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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 parameters 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”Fand 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 rests 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 Dq NO@0 L 

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 lb/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 
Quarter (1993) Avg. SO 2 Content 

compliance monitoring (IblMMBtu) SO 2 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 2 Emissions 

Emissions calculated to 

be above the regulatory limit of 1.2 lb/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, B.A. l., 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 0.7 to 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 

Colorado 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 z 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: 

l Nitric oxide (NO) 

l Carbon monoxide (CO) 

l Carbon dioxide (CO,) 

l Oxygen (0,) 

l 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 

2.437 to 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 grlDSCF) 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. 

D. Solids Stream Monitoring 

Coal sampling and analysis was 

conducted during the air toxics 

sampling period. Two sets of coal 

samples were obtained. The first 

set of samples were obtained 

during baseline testing for dioxins 

and furans. The second set of 

Table 2: Water Use by Flue-Gas Humidification 
System 

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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lb SO iMMBTu 
@ (100%) 0.79 0.86 0.84 

Table 3: Proximate Analysis for Baseline Air Toxics Testing 

0.83 

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 bums Colorado coal from the Yampa mine, but 

PSCC occasionally purchases spot market Colorado coal from the Edna mine. 
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The higher sulk 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. 

%Volatde 
%Fixed 

C.UbOtl 

Total 

34.92 39.38 34.96 39.79 35.01 39.60 34.96 39.59 

1 
45.26 51.04 44.93 51.15 45.59 51.58 45.26 51.26 

100.00 100.00 100.00 100.00 100.00 100.00 99.99 100.00 

FCNM 1.30 1.30 1.29 1.29 ) 1.30 ) 1.30 ) 1.30 1.30 

BNllb 11.034 12.444 10.959 12.475 I I.076 12.529 Il.023 12.482 

lb SO j 
MMBN I .05 I .09 I .03 1.06 

Table 5: Proximate Analysis for Calcium-Based DSI System Air Toxics Testing 

Tea I Test 2 Test3 Avery 

AS W AS DV AS Dv AS DV 
Recewed BlSlS Recewed Basis Recwed BaSlS Recewed BaSlS 

XMo~sture 11.33 12.15 -. II.60 ._ 11.69 . . 

Table 6: Ultimate Analysis for Calcium-Based DSI System Air Toxics Testing 
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ash Flv 

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 Repon, Volume 2: Project 

Performance and Economics. 
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IV. Summary of Air ‘lbxics Monitoring Results 

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 

Trace 
Metals 

Arsenic 
Cadmium 
Copper 
Mercury 
Selenium 
Calcium 
Barium 
Chromium 

Lead 
Molybdenum 
Phosphorous 
Beryllium 
Cobalt 
Manganese 
Nickel 
Vanadium 

Calcium Sodium 

Anions ’ Chloride 
Fluoride 

Sulfate 

I. Elemental precursors of these anions measured m the fuel 
(Cl. F. S). 

data for the calcium-based DSI system. 
Table 7: Target Compounds for Calcium- 

Based DSI System 

Refer to the other three 

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. 
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Target Compounds 

I Polychlormated dibcw-p-dtaxms (PCDD) and polychlormaled dlbenzofurans WDF). 
1. Due to anomalous wntammatmn of nawe 2.3.7.8.PCDD/PCDF isomers m tie method blanks, samples. and archwed resm. the results 

of these tests are mvahd and were repeated dunng the calcwm-based DSI test penod. 
3. Somr basehne tests were repeated m the SNCR test period. 

Table 8: Target Compounds 

PSCC contracted with Camot, 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 

Solid particulate 

Laboratory 

Carnot, Inc 

Location 

Tustin, CA 

Chloride and sulfate (as camot, Inc Tustin, CA 
necessary for confirmation) I 

Acid-forming anions Curtis and Tompkins 

Trace metals Curtis and Tompkins 

Semi-volatile organic Zenon Environmental 
compounds Laboratories 

Berkeley, CA 

Berkeley. CA 

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 

II Coal preparation and ultimate Commercial Testing and Denver, CO 
analysis, including anions Engineering /I 
Neutron activation analysis 

Coal preparation 

Massachusetts Institute of 
Technology 

A. J. Edmonds 

Cambridge, MA 

Long Beach, CA 

Ash preparation and anion 
analysis 

Commercial Testing and 
Engineering 

Denver, CO 

Ash preparation IC an-tot 1 Tustin, CA II 

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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II mvAsbFhwflMl~ Cd Flow(Ib/b) 101.8W 8.359 1 1 105.400 8.351 1 104.3cQ 7.474 

II aonum Total Ad AshF%nv(lm) Flow (IbAd Ii 3,638 ,991 12.240 3,889 12.067 4.593 I 

I -m-mm 4.2 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 75MWe. 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 Environmenrul 

Monitoring Plan Addendum for Air Toxics Monitoring. dated July 1993. 
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Baseline Dioxins Calcium-Based DSI Air Toxics 
Prvw 

1 2 3 1 2 3 

Unit load (MW. net) ’ 76 75 75 112 112 112 

Input 
Air (lb/h) 753,000 705,000 716,000 976,000 995,000 1.028.000 

Coal (lb/h) 67,600 68,900 72,200 101,800 105.400 104,300 

II Steam flow (lb/h) 1 638.000 I 632.000 1 630.000 I 959.00’3 1 966.000 / 966.000 11 

Injection rate 
(Ib/min) 

-- -- __ 51.5 52.4 51.7 

G/S __ __ -_ 2.06 2.07 2.10 
DSI Sorbent feeder -- -- _- 56%/68% 57%169% 56%168% 

output (A/B) ’ 

Humidification 
water (eom) 

-- -- __ 70.9 66.8 72.8 

%O?‘, dry 7.70% 7.24% 7.34% 6.11% 6.25% 6.32% 

FFDC CO (ppmd) ’ 14.0 19.2 13.2 71.7 231 212 
outlet NO (ppmd) ’ 216 194 196 225 221 225 

SO 2 (ppmd) * 308 308 307 280 283 262 

1. Fmm Carnot’s portable 0 2 that sampled at each sample pant. 
2. From a smgle pant Altech CEM system located in the FFDC outlet duct. 
3 The -B” ID fan was off line for the first basehne test. To mamtam consnstent operallng conditmns, the remaming tesu were 

operated at 75 MW. 
4. lndlcates level of openwn of “A” and “8” DSI feed systems. 

Table II: Average Operating Conditions and Continuous Emissions Data 

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 ANWASME 

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 
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EPA SW 846-6010 (ICP) 

EPA SW 846-6010 (ICP) 

ASTM DA208 & ISP 

EPA SW 846-300-IC 

EPA SW 846-7131 (ICP) 

EPA SW 846-7470 (CVAA) 

EPA SW 846-7740 (GFAA) 

EPA SW 846.7191 @FAA) 

EPA SW 846-7421 @FAA) 

EPA SW 846-6010 (ICP) 

EPA SW 846-6010 (ICP) 

EPA SW 846-6010 (ICP with EPA3050 digestlo”) 

ASTM D4239 & LECO SC-132 

EPA SW846-6010 (ICP-AES) 

EPA SW846-7420 (GFAA) 

EPA SW 846-6010 (ICP with EPA3050 dlgestlon) 

EPA SW 846-6010 (ICP wth EPA3050 dIgestlo”) 

A SW 846-6010 (ICP) EPA SW 846.7060 ICP-AES 

EPA SW 846.7060 ICP-AES 

EPA SW 846-6010 (ICP) EPA SW 846.7060 ICP-AES 

EPA SW 846~M)lO (ICP) EPA SW 846.7060 ICP-AES 

Copper EPA SW 846-6010 (ICP) EPA SW 846.7060 ICP-AES 

WY=hJ 
MZtllgUW EPA SW X46-6010 (ICP) EPA SW 846-7060 ICP-AES 

MWCUly EPA SW X46-7470 CVAA EPA SW 846-7471 ICP-AES 
BOWIll 

Ash Molybdenum EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES 

Nlckrl EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES 

Phosphorus EPA SW 846-6010 (1CPJ EPA SW 846.7060 ICP-AES 

Vanadwm EPA SW 846-6010 (lCP1 EPA SW 846.7060 

Calcum EPA SW 846-6010 (1CP) EPA SW 846.7060 (ICP w!tb EPA3050 d!ges”on) 

Sodturn EPA SW 846.6010 (ICP) EPA SW 846.7471 (1CP w!tb EPA3050 dlgestlon) 

Fluorldr EPA 3oO.O(lC) EPA 340.2 (ISE) 

Sulfatr EPA 3W.OK) 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 13 summarizes the bias values used to 

determine uncertainties. 

Location 

Inlet 

Outlet 

Particle 
Collection ’ 

15% 

0% 

Flowrate * 

0% 

0% 

Fuel 
Flowrate ’ 

0% 

N/A 

Fly Ash 
Flowrate ’ 

15% 

N/A 

Bottom Ash 
Flow Rate’ 

15% 

N/A 

I. Bras based on difference between pttot and hear rate flowt-ates. 
2. No bus esttmated as measured mkt. measured oudet. and calculated flow agreed w~thtn +-5X 
3. No btas estimated as calculated flue gas flow agreed wth measured outlet flow. 
4. Btas equals the tnlet pant& callectnn bras. 

Table 13: Summary of Bias Values Used for Uncertainty Calculations 

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: 

l 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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l 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 < 6 are 

found, the average would be (10+8+612)/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, C4,and <2 were reported, the 

average would be reported as < 4 and 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: 

blank value 

% blank correct = sample value a: 100 
number of samples 

For example, if three samples contained 10.5, and 4 mglkg of a trace species and 

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

blank correction = - 2 + - 2 + 1 100 ae - = 37% 
10 5 4 3 

Thus, on average, the actual value measured was 37% higher than the value 

reported in the table. If the blank correction is reported as O%, 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. If 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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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 
lb/l0 I2 Btu 

barium 17,400 

calcium 205,000 

sodium 27,400 
- 

FFDC Inlet Percent 
lb/10 I2 Btu Difference 

431 3,937% 

1,240 16,432% 

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 sulfate 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°F filter 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 3 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 3 and consisted of 0.0003 ng/Nm 3 of 

detected species and 0.0012 ng/Nm 3 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 3 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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Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Phosphorus 
Vanadium 
Calcium ‘,I 

Chloride (Cl) 

Fluoride (F) 

Sulfate 

UTES. 

Solid 41 <21 >48.9 
Gas 784 353 54.9 

Total 825 371 55.1 

Solid 241 21 91.3 
GZi.3 6,460 150 97.7 

Total 6.700 167 97.5 

Solid 10,600 115 98.9 
GSS 1.57(109 9.89(105) 37.1 

Total 1.58(103 9.9O(loq 37.5 

“<“mdicaws that rhe quanuy measured WE less than the detecrmn hmlt: thus the detecnon limit IS shown. 

” > “mdlcaws that the percentage removal 1s based on a deteclmn hmlt so the expected mmm~um removal rate. 

I Included even though nenher trace metals or air tones. 

2. Values for these metals are reported but are bcbeved mvahd due to a problem wh sample preparatmn. (see text) 

Table 19: FFDC Removal Efficiency (Calcium-Based DSI Test Period) 
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E. Solids Stream Monitoring 

Calcium-Based Sorbent Analvsis 

Table 20 lists the trace metal and anion 

analysis results for the calcium-based 

sorbent (calcium hydroxide) and 

humidification water. Although calcium 

and sodium are neither trace metals nor 

air toxics, Table 20 also lists them. 

The humidification water contained 

negligible amounts of trace metals but 

significant amounts of calcium, sodium, 

and acid-forming anions. The total mass 

input of air toxics due to the sorbent and 

water added to the process was 

insignificant in comparison to the amounts 

in the coal. Notable exceptions were 

molybdenum and chloride. The sorbent 

water contained 41% of the total mass 

input of molybdenum and 46% of the 

input chlorides. Other air toxics that 

were input due to the sorbent and water 

were much lower and ranged from 0 to 

10% of those input from other sources on 

a mass basis. 

w/kg % f&L 

<l.Z 0 <5.0 

Barium 9.0 0 34 
I I 

Beryllium 1 CO.49 1 
I 

0 I 
I 

<2.0 II 

Cadmwm / < 1.2 1 0 1 ~5.0 I/ 

Chmmlum ’ 5.1 0 < 10 

Cobalt c4.9 0 <20 I 

Selenrum <61 0 <250 
I I I 

Phosphorous 1 195 
I 

0 <lOO 
I 

Vanadium 79 0 < IO 

Calcium NP 0 27.OW 

Scdlum 

Chlortde 

NP 

<50 

0 17,Ooo 

0 22.973 

Fluonde 34 0 960 

Solfate 170 0 104.350 

I. Prep blank levels were higher than the sample values. 
so the samples were not blank corrected. 

Table 20: AirToxics Analysis of Hydrated 
Lime 
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Coal Analvsis 

Previous air toxics testing at Arapahoe has shown the importance of obtaining 

representative solid samples. This is a difficult 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: 

l Curtis & Tompkins analysis using conventional digestion. 

l Curtis & Tompkins analysis using EPA 3050 digestion. 

l Standard Laboratory’s analysis. 

l Curtis & Tompkins triplicate analysis using conventional digestion. 

l Curtis & Tompkins triplicate analysis using EPA 3050 digestion. 

l 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: 

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

l 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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Ash Flv 

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-l 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-l 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 levels. 

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. 

April 8, 1997 34 



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 

consistency, 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: 

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

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

l 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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Banum 

Chromem 

Cobalt 

copper 

Lead 

M~lX$Ul~S~ 

Mercury ’ 

Molybdenum 

Nickel 

S&mum ’ 

Phosphorus 

Vanadrum 

Avcmgc MehIs 

Calcium ’ 

Sodium 

Acii-Forminp hhs 

Chlonde (Cl )’ 

Fluar~dr (F) 

Sulfaarr 

Average Anims 

396 14 310 172 308 0.42 117 122 

310 <2.1 55 79 244 0.38 104 43 

1.450 
123 108 448 812 0.59 80 38 

2.7 
-CO.25 3.4 <0.072 1.7 0.21 74 128 

38 
18 26 <I5 46 0.22 110 108 

141 
15 19 57 102 0.22 102 54 

115 <I74 57 38 77 < 0.057 loo 83 

35.200 
532 12.800 !0.300 29.800 <l.l 140 94 

565 22 194 183 346 <O.ll 90 67 

la, 79 

205.OC0 1.47(104 NV 77.300 l.OS(lO9 106 69 _. 

27.400 522 NV 4.780 15.OOcl 13 71 ._ 

lb/IO I2 BN lb/IO ‘* Btu lb/IO ‘* BN % 

1.720 712 825 848 645 371 77 98 

6.650 122 6.700 21 7,680 167 116 101 

1.59(104 3,670 I.SSClOb, 2.790 410,caO 99Q.Ow 88 loo 

94 loo 

“<“mdlcates that Ihe quantny measured was less than the detectmn Inmn; thus the detcctmn hmtt 1s shown. 

“NP” indxates not performed. “NV” indicates not vabd. 

I. Sorbent mput stream mcludes trace metal and amon levels in borh the calcwm sorbent and the sorbent water 

2. Bodrr/FFDC mass balance calculated using: (outlet + fly ash + bonam ashMfuel + sorbent). Boder mass balance calculated usmg: 
(mlet + bottom ashYfuel. 

3 Fuel concentratmns from INAA 

4 Calcum sorbent flow rate ar {(weight% of Ca) * (Ca flow rate) * (109) + (sorbem H ?O flow rare). 

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 outlet 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 

uncontrolled 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. 

Test Period 

Low-NO, 
Combustion ’ 

Output Stream (% of Fuel Input ‘l 

Bottom Ash Fly Ash FFDC Outlet 

9 53 2 

Total 
(% Closure) 

64 

II SNCR I 14 I 67 1 2 1 83 

DSI (Sodium) 28 63 I 92 
I I / 

DSI (Calcium) 

I. Fuel input tor sodium- and calctum-based DSI test penods mclude the sorbent mjection streams. 
2. The fuel result for molybdenum appears to be severely hnsed low. The percentages for the low-NO, combusoon test 

penod are based on an average of rhe molybdenum levels m the fuels from (he SNCR and sodun-based DSI test penods. 

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

ENVIRONMENTALMONITORING 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 ll-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. 

Month Number of Violations 

Atnil 0 

May 
June 

July 

Auaust 

II Seotember I 14 II 
October l-20 5 

Total 31 

Table 26: Summary of Opacity Violations 

%compliance = MO- 
( 

compliance time x 1oo 
operation time I 

/ 

=lOO- ! 2JO8.3 

= 100-0.08005 
-99.92% 
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(zp Public Service Publk Swvka 
Cornpony of col0r40 
P.O. BOX 840 
oonw. co 80201. CM0 

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 H-4 

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 H-4. 

Dates not reported on the attached emissions report are those in which the units were not 
running. The operating hours for Units #l-4 during the quarter were: Unit #l - 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, 

Peter J. Cohlmia 
Chief Environmental Scientist 

PJC:tc 

Attachments 

, . 
. 
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Fossil Fuel-Fired Steam Gemrotors, Subpart D ” “d :*‘ ‘r 1 
StJoQeatOd Format for Soumes In fteoion VIII’ *‘I :%?~<.!:’ _. 

Minimum Requirements Under Section 60.7 (see lnstrucUonal~~~! & : *. 
.‘O \ ;< .: : i’ .;,\q.gp,l$-. 

Part 1 - This report includes all the required information under section 60.7 for y**‘%...: ‘< 
..: ; I:.:. 

a. Quarterly emission reportin period ending: 
.:.I .’ 

_ , 

March 31 Uuna 301 September 30 bcembar 31 . ’ ’ 
1; 
. .,: 

b. Reportin year: -l&j- . 

C. Reporting dare: 07114183 

d. Person completinp report: Mark 

0. Station name: AraDahoe 

f. Plant location: 2601 m 

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

h. Mailing address for person in 19 above: 

P. 0. Box 940. Denver.01 

i. Phone number for lp above: 2942010 

Part 2 - Instrument information, complete for each instrument. 

a. Opacity Monitor: unit 1 unit 2 Unit 3 Unit 4 

b. Manufacture: Laar Sieffler LS. L.S. L.S. 

C. Model No: PM41 PM41 PM41 PM41 

d. Serial No: 669 1409 1369 997 

0. Installation: ll77 w79 6l79 II79 

Part 3 - Excess emissions (by pollutant1 

Use Table I: Attach separate narrative per instructions. 

* . 
. 
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Part 4 - Conversion factors 

a. Zero and Cal values used, by instrumants: 

unit 1 unit2 unit 3 unit4 
Zero 99o.oAJL 99 

Cal dZh-BL2se.oAL.L 

Part 6 - Continuous Monitoring System operation failures 

SW Table II: Complete ona sheet for 6g& monitor 
attach separate narrative per instructions. 

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

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

.ME Peter J. Cohlmia 

SIGNATURE pkd - wd- 

Title Chief Environmental Scientist 

3 

. _ ,, :- 

. 
1. 

.’ 

. . 
,I 

. . 

’ Suggested Format for Subpart D sources in: 

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

2 . 

. 



- 

TABLE I 

ttcess Emissions 

Q Tim ni&@* Lb/l06 BTU 

so’ L 

. No violations 

Attached is additional information for excesses occurring during the W Cluatter 

Page 3 of 4 

. As defined in the instructions form the applicable section of the Federal Register: attached 
narrative of causes, etc. 

a . 
. _’ 



- 
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Continuous MonitorinQ System Operation Failures 

Date 
6/l 7/93 

,- e.Fo -To Instrument 
dZl6 td 5”17/93 0900 Lear Siagler Removed for calibration 

, . 
l 



,B,292-12-1994 
. Q- ‘I’ 

****.*.***.................................................................. 
OPACITY MONTHLY DATA REPORT 

REPORT START TIME: 

._ .--- .-- . . . . -. _ _._.. __- ,. ._ 

‘A>.. . . . . ; . . ,,a 

” +: “(., 

DAY ------------- VIOLATION CATEGORY “‘~-““““’ ” WEIGHT AVERAGE 
A B C D E FACTOR OPACITY 

20-25x 25-30X 30-35% 35-457: OVER 45): % 

4101 0 
S/O2 0 
4/03 0 
4 /04 0 
4/05 0 
4/06 0 
4/07 0 
s/o0 0 
4109 0 
4/10 0 
4/11 0 
4112 0 
4/13 0 
4/14 0 
4/15 0 
4/16 0 
4117 0 
4/18 0 
4119 0 
4120 0 
4121 0 
4/22 0 
4 123 0 
4/24 0 
4/25 0 
4/26 0 
4/27 0 
4/28 0 
4 /29 0 
4/3O 0 

“: 0 0 I ‘: 0 
0 0 o 

‘?r.T?y: ,O---!;:‘: 24 
-. 24 

, 0 0 A 0 
,,):,yt~::: :;;.,* 0.” :‘.y 
,4d:,.; ,t,ah,.L.t‘ . ..’ *- :~..Oi;;;.~~~:~-; a 24 

0 0 0 0 23 
0 0 0 0 24 

0 0 0 0 0 ‘:- ,.o 
0 0 0 

?iq.?p&~y--:*,. ‘24 
“1;; .: .o +y:“:,. : _....,. &..; ,,.__ ;:“I c.,-.r 4, q.‘. , * 24 

0 0 o&~&:~. 24 

0 0 0 ;.’ .o 
0 0 0 i. )g,,EY..:- 

:.;:t7 24 
: 0 a.ci - 24 

0 0 0 (A... o,:, _ 24 

0 
0 
0 
0 

o 

0 
0 
0 0 : 0 : . :, 24 

0 
0 
0 
0 
0 
0 0 0 0 24 
0 0 0 0 24 
0 0 0 0 24 
0 0 s-*‘T”‘ o-:~~!o~- - 24 
0 0 * 
0 0 

0 ::?;f:;<:i:,> O’kc;,,, . 24 
0 -.. ‘I. 0 T.if,-’ _. ‘. : s&4.-. t; 24 

0 0 0 0 24 
0 0 0 0 24 
0 0 0 0 24 

3.4 
3.4 
3.4 
3.2 
3.1 
3.4 
3.6 
3.5 
3.3 
3.5 
3.3 
3.6 
3.4 
3.4 
3.3 
3.3 
3.3 
3 r5 
3.5 
3.3 
3.3 
3.5 
3.7 
3.6 
3.4 
3.6 
3.4 
3.4 
3.5 
3.4 _ 

--------------------------------------------------------------------------- 
MONTHLY 
TOTALS 0 0 0 0 0 719 3.4 

EPORT COMPLETE 

. 

I . 

l 



OPACITY MONTHLY DATA REPORT 

;.. . . 
E.t;*,- ; POWER ., P.L~,NT~;,~~,:‘ARAPAHOE?..~~~,~~.~~~~~~~~~~~~~~ 
$ ..:, , “NITr”:4;‘,^“t,..~~~“;~.‘~;.‘=~..’;;:..,-~o~~~~ ‘.“:CURR,ENT 

REPORT START TIME: QUARTER -‘ 2 s/1993 

DAY ---v-w------- VIOLATION 
A B C 

20-25X 25-30% 30-35% 35-45x; ;OVEg- 452 
.:.I., :; 

5/01 0 0 0 
5fO2 0 0 0 
5/03 0 0 0 
s/04 0 0 0 
5/05 0 0 0 
S/O6 0 0 0 
5107 0 0 0 
S/O8 4 0 0 
5/09 0 0 0 
S/10 0 0 0 
5/11 0 0 0 
S/12 0 0 0 
5/13 0 0 0 
5/14 0 0 0 
5/15 0 0 0 
5/16 0 0 0 
s/17 0 0 0 
s/10 0 0 0 
5/19 0 . 0 0 
S/20 0 0 0 
5/21 0 0 0 
s/22 0 0 0 
S/23 0 0 0 
S/24 0 0 0 
5/25 0 0 0 
5126 0 0 0 
5127 0 0 0 
5120 0 0 0 
5/29 0 0 0 
5/30 0 0 0 
5131 0 0 0 

. FACTOR 

24 
0 ‘0 24 

0 -i, _..’ 0:’ : . . 24 
0 .. 0 
0 “0 24 

- - ‘. 0 ‘m’;O?TF,;T, 24 
0 

-.,~~.id’i :;&,.,:;:: O;?;t;-... 
‘~-Qf-i,.~.y~c 24 

‘0 24 
0 
0 _ 
0 
0 .- 
0 : 
0 
0 
0 
0 
0 .. 
0 . 
0 - 
0 
0 
0 
0 

. 

0 . 24 
0 24 
0 24 .-. 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 
0 24 

AVERAGE 
OPACITY 

% 

3.4 
3.4 
3.7 
3.6 
3.5 
3.3 
3.3 
5.5 
3.4 
3.5 
3.4 
3.3 
3.6 
4.4 
4.7 
4.5 
4.3 
4-i 0 
4.3 
4.2 
4.4 
4.5 
4.2 
4.1 
4.1 
4.1 
4.5 
4.3 
4.1 
4.4 
4.4 

.------------------_-------------------------------------------------------- 
MONTHLY 
TOTALS 4 0 0 # 0 744 4.0 

lEPORT COMPLETE 
. . 
. 



1 

m, 1924wm. 
. . 

I OPACITY MONTHLY DATA REPORT 

REPORT START TIME: 

DAY 

6/01 
6/02 / 6/03 
6/04 
6/05 
6/06 
6/07 
6/00 
6/09 
6/10 
6/11 
6/12 
6/13 
6/14 
6/15 
6/16 
6/17 
6/lE 
6/19 
6/20 
6/21 
6/22 
6/23 
6/24 
6/25 
6/26 
6/27 
6/26 
6/29 
6/30 

-___--------- VIOLATION 
A B C D - . . .:: it; E .; ‘. , -’ FACTOR 

20-25X 25-30X 30-35% 35-457: .' OVER ‘45): :I. 
_* i- 12 (:2. : -+; .i.:. . 

0 )“. ‘yy 
0 ,::* . -~.~~~.~~~ f ‘& I . . -..* ,I~ 
0 

n -.d??f-r,++ $ T. *.ces+j...:: 
. 0 ;.33gi&&~o. L’:.: c&;&,- 24 i&9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 ‘f . 0 
0 %. 0 
0 0 .- 
0 
0 

‘;~~:‘co~Iy: - 

’ :’ e$-J~.p.y 0 r. -.,.:,z 
0 -,“‘>” “. -I:, Rib;“- 0.4. ,:-’ fi.-..*:: 

0 0 
0 0 
0 0 0 ., .( 

0 
0 0 
0 0 
0 0 
0 0 
0 0 _ 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

AVERAGE 
OPACITY 

% 

4.3 
4.2 
4.2 
4.2 
6.9 
3.7 
4.2 
3.5 
4.0 
3.3 
3.6 
3.4 
3.6 
3.4 
3.7 
3.6 
3.9 
4%.3 
3.6 
3.2 
3.3 
3.3 
3.3 
3.5 
3.4 
3.2 
3.3 
3.5 
3.4 
3.4 

MONTHLY 
TOTALS 0 0 2 0 0 720 3.7 

REPORT COMPLETE 

_ _ _. . .-. _.,) - - -- -. - 

. . .*. _ 

, 
L ~, .- 

:.. 

7..? 

;.- .: 
.:_ 
- 

:. ‘, 
:$&,.r, _. .“;’ _ 



-3 mwm, a2.tt.tw I 1 
- . 

*..*****t**.“*********..*..*..*.******.***”**********************.“**““.*.*.***” 

.-__i_- 

OPACITY Violation Report 
..*.*****.**.t**.**..............*..**.....*.*.**.*******..*...***......*..**“*. 

,-..-. T- -....v.- my..- -._._- ---- I >F .+..-, “-.;&. :,5’ q 
POWER PLANT I .,.,ARAPAHOE‘ ‘!:.$&,~~&~~ -. 

I..... c Source’* *CURRCN+‘1L 
Report Porlodr Quarter = 2 1993 

REASON CODES FOR: 
HOURLY EXCLUSIONS - none 
UPSET EXCLUSIONS - none 

- -w-v,:. “‘“yy.-y- 
: 5 ,_. L !,a..* 

: .: “. , :.. >;.. 

START DATE-TIME ENO DATE-TIME MIN-% MAX-% AVG-X TYPE VIOLATION REASON 
---------_--------------------------------------------------------------------- 
05/05/1993 12:12 05/00/1993 12rl7 21.8 21.6 21.8 UNIT STARTUP 
05/00/1993 12:30 05/09/1993 12141 21.0 38.0 29.5 0 UNIT STARTUP 
05/05/1993 12254 05/00/1993 13rO5 24.3 25.0 24.6 0 UNIT STARTUP 
05/14/1993 ii:54 05/14/1993 12r05 36.3 40.1 30.2 v 0 
06/19/1993 04100 06/19/1993~04rll 30.4 31.7 31.1 

4 v 

v 0 ~Cti~~~chM5E UNIT STARTUP -. --. -_ 

,. 
. . 



a.3 Public Service 
Govemmantal and 
Environmantal Affairs 
P. 0. Box 840 
Denver. co 80201 - 0840 

October 28, 1993 

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

RR: Third Quarter, 1993 Excess Emissions Report, Arapahoe Units #l-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 #l-4. 

Dates not reported on the attached emissions report are those in which the units were not 
running. The operating hours for Units #l-4 during the quarter were: Unit #l - 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, 

Peter J. Cohlmia 
Chief Environmental Scientist 

PJC:tc 

Attachments 502 , l7l I 

-7 rOF fqn 
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Fossil Fuel-Fired Steam Generators, Subpart D 
Suggested Format for Sources in Region VIII* 

Minimum Requirements Under Section 60.7 (oee inetructions) 

Part 1 - This report includes all the required information under 
8eCtiOn 60.7 for 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

h. 

i. 

Quarterly emission reporting period ending: 

March 31 June 30 (September 30) December 31 

Reporting year: 1993 

Reporting date: lo/l4193 

Person completing report: nark 

Station name: Arw Station 

Plant location: 2601 South Platte River Drive 

Person responsible for review and Integrity of 
report: Pet-a 

Mailing address for person in l-g above: 

P. 0. Box 940. Denver. Colorado 80201 

Phone number for l-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: Ru41 RR41 Rx41 RR41 

d. Serial No: 568 1409 1369 997 

e. Installation: l/77 6179 6/79 7/79 

Part 3 - Excess emissions (by pollutant) 

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

a. 

Part 5 - 

Part 6 - 

Conversion factors 

Zero and Cal values used, 'by instruments: 

Unit 1 Unit 2 Unit 3 Unit 4 
Zero o.o_ 0.0 0.0 0.0 

Cal 52.5 51.7 58.0 ALL 

Continuous Monitoring System operation failures 

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

Certification of report integrity, by per in l-g above: 

THIS IS TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE, 
INFORMATION PROVIDED IN THE ABOVE REPORT IS COMF'LETE 
ACCURATE. 

NAME Peter J. Cohlmia 

THE 
AND 

\ 
SIGNATURE Cd-L, 

Title Chief Environmental Scientist 

Date +8/93 

* 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 Maanitude* Lb/106 BTU 

No violations 

Ooacity 
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 Pailurae 

pate Time* From To 7 -- Effect on Instrument 
7114193 0900 to 7114 1545 13 L.S. Calib. and filter audit 

7/28/93 0755 to 7/28 1400 #2 L.S. Calib. and filter audit 

g/10/93 0800 to 9113 1423 11 L.S. Calib. and filter audit 

g/27/93 0640 to 9/27 1355 I4 L.S. Calib. and filter audit 



,I ?024P-1194 0 

r.***t.*.**********““*.*.*****.**.*..”**”**.***..*““.“..*.*.*.**“....*.**.*..** 

-.-.---f-. -_ . . . . . . .-_-. _ _ . . . _ ._. OPACITY MONTHLY-DATA-REPORT.-. .-w----b .-. 
I”“*.*.****...*......“.............**......~**’*...*.*~!.*..*.*....,..*............ 

:;;i.,;,,. . +’ ,‘: 
p&i PLANT:“” A&AHQE . ‘. ‘! -’ 

: 2,: 
- ’ 

?;r ‘j.&.?(;++.;. ’ ‘,i’; 6 1.v. _ 
1 6 .+.a .:. * .‘i gj-,; i h.;‘i_ ,,; ., / 

UNIT: 4 SOURCE = CURRENT 
REPORT START TIME: QUARTER - 3 7 11993 

DAY ------------- VIOLATION CATEGORY -------------- 

7101 
7/02 
7 /03 
7/04 
7/05 
7/06 
7107 
7/08 
7 /09 
7/10 
7111 
7/12 
7 /13 
7114 
7/15 
7/16 
7 117 
7/16 
7/19 
7/20 
7/21 
7/22 
7 423 
7/24 
7/25 
7/26 
7/27 
7128 
7/29 
7/30 
7131 

A B C 0’ E 
20-25x 25-30X 30-35% 35-45x OVER 455: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

WEIGHT 
FACTOR 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

AVERAGE 
OPACITY 

% 

3.1 
3.1 
3.6 
3.3 
3.4 
3.1 
3.3 
3.5 
3.4 
2.9 
3.6 
3.2 
3.9 
4.4 
4.3 
4.1 _ 
4.3 
3.9 
4.3 
4.4 
4.0 
4.0 

i - ,O. .24 4.0 
* .:. . . .* 0 ’ ‘, ‘: : 24 

MONTHLY 
TOTALS 0 

‘OR1 COMPLETE 

_ ‘, ;.. ‘. . . 
* .’ 

..?...----.-- . . -vi 
,.‘iI:- .,ck.’ .,“” 

,. ,.: f 1, ., . 

: .,:I. 

r 1 i’ y: ;‘f f ; /. ; 

c 



r.......*.***.....*......................*..................””................. 

-,-L”---.. -.--.w-- OPAClTY .MONTHLY~ATA~EPORT--- -. . - -- --- ---.. a- .__ _...,_.r 

POWER PLANT: ARAPAHOE 
UNIT: 4 SOURCE - CURRENT 
REPORT START TIME: QUARTER - 3 e/1993 

DAY 

S/O1 
6/02 
E/O3 
e/o4 
R/OS 
8/06 
8107 
6/08 
8/09 
e/10 
8111 
S/12 
0/13 
e/14 
R/15 
8/16 
8117 
B/l8 
e/19 
e/20 
B/21 
8/22 
6/23 
8124 
8125 
S/26 
0127 
8/20 
0/29 
e/30 
e/31 

------------- VIOLATION CATEGORY -------------- 

A 8 C D E 
20-25% 25-30X 30-35x 36-457: OVER 45% 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

“0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 0 0 .i;“o 0 . . _.. 
0 0 0 0 0” 

0 0 0 0 0 
0 0 0 0 0 

WEIGHT AVERAGE 
FACTOR OPACITY 

% 

24 4.2 
24 4.4 

- 24 4.8 
24 4.3 
24 4.2 
24 4.2 
24 3.9 
24 3.9 
24 3.6 
24 4.3 
24 4.2 
24 4.6 

';; 24 4.4 
24 4.1 
24 4.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

24 4.0 _ 
0 :-,’ _:..._.- --: 0; 24 3.9 
0 ,-. 0: .: .' '..- 24 1 4.5 ) 
0 +::::o.' ';, i,*‘,,;. .,.24 4.3 
0 ,A, o,:":.& ;;.&24 ,_ i 4.5 
0 ;:,o ,. :. 24 4.0 
0 '0 :.; ,:! ,'24 3.7 

0 ..,,f :. 2 3 5.9 , O.-.. 
0 .:-. 0'. .,-I) 

: ,.',a 
.g+ 24 5.6 

1 
0 .- 
0 

“----__---_-___------___-----___---------------------------*----“-------------- .,, 
MONTHLY 
TOTALS 0 2 1 1 1 743 4.3 

‘ORT COMPLETE 
r+J,:q”.+‘y:y~ .qfm-?‘: ‘.. 

., ,‘V .? :_ - : - , 3-r:+ ,. 
.L . 

;. -i,. 
<‘a 

* : 



I 1 0, ?Bt-*24eBr 
0 

-w------r------ --- -.OPACI-7Y.-MONTHLY-OATCctREPORT--.-- -. . . -- . -- ---... - . _._ 
*~.**.t”***t*l*..*~.“~““~~“*“*“.*~””~*~”~””~”~”**.“~~~~~*~~~~~*~~~“~~*.““.“*~*~ . ; ,..‘. y,. . . . . .,” c ..:.. ‘, ,. 

POWER PLAN;‘;’ 
y( 7. _ ; -.s... . . 

: - . 
ARAPAHOE 

4.:‘:” .:,. ‘,“;...~.’ 

UNIT: 4 SOURCE - CURRENT 
REPORT START TIME:’ QUARTER = 9 g/1993 

DAY 

9/01 
9/02 
9/03 
9/04 
9/05 

’ 9/06 
9/07 
9/08 
9/09 
9/10 
9/11 
9/12 
9/13 
9/14 
9/15 
9/16 
9/17 
9/1e 
9/19 
9/20 
9/21 
9/22 
9/23 
9/24 
9/25 
9/26 
9127 
9/28 
9129 
9/30 

------------- VIOLATION CATEGORY -------------- WEIGHT 
A 5 C 0’ E FACTOR 

20-25X 25-30% 30-35x 35-45x OVER 45X 
I( 

‘.’ 0 0 0 0 0 24 
0 0 0 0 0 '. 24 
0 0 0 0 0 24 
0 0 0 0 0 24 
0 0 0 0 -a..0 . . . ,...w 24 ..I 
0 0 0 0 ._( . 1 .;.;w:o.~ ,:;,s.~: hr: 24 
0 0 0 0 ~':~.~~;,~o'f ., ;:',", 24 
0 0 0 O- .:L~?:J.!o.,i::.-: A.-.: 24, 
0 0 0 0 0 24 
0 0 0 0 ,O 24 

AVERAGE 
OPACITY 

% 

5.0 
4.9 
4.8 
5.2 
5.1 
4.9 
5.4 
5.3 
5.2 
5.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 . 
0 
0 
0 
0 
0 

. 
0 . 5’ev FT.?.*t, O~&.suv~~:24 5.4 
0 ‘.o’ 

0 

&g: 

.- +&- 
i! 

pq,&& r’, 
., 

?&&24,L. 5.3 
fn$ 

& 
,;a.24 

. -, ,- ,.!I.-. _ .I 5.5 
0 ~24r+'..~:T 5.3 
0 
0 
0 
0 
0 ( 
0 
0 
0 

0" i 24 5.4 
0 24 5.4 

1 3 0 1 
3 1 1 2 

::iT.vIy?? OIF,T-:I?svs24 :; ' 5.9 
:,.,, 2 :, -: 24 6.8 

0 0 0 0 ?'?;t r,$ 24 
-'+ . ,' . ;O./.y . 0 .I_.. 24 

5.1 
0 _ 0 0 5.4 
0 0 0 0 20 3.3 
0 0 0 0 0 24 0.9 
0 0 0 0 ..-... . . 0 .- 24 1.1 
0 0 0 0 '0 24 1.1 

----------------_---------------------------------------------------------- 
MONTHLY 
TOTALS 4 4 1 3 2 716 4.8 

EPORT COMPLETE 

!.’ I 
-? 

I4 

.:1.. ,. , 
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..******.*t*~.*~**“**.....~.*~.**””~~.*.~.....*““~.“.*““.~--..*~.“*.-.~.~~.*.~~~ 

.-..- _-_ OPACITY- Violation. Roper-f 
**.***t.*.**** . . . . “.. 1.1. 

Unit: 4 Source - CURRENT 
Report Period2 Quarter - 3 1993 

REASON CODES FOR: 
HOURLY EXCLUSIONS - none 
UPSET EXCLUSIONS - none 

START DATE-TIME 
----------w-m---- 
07/13/1993 15:oo 
00/29/1993 15100 
00/29/1993 17:oo 
09/23/1993 11x36 
09/24/1993 02:24 
09/24/1993 02136 
09/24/1993 04r36 
09/24/1993 05:06 
09/27/1993 13:06 

END DATE-TIME MIN-X MAX-Z AVG-% TYPE 
-----------------__----------- ,----em ,--w-e. 

07/13/1993 15:os 36.1 36.1 36.1 VI0 
08/29/1993 15ro5 29.6 29.6 29.6 VI0 
00/29/1993 17123 29.1 45.3 35.0 VI0 
09/23/1993 12:OS 22.9 36.9 28.9 VOF 
09/24 11993 02: 29 59.6 59.6 59.6 VI0 
09/24/1993 03:ll 21.4 SO.8 35.4 VI0 
09/24/1993 04:41 22.0 22.0 22.0 VI0 
09/24/1993 05111 29.8 29.8 29.8 VI0 
09/27/1993 13:ll 44.8 44.8 44.5 VI0 

- 

VIOLATION REASON 
.---------------_____ 
club.- arrawb=D 
UNIT STARTUP 
UNIT STARTUP 
UNIT SHUTDOWN 
UNIT STARTUP 
UNIT STARTUP 
UNIT STARTUP 
COAL MILL OPERATION 
c-h+ AJblr 
#‘Or mum&b ___ I 

.- 



: 
0 j Public Service@ Public &wicc 

-vofcdor* 
Govemmentd and 
~nvironmenlrl Affairs 
P. 0. Box 840 
Denver. 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: -Fourth Quarter, 1993 Excess Emissions Report, Arapahoe Units #l-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 N-4. 

Dates not reported on the attached emissions report are those in which the units were not 
running. The operating hours for Units #l-4 during the quarter were: Unit #l - 2,033.7 hours, 
Unit #2 - 2,068.2 hours, Unit #3 - 2,070.3 hours and Unit X4 - 2,181.g hours. ’ 

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

Peter J. Cohlmia 
Chief Environmental Scientist 

PJC:tc 

Attachments 
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DUARTERl,Y EXCESS WSIONS REPORT fm 

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. 

b. 

C. 

d. 

e. 

f. 

90 

h. 

1. 

Quarterly emission reporting period ending: 

March 31 June 30 September 30 (December 31) 

Reporting year: 1993 

Reporting date: 01/12/94 

Person completing report: Mark Soomer 

Station name: AraDahOe Station 

Plant location: 2601 South Platte River Drive 

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

Mailing address for person in l-g above: 

. Box 840. Denver. Colorado 80201 

Phone number for l-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 RR41 RR41 RM41 

d. Serial No: 568 1409 1369 997 

e. Installation: l/77 6/79 6179 7179 

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 XidL 51.7 58.0 49.5 

Part 5 - Continuous Monitoring System operation failures 

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

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

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

Title - f c5i~ChrMd~d skL.d.2 

Date &l/27/9(+ 

* 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 we Pollutant Maqnitude* r,b/106 BTU 

Sd 

No violations 

Qmcitv 
Attached is additional information for excesses occurring during 
the 9kkd Quarter 

6dA-k 

* As defined in the instructions form the applicable 
section of the Federal Register; attached narrative of 
causes, etc. 



‘*t*t...****.*“**..****“**************.*****”*****~****************************. 

--‘-7 ---r--m--.-----rOPACIT.Y MONTHLYIDAT~EPORT-.--.-..-- -_ .,.-..-- -- -..-~- ,_ ._ _ 
‘*******“*****.*****.“.***.*““**.*”””~***.**.***“**“***********************“***. 

c-.. ‘7 

POWER PLANT: ARAPAHOE ‘i A. . 

UNIT: 4 SOURCE - CURRENT 
REPORT START TlME: QUARTER - 4 10/1993 

DAY ------------- VIOLATION CATEGORY ----------c--- 

A 8 C D E 
20-25% 25-30% 30-352 35-45x OVER 45% 

WEIGHT 
FACTOR 

AVERAGE 
OPACITY 

% 

lD/Ol 0 0 0 0 0 24 1.0 
10/02 0 0 0 0 0 24 1.2 
10/03 0 0 0 0 0 24 1.4 
10/04 0 0 0 0 0 24 1.7 
IO/O5 0 -0 0 0 0 24 1.9 
lo/O6 0 0 0 0 0 24 1.8 
10/07 0 0 0 0 0 24 1.7 
lo/O8 0 0 0 0 0 24 0.8 
10/09 -1 ’ 0 1” l :S?>;)‘-’ l &8 24 2.2 
lO/lO 0 0 0 ?&A 0 24 1.1 
10/11 0 0 0 0 0 24 1.2 
10/12 0 0 0 0 0 24 1.0 
lD/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 0 14 1.7 
lo/16 0 0 0 0 0 24 1.5 
10/17 0 0 0 0 0 24 1.7’ 
lo/18 0 0 0 0 0 24 1.2 
10/19 0 0 0 0 0 24 0.9 
lO/?O 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 
lo/23 0 0 0 0 0 24 1.9 
lo/24 0 0 0 0 0 ?4 1.7 
lo/25 0 0 0 0 0 24 1.5 
lo/26 0 0 0 0 0 24 1.5 
lo/27 0 0 0 0 0 24 1.6 
lo/28 0 0 0 0 0 24 1.2 
lo/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 

--------_-__-_______------------------------------------------------------- 
MONTHLY 
TOTALS 1, 0 1 2. A 745 1.5 

EPORT COMPLETE 

1’;, 

-r ---.- ._. . -. ,._^ _ - .-. . -. -_. . . . _. _ - - 



DR118,IW.IP-l~D. 
: . 0 

****C******************“********.***.***.**.*****.**..***”******.************* 

UNIT: 4 SOURCE = CURRENT 
REPORT START TIME:’ QUARTER n 4 11/1993 

DAY 

ll/Ol 
11/02 
11/03 
11/04 
11 /OS 
11/06 
11/07 
11/08 
11/09 
ll/lO 
11/11 
11/12 
11/13 
11/14 
11/15 
11/16 
11/17 
11/1a 
11119 
11/20 
11/21 
11/22 
11/23 
11/24 
11/25 
11/26 
11127 
llfze 
11/29 
11/30 

------------- VIOLATION CATEGORY ---c---------- 

A 8 C D E 
20-25X 25-30% 30-35x 35-45% OVER 45% 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 ,a 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

WEIGHT AVERAGE 
FACTOR OPACl TY 

% 

24 1.6 
24 2.1 
24 1.7 
24 1.4 
24 1.3 
24 1.2 
24 1.2 
24 1.4 
24 1.4 
24 1.4 
24 1.5 
24 1.4 
24 0.8 
24 1.1 
24 1.3 
24 1.4 
24 1.3 
24 1.1 
24 1.4 
24 1.0 
24 1.3 
24 1.5 
24 2.0 
24 1.6 
24 1.6 
24 1.2 
24 1.0 
a4 1 . 4 
24 1.2 
24 1.6 

-------------------_-------------------------------------------------------- 
MONTHLY 
TOTALS 0 0 0 0 0 7ao 1.4 

REPORT C~P:P L ETE 

I ;\ 
a 

- - - . . _ . _ ._.. -- 



UNIT: 4 SOURCE - CURRENT 
REPORT START TIME: QUARTER = 4 12/1993 

DAY 

12/01 
12/02 
12/03 
12/04 
12/05 
12/06 
12/07 
12/08 
12109 
12IlO 
12/11 
12/12 
12113 
12/14 
12115 
12/16 
12/l? 
12/18 
12/19 
12/20 
12/21 
12/22 
12123 
12/24 
12125 
12/26 
12127 
12/28 
12129 
12/30 
12/31 

------------- VIOLATION CATEGORY -------------- 

A 0 C D E 
20-26X 25-30X 30-35x 35-452 OVER 45% 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 . 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

------------------_-----------------~------------------- 
MONTHLY 
TOTALS 0 0 0 0 0 

PORT COMP L ETE 

WEIGHT 
FACTOR 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

AVERAGE 
OPACITY 

2 

1.4 
1.3 
1.4 
0.9 
1.4 
1.8 
1.3 
1.5 
1.2 
1.0 
1.5 
1.4 
1.3 
1.4 
1.9 
1.7 
1. 7- 
1.8 
1.9 
1.5 
1.8 
1.6 
1.7 
1.3 
1.2 
1.4 
1.9 
1.4 
1.8 
1.9 
1.8 

,--_-_------------- 

744 1.5 

Q 

.,- . a,--,-- ‘-c-*v,*r,-.- me-..:-,, . ‘7 ..z.,- ::‘-” ‘71 ----, ,. .:. ;_ . . . .-I-- -._.....- . .--..-_- --- 



INTEGRATED DRY NO, /SO z 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 2 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 lniectlon Trend Plots. 

RaQ 

s/12/93 
605 6/20/93 
605 6t28193 
605 6128193 
605 6/29/93 
605 6129193 
610 711193 
610 711193 
582 v12J93 
582 s/12/93 
612 7J2J93 

107 
109 
106 
108 
106 
109 
106 
108 
106 
104 

Q!.s 

1.54 
1.63 
1.66 
1.76 
2.07 
1.67 
1.69 
1.82 
1.36 
1.41 
1.07 

65 
76 
61 
40 
43 
36 
25 
69 
67 
38 

20.5 
20.5 
32.0 
29.4 
13.8 
16.3 
14.6 

ASS2 63 Gals I 2 
27.5 
14.6 
11.1 
21.7 
19.8 
21.9 
37.9 
32.3 

578 511 o/93 100 1.69 
579 5Jll193 100 1.71 
560 5JllJ93 100 1.65 
584 S/l 3193 100 1.55 
610 7JlJ93 100 1.69 
603 6/22/93 95 1.75 
576 5Jm3 100 2.41 
579 St11193 100 0.95 
564 S/13/93 99 0.76 
610 7llJ93 96 1.09 

59 20.0 23.7 
56 19.1 22.3 
50 19.5 21.1 
46 20.7 26.7 
36 32.6 38.6 
47 20.8 23.8 

51 12.0 
47 11.4 
24 22.6 

605 6/20/93 
605 6J26J93 
605 6J26J93 
605 6J29J93 

600 6/16/93 
604 6J22J93 
599 6/l 5I93 
601 6117J93 
602 6121193 
610 7/l/93 
612 7m3 

561 S/12/93 
566 5114193 
563 S/13/93 

91 1.69 41 22.6 
91 1.74 39 20.8 
91 1.33 45 16.9 
66 1.63 41 23.4 

26.7 
23.9 

60 1.66 40 
80 1.78 36 
60 0.40 35 
60 0.65 45 
80 0.39 45 
76 1.42 42 
79 1.40 44 

23.3 
17.8 
2.3 

25.1 
20.0 

12.9 
3.9 
19.3 
20.6 

70 1.73 44 20.3 23.5 
70 1.70 20 37.0 43.7 
70 1.66 38 19.3 23.3 

604 6J22J93 50 1.75 45 22.2 25.4 
604 6l22J93 59 1.53 45 23.0 31.1 
606 6129193 60 1.64 36 22.5 27.4 
606 6J3OJ93 56 1.75 30 18.6 21.5 
606 711193 60 1.72 34 19.7 22.9 
609 711193 60 1.72 29 23.4 27.2 
611 7tm3 61 1.59 36 25.5 32.1 

705 10119193 112 2.06 26 37.0 35.9 
706 lOJ20/93 112 2.07 28 35.4 34.2 
707 10/20/93 112 2.10 29 37.8 36.0 
709 1 O/26/93 102 2.03 50 26.9 26.5 
712 10127/93 101 1.97 29 26.1 28.5 
715 1111193 112 2.23 32 34.4 30.9 
717 1111193 113 1.90 35 30.9 32.5 
719 1112J93 114 2.04 36 26.8 26.3 
720 1112193 114 2.10 32 28.6 27.2 
721 1112J93 114 2.15 30 32.9 30.6 
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