 a4 20.6

581 5/12/93 70 1,73 44 20.3 23.5
586 5/14/93 70 1.70 20 37.0 43.7
583 5/13/93 70 1.66 38 19.3 23.3
604 6/22/93 50 1.75 45 222 25.4
604 6/22/93 59 1.53 45 23.8 31.4
606 6/29/93 80 1.64 38 225 27.4
606 6/30/93 58 1.7% a8 18.8 21.5
608 711193 60 1.72 34 19.7 22.9
609 7/1/93 60 1.72 29 23.4 27.2
611 712193 61 1.59 36 25.5 32.1
705 10/19/93 112 2.06 28 a7.0 359
706 10/20/93 112 2.07 28 35.4 34.2
707 10/20/93 112 2.10 29 37.8 36.0
709 10/26/93 102 2.03 50 26.9 26.5
712 10/27/93 101 1.97 29 28.1 28.5
715 11/1/83 112 2.23 a2 34.4 30.9
717 1111783 113 1.90 a5 30.9 32.5
719 11/2/93 114 2.04 36 26.8 26.3
720 11/2/93 114 2.10 32 28.6 27.2

721 11/2/93 114 2.18 a0 32.9 30.6
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