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1.0 EXECUTIVE SUMMARY 

1.1 Background 

This work is in response to the mandates of the 1990 Clean Air Act 
Amendments which require the U.S. Environmental Protection Agency to determine 
emission factors and assess risks associated with emissions of hazardous air 
pollutants (HAPs) from electric power stations. The U. S. Department of Energy 
(DOE), the Electric Power Research Institute (EPRI), and Utility Air Regulatory Group 
(UARG) are participants in a committee for coordinating research activities that 
influence EPA's ultimate response to the Congress. There are questions such as 
1) how are some of the HAPs to be measured correctly when they appear as power-
plant emissions, 2) what are the concentrations that appear, 3) how well are the 
concentrations reduced by existing control technologies, and 4) what advanced 
control technologies can be introduced to exert control where little or none now exists. 

The DOE's Pittsburgh Energy Technology Center issued a solicitation in 
February 1992 for Comprehensive Assessment of Air Toxic Emissions to gather data 
on the presence, control, and emission of potential HAPs at eight different coal-
burning electric power stations representing a cross-section of the coals, boiler 
designs, and emissions control technologies in the United States. Southern Research 
institute was awarded a contract in April 1993 to assess two of the eight power 
stations in 1993, with an option to evaluate two more power stations in 1994. 

This report describes the results of the assessment at one of the electric power 
stations, Bailly Station, which is also the site of a Clean Coal Technology project 
demonstrating the Pure Air Advanced Flue Gas Desulfurization process. This station 
represents the configuration of no NOx reduction, particulate control with electrostatic 
precipitators, and S02 control with a wet scrubber. The test was conducted from 
September 3 through September 6,1993. 

1.2 Bailly Station 

1.2.1 Power Plant Description 

Bailly Station is owned and operated by the Northern Indiana Public Service 
Company (NIPSCO). The plant is located on the shores of Lake Michigan near 
Chesterton, Indiana. This project involved the two coal-fired units of Bailly Station with 
a combined capacity of 528 MWe; Unit No. 7 has a gross capacity of 183 MWe 
(160 MW net) and Unit No. 8 has a gross capacity of 345 MWe (320 MW net). Each 
unit is equipped with a Babcock & Wilcox cyclone boiler and a steam turbine 
generator. Both units burn an Illinois/Indiana basin high-sulfur bituminous coal (2.5% 
to 4.5% sulfur). Both units use Lake Michigan water as a once-through cooling 
medium. 

There is no control technology for NOx emissions. Electrostatic precipitators 
(ESPs) are used on both units for particulate control. There are two ESPs on Unit 8 
and one ESP on Unit 7. The two ESPs of Unit No. 8 are identical to the Unit No. 7 
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ESP. Ammonia is injected upstream of the ESPs for the control of S03 to prevent 
acid mist emissions. The flue gas streams from the two units join to form a single 
stream. 

1.2.2 Scrubber Description 

Sulfur dioxide in the combined flue gas stream from the two units of the Bailly 
Station is treated by the Advanced Flue Gas Desulfurization (AFGD) demonstration 
project managed by Pure Air of Allentown, Pennsylvania (a joint venture of Air 
Products, Inc. and Mitsubishi Heavy Industries, Ltd.) under the Department of 
Energy's Clean Coal Technology program. Pure Air's AFGD is using innovative wet 
limestone flue gas desulfurization (FGD) technology to achieve a high level of S02 
removal (90 to 95+ percent capability) on high sulfur U.S. coals. 

A feature of the AFGD process is the purchase and direct injection of 
powdered limestone in lieu of on-site limestone milling operations. This project 
includes an in-situ oxidation absorber module that produces high-quaiity gypsum from 
a range of high sulfur coals. High-quality, by-product gypsum (93+ percent purity) is 
being produced and sold to a wallboard manufacturer. 

The flue gas stream from the AFGD process is vented to the atmosphere 
through a 480-foot stack exclusive to the project. 

1.2.3 Plant Operation 

The plant operated at an average load of 511 MWe during our sampling. There 
were two occasions during the testing when the fire in one cyclone burner went out 
because of a plugging of the coal feeder to the cyclone. Since we were still over 90% 
of the combined full load capacity of the two units we continued sampling. There 
were three conditions that affected the plant performance: 

1) One of the outlet electrical sections on the Unit 7 ESP was out of service during 
our testing. Furthermore, another outlet field operated at a very low voltage 
compared to other fields. These problems caused much higher emissions for the 
Unit 7 ESP than the Unit 8 ESP. 

2) There was a virtual loss of ammonia supply to Unit 7 from 9/3 to 9/4. The supply 
to Unit 8 ran out on the evening of 9/4. Therefore, on 9/3 we had nominally 
15 ppm ammonia to both Unit 7 and Unit 8 ESPs. On 9/4 we had nominally 
15 ppm ammonia to Unit 8 ESP, but less than 3 ppm ammonia to Unit 7 ESP. On 
9/5 we had no ammonia to either Units 7 or 8 ESPs. This reduction in ammonia 
feed may have affected the particulate emissions, and certainly affected S03 carry
over through the ESPs. 

3) The major plant upset that truncated our testing was supply of coal to the boilers. 
There were problems in getting coal from the Captain Mine to the plant site, and 
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problems at the plant site with the coal unloading and conveying system that 
delayed, interrupted, and finally prevented sampling. 

The following summary lists selected plant data and operating results. 

Summary Plant Data 

Unit 7 183 MWe (4 B&W cyclone burners) 
Unit 8 345 MWe (8 B&W cyclone burners) 
Bottom Ash/Fly Ash Split 63/37 

Coal Captain Mine (Illinois/Indiana basin) 
Coal Calorific Value 11,100 Btu/lb 
Coal Sulfur 3.2% 
Coal Ash 10.7% 

Unit 8 ESP Inlet Fly Ash Concentration 5.07 g/Nm3 

Unit 8 ESP Outlet Fly Ash Concentration 0.009 g/Nm3 

Unit 8 ESP Particulate Removal Efficiency . . . 99.82% 

Unit 7 ESP Outlet Fly Ash Concentration 0.07 g/Nm3 

Unit 8 Gas Volume Flow Rate 309 Nm3/s 
Unit 7 Gas Volume Flow Rate 165 Nm3/s 

AFGD Inlet S02 Concentration 2820 ppm 
AFGD Ca/S Ratio 1.04 
AFGD S02 Removal Efficiency 93% 

Stack Particulate Emissions 0.05 g/Nm3 

See Section 10.0 Glossary for reference conditions on flue gas volume in Nm3. 

1.3 Sampling 

1.3.1 Locations 

Samples were collected from Bailly Station Units No. 7 & 8 and the AFGD 
Demonstration Plant. Material balance for the Bailly Station was limited to Unit 8. A 
separate material balance was conducted around the AFGD scrubber. The process 
components which were sampled in order to perform material balances were: 

Unit 8 Boiler — The input streams for this subsystem are the coal and the 
combustion air. Output streams are the flue gas and bottom ash. 
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Bottom Ash Sluice — The input streams to this system are the bottom ash, sluice 
return water, and makeup water. The output stream is the bottom ash 
sluice. 

Condenser — The condenser is a once-through system using Lake Michigan 
water as input. The output stream is returned to the lake. 

Unit 8 ESP — The input stream to the ESP is flue gas. The output streams are 
the hopper ash, and the cleaned flue gas. 

AFGD System — The input streams to this system are the combined flue gases 
from Units 7 and 8, the limestone, and service water. Output streams are 
the stack flue gas, gypsum, and waste water. 

There were five locations from which flue gas samples were collected. We 
sampled the inlet ducts on both the east and west ESPs on Unit 8, the outlet ducts on 
Units 7 and 8, and the stack. In addition, we also measured the diluted stack gas by 
sampling through the SRI Condensibles Air Dilution Train at the Unit 7 outlet sampling 
location. 

The inlet to the ESP of Unit 7 was not sampled; it was not included in DOE's 
work specifications, and the outlet was included only because it provided part of the 
input to the scrubber. The gas at the outlet of the Unit 7 ESP was sampled with a 
simulator of plume dilution and cooling to obtain an estimate of the changes that 
would have been brought about if the gas had been discharged through a stack 
without the intervention of the scrubber. 

The locations at which samples were collected, in both the generating plant 
and the AFGD system, are illustrated later in Figures 3-1 and 3-2. Later sections of 
this report refer to samples from ducts adjacent to the ESPs; Figure 3-1 makes clear 
that these locations are the inlet to the Unit 8 ESP and the outlets to the Units 7 and 8 
ESPs before the gas streams merge and enter the AFGD system. 

1.3.2 Sample Collection 

We sampled for a total of four days. Triplicate samples were collected for all 
inorganic analytes during the first three days of sampling. Because of the problems in 
coal supply, we were only able to collect one sample of the organic analytes from 
each location. We used extended sampling times for most of the flue gas trains in 
order to increase the sample volume and thereby make possible the determination of 
lower analyte concentrations. The following list shows the analytes and the methods 
we used to collect flue gas samples: 
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Constituent 

Semi-volatile organics 
Volatile organics 
Aldehydes 
Ammonia and Cyanide 
Simulated plume 
Gas flows 
Metals 
Mercury 
Acid gases 
Radionuclides 
Particle size 
Size fractionated metals 
Bulk gas composition 

Method 

MM5/SW846-0010 
VOST 
Impingers 
Impingers 
SRI diluter 
M2 
M29 
Carbon trap 
M5 
M17 
Impactor/cyclone 
Dual cyclones 
Orsat 

Traverse/ 
Sinale Point 

T 
8 In 
240 

S 10,20,40 
S 
S 
T 
T 
T 
S 
T 
T 
T" 
T" 

r 

30 
30 

-
• 

192 
60 
48 
72 
60 

-
• 

Duration 
minutes 

8 Out 
280 

10,20,40 
30 
30 

-
• 

240 
60 
60 

144 
600 

1020 
• 

7 Out 
280 

10,20,40 
30 
30 

360 
• 

240 
60 
60 

144 
600 

1020 
• 

Stack 
360 

10,20,40 
30 
30 

-
• 

360 
60 
48 

360 
480 

-
• 

Notes: a U of W Mk V Impactor at the stack and ESP outlets, 5 Series Cyclone at the ESP inlet 
b. Samples from 5 Series Cyclone train for particle size measurement used for the 

8 inlet size-fractionated samples for trace metals analysis. 
c. Integrated sample taken in conjunction with M5 type sampling 
• Methods not requiring a specific sampling duration 

Solid and liquid grab samples were typically collected five times per day and 
then combined to yield daily composites for analyses. 

1.4 Quality Assurance and Quality Control 

1.4.1 Internal QA/QC 

Internal quality control auditing was performed by SRI in the collection of 
samples from the Bailly site and in the analysis of samples in the SRI laboratories at 
Birmingham. Additionally, quality control analysis of analytical results from 
subcontractor laboratories, namely Brooks Rand, Commercial Testing and 
Engineering, and Core Laboratories, was required since no formal auditing of these 
subcontractors was planned. 

The QA Auditor was present during collection of the samples at the Bailly site. 
The impinger preparation crew was audited in the mixing of solutions and setup of the 
Method 5 type trains. No substantial discrepancies were found. All of the sampling 
teams were monitored by the QA Auditor for correct and consistent adherence to the 
sampling methods. Each sampling crew was observed running the gas sampling 
equipment, from initial leak checks to operation of the train to recovery of the sample, 
including insuring that the required custody chain was maintained. None of the 
sampling runs was aborted or voided. 

No formal internal audits of the analytical process were conducted. We relied 
upon the normal duplicate analyses, matrix spike and matrix spike duplicates, lab QC 
samples, and our mass balance results to assess the quality of the analytical data. 
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1.4.2 RTI 

Shirley J. Wasson and Lori Pearce of Research Triangle Institute visited the 
Bailly Station on September 5 and 6 while we were sampling. They conducted an 
audit of the sampling. The scheduling of their visit permitted them to observe one day 
of organics sampling and one day of inorganics sampling. There were four facets of 
the audit: 1) observe the sampling and laboratory procedures, 2) spike some 
laboratory blanks for Quality Assurance evaluation, 3) spike two VOST samples using 
a cylinder of audit gas, and 4) check calibration of the sampling trains. In addition, we 
provided them with our calibration documentation and preliminary data from our 
testing. We did not receive a formal report of their audit. 

1.4.3 Round Robin Coal Analyses 

SRI participated in a round robin analysis of coal samples administered by 
CONSOL, Inc. for DOE. We analyzed 17 coal samples in duplicate under the round 
robin. There were two samples from each of the eight plants being tested in the DOE 
air toxics assessment program, plus one reference coal. Analyses specified included 
proximate and ultimate, 10 major ash constituents, the 16 trace elements in the DOE 
program scope of work, and fluorine. Results of the round robin analyses do not 
suggest any general deficiencies in our protocols when SRI's data are compared to 
the range of results among the other participants. One specific improvement 
suggested by these results is the use of the method of standard additions for 
analyzing antimony and arsenic. Because of this finding we altered our analytical 
protocols accordingly prior to analyzing the samples from Bailly. 

1.5 Analytical Results 

1.5.1 Trace Metals 

Sixteen trace metals were determined in a variety of samples. These metals 
are listed below: 

Antimony Copper 
Arsenic Lead 
Barium Manganese 
Beryllium Mercury 
Boron Molybdenum 
Cadmium Nickel 
Chromium Selenium 
Cobalt Vanadium 

Five major metals were also determined: 

Aluminum Magnesium 
Calcium Titanium 
Iron 
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Not all of the 16 trace elements listed above satisfy all of the classical criteria of 
metals. Arsenic, boron, and selenium may be considered non-metallic in some of their 
properties (certainly not, however, to the degree that four elements discussed on page 
1-9 are considered non-metallic). Nevertheless, the classification of all 16 trace 
elements as metals is retained in this report, which is consistent with the usage in 
DOE's solicitation for this research program. 

Grab samples of the process solids were analyzed by procedures that 
consisted of two essential steps: 1) preparation for analysis in an aqueous solution 
and 2) analysis of the solution. Most of the metals were placed in solution by 
digestion with mineral acids, including hydrofluoric acid, at elevated temperature and 
pressure in a microwave oven. A different procedure was necessarily followed with 
boron because boric acid is included in the microwave digestion procedure; boron 
was extracted in a hot mixture of nitric and hydrochloric acids in an open vessel. 
Also, initially, a distinct procedure was used for mercury — extraction with aqua regia 
in a heated open vessel. Ultimately, however, samples digested by the microwave 
procedure, especially samples of coal, were found to yield more complete recovery of 
mercury than the aqua regia procedure. 

Inductively coupled argon plasma emission spectroscopy (ICP) was used for 
the determination of a majority of the metals. Exceptions were 1) hydride generation 
atomic absorption spectroscopy (HGAAS) for antimony, arsenic, and selenium; 
2) graphite furnace atomic absorption spectroscopy (GFAAS) for cadmium and lead, 
mainly when the concentrations were low and added sensitivity was required; and 
3) cold vapor atomic absorption or atomic fluorescence spectroscopy (CVAAS or 
CVAFS) for mercury. The procedures employed were those described in the EPA 
manual for the analysis of solid wastes, referred to commonly as SW-846 (1). 

Liquid samples (all aqueous) were digested with added nitric acid in a 
microwave oven. The individual metals were then determined by the procedures 
described above. 

Samples of metals from the gas streams were collected according to EPA's 
so-called Method 29. This is a method in tentative wording that will ultimately be 
published in 40 Code of Federal Regulations Part 60; the sampling apparatus, 
sometimes called the Multiple Metals Train, and the related procedures are now 
described in 40 CFR Part 266. The samples from Method 29 were processed in three 
parts: 1) solids deposited on a filter, 2) vapors absorbed in a peroxide impinger 
solution, and 3) the vapor of mercury absorbed in a permanganate impinger solution. 
All 16 trace metals and all 5 major metals were determined in the first two components 
of the train; only mercury was determined in the permanganate. 

Mercury was also collected in an entirely different sampling train, in which 
sorption tubes are packed with solid traps, as described by Bloom (2). The first type 
of trap traversed by the gas stream consists of soda lime, which selectively adsorbs 
oxidized forms of mercury vapor, such as HgCI2. The second type of trap, in a 
back-up location, collects elemental mercury vapor. Mercury in these traps was 
analyzed by CVAFS by a subcontractor, Brooks Rand, Ltd., of Seattle, Washington. 
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The data on metals were of interest to answer several questions. The key 
questions were as follows: 

• What are the concentrations of metals contributed by the coal 
and by the limestone used in the wet scrubber? Although the 
16 metals of main concern in this project are referred to as trace 
metals, their concentrations in the two main feed materials to the 
plant varied widely. In the raw coal, boron was the most 
concentrated trace metal, at about 200 u.g/g; mercury was 
present at the lowest concentration, approximately 0.1 u.g/g or a 
value three orders of magnitude lower. In the limestone, boron 
was again the most concentrated, at a concentrations of about 
130 jig/g; mercury once more may have been present at the 
lowest level, below 0.002 u.g/g, although beryllium, cadmium, 
lead, and selenium were also undetected (albeit at somewhat 
higher limits). 

• How are the metals partitioned between bottom ash and fly ash? 
A factor having a major bearing on this issue is the partitioning 
between the two ashes on the basis of mass. Approximately 
37% of the mass of coal ash was recovered from the flue gas at 
the inlet of the Unit 8 ESP. Thus, the split between bottom ash 
and fly ash within the boiler is assumed to be about 63 parts of 
the former to 37 parts of the latter. Few of the metals follow this 
ratio on the basis of concentration. That is, most of the metals 
are at higher specific concentrations in the fly ash than in the 
bottom ash. Thus, more than 40% of the mass of most elements 
from the coal was found in the fly ash. For some of the metals, 
the difference was not remarkable. For arsenic, however, the 
difference was large enough to be significant, suggesting that in 
the high temperatures of the boiler arsenic was in the vapor 
state, although it condensed before reaching the ESP. 

• To what degree is the emission of each metal reduced by the 
ESP? Metals that occur predominantly in the fly ash, rather than 
in the vapor state, were removed in the Unit 8 ESP to roughly 
the same degree as the total ash. The effect of this ESP is seen 
most clearly from the point of view of its ineffectiveness for 
removing boron, mercury, and selenium, which occur 
predominantly as vapors. Comparison of ESP outlet 
concentrations suggests that the Unit 7 ESP was much less 
efficient than the Unit 8 ESP. The reason for this difference is 
presumably the deficient electrical energization of the Unit 7 
ESP. 

• To what degree is the emission of each metal further reduced in 
the scrubber? There is some degree of removal of each metal. 
The greatest effects, however, occur with the three volatile 
metals named above. Boron occurs in the flue gas most likely 
as boric acid, which is subject to dissolution with the alkaline 
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scrubber medium. Mercury is removed to the extent it occurs in 
the oxidized state; HgCI2, the presumed dominant oxidized 
vapor, is water soluble. Selenium in the vapor state is probably 
Se02, which is an acidic oxide that the alkaline scrubber is likely 
to convert to a dissolved selenite salt. 

• What is the fate of the metals in waste streams? The streams 
that carry away most of the metals are the bottom ash and the 
fly ash collected in the ESPs. The relative masses of the metals 
in the stack and wastes from the scrubber (gypsum and waste 
water) are quite small. 

• The fate of mercury, because of its volatility, is quite different. 
First of all, it must be acknowledged that roughly one-third of the 
mercury in the coal was not recovered or otherwise accounted 
for. Of the two-thirds found in the combustion gas, about 
one-half was lost to the scrubber and the remaining one-half was 
emitted through the stack. The ultimate disposition of the 
mercury removed in the scrubber was mainly as a contaminant 
in the gypsum. 

• How are the metals partitioned between the particulate and 
vapor states? As indicated by the preceding discussion, boron, 
mercury, and selenium were present as vapors at high relative 
concentrations. 

• What influence does the cooling and dilution of the plume have 
on metal concentrations emitted from the stack? This question 
was not addressed directly. The procedure followed was to 
sample flue gas at the outlet of the Unit 7 ESP with an apparatus 
designed to simulate the cooling and dilution of flue gas in the 
plume. The cooling and humidification that actually occur in the 
scrubber make the simulation academic insofar as emissions at 
Bailly per se are concerned. The principal findings with the 
cooling/dilution device are that significant transformations from 
vapor to particulate matter occur with all three metals that occur 
predominantly as vapors at the ESP outlet (that is, boron, 
mercury, and selenium). 

• How are metal concentrations in the suspended solids affected 
by particle size? The concentrations of essentially all of the 
metals increase as particle size decreases. This trend is shown 
most directly by concentrations in ash fractions of different size 
ranges that were collected in series cyclones. This trend is also 
revealed indirectly by the fact that concentrations on a specific 
basis (as weight fractions of the ash) increase across the ESPs. 
The argument for the conclusion that specific concentrations 
increase as particle size decreases stems from knowledge that 
the finer particles have a higher penetration in the ESPs. 
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• What is the comparison between the concentrations of mercury 
vapor determined by absorption in the impingers of Method 29 
and by adsorption on soda lime and iodated carbon traps? The 
impingers of Method 29 measured lower total mercury 
concentrations than the traps and showed an inverse ratio of 
oxidized mercury to elemental mercury. The latter part of this 
statement means that the mercury catch in the peroxide 
impingers of Method 29 (that is, oxidized mercury) was a lower 
fraction of the total than the catch in the soda lime traps. The 
choice between the conflicting results, based on other 
experience by SRI, is to favor the traps over the impingers. 

Material balance of the trace metals was an issue of major importance, not so 
much as a technical issue itself but a criterion of success in achieving credible 
analytical data on the metals. The matter of material balance of the metals is taken up 
subsequently in Section 1.6 of this Executive Summary. 

1.5.2 Other Inorganic Substances 

The coal contained the non-metallic elements fluorine, chlorine, and sulfur at 
levels capable of producing the acidic gases HF, HCI, and S02 at concentrations of 
approximately 15, 70, and 2800 ppmv, respectively. These gases were captured 
during sampling in an alkaline solution of peroxide, and the associated concentrations 
of fluoride, chloride, and sulfate ions were determined. Fluoride was determined with 
an ion-specific electrode, and chloride and sulfate were determined by ion 
chromatography. These anions were measured more or less directly in water streams 
and in solids after the solids were made water-soluble by fusion with sodium 
hydroxide. 

The amount of S02 recovered from the gas phase (after oxidation to sulfate in 
the sampling train) was in good agreement with the expected concentration of S02 at 
the inlet to the scrubber, based on the assumption that all of the sulfur in the coal is 
converted to S02. Fluoride and chloride were recovered at the scrubber inlet at levels 
reasonably commensurate with the expected HF and HCI concentrations. A fourth 
non-metallic element, phosphorus, was accounted for not as a component of the flue 
gas but as a component of the fly ash. 

Ammonia and hydrogen cyanide were measured as minor components of the 
flue gas as presumed contributions from the incomplete oxidation of fuel nitrogen. 
Some but not all of the ammonia came from the external source used to reduce stack 
concentrations of sulfuric acid mist. 

The acid gases (HF, HCI, and S02) penetrate the ESPs with no measurable 
loss but undergo nearly complete removal in the scrubber. The fourth non-metal of 
interest, phosphorus, is effectively removed in the ESPs as a component of the fly ash. 

1.5.3 Organic Compounds 

Carbonyl compounds (aldehydes and ketones). These compounds were 
determined in various water streams and in the flue gas. Quantitation was based on 
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the formation of stable reaction products with 2,4-dinitrophenylhydrazine (DNPH) and 
the measurement of each reaction product by high performance liquid 
chromatography. The reliability of all the results on aldehydes is in doubt. One 
reason was the lack of success in clean-up of the DNPH reagent. The concentrations 
in both water streams and in the flue gas varied widely; also, certain aldehyde 
compounds appeared erratically and, thus, their association with the source materials 
sampled is in doubt. 

Volatile hydrocarbons. Volatile organic compounds (generally, those boiling 
below 100 °C) were collected in the so-called VOST train and determined by gas 
chromatography/mass spectroscopy (GC/MS). The results are believed to be 
defective because of a problem encountered during sampling. This problem is 
described in Appendix D; it has to do with false indications of the presence of some of 
the analytes of interest. 

Semi-volatile organic compounds. These compounds were collected along 
with dioxins and furans in the Modified Method 5 train. The samples collected were 
divided during work-up, prior to compound identification, between 1) compounds 
commonly referred to as semi-volatiles (which include the important toxic PAH 
compounds) and 2) the even more toxic dioxins and furans. The first group of 
compounds were analyzed by low resolution GC/MS and the second group by high 
resolution GC/MS. 

None of the group of PAHs appeared consistently in the analyses. Likewise, 
negligible concentrations of dioxins and furans seemed to be present but the 
undependable detection of the PAH compounds in spiked sampling media detracts 
from the conclusion that they were absent from the gas streams. 

The organic substances seemed unaffected by either the ESP or the scrubber; 
the results on these compounds, however, are not definitive. 

1.6 Material Balances 

Material balances in the sense they were tested in this report pertain only to 
trace metals and major metals as defined earlier in this Summary. They do not include 
the non-metallic elements such as fluorine, chlorine, and sulfur, although in principle 
they could have included these elements. In any event, the recovery of these 
elements is discussed in an earlier section of this Summary. 

The material balance of a metal is tested by comparing two sums, one for 
streams flowing into the overall system or some selected subsystem and another for 
streams leaving the same system or subsystem. Each component of either sum is the 
products of a stream flow rate and the concentration of the metal being considered. 
The term "closure" is used to designate how successfully the calculated sums agree. 
If the sums agree exactly, the closure is 100%. If the sum for outgoing streams is less 
than the sum for incoming streams, the closure is less than 100%. Conversely, if the 
sum for outgoing streams is the larger of the two sums, the closure is larger than 
100%. (Mathematically, closure is the percentage of all incoming material that is found 
in the outgoing streams.) 
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The data for stream flow rates are given in Section 4. Tables 4-8, 4-9, and 4-10 
give stream flow rates in terms of total mass for each day of the metal analyses. 
Tables 4-11 and 4-11A give the averages for the three days and the standard 
deviations for the three days. Obviously, there should be, ideally, a closure of 100% 
for stream flow rates pertinent to the entire system or each selected subsystem. 
Table 4-11 shows that for the Unit 8 boiler the average of daily closures based on 
mass is 100%, and for the AFGD system the average is again 100%. 

The data on concentrations of individual metals in the daily samples of the 
several streams are given in tables in Section 6. The crucial data, of course, are daily 
concentrations, either on a mass/mass basis (u.g/g) or on a mass/volume basis 
(u.g/Nm3). (The reference conditions for expressing gas volume in the units Nm3 are: 
temperature, 293.15 K; pressure, 1 atm, 02 concentration, 3% by volume under dry 
conditions. The temperature and pressure are those defined as standard conditions 
for performance evaluations of stationary sources; see 40 CFR Part 60, Subpart A, 
page 15 in the 7/1/93 edition. Constant 02 in dry gas is employed to facilitate 
comparisons of concentrations without perturbations due to inleakage of air or dilution 
with water vapor.) 

There are three main systems for which overall material balances are presented 
in Section 7. One of these is termed the Unit 8 boiler; another is the condenser for 
the Unit 8 boiler; and the third is the scrubber. The individual main systems and 
subsystems for which material balances are presented are listed below: 

Unit 8 boiler — 

the boiler proper — input streams are the coal and air, and the output 
streams are the bottom ash and flue gas; 

the ESP - the input stream is the flue gas, and the output streams are the 
relatively clean flue gas and the hopper ash; 

the bottom ash sluice — incoming water and ash, and outgoing slurry. 

Unit 8 condenser — this is considered separately from the boiler because 
there is one cooling stream of water incoming and one heated water stream 
outgoing, with no exchange whatsoever with streams that otherwise comprise 
the boiler. 

AFGD scrubber — the incoming streams consisting of a) the relatively 
particle-free gas from the Unit 7 and Unit 8 ESPs, b) the limestone, and c) the 
slurry makeup water; the outgoing streams consist of a) stack gas, b) waste 
water, and c) gypsum byproduct. (Although there is an option exercised in 
calling the Unit 8 condenser a separate system, it is necessary to consider the 
scrubber separately because it deals with the ESP exit gas from two boilers, 
not just one.) 

Table 1 -1 following shows the material balances of elements in the subsystems 
of the boiler. Table 1-2 following presents the results of calculations for the three main 
systems that are considered distinct, for reasons indicated above. 
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The outside ranges for the boiler subsystems (if the preferred result for 
mercury, on the line denoted BR is used) are 55-256% for the boiler itself, 59-375% for 
the ESP, and 100-158% for the bottom ash sluice. Both of the first of these two 
ranges would be sharpened considerable if the concentration of antimony entering the 
ESP were increased and the concentration of selenium entering the ESP were 
reduced. Specifically, reanalysis of the suspended fly ash entering the ESP might 
substantially improve both closures. Rational explanations for the poorest closures 
cannot, in general, be provided; however, comments on some of the poorest 
examples are given in Section 7.1.2. Even at best the closure for mercury in the boiler 
proper signifies that just 55% of the mercury in the coal was accounted for. The 
median closure values for the three subsystems are 93% for the boiler proper, 111% 
for the ESP, and 102% for the bottom ash sluice. 

The data for the overall Unit 8 boiler system are superior to those in the boiler 
proper and ESP subsystems, for the outside range of closures is 65-165%. One 
reason for the improvement is that the errors in antimony and selenium in the boiler 
and ESP cancel when the overall system is considered. The poorest closures in the 
three overall systems is for the AFGD, where errors in the analysis of gypsum are 
believed the main cause of imbalance in inlet and outlet mass flow rates. 
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Table 1-1 
Closures, %, in Unit 8 Subsystems 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Mercury (BR) 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Symbol 

Sb 

As 

Ba 

Be 

B 

Cd 

Cr 

Co 

Cu 

Pb 

Mn 

Hg 

Hg 

Mo 

Ni 

Se 

V 

Unit 8 
boiler 

67 

70 

97 

77 

65 

64 

79 

116 

107 

141 

105 

29 

55 

79 

72 

256 

86 

Unit 8 
ESP 

375 

132 

136 

107 

122 

115 

105 

127 

122 

110 

111 

116 

120 

108 

106 

59 

120 

Bottom 
ash sluice 

107 

158 

100 

100 

100 

100 

100 

100 

100 

100 

100 

102* 

102* 

102* 

100 

115 

100 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Al 

Ca 

Fe 

Mg 

Ti 

96 

105 

93 

99 

100 

101 

118 

101 

110 

101 

100 

100 

100 

100 

100 

BR=Brooks Rand Laboratory. 
"Closures heavily influenced by non-detectable concentrations. 
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Table 12 
Closures, %, in Overall Systems 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Mercury (BR) 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Symbol 

Sb 

As 

Ba 

Be 

B 

Cd 

Cr 

Co 

Cu 

Pb 

Mn 

Hg 

Hg 

Mo 

Ni 

Se 

V 

U8 Boiler 
overall 

169 

92 

108 

80 

76 

71 

81 

130 

120 

151 

108 

31 

65 

85 

75 

149 

94 

Condenser 

100* 

100* 

103 

100* 

0* 

567* 

100* 

73* 

130 

100* 

34* 

119 

119 

100* 

128* 

100* 

100* 

AFGD 
overall 

103 

436 

82 

1260 

126 

24 

2750 

94* 

26 

57* 

96 

182 

100 

795 

750 

161 

65 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Al 

Ca 

Fe 

Mg 

Ti 

97 

109 

94 

102 

100 

70* 

137 

100* 

100 

100* 

197 

101 

101 

90 

163 

BR=Brooks Rand Laboratory. 
♦Closures heavily influenced by nondetectable concentrations. 
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1.7 Emission Factors 

The emission factors for the inorganic substances are presented in Table 1-3. 
These factors are based on three parameters: 1) the stackconcentration of each 
substance, 2) the calculated volume of gas per unit weight of coal, and 3) the 
laboratory result on the calorific value of the coal. The results thus calculated are in 
very good agreement with alternate results based on the measured gas flow rate in 
the stack, the recorded firing rate of the coal, and the calorific value, again from the 
coal analysis. 

The range of emission factors is, of course, very wide. The maximum is for 
S02: 395,000 lb/1012 Btu. The minimum is for beryllium or cobalt: <0.07 lb/1012 Btu. 

The Clean Air Act Amendments of 1990 suggest that control of emissions may 
be required if a single substance is emitted at a rate exceeding 10 tons/yr or if any 
combinations of substances is emitted at a rate exceeding 20 tons/yr. Units 7 and 8 
at Bailly consume 5.03 x 109 Btu/hr of thermal energy from the coal when operating at 
full load. If the operation at this level occurs 70% of the time in one year, the 
consumption of energy will be 3.08 x 1013 Btu. Thus, a substance with an emission 
factor of 1 lb/1012 Btu will be emitted at the rate of 0.0154 tons/yr. Based on this 
factor, annual emissions of some of the substances listed in the concluding table of 
this summary are as follows: 

Substance emitted Rate, tons/vr 
S02 6090 
Chloride 15.7 
Selenium 2.97 
Mercury 0.040 
Beryllium <0.0002 
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Table 1-3 
Emission Factors" Calculated from Stack Concentrations 

(Uncertainty, 95% confidence limits) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercuryb 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Fluoride 

Chloride 

so2 

g/WFj 

0.121 ± 0.442 

0.455 ± 1.41 

0.544 ± 0.309 

<0.03 

391 ± 269 

0.181 ± 0.166 

1.18 ± 0.48 

<0.03 

0.741 ± 1.20 

0.677 ± 0.956 

1.32 ± 0.18 

0.890 ± 0.334 
1.12 ± 0.07 

1.47 ± 0.28 

0.928 ± 0.483 

83.0 ± 106 

1.21 ± 0.71 

43.6 ± 15.9 

196 ±33 

89.6 ± 60.1 

36.9 ± 6.5 

6.68 ± 2.62 

<180 

440 ± 112 

170000 ± 74000 

Ib/HpBtu 

0.281 ± 1.03 

1.06 ± 3.28 

1.26 ± 0.716 

<0.07 

909 ±625 

0.421 ± 0.386 

2.73 ± 1.11 

<0.07 

1.72 ± 2.79 

1.57 ± 2.22 

3.07 ± 0.42 

2.07 ± 0.78 
2.60 ± 0.16 

3.41 ± 0.65 

2.16 ± 1.07 

193 ± 246 

2.81 ± 1.65 

101 ± 37 

454 ± 76 

208 ±140 

85.7 ± 15.0 

15.5 ± 6.08 

<420 

1020 ± 260 

395000 ± 172000 

"Based on stack concentration of analyte (ug/Nm3), calculated volume of flue 
gas from unit mass of coal (Nm3/g), and calorific value of coal (J/g). 

•The first value for mercury is based on samples from Method 29. 
The second is based on sampling with solid traps. 



2.0 INTRODUCTION 

2.1 Background 

Air toxics is a term designating certain hazardous pollutants that are addressed 
by the 1990 amendments to the Clean Air Act. Title III of the 1990 legislation 
establishes a list of 189 toxic chemicals and classes of substances whose effects are 
to be evaluated and regulated as determined necessary by the U.S. Environmental 
Protection Agency. 

Regulating air toxics will occur in two phases. During the first phase, the EPA 
must publish a list of source categories emitting 10 tons annually of any one toxic or 
25 tons annually of a combination of toxics. The agency must then issue Maximum 
Achievable Control Technology (MACT) standards based on the best demonstrated 
control technology or practices in the industry to be regulated. Within two years, EPA 
is required to issue MACT standards for 40 source categories and set in motion plans 
to ensure that all controls will be adhered to within 10 years. The second phase of 
regulation will take effect 8 years after the first-phase MACT standards. Standards 
based on health risks will be set in place if a facility's emissions present a cancer risk 
of more than one per million. 

Approximately 90% of the hazardous substances listed in the 1990 act are 
specific organic compounds, which are made up of the elements carbon, hydrogen, 
oxygen, nitrogen, and chlorine or another halogen. Most of the remainder of the 
hazardous elements listed are described more generally as compounds of specific 
metallic elements: 

Antimony (Sb) 
Arsenic (As) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 

Most of the compounds of these metals are likely to occur as inorganic compounds, 
specifically including the oxides. Some, however, may occur in organic compounds; 
Hg is one such example. Certain other metals that may be cause for concern are: 

Barium (Ba) 
Boron (B) 
Copper (Cu) 
Molybdenum (Mo) 
Vanadium (V) 
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Other potentially hazardous pollutants are acidic inorganic gases derived from 
certain key nonmetallic elements. These include hydrogen fluoride (HF), hydrogen 
chloride (HCI), sulfur oxides (SOJ, and phosphates such as P205 and H3P04. 

There is not now available a sampling and analytical protocol that would cover 
all of the compounds listed in the 1990 Clean Air Act Amendments. There are, 
however, procedures generally recognized to be appropriate for selected 
representatives of the classes of compounds that are of concern, including specific 
compounds from the 1990 act. These procedures are largely based upon analytical 
developments by the EPA. 

The EPA is charged with the responsibility of identifying potential sources of 
these 189 hazardous substances and has already listed electric power stations as 
having that potential. Power stations that emit as much as 10 tons/yr of any single 
HAP or that emit as much as 25 tons/yr of any combination of HAPs may be subject 
to regulation, but there is uncertainty in many areas before regulation can be 
commenced. There are questions such as 1) how are some of the HAPs to be 
measured correctly when they appear as power-plant emissions, 2) what are the 
concentrations that appear, 3) how well are the concentrations reduced by existing 
control technologies, and 4) what advanced control technologies can be introduced to 
exert control where little or none now exists. 

The U. S. Department of Energy (DOE), the Electric Power Research Institute 
(EPRI), and the Utility Air Regulatory Group (UARG) are assisting EPA in developing 
satisfactory responses to the mandates of the 1990 clean air legislation. The four 
organizations are participants in a committee for coordinating research activities that 
influence EPA's ultimate response to the Congress. To date, perhaps the greatest 
impact on development of the required data base has come from EPRI, which for 
several years has been developing the program known as PISCES (Power Plant 
Integrated Systems: Chemical Emission Studies) (3). 

DOE's Pittsburgh Energy Technology Center issued a solicitation in February 
1992 for Comprehensive Assessment of Air Toxic Emissions to gather data on the 
presence, control, and emission of HAPs at eight different coal-burning electric power 
stations representing a cross-section of the coals, boiler designs, and emissions 
control technologies in the United States. Southern Research Institute was awarded a 
contract in April 1993 to assess two of the eight power stations in 1993, with an option 
to evaluate two more power stations in 1994. This report describes the results of the 
assessment at one of the electric power stations, Bailly Station. 

The research described in this report addresses several questions that apply 
directly to the comprehensive assessment of air toxic emissions from coal-burning 
electric power stations. The several questions of general concern are expressed and 
discussed in the following paragraphs. 

What levels of trace elements (herein usually referred to simply as "metals") 
occur in different bituminous and subbituminous coals? Certainly there is a large 
body of data now in existence on this matter, especially in the unpublished PISCES 
collection, but new information may be useful either because it fills in gaps in what is 
known or because it clarifies or corrects older data. This information will be vitally 
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important within this project for defining the maximum rates of emissions that can be 
expected. -

How is the discharge of these elements partitioned between the main streams 
emerging from a coal-fired boiler, up to whatever control devices are employed? The 
discharge streams from the boiler itself are the bottom ash and the flue gas. On the 
basis of overall mass, boilers that fire pulverized coal discharge roughly 20% of the 
coal mineral matter as bottom ash and 80% as fly ash. In boilers that have a cyclone 
design, the partitioning may be more nearly the opposite, 70% as bottom ash and 
30% as fly ash. Specific elements that are relatively volatile do not partition between 
bottom ash and fly ash as overall mass does but instead are preferentially emitted with 
fly ash. The truth of this statement has been borne out by direct measurements as in 
this investigation. Still, however, because of the difficulty of direct measurements on 
flue gas, it is sometimes useful to compare specific concentrations of elements in the 
coal and in the bottom ash. If an element occurs, for example, at 5 /zg/g in coal ash 
but at a substantially lower specific concentration in bottom ash, its emission from the 
furnace as a vapor may be reasonably inferred. 

What can be said in response to analogous questions that concern the fate of 
halogens and phosphorus in the coals, rather than the trace metals? These halogens 
are most likely to occur in coal in the reduced states, as fluoride ion and chloride ion 
and, despite the oxidizing environment in the furnace, are most likely to leave the 
furnace still in these reduced states. The most probable forms of the halogens are the 
acid gases HF and HCI. Such evidence as we have seen indicates that very little of 
the halogens appears in bottom ash or fly ash, even fly ash at 150 °C. Phosphorus, 
on the other hand, appears likely, on the basis of analyses we have seen, to partition 
very much the same way as overall mass partitions, maintaining approximately the 
same specific concentration in the bottom ash and the fly ash. Phosphorus in the 
stable form of phosphate, however, is potentially volatile as P205 or H3P04 and must 
be searched for in these forms. 

What organic substances emerge from the boiler, either because specific 
substances occur in coal themselves and are not burned completely, or because they 
are products of chemical alterations or combinations of naturally occurring organics? 
Distillation of coal with limited air is noted for producing emissions of polycyclic 
aromatic hydrocarbons (PAHs) or, more generally, polycyclic organic matter (POMs), 
which include elements other than carbon and hydrogen, such as oxygen, sulfur, and 
nitrogen. 

What is the effect of control devices on the emissions of inorganic or organic 
substances? Conventional devices for controlling particulate matter do very well at 
controlling the trace metals of present concern, especially the majority that occur in 
the particulate state (4,5). Baghouses are reported to perform somewhat more 
efficiently in removing volatile metals than electrostatic precipitators (ESPs), perhaps 
because the gas passes through a filter cake that adsorbs vapor with reasonable 
effectiveness. 

What happens to alter the partition of emitted substances between the 
particulate and gas phases as flue gas enters the atmosphere and undergoes 
simultaneous dilution and cooling? Surely extensive condensation occurs, as has 
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been observed for a few metals of present interest. The thermodynamic driving forces 
to promote condensation are powerful for all of the metals and the organics of higher 
molecular weight. We can certainly expect, however, that the organics of relatively low 
molecular weights, such as benzene and formaldehyde, will remain above their dew 
points in the plume and their appearance in the particulate phase will have to depend 
entirely on chemical transformation to some other compounds (unlikely for benzene) 
or adsorption onto fine fly ash particles that penetrate the control devices. 

The matter of material balances is important also, not as a fundamental issue 
itself, but as a discipline for evaluating data and determining whether the fundamental 
questions above are answered adequately by the data obtained. Material balance 
considerations apply to elements as such — metals or non-metals (halogens, sulfur, 
or phosphorus) — at any intersecting streams in the system. Elements are not 
subject to creation or destruction within the system; if they enter at any point, they 
must depart somewhere. Material balance considerations apply to organic 
compounds in a more restricted way. At some point in the system, perhaps at the exit 
of the air heater, those organic compounds that have their origin exclusively in the 
coal will reach stability insofar as the gas environment itself is concerned and thus 
may be justifiably examined with respect to material balance. A complexity arises, 
however, if a compound enters in a control process (for example, barium as a 
contaminant in limestone) or if a compound is synthesized from control chemicals (for 
example, HCN from NH3 as a NOx-controlling chemical). 

22. Objectives 

2.2.1 DOE Objectives 

The objective of the contract under which the Bailly work was done was 
phrased as follows: 

The overall objective of this project is to conduct comprehensive 
assessments of toxic emissions from up to four (4) selected coal-fired 
electric utility power plants. One of these assessments shall be 
conducted at a plant demonstrating an Innovative Clean Coal 
Technology (ICCT) Project. The assessment of toxic emissions from 
two (2) power plants will be conducted in two phases. Phase I shall 
consist of assessing the Bailly Station of Northern Indiana Public 
Service Company (NIPSCO), which includes the ICCT Advanced Flue 
Gas Desulfurization (AFGD) demonstration project, the Springerville Unit 
No. 2 of Tucson Electric Power Company, and the Blacksville 2 coal 
preparation plant of CONSOL Inc. for toxic emissions by the end of 
calendar year 1993. An optional Phase II could include assessing an 
additional two (2) power plants and a coal preparation plant. 

This report is specific to the assessment of toxic emissions from Units 7 & 8 of 
the Bailly Station, and the associated AFGD Demonstration Project. Specific 
objectives of the project that pertain to this plant were as follows: 
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1) to collect and subsequently analyze representative solid, liquid, and gas 
samples of all specified input and output streams for selected hazardous 
air pollutants contained in Title III of the 1990 Clean Air Act Amendments 
and to assess the potential level (concentration) of release of these 
pollutants, 

2) to determine the removal efficiencies of specified pollution-control 
subsystems for selected pollutants, 

3) to determine material balances for selected pollutants in specified input 
and output streams of Unit 8 of the Bailly Station and input and output 
streams of the AFGD Demonstration Project (which includes the output of 
Unit 7 of the Bailly Station), 

4) to determine the concentration of the trace metals associated with the 
particulate fraction of the flue gas stream as a function of particle size, 

5) to determine the concentration of the respective pollutants associated 
with the particulate and vapor phase fractions of the specified flue gas 
streams, while assessing the potential level (concentration) of release of 
these pollutants, and 

6) to determine the concentration of the respective pollutants associated 
with the particulate and vapor phase fractions under simulated plume 
conditions. 

2.2.2 Analytes to be Determined 

Table 2-1 indicates the classes of substances collected and the sampling 
locations for Bailly Station Unit No. 7. Tables 2-2 and 2-3 provide the same 
information for Unit No. 8, and the AFGD Demonstration Project, respectively. 
Table 2-4 lists the types of streams sampled and the components analyzed. 
Table 2-5 indicates the specific analytes measured for all respective solid, liquid, and 
gas samples collected. In addition, Table 2-6 indicates the respective solid stream 
constituents/samples and the required component analyses for the Bailly Station and 
the AFGD Demonstration Project. 
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Table 2-1 

ESP OUTPUT STREAM OF THE BAILLY STATION UNIT NO. 7 
CATEGORIZED BY PHYSICAL STATE 

Physical State Sampling Points 

SOLIDS-
Entrained Fly Ash ESP Outlet Before Combining with Unit 

No. 8 Flue Gas Stream (with and without 
dilution, cooling) 

GASES-
LOW Dust Gas ESP Outlet Before Combining with Unit 

No. 8 Flue Gas Stream (with and without 
dilution, cooling) 
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Table 2-2 

INPUT AND OUTPUT STREAMS OF THE BAILLY STATION UNIT NO. 8 
CATEGORIZED BY PHYSICAL STATE 

Physical State 

SOLIDS-
Boiler Feed Coal 
Bottom Ash 
Collected Fly Ash 
Entrained Fly Ash1 

Sampling Points 

Inlet to Each Cyclone Burner 
Bottom Ash Outlet Sluice Line 
ESP Hoppers 
ESP Inlet After Ammonia Injection 
ESP Outlet Before Combining with Unit 
No. 7 Flue Gas Stream 

LIQUIDS-
Makeup Water 
Bottom Ash Return Pond Water 
Sluice Water (Slurry) 
Once Through Condenser Water 

Service Water at Tap, Each Distinct Source 
Return Water (to Sluice) 
Bottom Ash Outlet Sluice 
Inlet & Outlet of the Condenser 

GASES-
High Dust Gas 
Low Dust Gas 

ESP1 Inlet After Ammonia Injection 
ESP1 Outlet Before Combining with Unit 
No. 7 Flue Gas Stream 

'The flue gases at the inlet of the west ESP on Unit 8 and the combined outlet from the two Unit 8 ESPs 
were sampled for all of the components listed in Table 2-4. We also measured the mass concentration of 
fly ash by Method 17 in the inlet flue gas to the east ESP on Unit 8. 
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Table 2-3 

INPUT AND OUTPUT STREAMS OF THE AFGD DEMONSTRATION PROJECT 
CATEGORIZED BY PHYSICAL STATE 

Physical State 

SOLIDS -
Entrained Fly Ash1 

Limestone 
Gypsum 
Gypsum Slurry2 

Other Suspended Solids In Liquid 
Samples2 

Sampling Points 

AFGD Outlet/Stack After Mist Eliminator 
Limestone Delivery Trucks 
Gypsum From Outlet of Basket Centrifuge 
Absorber Recirculation Line 

Outlet of Thickener to Water Treatment Plant 

LIQUIDS -

Makeup Water 

Waste Water2 

Gypsum Slurry2 

Service Water at Tap, Reservoir For All 
AFGD Process Makeup 

Outlet of Thickener Overflow Tank to Waste 
Water Treatment Plant 

Absorber Recirculation Line 

GASES -
Low Dust Gas AFGD Outlet/Stack After Mist Eliminator 

1The composition of the entrained particles and flue gases at the inlet of the AFGD were characterized by 
the combination of the results measured at the Units 7 and 3 outlet ducts. The composition of the 
entrained particles and flue gases at the outlet of the AFGD were measured by samples collected in the 
stack. We sampled for all of the components listed in Table 2-4. 

*The slurry samples were analyzed for the substances in Tables 2-4, 2-5, and 2-6. 
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Table 2-4 

CLASSES OF SUBSTANCES TO BE COLLECTED AT THE 
BAILLY STATION UNIT NO. 7 AND UNIT NO. 8, 
AND THE AFGD DEMONSTRATION PROJECT 

Stream Type 

Gas Stream1 

Component Analyzed 

Volatile Organics 
Semivolatile Organics 
Acid Gases and Aldehydes 
Vapor-Phase Elements2 

Entrained Particulate 
Particle Loading (Bulk and Size 

Fractionated3) 

Liquid Streams (Including Slurries) Volatile Organics 
Semivolatile Organics 
Ionic Species and Aldehydes 
Elements 

Dissolved - Filtrate 
Total - Unfiltered 

Solid Streams 
(Including Filter Cake from Slurries) 

All Substances in Table 2-6 

Vapor phase and condensable organic and inorganic samples and particulate phase samples from the 
Unit No. 7 ESP outlet flue gas stream were collected using two methods; (1) hot (typical) flue gas 
sampling and (2) diluted, cooled flue gas sampling. The samples collected under these two conditions 
were analyzed to determine the differences in the chemical composition of the vapor phase constituents 
and of the particles collected under both hot flue gas and the diluted, cooled flue gas conditions. A 
source dilution sampler that simulates plume conditions at the outlet of a utility stack was used to collect 
vapor phase constituents and fry ash particles under diluted, cooled flue gas conditions. 

^Rl collected sufficient quantities of particulate (bulk on sample train filters) and vapor phase (impingers 
from sampling trains) samples from all the indicated flue gas streams enabling the particulate and 
Impinger solutions to be analyzed separately for the components in Table 2-4, analytes in Tables 2-5, and 
the samples in Table 2-6. These samples were used to make comparisons between the concentrations of 
vapor phase and particulate-based target analytes and additional analytes that are present in the samples 
collected from the indicated flue gas streams. SRI used charcoal sorption tubes for the sampling of 
mercury in all the indicated flue gas streams as a back-up to the EPA Multi-Metals Train. 

3Size fraction specifications: >10 nm, 5 to 10 /mi, and <5iim. 
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Table 2-5 

ANALYTES FOR TOXIC ASSESSMENT OF THE 
BAILLY STATION UNIT NO. 7 and NO. 8, 

AND THE AFGD DEMONSTRATION PROJECT 

Trace Elements 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium1 

Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Radionuclides2 

1 Reported as total Chromium. 
2Atoms that undergo spontaneous radioactive decay. The measurements were limited to certain heavy 
nuclides that are primary alpha emitters: lead 210; polonium 210; radium 226 and 228; thorium 228,230, and 
232; and uranium 234, 235, and 238. 

3Plus other volatile compounds associated with proposed analytical method. 
4AII organic compounds with more than one aromatic ring that are associated with proposed analytical 
method. 

5AII poiychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) associated with 
proposed analytical method. SRI analyzed separately the entrained fly ash samples (bulk) and vapor phase 
samples (impingers) collected from the Unit No. 7 ESP outlet under both hot gas and diluted, cooled gas 
conditions for PCDDs and PCDFs. SRI also analyzed separately the entrained fry ash samples (bulk, which 
could include scrubber carryover) and vapor phase samples (impingers) collected at the AFGD outlet/stack 
after the mist eliminator for PCDDs and PCDFs. No other samples were analyzed for PCDDs and PCDFs. 

Ions 
Phosphate (PO/) 
Sulfate (SO/2) 
Cyanide (CN) 

Inorganics 
Ammonia 
Hydrogen Chloride 
Hydrogen Fluoride 

Organics 
Benzene3 

Toluene3 

Formaldehyde 
Polycyclic Organic Matter4 

Dioxins5 

Furans5 



Table 2-6 

REQUIRED SOLID STREAM SAMPLES AND ANALYSES 
FOR BAILLY STATION UNIT NO. 7 AND NO. 8 
AND THE AFGD DEMONSTRATION PROJECT 

CATEGORIZED BY PHYSICAL STATE 

Solid Samples and Components To Be Analyzed 

Boiler Feed Coal (After Crusher) 
Trace Elements 
Moisture Content 
Heating Value 
Ultimate/Proximate Analysis 
Fluoride 
Chloride 
Phosphate 
Radionuclides 

Limestone 
Trace Elements 
Moisture Content 
Fluoride 
Chloride 
Phosphate 
Radionuclides 

Bottom Ash. ESP Hopper Ash, 
and Entrained Fly Ash Including 
the AFGD Project 

Trace Elements 
Semivolatile Organics 
Size and Mass Distributions-

entrained Fly Ash 
and Hopper Ash1 Only) 

Radionuclides 
Carbon 
Fluoride 
Chloride 
Phosphate 
Sulfate 
Dioxins 
Furans 

FGD Solids (Slurry) 

Trace Elements 
Semivolatile Organics 
Sulfate 
Sulfite 
Fluoride 
Chloride 
Phosphate 
Radionuclides-(Only Gypsum) 

1There are three rows of hoppers to collect fly ash from the twelve fields of the ESP. Each row of hoppers 
collect fly ash from four fields of the ESP. We used established techniques to provide the best 
information on mass particle size distributions of a composite bulk ash sample collected from each of the 
three rows of hoppers beneath the twelve fields of the ESP. Analytical determinations were not performed 
on the size fractionated hopper ash samples. 
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2.2.3 Detection Limits 

One of the primary considerations in achieving the objectives in this program was 
to achieve the necessary detection limits. There were various options for achieving 
these goals, as will be discussed in the following paragraphs. It is important to realize, 
however, that the potential risks and the probable concentrations associated with 
various analytes of concern made the achievement of adequate detection limits far 
easier for some analytes than others. With the element chlorine occurring in the gas 
phase as HCI, the risk is relatively low, and the concentration is quite high on a 
comparative basis (of the order of 100 mg/Nm3 with coals of ordinary chlorine 
concentrations). For the chlorine compounds known as dioxins and furans, on the 
other hand, the risk is presumed to be high, and very low concentrations must be 
detected (of the order of 1 pg/Nm3, or levels roughly 11 orders of magnitude below 
that of chlorine). 

Another primary factor was to retain an adequate degree of specificity. Achieving 
both specificity and sensitivity in analysis is often difficult, and certainly that is the case 
for the determination of the trace levels of some of the air toxics of greatest concern in 
this project. The conflict between these two objectives was faced at the outset of the 
project in regard to the determinations of semi-volatile organics, where the question 
was whether to retain specificity in a list of some 70 identifiable compounds at 
moderate levels of sensitivity or attempt to gain as much as three orders of improved 
sensitivity but risk the occurrence of numerous false positives due to a loss in 
specificity. The specific question was whether to use low-resolution mass 
spectroscopy to retain identification of a wide range of compounds, or to adopt high-
resolution techniques with selected ion monitoring to achieve higher sensitivity for 
selected compounds but to risk a higher level of interference and loss of certainty in 
compound identification. 

Still another factor to be considered simultaneously with sensitivity and specificity 
was the question of analytical costs. Inductively coupled argon plasma emission 
spectroscopy (ICP) was an attractive analytical tool from the point of view of 
applicability to most of the trace metals of concern, but favorable costs associated 
with this aspect of the method had to be sacrificed to achieve improved sensitivity for 
some metals or improved specificity for certain analytes. Thus, methods of atomic 
absorption spectroscopy based on hydride generation, graphite furnace, and cold 
vapor techniques were included in the analytical protocols. Similarly, atomic 
fluorescence with the cold vapor of mercury was used for enhanced sensitivity. 

Once an analytical method with appropriate sensitivity has been selected with due 
consideration to the conflicting issues of specificity and cost, the analysts have certain 
ways to modify sensitivity in accord with the requirements of individual circumstances. 
Two of the options are illustrated by the following equation: 
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X = Av/u 

in which X = in-stack detection limit (/ig/Nm3), 
A = instrumental detection limit (/ig/mL), 
v = sample solution volume (mL), and 
u = sample gas volume (Nm ) 

Even though the instrumental detection limit is fixed by the choice of a method and a 
specific instrument, the analyst can improve the detection limit by limiting the volume 
of solution that contains the sample or by increasing the volume of flue gas sampled. 

One of the ways that analytical sensitivity was adjusted to meet circumstances 
at Bailly was to vary the volume sampled in anticipation of concentrations that might 
be too high or too low for quantitation. Thus, for volatile organics, three samples with 
nominal volumes of 5,10, and 20 L were always collected at each location. 
Compounds found in amounts that varied linearly or approximately linearly with 
sample volume could be reasonably concluded to be true components of the gas 
stream sampled, whereas other compounds found in relatively constant amounts 
could be regarded as contaminants or artifacts. 

Another way in which analytical sensitivity was adjusted by varying sample 
volumes occurred as a consequence of variations in the composition of the gas 
streams that were known at the time of sampling. With metals, for example, which 
were expected to occur predominantly in the particulate phase, recognition was made 
of the variability of particulate concentrations in selecting sampling time and thus 
sampling volume. Sampling times were adjusted to yield sample volumes of about 
2.2 Nm3 at the Unit 8 ESP inlet, 2.8 Nm3 at the Unit 8 ESP outlet, 2.5 Nm3 at the Unit 7 
ESP outlet, and 8 Nm3 at the stack (where the data ultimately showed particulate 
concentrations of about 5, 0.01, 0.07, and 0.05 g/Nm3, respectively). 

We also attempted to limit the dilution of samples in the recovery procedures 
for the trains. In particular, we adopted a modified recovery procedure for the 
permanganate impingers in the Method 29 train. We reduced the volumes of the 
rinses from 425 mL to 125 mL in an effort to improve sensitivity for mercury. 

Limiting the volume of the dissolved sample to be analyzed proved more 
difficult an objective to accomplish. In the analysis of the trace metals, the difficulty of 
digesting the solids completely and getting the analytes in a relatively small volume of 
solution limited what could be done to keep the sample volume small. A practical 
target was 0.5 g of particulate matter digested and dissolved in 100 mL of solution. 
With solution detection limits for individual metals ranging from 0.0002 to 0.02 pig/mL, 
the concentrations of the metals in the total solid thus ranged from 0.04 to 10 fxg/g or, 
at the total particulate concentrations cited above, the following concentrations on the 
basis of flue-gas volume: 

0.2 to 50 jzg/Nm3 at the ESP inlet, 
0.0004 to 0.7 ^g/Nm3 at the ESP outlets, or 
0.002 to 0.5 /zg/Nm3 at the stack 
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A general assessment of how the quality of the results in this program was 
influenced by the detection limits of the methods and procedures adopted is as 
follows: 

Metals — Obtaining definitive concentration in the stack on a numerical basis was 
significantly handicapped at the sample size selected because the detection 
limits imposed were higher than desired. Also, blank corrections limited the 
numerical validity of the results. Still, the emissions could be assigned limiting 
values that were low enough to permit the conclusion that a high level of 
emission control was being exercised by the plant. Demonstrating material 
balance for a few metals was not possible because of occurrence in the coal at 
undetectable levels. 

Non-metals that produce acidic gases or anions in condensed phases — The 
principal limitation to establishing concentrations occurred with phosphate, 
which were low in any case because of low phosphorus concentrations in the 
coal. 

Aldehydes — The detection limits for compounds in this class were not the most 
significant drawback to establishing concentrations unequivocally. The lack of 
success in removing contaminants from the reagent used for sampling was a 
more important constraint. 

Volatile organic compounds — The aromatic hydrocarbons on which much attention 
is being focused (benzene, for example) were detected in all gas streams of 
interest. 

Semi-volatile organic compounds — The magnitudes of the detection limits were less 
of a deterrent to analytical success than the occurrence of unexpected 
contaminants. Contaminants to the toluene that was used as a solvent, 
especially for the purpose of making the determination of dioxins and furans 
possible with split samples, caused major interference in the determination of 
semi-volatiies in the range of lower molecular weights (or, more exactly, in the 
range of lesser gas chromatographic retention times). This interference, 
however, did not occur with the PAHs in a higher range of molecular weights. 

2.3 Auditing 

2.3.1 SRI 

Internal quality control auditing was performed by SRI in the collection of 
samples from the Bailly site and in the analysis of samples in the SRI laboratories at 
Birmingham. QC audits performed during this project are presented in Appendix A. 
QA procedures followed during sampling and recovery operations are described in 
Appendices B and C. Additionally, quality control analysis of analytical results from 
subcontractor laboratories, namely Brooks Rand, Commercial Testing and Engineering 
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Company, and Core Laboratories, was required since no formal auditing of these 
subcontractors was planned due to funding limitations. 

2.3.1.1 Field Sampling Auditing 

The QA Auditor was present during collection of the samples at the Bailly site. 
All of the sampling teams were monitored by the QA Auditor for correct and consistent 
adherence to the sampling methods. Initially, before sampling, all of the sampling 
equipment locations were verified to prevent cross-calibration errors. 

In turn, each sampling crew was observed running the gas sampling 
equipment, from initial leak checks to operation of the train to recovery of the sample, 
including insuring that the required custody chain was maintained. The operation of 
the Method 5 type trains was videotaped for reference. No major problems were 
observed during the gas sampling efforts. Minor operational problems were corrected 
on the spot. None of the sampling runs was aborted or voided. One run, an acid 
gases train on the Unit 8 ESP inlet, suffered a cracked filter housing at the conclusion 
to the run and after the train had been removed from the duct and sampling ceased. 
The measured water content from the run was consistent with other runs and this run 
was retained even though the train failed the post-test leak check. See Section 4.2.2 
for further details about sampling. 

The particulate sampling crew was also observed making velocity traverses, 
Method 17 runs, cascade impactor, and cyclone runs. As with the other crews, the 
particulate sampling was videotaped for documentation. 

The process sampling team was observed for several rounds of sample 
collection. No problems were observed with the sampling procedures. Custody 
labels were applied every day. The process sampling was also videotaped for 
reference. 

The impinger preparation crew was audited in the mixing of solutions and 
setup of the Method 5 type trains. No substantial discrepancies were found. 

The calibration of all of our meter and pump systems were spot-checked with 
RTI's critical orifice. Although the meter coefficient was not known, the meter boxes 
showed consistent results for all of the boxes. The meter boxes were allowed to warm 
up to a steady state temperature and a ten minute flow test was recorded. 

2.3.1.2 Analytical Laboratory Auditing 

Due to funding limitations, no formal internal audits of the analytical process 
were conducted. We relied upon the normal duplicate analyses, matrix spike and 
matrix spike duplicates, lab QC samples, and our mass balance results to assess the 
quality of the analytical data. 

Analyses of the volatile organics, semi-volatile organics, aldehydes, and 
dioxin/furans are routine for our laboratory, and the normal QA/QC procedures called 
for by the methods were deemed to be adequate. 
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Suites of analytical methods were developed for the metals analyses and the 
anion/acid gases analyses. Because there are no validated methods for these 
analyses, internal auditing of exploratory procedures is not appropriate. Again, 
duplicates and spiking provide a reliable check of analytical methodology. 

Appendix C contains the QA/QC information, and the reader is referred to it for 
more information. 

2.3.2 RTI 

Shirley J. Wasson and Lori Pearce of Research Triangle Institute visited the 
Bailly Station on September 5 and 6 while we were sampling. They conducted an 
audit of the sampling. The scheduling of their visit permitted them to observe one day 
of organics sampling and one day of inorganics sampling. There were four facets of 
the audit: 1) observe the sampling and laboratory procedures, 2) spike some 
laboratory blanks for Quality Assurance evaluation, 3) spike two VOST samples using 
a cylinder of audit gas, and 4) check calibration of the sampling trains. In addition, we 
provided them with our calibration documentation and preliminary data from our 
testing. We did not receive a formal report of their audit. 

We did receive from DOE the values reported by RTI as the true values for the 
spikes they applied in the field. Results of these audit spikes are given in Appendix A. 

2.3.3 Round Robin Coal Analyses 

SRI participated in a round robin analysis of coal samples administered by 
CONSOL, Inc. for DOE. We analyzed 17 coal samples in duplicate under the round 
robin. There were two samples from each of the eight plants being tested in the DOE 
air toxics assessment program, plus one reference coal. Analyses specified included 
proximate and ultimate, 10 major ash constituents, the 16 trace elements in the DOE 
program scope of work, and fluorine. Results of the analyses are presented in 
Appendix A. Results of the round robin analyses do not suggest any general 
deficiencies in our protocols when SRI's data are compared to the range of results 
among the other participants. One specific improvement suggested by these results is 
the use of the method of standard additions for analyzing antimony and arsenic. 
Because of this finding we altered our analytical protocols accordingly. 

2.4 Contractor Organization 

We used the staff and resources of three organizational units at Southern 
Research Institute to do the work of this project: the Environmental Sciences 
Research Department, the Analytical Chemistry Department, and the Contracting 
Office. Subcontracting was limited to a small portion of the work under this project. 
We arranged for the services of seven field sampling crew members from Guardian 
Systems, Inc., to supplement SRI staff during the tests at the Bailly Station. 
Commercial Testing & Engineering Company was contracted to do the proximate, 
ultimate, chlorine, and fluorine analyses on the coal samples from Bailly. Core 
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Laboratories, Inc., was contracted to analyze samples for radionuclides. Brooks Rand, 
Ltd., analyzed solids and sorbent traps for mercury. Gaibraith Laboratories performed 
analyses in limestone and gypsum. All other analytical work was performed at SRI. 

Five individuals were classified as key personnel for this project: 
P. Vann Bush, Program Manager 
Edward B. Dismukes, Principal Investigator 
Joseph D. McCain, Sampling Coordinator 
John M. Coyne, Analytical Coordinator 
Larry S. Monroe, QA Auditor 

The following paragraphs describe the roles of the key personnel. 

Program Manager The Program Manager had the duties of liaison with the DOE 
Contracting Officer's Representative, liaison with other participants of the project 
including the host site representatives and other DOE contractors where needed, 
scheduling the activities of project personnel, and monitoring and reporting the project 
performance relative to the schedule and budget. The Program Manager scheduled 
and conducted pre-test site evaluations required for the preparation of site-specific 
sampling and analytical plans. The Program Manager was on site during the field 
sampling, participated in review of the analytical results, and directed the preparation 
of the project reports. . 

Principal Investigator The Principal Investigator directed the sampling and analytical 
work. This effort included preparation of site-specific plans. The Principal Investigator 
was on site during part of the field sampling, assumed custody of the samples 
collected upon their delivery to the laboratory in Birmingham, and supervised the 
disposition and analyses of all samples. The Principal Investigator was responsible for 
reduction of data from the sampling trains, and interpretation of analytical results 
including mass balance determinations. 

Sampling Coordinator The Sampling Coordinator participated in the pre-test site 
survey and the preparation of the site-specific sampling and QA plans. The Sampling 
Coordinator supervised the preparation of sampling equipment, the on-site sampling, 
and delivery of samples for post-test analyses. The Sampling Coordinator assisted the 
Principal Investigator in the reduction of data from the sampling trains. 

Analytical Coordinator The Analytical Coordinator assisted in the preparation of site-
specific analytical plans. The Analytical Coordinator directed analyses of trace metals 
and all organics from the samples collected in Bailly. The Analytical Coordinator was 
responsible to summarize the analytical results, and to assist the Principal Investigator 
in the interpretation of results. 

Quality Assurance Auditor The Quality Assurance Auditor reviewed the standard 
operating procedures (SOPs) for each of the sampling trains and analytical 
instruments. The Auditor monitored the sampling at the power plant and conducted 
independent checks of procedures against the SOPs and test objectives. The Auditor 
compiled the quality assurance documentation from pre-test and post-test calibrations 
of test equipment, and the quality control data records from the analytical work. 
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2.4.1 Sampling Team 

SRI had 24 people on site for the test program, plus 7 subcontracted sampling 
team members from Guardian Systems, Inc. The staff was divided as follows: 

4 in the mobile laboratory, 
3 at the Unit 8 inlet sampling location, 
3 at the Unit 8 outlet sampling location, 
3 at the Unit 7 outlet sampling location, 
1 to make VOST and Hg measurements at Unit 8 inlet and stack, 
1 to make VOST and Hg measurements at Units 7 and 8 outlets, 
2 to run cyclones and Method 17 at the Unit 8 East ESP inlet, 
1 to run Orsat samples, 
2 to run the dilution sampling system at Unit 7 outlet, 
5 at the stack sampling location, 
3 collecting plant samples, 
1 flue gas sampling coordinator, 
1 QA auditor, and 
1 test supervisor. 
The organization of the sampling team is shown in Figure 2-1. Tom Sarkus, Earl 

Evans, and Dick Tischer of DOE/PETC took turns at the test site during the time we 
were on site. Beth Wrobel and Sid Smith of NIPSCO served as liaison with the Bailly 
Station, and John Cheater and John Henderson served as liaison with the AFGD 
Demonstration Plant. 

2.4.2 Analytical Team 

The analytical team for this project was organized as shown in Figure 2-2. As 
indicated in the figure, Dr. Dismukes personally directed the analyses of anions, and 
submitted the samples to and reviewed the results from the subcontracted analytical 
laboratories. Mr. John Coyne supervised all other analytical work. 

2.5 Report Organization 

This report is organized into ten sections, including this introductory section and 
the preceding Executive Summary. Section 3 provides a description of the Bailly 
Station and the AFGD Demonstration Plant. Section 3 also includes tabulated and 
plotted plant operating data collected during our test. Section 4 describes the 
methods we used to collect all samples from solid, liquid, slurry, and gas streams. In 
addition, Section 4 includes the sampling schedule, and the mass flow rates we 
measured or otherwise determined for inlet and outlet streams for plant subsystems 
and the overall plant. Section 5 lists the analytical methods used on all of the 
collected samples. Section 6 contains all of the analytical results. Section 7, Data 
Analysis and Interpretation, includes the material balances we calculated from the 
analytical results, the trace species removal efficiencies across the Bailly Station ESPs 
and across the AFGD Demonstration Plant, and emissions factors. Section 8 of the 
report contains four subsections dealing with special topics: 1) particulate and vapor 
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phase partitioning, 2) plume simulation dilution sampling, 3) distribution of trace metals 
by size, and 4) comparison of Method 29 and carbon traps for mercury 
measurements. Section 9 lists references used in the report, and Section 10 is a 
glossary of terms and abbreviations used in the report. 

There are seven appendices to the report. They contain descriptions of auditing 
exercises, supporting information on sampling and analytical protocols, quality 
assurance and quality control procedures and results, example calculations, 
description of uncertainty analyses performed, and comprehensive documentation of 
sampling runs. The reader is referred to the Table of Contents which lists the 
appendices. 
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3.0 SITE DESCRIPTION 

3.1 Power Plant and Scrubber Design Features 

3.1.1 Power Plant 

Bailly Generating Station is owned and operated by the Northern Indiana Public 
Service Company (NIPSCO). The plant is located on the shores of Lake Michigan 
near Chesterton, Indiana. This project involved the two coal-fired units of Bailly 
Generating Station with a combined capacity of 528 MWe; Unit No. 7 has a gross 
capacity of 183 MWe (160 MW net) and Unit No. 8 has a gross capacity of 345 MWe 
(320 MW net). Figure 3-1 is a schematic illustration of the layout of the Bailly Station 
Units 7 and 8. 

Each unit is equipped with a Babcock & Wilcox cyclone boiler and a steam 
turbine generator. Both units burn an Illinois/Indiana basin high-sulfur bituminous coal 
(2.5% to 4.5% sulfur). Unit 7 has four cyclone burners, and Unit 8 has eight cyclone 
burners. Full load on each unit usually varies by ± 3 MW. There is no control 
technology for NOx emissions. 

Electrostatic precipitators (ESPs) are used on both units for particulate control. 
There are two ESPs on Unit 8 and one ESP on Unit 7. The two ESPs of Unit No. 8 
are identical to the Unit No. 7 ESP. Each ESP is two shells wide and has twelve 
electrical fields. In addition, there are three rows of hoppers to collect fly ash from the 
twelve fields of each ESP. Thus, there are three hoppers in the direction of gas flow 
along any given lane of the ESP. 

Ammonia is injected at a rate to yield 15 ppm concentration prior to the Unit 
No. 7 ESP and prior to each of the two Unit No. 8 ESPs for the control of S03 to 
prevent acid mist emissions. There are separate ammonia injection systems for the 
two units. 

The Bailly Station Unit No. 7 flue gas flows through a single duct into the ESP. 
The flue gas stream exits the ESP and subsequently connects downstream of the ESP 
with the flue gas duct from the combined outlets of the two ESPs of Unit No. 8. These 
two flue gas streams then join to form a single stream. 

There are various ash disposal systems for Units No. 7 and No. 8 at the Bailly 
Station. Based on four years of records of waste disposal from the plant, nominally 
63% of the ash in the coal is collected as bottom ash and the remaining 37% is fly 
ash. Wet bottom ash is transferred to a slag tank where the ash is sluiced to an ash 
settling pond. The slag tank is dumped every six hours. The water from the settling 
pond is recycled back for the sluicing of the bottom ash. Economizer ash is not 
accumulated or evacuated in sufficient quantity or frequency to be considered as a 
separate waste stream. Makeup water is obtained from on-site facilities. Fly ash from 
the precipitators from both units is conveyed dry to an ash silo where it is trucked 
away to a landfill or sold. 

Both units use Lake Michigan water as a once-through cooling medium. 
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Figure 3-1. Process Flow Diagram and Sampling Locations for Bailly Generating Station Units 7 & 8 
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3.1.2 Scrubber 

Sulfur dioxide in the combined flue gas stream from the two units of the Bailly 
Generating Station is treated by the Advanced Flue Gas Desulfurization (AFGD) 
demonstration project managed by Pure Air of Allentown, Pennsylvania (a joint venture 
of Air Products, Inc. and Mitsubishi Heavy Industries, Ltd.) under the Department of 
Energy's Clean Coal Technology program. The scrubber is operated by Pure Air on 
the Lake, a subsidiary of Pure Air. Figure 3-2 is a schematic drawing of the Pure Air 
AFGD process. Pure Air's AFGD system is using innovative wet limestone flue gas 
desulfurization (FGD) technology to achieve a high level of S02 removal (90 to 954-
percent capability) on high sulfur U.S. coals. 

A feature of the AFGD process is the purchase and direct injection of 
powdered limestone in lieu of on-site limestone milling operations. This project 
includes an in-situ oxidation absorber module that produces high-quality gypsum from 
a range of high sulfur coals. These features serve to decrease facility size, and costs 
for both installation and operation of the process. High-quality, by-product gypsum 
(93+ percent purity) is being produced and sold to a wallboard manufacturer. This 
by-product utilization eliminates the problem of solid waste disposal, and also 
contributes to the cost-effectiveness of the technology. 

The flue gas stream from the AFGD process is vented to the atmosphere 
through a 480-foot stack exclusive to the project. 

3.2 Plant Systems Included in This Evaluation 

The samples to be collected and their respective sampling points for the Bailly 
Station Units No. 7 & 8 and the AFGD process are identified in Figures 3-1 and 3-2. 
Material balance for the Bailly Station was limited to Unit 8, as shown in Figure 3-1. A 
separate material balance was conducted around the AFGD scrubber. The process 
components included in the material balances were: 

Unit 8 Boiler — The input streams for this subsystem are the coal, makeup water, 
and combustion air. Output streams are the flue gas and bottom ash. 

Unit 8 ESP — The input stream to the ESP is flue gas. The output streams are 
the hopper ash and the cleaned flue gas. 

Condenser — The condenser is a once-through system using Lake Michigan 
water as input. The output stream is returned to the lake. 

Bottom Ash Sluice — The input streams to this system are the bottom ash and 
sluice return water (that is, make-up water supplied from the settling 
pond). The output stream is the bottom ash sluice (discharged to the 
settling pond). 

Unit 8 Boiler Overall — The input streams are the coal, combustion air, makeup 
water, and sluice water return. Output streams are the stack flue gas, 
gypsum, and water to waste water treatment. 
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Flue Gas Mixing - Flue gas from the Unit 7 ESP and the Unit 8 ESP are input 
streams; the mixed product is output. 

AFGD System — The input streams to this system are the combined flue gases 
from Units 7 and 8, limestone, and service water. Output streams are the 
stack flue gas, gypsum, and waste water. 

3.2.1 Flue Gas Streams 

The flue gas streams sampled for the toxic emissions assessment were: 

1) the Unit No. 7 ESP outlet before combining with the Unit No. 8 gas stream (with 
and without dilution cooling), 

2) the Unit No. 8 west ESP inlet after ammonia injection, 
3) the Unit No. 8 ESP outlet before combining with Unit No. 7 flue gas stream, and 
4) the AFGD outlet/stack after mist eliminator. 

The flue gas streams sampled for mass particle size distributions and total 
mass concentrations of entrained fly ash were: 

1) the Unit No. 7 ESP outlet before combining with the Unit No. 8 flue gas stream 
(with and without dilution cooling), 

2) the Unit No. 8 west ESP inlet after ammonia injection, 
3) the Unit No. 8 east ESP inlet after ammonia injection (only total mass 

concentration), 
4) the Unit No. 8 ESP outlet before combining with Unit No. 7 flue gas stream, 

and 
5) the AFGD outlet/stack after mist eliminator (total mass and size distribution). 

The flue gas streams sampled for size-fractionated entrained fly ash for 
subsequent determinations of trace metals were: 

1) the Unit No. 7 ESP outlet before combining with the Unit No. 8 flue gas stream 
2) the Unit No. 8 west ESP inlet after ammonia injection, and 
3) the Unit No. 8 ESP outlet before combining with Unit No. 7 flue gas stream. 

A complete discussion of the flue gas sampling approach is given in Section 

3.2.2 Solids, Liquids, and Slurries 

Solids, liquids, and slurries sampled are listed in Table 3-1. Descriptions of the 
sampling methods for each of these samples are given in Section 4.3. 
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Table 3-1 

Solids, Liquids, and Slurries Collected at Bailly 

SAMPLE LOCATION 
SOUDS-
Boiier Feed Coal 
ESP Hopper Ash 
Bottom Ash 
Limestone 
Gypsum 

augers above cyclone burners 
hoppers beneath Unit 8 West ESP 
sluice discharge at pond 
sampled from supply trucks 
automatic sampler on conveyer belt 

UQUIDS -
Unit 8 Condenser Inlet 
Unit 8 Condenser Outlet 
Sluice Return Water 
Condenser Makeup Water 
Service Water 
AFGD Waste Water 

intake from Lake Michigan 
discharge into Lake Michigan 
low pressure water line tap at boiler 
tap at makeup water tanks 
water tap in AFGD building 
tap in line to waste water treatment 

SLURRIES -
Bottom Ash Sluice 
Absorber Recirculation Slurry 
Bleed Pump Slurry 

discharge pipe into pond 
sample tap at recirculation pump 
sample tap at slurry bleed pump 
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3.3 Plant Operating Conditions 

3.3.1 Typical Operating Conditions 

Bailly Station Units 7 and 8 operate on load demand, with full load usually 
between 7 AM and 9 to 10 PM. At full load, Unit 8 generates about 345 gross 
megawatts, and Unit 7 generates about 183 gross megawatts. The two units are 
usually run at equivalent percentages of their full load rating. 

The primary coal for the plant is from the Illinois/Indiana Basin, and has a 3.0 to 3.5% 
sulfur content, the main source of coal for the plant is the Captain Mine. Because of 
parametric evaluation of the AFGD scrubber, several other coals and blends have 
been burned at the Bailly Station. During 1993, the plant had burned a blend of 
Illinois/Indiana Basin coal and Powder River Basin coal in a ratio of 4:1 to give a coal 
sulfur content of about 2.8%. 

The water supply for the plant is Lake Michigan, as mentioned earlier. The Pure Air 
AFGD scrubber uses a pre-crushed limestone supplied by Huber, Inc. 

There are three separate computerized plant monitoring and data acquisition 
systems: one each for Unit 7, Unit 8, and the Pure Air AFGD. Some of the data are 
redundant on the Pure Air system, but we obtained records from all three systems 
covering the period of our testing. We recorded manually readings of voltages and 
currents in the Units 7 & 8 electrostatic precipitators, and flows (indicated as static 
pressures and percentages of orifice differential pressures) of ammonia to both units. 
We also obtained historical records for the previous four years that listed amounts of 
bottom ash and fly ash disposed of and Units 7 and 8 power generation. 

3.3.2 Operating Conditions During Sampling 

Tables 3-2 through 3-6 are records of plant operation during the periods we 
were sampling. Tables 3-2, 3-3, and 3-4 are excerpts from operating logs recorded by 
computer data acquisition systems. We selected key parameters that describe the 
major process streams, and can be used to quantify variables required to make 
material balance calculations or to show system stability. Each data entry in these 
logs is an hourly average. Table 3-2 presents a subset of the operating data we 
collected from the Unit 7 data acquisition system. Table 3-3 presents data from the 
Unit 8 data acquisition system. Table 3-4 presents data from the Pure Air AFGD data 
acquisition system. 

Some of the plant operating data are plotted in Figures 3-3 through 3-7. 
Figure 3-3 shows the megawatt output of Units 7 and 8 during the intervals of time we 
were sampling. Figure 3-4 shows the average opacity values recorded in the Unit 7 
and Unit 8 ducts at the outlets of the electrostatic precipitators. Figure 3-5 shows the 
concentrations of S02 at the inlet and outlet of the AFGD scrubber. Figure 3-6 shows 
the measured carbonate and sulfite contents in the scrubber slurry. Figure 3-7 shows 
the differential pressure across the AFGD plant and the absorber. 
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Table 3-5 is a record of the operating voltages and currents on the Unit 7 and 
8 electrostatic precipitators (ESPs). We recorded these values at two-hour intervals 
each test day. The table shows the daily average values on each electrical section. 
Figure 3-8 shows the layout of the ESP electrical sections. The most significant 
feature of these data is the fact that one of the outlet electrical sections on the Unit 7 
ESP (Section 7AT5) was out of service during our testing. Furthermore, another outlet 
field, 7AT6, operated at a very low voltage compared to other fields. These problems 
explain the much higher emissions, seen in the opacity numbers in Tables 3-2 and 
3-3, for the Unit 7 ESP than the Unit 8 ESP. 

Table 3-6 is a record of the flows of ammonia from the two separate systems 
supplying Units 7 and 8. Figures 3-9 and 3-10 show the ammonia system calibration 
charts for the two units. The main indicator of ammonia feed rate is the parameter 
called system output, given as a percentage. As the figures show, a system output 
setting of 50% is supposed to supply ammonia at a rate equivalent to 15 ppm in the 
flue gas at full load. The logs show a virtual loss of ammonia supply to Unit 7 from 
9/3 to 9/4. The supply to Unit 8 ran out on the evening of 9/4. Therefore, on 9/3 we 
had nominally 15 ppm ammonia to both Unit 7 and Unit 8 ESPs. On 9/4 we had 
nominally 15 ppm ammonia to Unit 8 ESP, but less than 3 ppm ammonia to Unit 7 
ESP. On 9/5 we had no ammonia to either Unit 7 or 8 ESP. This reduction in 
ammonia feed may have affected the particulate emissions, and certainly affected S03 
carry-over through the ESPs. 

There were two occasions during the testing when the fire in one cyclone 
burner went out because of a plugging of the coal feeder to the cyclone. The first of 
these was at 0900 to 1045 on 9/3/93 when one burner on Unit 7 lost fire. The Unit 7 
load dropped from 175 to 145 MW. Since we were still over 90% of the combined full 
load capacity of the two units we continued sampling. The second occasion for a 
burner to lose fire was also on 9/3/93 at about 1700 to 1800; this time the burner was 
on Unit 8. We again continued sampling. 

The major plant upset that truncated our testing was supply of coal to the 
boilers. There were problems in getting coal from the Captain Mine to the plant site, 
and problems at the plant site with the coal unloading and conveying system that 
delayed, interrupted, and finally prevented sampling. Because of the strike by the 
United Mine Workers, the plant had a variety of coals layered on the plant coal 
stockpile. Therefore, testing while the plant reclaimed coal from the pile was not 
practical because of the likelihood that variations in coal would render the flue gas 
samples equivocal. 
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Table 3-2 
Unit 7 Operating Data (Sheet 1 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Generator Gross 
Load 
MW 

165.9 
149.9 
176.4 
175.7 
175.1 
173.8 
174.0 
174.2 
174.4 
174.6 
173.1 
173.0 
174.1 

171.9 
6.79 

166.8 
175.0 
175.3 
176.3 
176.2 
176.2 
175.2 
167.0 
169.0 
173.6 
174.4 

173.2 
3.54 

Feed H20 Flow 
klb/hr 

1163.5 
1054.5 
1203.6 
1177.1 
1175.2 
1159.7 
1157.8 
1159.6 
1158.8 
1160.1 
1160.2 
1158.8 
1159.9 

1157.6 
32.23 

1115.6 
1158.7 
1169.3 
1171.4 
1172.4 
1171.1 
1171.2 
1120.1 
1129.1 
1156.6 
1159.6 

1154.1 
20.82 

I 

Condensate 
Flow 
klb/hr 

906.9 
814.1 
934.1 
905.2 
901.4 
893.0 
892.0 
893.0 
894.2 
900.0 
893.0 
889.5 
894.5 

893.1 
25.41 

853.3 
898.0 
900.9 
•904.9 
906.7 
905.6 
903.3 
868.5 
867.9 
892.5 
901.2 

891.2 
17.88 

Heater Drain Flow 
klb/hr 

205.1 
190.6 
213.5 
211.1 
211.1 
210.2 
209.9 
210.1 
209.6 
210.5 
208.9 
209.0 
209.6 

208.4 
5.44 

203.6 
210.8 
210.9 
212.0 
212.4 
211.8 
211.5 
204.2 
205.1 
209.0 
210.3 

209.2 
3.16 

Total Boiler Air 
Flow 
% 

74.1 
68.6 
78.7 
77.4 
77.3 
76.9 
77.3 
77.2 
77.4 
77.3 
76.3 
76.2 
76.9 

76.3 
2.43 

75.6 
78.2 
78.3 
78.4 
78.4 
77.9 
77.5 
73.6 
76.4 
77.9 
78.2 

77.3 
1.45 

Hi Temp 0 2 Avg 
7 West 

% 

2.429 
2.484 
2.559 
2.548 
2.497 
2.546 
2.485 
2.542 
2.537 
2.539 
2.516 
2.535 
2.487 

2.516 
0.036 

2.976 
2.818 
2.985 
2.756 
2.753 
2.771 
2.818 
2.762 
2.850 
2.823 
2.767 

2.825 
0.079 

Ambient Temp 
• F 

68.1 
68.3 
68.5 
68.4 
68.1 
67.8 
67.6 
67.8 
67.7 
67.1 
66.4 
66.2 
65.6 

67.5 
0.88 

77 
76.9 
77.5 
77.6 

74 
74.4 
73.9 
73.6 
73.2 
72.1 
70.9 

74.6 
2.18 

West Lower Hi 
Temp 0 2 

% 

2.586 
2.614 
2.698 
2.681 
2.622 
2.708 
2.619 
2.637 
2.621 
2.677 
2.630 
2.670 
2.607 

2.644 
0.037 

2.642 
2.676 
2.744 
2.787 
2.802 
2.814 
2.783 
2.751 
2.827 
2.862 

2.83 

2.774 
0.064 



Table 3-2 
Unit 7 Operating Data (Sheet 2 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Boiler Feed Water 
Make-Up 
gal/min 

76.4 
76.1 

58.21 
13.54 
13.62 
13.71 
13.80 
13.86 
13.84 
13.80 
13.79 
13.81 
13.78 

26.79 
24.15 

13.16 
13.21 
13.2 

12.97 
12.87 
12.89 
12.96 
13.05 
13.13 
13.2 

13.26 

13.08 
0.13 

Circulating H20 Out 
7 East 

*F 

84.1 
82.8 
84.8 
84.8 
84.4 
84.0 
83.9 
84.1 
84.8 
85.4 
85.2 
84.5 
84.7 

84.4 
0.64 

83.1 
83.8 
83.5 
83.4 
83.2 
83.7 
83.7 
84.0 
84.1 
84.3 
84.6 

83.8 
0.44 

Circulating H20 Out 
7 West 

*F 

84.7 
83.4 
85.3 
85.2 
84.8 
84.5 
84.3 
84.5 
85.3 
85.8 
85.5 
84.9 
85.'1 

84.9 
0.59 

83.8 
84.4 
84.2 
84.1 
84.0 
84.5 
84.4 
84.6 
84.8 
84.9 
85.2 

84.4 
0.40 

Throttle Stm Press 
psig 

2147 
2141 
2151 
2151 
2150 
2126 
2121 
2122 
2121 
2122 
2122 
2121 
2121 

2132 
12.93 

2124 
2197 
2387 
2388 
2388 
2388 
2389 
2280 
2309 
2359 
2358 

2324 
85.9 

Atemperating Flow to 7 
East Superheater 

klb/hr 

34.04 
18.33 
32.75 
24.38 
20.50 
25.25 
33.13 
32.83 
29.01 
24.90 
8.38 

6.275 
14.38 

23.40 
9.02 

23.58 
20.84 
13.03 
10.4 
9.15 
19.9 

28.31 
16.97 
13.52 
12.82 
13.75 

16.57 
5.67 

Atemperating Flow to 7 
West Superheater 

klb/hr 

28.03 
25.73 
58.45 
54.23 
56.16 
66.80 
65.70 
62.91 
67.40 
69.80 
51.94 
50.18 
58.17 

55.04 
13.39 

62.96 
66.7 

45.91 
52.32 
49.34 
45.01 
50.25 
49.93 
54.65 
57.79 
55.01 

53.62 
6.45 

Coal Flow to 
Cyclone 7-1 

klb/hr 

23.28 
15.74 
37.08 
36.10 
35.95 
36.92 
37.44 
37.35 
37.40 
37.08 
36.72 
36.65 
37.02 

34.21 
6.45 

35.9 
36.86 
36.19 
36.63 
36.67 
36.94 
36.79 
37.08 
35.52 
36.01 
36.11 

36.43 
0.48 



Table 3-2 
Unit 7 Operating Data (Sheet 3 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

1 

Coal Flow to 
Cyclone 7-2 

klb/hr 

39.55 
37.29 
37.27 
36.33 
36.18 
37.05 
37.54 
37.56 
37.65 
37.31 
36.97 
36.96 
37.31 

37.31 
0.77 

36.2 
37.28 
36.56 
36.93 
36.96 
37.23 
37.08 
37.68 
35.87 
36.32 
36.38 

36.77 
0.52 

Coal Flow to 
Cyclone 7-3 

klb/hr 

42.92 
41.21 
41.28 
40.27 
39.93 
41.02 
41.51 
41.6 

41.68 
41.39 
41.05 
41.07 
41.36 

41.25 
0.68 

38.72 
40.1 

40.94 
41.16 
41.35 
41.88 
41.82 
30.49 
40.69 
41.18 
41.22 

39.96 
3.11 

Coal Flow to 
Cyclone 7-4 

klb/hr 

37.15 
35.42 
35.59 
34.75 
34.65 
35.45 
35.89 
35.94 
35.95 
35.66 
35.34 
35.33 
35.62 

35.60 
0.59 

34.50 
36.16 
37.29 
37.25 
37.23 
37.54 
37.40 
37.51 
36.14 
36.68 
36.71 

36.76 
0.86 

7-1 Air/Fuel 
Ratio 

9.44 

9.04 
9.09 
9.11 
8.82 
8.77 
8.81 
8.82 
8.85 
8.83 
8.84 
8.83 

8.94 
0.19 

9.01 
9.02 
9.04 
8.98 
8.99 
8.88 
8.85 
8.84 
9.13 
9.11 
9.12 

9.00 
0.10 

7-2 Air/Fuel 
Ratio 

8.77 
8.8 

8.99 
9.03 
9.05 
8.8 

8.76 
8.75 
8.76 
8.8 

8.77 
8.79 
8.78 

8.83 
0.105 

8.96 
8.92 
8.97 
8.90 
8.92 
8.82 

, 8.82 
8.76 
9.05 
9.06 
9.07 

8.93 
0.09 

7-3 Air/Fuel 
Ratio 

8.89 
8.87 
9.14 
9.17 
9.24 
8.95 
8.92 
8.91 

8.9 
8.95 
8.91 
8.91 
8.93 

8.98 
0.117 

9.11 
9.10 
9.02 
9.02 
9.00 
8.85 
8.82 

10.79 
8.99 
9.01 
9.04 

9.16 
0.52 

7-4 Air/Fuel 
Ratio 

8.87 
8.92 
9.16 
9.19 
9.21 
8.98 
8.93 
8.9 

8.94 
8.98 
8.94 
8.96 
8.97 

9.00 
0.109 

9.12 
9.08 
9.01 
8.96 
9.02 
8.90 
8.87 
8.75 
8.77 
8.92 
8.98 

8.94 
0.11 

Gas to Economizer 
7 East 

• F 

795.7 
775.8 

796 
796.7 
798.7 
806.1 

801 
800.6 
800.3 
803.8 
796.9 
797.5 
798.8 

797.5 
6.93 

804.9 
813.8 
802.5 
801.7 
797.2 
797.3 
806.0 
788.7 
794.0 
803.4 
803.8 

801.2 
6.38 

Gas to Economizer 7 
West 

• F 

824.1 
805.2 

845 
834.5 
830.5 
836.2 
838.9 
839.8 
841.2 
843.2 
835.2 
834.1 
830.5 

833.7 
9.89 

• 

827.8 
841.1 
832.4 
837.2 
831.3 
829.4 
822.8 
821.0 
827.4 
836.1 
835.2 

831.1 
5.87 



Table 3-2 
Unit 7 Operating Data (Sheet 4 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Exit Gas Temp 
7 East 

•F 

284.8 
273.3 
292.3 
296.3 
298.3 

295 
293.3 
294.4 
294.2 
293.6 
290.6 
292.1 
292.1 

291.6 
6.10 

301.5 
294.6 
292.5 
294.4 
295.4 
293.5 
293.8 
288.6 
290.7 
293.9 
293.7 

293.9 
3.03 

Exit Gas Temp 
7 West 

*F 

294.5 
286.6 
293.2 
297.9 
299.4 
296.3 
294.3 
296.3 
295.3 
295.1 
293.5 
294.5 
293.2 

294.6 
2.90 

298.5 
293.2 
292.2 
292.8 
292.2 
291.2 
291.3 
293.4 
288.8 
291.7 
292.2 

292.5 
2.24 

East Air Heater 
Gas Side AP 

in wc 

4.922 
4.344 
5.471 
5.32 

5.274 
5.339 
5.33 

5.333 
5.329 
5.305 
5.213 
5.224 
5.315 

5.209 
0.277 

5.168 
5.461 
5.521 
5.512 
5.560 
5.501 
5.406 
4.986 
5.243 
5.436 
5.456 

5.386 
0.170 

West Air Heater 
Gas Side AP 

in wc 

7.087 
6.26 
7.88 

7.678 
7.61 

7.687 
7.664 
7.698 
7.68 

7.648 
7.515 
7.509 
7.648 

7.505 
0.399 

7.437 
7.864 
7.925 
7.916 
8.000 
7.914 
7.790 
7.185 
7.555 
7.827 
7.854 

7.752 
0.240 



Table 3-2 
Unit 7 Operating Data (Sheet 5 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Generator Gross 
Load 
MW 

173.8 
173.9 
167.4 
176.0 
176.8 
177.1 
177.6 
177.5 
176.0 
152.0 
122.2 

168.2 
16.2 

174.3 
173.9 
167.6 

175 
174.9 
177.9 

170 
174.9 
175.1 

176 
176.4 
177.9 
178.9 

174.9 
3.11 

Feed H20 Flow 
klb/hr 

1171.1 
1176.5 
1131.0 
1190.9 
1197.6 
1198.0 
1200.3 
1186.4 
1179.5 
1024.9 
826.9 

1134.8 
108.7 

1169.5 
1175.4 
1141.4 
1182.8 
1181.3 
1183.6 
1124.5 
1188.7 
1193.1 
1191.5 
1194.2 
1198.6 
1198.2 

1179.4 
22.11 

Condensate 
Flow 
kib/hr 

898.2 
904.0 
873.6 
909.2 
913.8 
915.6 
923.2 
914.3 
909.4 
793.1 
642.2 

872.4 
80.7 

881.7 
898.1 
873.6 
906.9 
900.3 
913.8 
878.8 
913.9 
912.7 
911.5 
913.8 
917.3 
923.3 

905.3 
■ 14.6 

Heater Drain Flow 
klb/hr 

210.3 
209.9 
204.8 
212.3 
214.1 
214.3 
214.3 
212.8 
211.8 
190.0 
162.3 

205.2 
15.1 

208.1 
210.3 
205.8 

212 
211.2 
213.6 
207.2 
212.2 
212.1 
212.7 

213 
214.1 
214.5 

211.6 
2.54 

Total Boiler Air 
Flow 
% 

77.7 
77.6 
74.4 
77.9 
77.9 
78.4 
78.0 
78.9 
78.2 
67.0 

55.52 

74.68 
6.87 

78.6 
78.7 
76.5 
79.3 
78.9 

80 
76.2 
77.4 

78 
78.7 

79 
80.1 
80.1 

78.6 
1.26 

Hi Temp 0 2 Avg 
7 West 

% 

3.325 
3.185 
3.367 
2.967 
2.835 
3.136 
2.730 
2.591 
2.595 
2.600 
2.592 

2.902 
0.293 

2.982 
2.872 
3.021 
2.977 
2.862 
2.886 
2.923 
2.646 
2.695 
2.688 
2.692 
2.689 
2.689 

2.804 
0.128 

Ambient Temp 
• F 

81.7 
84.5 
84.0 
76.3 
70.6 
70.3 
70.0 
68.8 
67.9 
67.1 
65.3 

73.3 
6.73 

60.59 
60.29 
59.58 
59.84 
60.71 
62.66 
63.36 
63.81 
64.2 
65.5 
64.1 

63.09 
62.67 

62.48 
1.85 

West Lower Hi 
TempO^ 

% 

4.213 
3.930 
4.434 
3.853 
3.674 
3.992 
3.339 
2.718 
2.736 
2.645 
2.596 

3.466 
0.655 

3.098 
2.997 
3.117 
3.112 
2.993 
3.015 
3.028 
2.744 
2.772 
2.81 

2.796 
2.785 
2.751 

2.910 
0.140 



Table 3-2 
Unit 7 Operating Data (Sheet 6 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Boiler Feed Water 
Make-Up 
gal/min 

13.60 
13.56 
13.53 
13.18 
13.37 
13.33 
13.00 
13.05 
13.13 
13.19 
13.31 

13.30 
0.196 

20 
16.07 
15.99 
15.98 
15.93 
16.03 
16.02 
15.99 

16 
15.99 
15.99 
15.94 
15.94 

15.99 
0.038 

Circulating H20 Out 
7 East 

•F 

84.3 
84.3 
83.6 
80.9 
81.1 
82.7 
80.3 
80.4 
80.1 
79.2 
77.0 

81.3 
2.17 

83.2 

82.9 
83.2 

703.7 
83 

82.7 
83.1 
83.1 
82.8 
82.8 

83 
83.4 

83.0 
0.200 

Circulating H20 Out 
7 West 

•F 

85.0 
85.0 
84.8 
83.6 
82.4 
84.7 
81.1 
81.0 
80.8 
79.8 
77.6 

82.3 
2.37 

78.1 
83.7 
83.6 
83.9 
83.9 
83.8 
83.5 
83.9 
83.9 
83.6 
83.5 
83.9 
84.2 

83.8 
0.214 

Throttle Stm Press 
psig 

2375 
2382 
2389 
2390 
2390 
2389 
2393 
2394 
2378 
2081 

1691.1 

2295.6 
210.3 

2430 
2424 
2306 
2401 
2397 
2404 
2307 
2395 
2382 
2383 
2382 
2381 
2383 

2379 
34.50 

Atemperating Flow to 7 
East Superheater 

klb/hr 

7.743 
6.612 
9.13 
18.8 

21.38 
18.55 
23.8 

24.63 
19.06 
5.509 
2.983 

14.382 
7.64 

11.21 
3.436 
5.84 

3.398 
3.422 
3.425 
5.111 
3.141 
3.189 
3.182 
3.193 
3.193 
3.178 

3.642 
0.840 

Atemperating Ftow to 7 
West Superheater 

klb/hr 

22.65 
50.56 
36.31 
25.96 
34.26 
34.26 
28.02 
42.49 
46.65 
43.99 
35.2 

36.40 
8.42 

43.45 
34.34 
25.73 
27.8 

30.91 
35.55 
29.35 
29.77 
42.39 
46.19 
44.98 
46.05 
48.18 

36.77 
7.92 

Coat Flow to 
Cyclone 7-1 

klb/hr 

36.85 
36.63 
37.87 
35.87 
36.34 
37.24 
37.04 
36.36 
35.95 
30.71 
5.79 

33.33 
8.89 

36.33 
36.6 

40.68 
36.96 
36.88 
38.48 
37.6 
37.5 

37.96 
38.16 
37.95 
38.86 
39.31 

38.08 
1.10 



Table 3-2 
Unit 7 Operating Data (Sheet 7 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Coal Flow to 
Cyclone 7-2 

klb/hr 

37.07 
36.95 
38.16 
36.39 
36.63 
37.5 

37.37 
'36.66 
36.26 

31 
35.29 

36.30 
1.82 

38.98 
39.27 
42.37 
39.6 

39.48 
40.86 
38.36 
37.47 
37.91 
38.02 
37.8 

38.74 
39.32 

39.10 
1.35 

Coal Flow to 
Cyclone 7-3 

klb/hr 

40.58 
41.02 
30.08 
42.43 
43.09 

43.4 
43.84 
42.14 
41.67 
35.91 
33.15 

39.76 
4.39 

39.98 
39.27 
42.37 
39.6 

39.48 
40.86 
38.36 
37.47 
37.91 
38.02 
37.8 

38.74 
39.32 

38.80 
0.96 

Coal Flow to 
Cyclone 7-4 

klb/hr 

36.32 
36.33 
37.68 
36.13 
36.62 
37.18 
37.22 
37.68 
37.34 
32.15 
33.5 

36.20 
1.69 

36.01 
36.15 
37.9 

35.55 
35.58 
35.73 
35.71 
36.62 

35.8 
35.86 
35.84 
35.92 
35.98 

36.05 
0.62 

7-1 Air/Fuel 
Ratio 

8.90 
8.91 
8.69 
8.91 
8.84 
8.73 
8.7 

9.00 
9.00 
8.94 

16.83 

9.59 
2.29 

0 
8.86 
8.66 
8.92 
8.91 
8.92 
8.82 
8.93 
8.97 

9 
9.05 
9.04 
8.99 

8.94 
0.07 

7-2 Air/Fuel 
Ratio 

9.01 
9.00 
8.73 
8.99 
8.91 
8.8 

8.77 
9.11 
9.13 
9.08 
8.58 

8.92 
0.17 

0 
8.94 
8.67 
8.98 

9 
8.95 
8.91 
8.99 

9 
9.03 
9.09 
9.09 
9.01 

9.00 
0.05 

7-3 Air/Fuel 
Ratio 

8.85 
8.89 
9.63 
9.10 
8.93 
8.89 
8.86 
8.96 
8.97 
8.76 
8.61 

8.95 
0.25 

0 
8.84 

14.06 
9.15 
8.89 
9.18 
9.87 
8.98 
9.03 
9.13 
9.19 
9.26 
9.21 

9.57 
1.38 

7-4 Air/Fuel 
Ratio 

9.04 
9 

8.68 
9 

8.85 
8.79 
8.77 
8.88 
8.88 
8.75 
8.48 

8.83 
0.15 

0 
8.84 

14.06 
9.15 
8.89 
9.18 
9.87 
8.98 
9.03 
9.13 
9.19 
9.26 
9.21 

9.57 
1.38 

Gas to Economizer 
7 East 

• F 

814.4 
809.3 
788.4 
807.7 
812.8 
817.4 
820.6 
820.5 
820.8 
789.9 
755.5 

805.2 
19.11 

836.2 
816.3 

808 
817 

814.4 
812.4 
793.2 
791.7 

789 
795.6 
795.8 
795.7 
797.5 

802.2 
10.08 

Gas to Economizer 7 
West 

•F 

835.3 
832.6 
822.3 
828.4 
832.6 
830.4 
825.9 
831.8 
833.6 
810.2 
785.2 

824.4 
14.11 

856.8 
846.4 
832.8 
845.7 
846.1 
839.6 
819.6 
813.2 
815.4 

819 
819.6 
819.6 
821.6 

828.2 
12.41 



Table 3-2 
Unit 7 Operating Data (Sheet 8 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Exit Gas Temp 
7 East 

* F 

297 
299.9 
287.5 
297.4 
298.2 
297.7 
298.1 
299.6 
298.7 
280.7 
285.1 

294.5 
6.41 

314.2 
308.9 

297 
298.7 
299.6 
301.4 
291.8 
295.3 
297.1 
298.6 
299.2 
299.1 
298.3 

298.8 
3.84 

Exit Gas Temp 
7 West 

• F 

296.5 
296.6 
301.2 
294.8 
297.9 
299.5 
298.3 
299.1 
298.1 
299.3 
303.2 

298.6 
2.20 

311.8 
307.8 
305.3 

301 
301.9 
300.8 
298.5 
296.7 
297.4 
297.8 
297.7 
297.3 

297 

299.9 
3.42 

East Air Heater 
Gas Side AP 

inwc 

5.427 
5.47 

5.094 
5.428 
5.415 
5.525 
5.449 
5.544 
5.455 
4.271 
3.103 

5.107 
0.723 

5.589 
5.583 
5.348 

5.6559 
5.597 
5.766 
5.324 
5.498 
5.507 
5.548 
5.591 
5.756 
5.715 

. 5.574 
0.136 

West Air Heater 
Gas Side AP 

inwc 

7.756 
7.846 

7.31 
7.806 

7.8 
7.955 
7.827 
7.95 
7.84 

6.142 
4.446 

7.3 
1 

7.964 
7.961 
7.662 

8.09 
7.984 

8.23 
7.58 

7.866 
7.866 
7.941 
7.982 

8.23 
8.16 

7.963 
0.195 



Table 3-3 
Unit 8 Operating Data (Sheet 1 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Generator Gross 
Power 
MW 

338.3 
339.7 
340.5 
338.3 
343.0 
343.6 
343.6 
343.6 
319.0 
327.2 
340.8 
340.9 
341.0 

338.4 
6.96 

344.2 
344.2 
343.9 
343.8 
343.5 
344.0 
343.7 
343.9 
308.1 
258.1 
280.9 

327.1 
29.41 

Uncorrected Gross 
Turbine 
Btu/kWh 

9483.0 
9756.2 
9580.3 
8686.7 
8684.7 
8720.4 
8792.9 
8812.0 
8767.4 
8698.0 
8676.4 
8680.8 
8675.3 

8924.2 
380.1 

8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 

8687.0 
0.0 

Total Feed H20 
Flow 
klb/hr 

2449 
2514 
2472 
2375 
2412 
2420 
2424 
2419 
2237 
2321 
2420 
2415 
2413 

2407 
65.4 

24.31 
24.21 
24.21 
24.22 
24.28 
24.19 
24.14 
2416 
2171 
1835 
1998 

780.9 
1009.3 

Condensate 
Flow 
klb/hr 

2245 
2277 
2215 
2045 
2082 
2084 
2085 
2080 
1904 
1992 
2067 
2063 
2064 

2093 
97.2 

2085 
2084 
2085 
2075 
2077 
2079 
2083 
2080 
1861 
1541 
1670 

1975 
186.9 

Heater Drain 
Pump Flow 

klb/hr 

311 
302 
308 
320 
334 
334 
335 
329 
263 
294 
329 
327 
325 

316 
19.9 

328 
325 
329 
336 
333 
335 
330 
330 
255 
124 
174 

291 
71.1 

Economizer Outlet 
Temp 

• F 

614 
618 
605 
617 
615 
614 
614 
615 
614 
611 
610 
611 
611 

613 
3.26 

609 
610 
611 
611 
610 
612 
613 
613 
613 
606 
598 

609.6 
4.18 

Cold Reheat Atemperabng 
H2OFIow 

klb/hr 

96.1 
89.5 
62.6 

80 
76.3 
69.6 

66 
69.2 
75.4 
57.2 
50.8 
51.4 
57.4 

69.3 
13.4 

58 
69.1 
68.7 
60.9 
55.1 
67.2 
73.5 
68.7 
54.4 
27.2 
29.8 

57.5 
14.9 



Table 3-3 
Unit 8 Operating Data (Sheet 2 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Boiler Feed Water Flow from 
Boiler Feed Pump 8W 

klb/hr 

1211 
1243 
1222 
1173 
1192 
1197 
1198 
1196 
1103 
1145 
1197 
1194 
1192 

1189 
33.3 

1202 
1197 
1197 
1198 
1200 
1196 
1193 
1194 
1070 
899 
981 

1139 
102.0 

Boiler Feed Water Flow from 
Boiler Feed Pump 8E 

klb/hr 

1212 
1244 
1224 
1174 
1194 
1197 
1200 
1198 
1105 
1146 
1198 
1195 
1194 

1191 
33.2 

1204 
1198 
1198 
1199 
2101 
1197 
1194 
1195 
1070 
899 
982 

1222 
295.7 

Total Air Ftow 
klb/hr 

2951 
2965 
2966 
2922 
2962 
2971 
2976 
2968 
2766 
2823 
2924 
2914 
2899 

2924 
61.0 

2930 
2934 
2943 
2931 
2936 
2944 
2958 
2957 
2692 
2.87 
2.9 

2385 
1125.0 

8 West Flue 
Gas02 

% 

2.6 
2.64 
2.62 
2.72 
2.70 
2.74 
2.74 
2.72 
2.84 
2.67 
2.73 
2.66 
2.62 

2.69 
0.064 

2.68 
2.68 
2.67 
2.67 
2.72 
2.6 

2.59 
2.7 

2.83 
2.87 
2.9 

2.72 
0.099 

8 East Flue 
Gas02 

% 

2.45 
2.45 
2.45 
2.47 
2.45 
2.46 
2.47 
2.46 
2.58 
2.44 
2.45 
2.47 
2.44 

2.46 
0.035 

2.45 
2.46 
2.46 
2.45 
2.46 
2.44 
2.45 
2.44 
2.81 
2.75 
2.55 

2.52 
0.127 

Ambient Temp 
•F 

71 
71 
71 
70 
70 
70 
70 
71 
72 
72 
69 
69 
68 

70.3 
1.14 

67 
69 
70 
71 
73 
74 
75 
76 
76 
75 
73 

72.6 
2.87 

Air Heater Air 
Inlet Temp 

*F 

127 
124.3 
123.4 
124.6 

122 
120.4 
120.2 
120.7 
122.7 
131.1 
126.5 
125.2 
124.9 

124.1 
2.94 

127.2 
126.8 
126.7 
127.5 
126.6 
126.8 
126.8 
126.6 
127.2 
147.7 
155.4 

131.4 
9.65 

Air Heater Air 
Outlet Temp 

*F 

531 
535 
531 
536 
538 
538 
537 
537 
535 
532 
533 
533 
533 

535 
2.44 

532 
531 
532 
533 
533 
533 
533 
533 
531 
522 
520 

530 
4.45 



Table 3-3 
Unit 8 Operating Data (Sheet 3 of 8) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

Flue Gas Temp to 
Economizer 

• F 

948 
951 
947 
950 
953 
955 
953 
951 
936 
934 
941 
942 
941 

946 
6.56 

930 
932 
937 
936 
937 
941 
941 
943 
926 
898 
904 

930 
14.34 

Air Heater Gas 
Inlet Temp 

• F 

662 
670 
662 
669 
671 
671 
672 
671 
660 
657 
663 
665 
667 

666 
4.77 

663 
661 
662 
663 
664 
664 
664 
665 
657 
637 
634 

658 
10.65 

Total Average Air Heater 
Gas Outlet Temp 

•F 

310.9 
312.1 
309.4 
311.7 

312 
311.4 
310.6 
310.5 
308.6 

311 
312 

311.2 
310.8 

310.9 
0.986 

311.7 
311 

311.3 
312.5 
312.1 
312.1 
312.1 

312 
308.8 
306.5 
314.7 

311.3 
2.021 

Air Heater Gas 
Outlet Temp 

*F 

300.6 
301.4 
299.2 
301.5 
301.3 
300.6 
300.3 
300.5 
297.6 
300.1 

301 
300.4 
300.2 

300.4 
0.995 

300 
300.4 
301.4 
300.9 
300.9 
300.9 
300.8 
300.7 
296.6 
294.7 
302.7 

300.0 
2.187 

West ESP Outlet 
Average Temp 

*F 

334 
335 
333 
335 
336 
336 
335 
335 
334 
335 
336 
335 
335 

335 
0.828 

335 
334 
334 
336 
336 
335 
335 
336 
334 
330 
335 

335 
1.616 

East ESP Outlet 
Average Temp 

• F 

289 
290 
288 
290 
290 
289 
288 
288 
287 
288 
290 
289 
288 

289 
0.973 

290 
290 
289 
290 
290 
290 
290 
290 
288 
285 
293 

290 
1.827 

8 West Air Heater 
HotAP 
inwc 

4.78 
4.83 
4.8 

4.77 
4.83 
4.84 
4.85 
4.83 
4.37 
4.51 
4.73 
4.73 
4.7 

4.74 
0.137 

4.76 
4.76 
4.77 
4.77 
4.79 
4.78 
4.81 
4.81 
4.18 
3.23 
3.48 

4.47 
0.554 
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Table 3-3 
Unit 8 Operating Data (Sheet 5 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Generator Gross 
Power 
MW 

342.3 
343.2 
344.5 
342.9 
342.7 
344.7 
345.2 
344.9 
345.1 
345.3 
339.4 

343.7 
1.71 

345.4 
345.3 
345.1 
345.1 
345.0 
345.1 
345.1 
345.1 
345.3 
344.9 
345.0 
345.2 
344.9 

345.1 
0.15 

Uncorrected Gross 
Turbine 
Btu/kWh 

8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 

8687.0 
0.0 

8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 
8687.0 

8687.0 
0.0 

Total Feed H20 
Ftow 
klb/hr 

2417 
2430 
2029 
2014 
2025 
2039 
2035 
2437 
2439 
2435 
2385 

2244.1 
197.5 

2430 
2419 
2416 
2413 
2412 
2412 
2407 
2407 
2404 
2414 
2429 
2430 
2437 

2417.7 
10.1 

Condensate 
Flow 
klb/hr 

2068 
2072 
2084 
2073 
2064 
2080 
2091 
2084 
2085 
2093 
2053 

2077 
11.6 

2092 
2092 
2091 
2091 
2089 
2089 
2089 
2090 
2086 
2075 
2082 
2087 
2082 

2087 
4.8 

Heater Drain 
Pump Flow 

klb/hr 

330 
332 
335 
332 
330 
333 
336 
335 
333 
335 
327 

333 
2.6 

338 
339 
337 
338 
336 
339 
338 
339 
338 
334 
337 
336 
334 

337 
1.7 

Economizer Outlet 
Temp 

•F 

611 
610 
611 
613 
613 
612 
613 
613 
613 
614 
615 

612.5 
1.37 

613 
615 
616 
616 
617 
616 
617 
618 
618 
616 
614 
612 
612 

615.4 
1.98 

Cold Reheat Atemperating 
HjOFlow 

klb/hr 

56.4 
50.6 
67.5 
76.3 
54.7 
51.2 

67 
54.7 
52.6 
64.6 
71.8 

60.7 
8.6 

67.9 
77.6 
81.2 
82.1 
80.7 
80.4 
85.6 
87.7 
86.9 
66.0 
56.6 
61.7 
48.1 

,74.0 
12.2 



Table 3-3 
Unit 8 Operating Data (Sheet 6 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Boiler Feed Water Ftow from 
Boiler Feed Pump 8W 

klb/hr 

1195 
1201 
1199 
1188 
1194 
1204 
1201 
1204 
1206 
1204 
1157 

1196 
13.3 

1202 
1197 
1195 
1194 
1193 
1193 
1190 
1191 
1189 
1194 
1202 
1202 
1206 

1196 
5.2 

Boiler Feed Water Flow from 
Boiler Feed Pump 8E 

klb/hr 

1196 
1203 
1200 
1189 
1196 
1205 
1203 
1206 
1207 
1205 
1202 

1201 
5.2 

1203 
1198 
1196 
1195 
1194 
1195 
1192 
1192 
1190 
1195 
1203 
1203 
1207 

1197 
5.0 

Total Air Flow 
klb/hr 

2922 
2939 
2960 
2943 
2931 
2944 
2963 
2960 
2948 
2963 
2904 

2943 
17.9 

2957 
2960 
2966 
2973 
2976 
2967 
2948 
2952 
2951 
2925 
2941 
2937 
2952 

2954 
14.0 

8 West Flue 
Gas02 

% 

2.69 
2.64 
2.56 
2.65 
2.64 
2.64 
2.75 
2.73 
2.77 
2.77 
2.65 

2.68 
0.064 

2.65 
2.66 
2.72 
2.73 
2.82 
2.77 
2.69 
2.69 
2.70 
2.65 
2.67 
2.65 
2.77 

2.71 
0.052 

8 East Flue 
Gas02 

% 

2.47 
2.47 
2.44 
2.46 
2.46 
2.43 
2.45 
2.46 
2.44 
2.45 
2.46 

2.45 
0.012 

2.45 
2.45 
2.46 
2.45 
2.47 
2.48 
2.45 
2.46 
2.47 
2.45 
2.46 
2.44 
2.48 

2.46 
0.012 

Ambient Temp 
*F 

72 
72 
72 
72 
72 
71 
71 
70 
70 
69 
68 

70.8 
1.34 

63 
62 
61 
63 
66 
66 
66 
66 
67 
68 
66 
66 
66 

65.1 
2.02 

Air Heater Air 
Inlet Temp 

•F 

127 
125.6 
124.9 
125.7 
125.2 
125.2 
125.5 
124.9 
124.6 
124.1 
123.2 

125.1 
0.92 

123.4 
121.1 
120.4 
120.2 
120.2 
119.3 
118.3 
117.5 
117.0 
116.7 
118.9 
119.7 
119.9 

119.4 
1.75 

Air Heater Air 
Outlet Temp 

*F 

532 
532 
532 
531 
532 
532 
531 
532 
533 
534 
535 

532 
1.15 

534 
535 
536 
537 
538 
538 
539 
540 
540 
538 
536 
536 
535 

537 
1.86 



Table 3-3 
Unit 8 Operating Data (Sheet 7 of 8) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 

AVG 
SD 

8:00:00 
9:00:00 

10:00:00 
11:00:00 
12:00:00 
13:00:00 
14:00:00 
15:00:00 
16:00:00 
17:00:00 
18:00:00 
19:00:00 
20:00:00 

AVG 
SD 

Flue Gas Temp to 
Economizer 

•F 

936 
938 
936 
938 
939 
939 
939 
942 
943 
948 
948 

941 
4.05 

947 
949 
952 
953 
954 
954 
957 
958 
955 
952 
953 
948 
946 

952 
3.57 

Air Heater Gas 
Inlet Temp 

*F 

664 
665 
666 
664 
665 
665 
665 
666 
667 
669 
668 

666 
1.53 

670 
670 
671 
672 
673 
674 
674 
676 
678 
674 
674 
673 
672 

673 
2.18 

Total Average Air Heater 
Gas Outlet Temp 

•F 

312.5 
311.4 

311 
310.3 

311 
310.8 

311 
311.6 
311.3 
311.4 
310.5 

311.2 
0.565 

311.3 
310.6 
310.7 

■ 311.0 
311.7 

, , 311.3 
•311.0 
311.1 
311.2 
309.8 
309.5 
310.5 
310.3 

310.8 
0.602 

Air Heater Gas 
Outlet Temp 

*F 

301.3 
300.5 
300.4 
299.9 
300.4 
300.1 
300.3 
300.6 
300.3 
300.6 
299.7 

300.4 
0.398 

300.5 
300.3 
300.5 
300.9 
301.3 
301.0 
300.8 
300.8 

' 300.9 
299.1 
299.2 
300.2 
300.2 

• 300.4 
0.633 

West ESP Outlet 
Average Temp 

*F 

337 
336 
336 
335 
336 
336 
336 
337 
337 
337 
336 

336 
0.617 

334 
334 
335 
335 
336 
336 
336 
336 
336 
336 
335 
335 
335 

335 
0.722 

East ESP Outlet 
Average Temp 

•F 

292 
289 
289 
288 
289 
289 
289 
289 
288 
288 
287 

289 
1.192 

293 
292 
292 
292 
293 
293 
292 
292 
292 
292 
291 
292 
292 

292 
0.533 

8 West Air Heater 
HotAP 
inwc 

4.78 
4.79 
4.82 
4.78 
4.77 
4.78 
4.83 
4.83 
4.8 

4.82 
4.69 

4.79 
0.038 

4.83 
4.86 
4.87 
4.88 
4.89 
4.89 
4.86 
4.87 
4.88 
4.79 
4.79 
4.80 
4.83 

4.85 
0.036 
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Tab. ->-4 
AFGD Operating Data (Sheet 1 of 12) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

Unit #7 Air 
Flow 
Ib/hr 

1002.16 
832.57 
983.55 
978.50 
982.72 
979.58 
976.05 
981.39 
980.56 
984.00 
973.43 
986.84 
974.66 

970.46 
40.40 

902.25 
994.79 
988.98 
693.58 
996.56 
992.52 
982.52 
976.32 
930.50 
991.06 
989.61 

948.97 
85.76 

Unit #8 Air 
Flow 
Ib/hr 

2958.72 
2974.82 
2971.98 
2841.61 
2971.40 
2998.63 
3003.23 
2999.99 
2909.48 
2744.25 
2949.59 
2984.61 
2921.84 

2940.78 
71.22 

2955.91 
2959.80 
2967.41 
2322.92 
2962.30 
2970.43 
2982.05 
2983.82 
2887.66 
2394.46 
2485.97 

2806.61 
251.92 

Unit #7 Load 
MW 

163.17 
134.80 
160.26 
163.15 
163.32 
162.99 
162.56 
162.99 
162.89 
163.40 
162.22 
164.77 
162.20 

160.67 
7.53 

143.01 
161.24 
160.03 
107.93 
162.04 
161.62 
160.86 
160.42 
148.12 
158.87 
159.67 

153.07 
15.45 

Unit #8 Load 
MW 

342.81 
343.66 
345.04 
334.29 
346.10 
348.20 
348.14 
348.50 
339.17 
316.64 
346.00 
343.44 
345.45 

342.11 
8.27 

348.60 
348.82 
348.56 
254.51 
348.68 
349.07 
349.08 
348.79 
336.58 
266.29 
276.19 

325.02 
'36.80 

Unit #7 
Opacity 

% 

18.98 
15.97 
26.37 
26.62 
26.51 
27.02 
27.29 
27.41 
27.79 
26.26 
26.50 
27.28 
27.11 

25.47 
3.49 

22.13 
23.43 
24.58 
21.69 
23.52 
24.46 
24.10 
25.06 
23.84 
24.33 
24.17 

23.75 
0.98 

Unit #8 
Opacity 

% 

12.55 
12.57 
14.09 
11.24 
12.71 
12.51 
12.32 
12.30 
12.49 
12.28 
12.29 
12.49 
11.27 

12.39 
0.66 

12.00 
12.03 
12.21 
11.13 
12.78 
12.83 
12.77 
12.56 
12.70 
11.63 
11.35 

12.18 
0.58 

#7 Duct 
Pressure 
inH20 

8.261 
7.231 
7.936 
7.904 
8.027 
8.295 
8.204 
8.163 
7.968 
7.475 
8.065 
8.006 
8.114 

7.973 
0.293 

7.916 
8.399 
8.304 
3.849 
8.418 
8.337 
8.220 
8.151 
7.452 
6.020 
5.981 

7.368 
1.406 

#8 Duct 
Pressure 
inH 20 

7.678 
6.725 
7.368 
7.381 
7.476 
7.753 
7.654 
7.592 
7.425 
6.967 
7.521 
7.429 
7.566 

7.426 
0.276 

7.407 
7.834 
7.721 
3.515 
7.867 
7.803 
7.700 
7.627 
6.971 
5.600 
5.514 

6.869 
1.341 

Pressure Before 
Mist Eliminator 

inH 20 

2.844 
2.401 
2.647 
2.999 
2.762 
2.936 
2.823 
2.792 
2.788 
2.681 
2.965 
2.703 
3.037 

2.798 
0.164 

2.903 
3.050 
2.921 
1.355 
3.059 
2.973 
2.876 
2.795 
2.449 
1.985 
2.275 

2.604 
0515 

Pressure After 
Mist Eliminator 

inH20 

0.713 
0.447 
0.561 
0.904 
0.669 
0.792 
0.692 
0.672 
0.718 
0.713 
0.851 
0.607 
0.898 

0.711 
0.126 

0.831 
0.883 
0.804 
0.018 
0.919 
0.826 
0.774 
0.723 
0.531 
0.353 
0.553 

0.656 
0.260 

#8 Air Heater 
Outlet Duct 

Temp 
• F 

372.64 
374.34 
373.98 
372.12 
375.27 
375.14 
374.79 
374.37 
373.84 
371.20 
374.56 
373.14 
372.60 

373.69 
1.20 

373.91 
373.18 
371.77 
365.60 
373.85 
374.02 
373.45 
373.88 
373.18 
367.14 
371.88 

371.99 
2.77 



Table 3-4 
AFGD Operating Data (Sheet 2 of 12) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

AFGD Inlet Flue 
Gas Temp 

*F 

319.05 
318.71 
318.73 
318.36 
319.84 
320.32 
319.84 
319.51 
318.94 
314.60 
320.09 
318.15 
318.88 

318.85 
1.39 

320.15 
320.07 
318.81 
310.33 
320.38 
320.83 
320.85 
321.12 
319.38 
311.03 
313.46 

317.86 
3.94 

Inlet S02 

Concentration 
ppm 

2199.18 
2186.15 
2168.48 
2201.66 
2153.29 
2157.01 
2160.70 
2180.15 
2181.26 
2158.53 
2253.91 
2166.74 
2229.97 

2184.39 
29.05 

2232.57 
2235.39 
2238.63 
2078.44 
2226.80 
2227.45 
2224.98 
2217.02 
2184.52 
2074.22 
2150.52 

2190.05 
59.07 

Flue Gas 
Flow 

mscfm 

1908.00 
1908.45 
1908.39 
1908.70 
1907.14 
1906.43 
1906.98 
1907.38 
1908.20 
1913.50 
1906.74 
1909.08 
1908.10 

1908.24 
1.71 

1704.45 
1708.12 
1614.52 
1382.81 
1576.92 
1513.14 
1462.70 
1457.76 
1542.01 
1542.57 
1492.46 

1545.22 
96.47 

Limestone 
Feed 

tons/hr 

0.022 
0.023 
0.022 
0.021 
0.025 
0.023 
0.024 
0.023 
0.023 
0.023 
0.024 
0.024 
0.024 

0.023 
0.001 

16.121 
15.571 
15.777 
13.085 
16.214 
16.636 
16.759 
15.589 
16.067 
15.731 
14.013 

15.596 
1.052 

Limestone 
Feed 

tons/hr 

16.007 
15.905 
14.714 
15.002 
16.000 
16.011 
14.745 
15.317 
15.783 
16.000 
15.263 
15.999 
14.999 

15.519 
0.503 

0.310 
0.310 
0.310 
0.310 
0.310 
0.310 
0.310 
0.310 
0.310 
0.310 
0.310 

0.310 
0.000 

Lime Feed 
tons/hr 

0.013 
0.014 
0.014 
0.013 
0.014 
0.013 
0.014 
0.013 
0.013 
0.014 
0.013 
0.014 
0.013 

0.013 
0.000 

0.013 
0.013 
0.013 
0.014 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 

0.013 
0.000 

Outlet S02 

Concentration 
ppm 

170.774 
150.326 
163.700 
189.237 
156.981 
158.134 
163.560 
168.537 
164.058 
152.739 
179.869 
162.047 
191.587 

167.042 
12.396 

157.548 
171.634 
171.933 
156.096 
174.294 
171.310 
167.139 
168.642 
152.201 
119.689 
169.878 

161.851 
15.083 

Absorber Makeup 
Ftow 
gpm 

302.070 
267.596 
238.141 
253.017 
220.101 
144.847 
133.227 
203.567 
357.853 
283.738 
291.537 
276.539 
198.535 

243.905 
60.941 

262.451 
240.583 
244.883 
182.209 
212.354 
279.508 
301.202 
271.635 
157.307 
197.308 
197.488 

231.539 
43.296 

Absorber 
Level 

ft 

20.386 
20.425 
20.436 
20.335 
20.470 
20.428 
20.323 
20.265 
20.339 
20.397 
20.503 
20.436 
20.366 

20.393 
0.063 

20.428 
20.435 
20.439 
20.674 
20.393 
20.403 
20.458 
20.469 
20.466 
20.379 
20.479 

20.456 
0.075 

Absorber 
Level 

ft 

20.378 
20.429 
20.450 
20.379 
20.493 
20.449 
20.353 
20.319 
20.356 
20.429 
20.518 
20.433 
20.381 

20.413 
0.056 

20.436 
20.422 
20.461 
20.698 
20.404 
20.451 
20.500 
20.501 
20.508 
20.421 
20.501 

20.482 
0.077 
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Table 3-4 
AFGD Operating Data (Sheet 4 of 12) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00 
9:00 

10.00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

8.00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

Thickener Overflow 
Tank Level 

% 

50.015 
49.966 
50.093 
49.984 
49.979 
49.891 
50.097 
50.057 
50.034 
50.026 
50.118 
50.023 
50.026 

50.024 
0.059 

50.033 
50.087 
50.010 
49.970 
49.995 
50.010 
49.965 
49.942 
49.884 
49.922 
50.043 

49.987 
0.056 

Waste H20 Flow 
to Wastewater 

gpm 

97.937 
98.015 
91.459 
90.031 
89.882 
89.981 
89.899 
90.097 
89.970 
89.848 
89.969 
90.106 
89.829 

91.309 
2.871 

70.191 
69.932 
71.340 
80.004 
74.298 
74.945 
79.569 
79.839 
79.914 
80.051 
80.154 

76.385 
4.125 

Thickener Underflow to 
Wastewater 

gpm 

65.544 
66.267 
65.426 
65.162 
65.902 
65.765 
64.897 
64.474 
66.136 
65.869 
64.953 
65.243 
65.631 

65.482 
0.502 

65.197 
65.481 
65.056 
65.813 
65.333 
65.946 
65.302 
65.161 
65.587 
64.875 
65.733 

65.408 
0.320 

Absorber Sump 
Level 
% 

36.381 
32.346 
36.446 
32.098 
35.016 
33.794 
33.586 
34.809 
32.064 
35.793 
31.218 
32.410 
31.859 

33.679 
1.762 

34.373 
31.599 
33.988 
33.668 
33.035 
34.001 
31.845 
35.251 
30.777 
35.681 
30.806 

33.184 
1.631 

Absorber Hold 
Tank Sump 

% 

27.864 
27.814 
27.911 
27.885 
27.936 
27.860 
27.971 
27.851 
27.976 
27.881 
27.870 
27.886 
27.999 

27.900 
0.053 

27.976 
27.808 
27.900 
28.035 
28.093 
27.941 
27.992 
27.975 
27.824 
27.988 
27.967 

27.954 
0.080 

Thickener Sump 
Level 
% 

34.551 
34.669 
34.745 
34.874 
34.744 
34.775 
34.877 
34.838 
34.847 
34.841 
34.836 
34.737 
34.866 

34.785 
0.092 

35.000 
34.969 
35.003 

/ 35.121 
35.000 
35.048 
35.048 
35.049 
35.066 
35.109 
35.129 

35.049 
0.051 

Total H20 to 
Facility 
gpm 

1394.452 
1412.076 
1322.326 
1315.615 
1366.880 
1273.039 
1259.302 
1301.664 
1396.516 
1322.703 
1413.435 
1414.974 
1359.808 

1350.215 
52.476 

1488.024 
1527.268 
1487.690 
1297.414 
1252.438 
1415.940 
1404.969 
1405.490 
1294.156 
1302.076 
1467.073 

1394.776 
90.067 

Totalized 
H20 
gal 

48374.769 
48461.083 
48543.000 
49437.167 
48711.500 
48791.333 
48867.167 
48945.333 
49027.667 
49113.417 
49197.667 
48627.750 
49355.167 

48881.001 
323.686 

50272.154 
50354.917 
50438.083 
51334.667 
50600.333 
50681.833 
50766.250 
50851.500 
50934.083 
51011.667 
51092.333 

50757.984 
313.342 

Air to Fixed 
Air Sparger 

scfm 

7248.577 
7414.719 
7399.271 
7169.323 
7475.646 
7393.104 
7196.385 
7177.000 
7163.531 
7113.177 
7185.469 
7366.115 
7184.333 

7268.204 
117.464 

7155.644 
7161.271 
7112.885 
7163.260 
7146.365 
7159.917 
7206.958 
7134.823 
7207.156 
7155.958 
7126.250 

7157.317 
27.922 



Table 3-4 
AFGD Operating Data (Sheet 5 of 12) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

Air to Rotary 
Sparger 

scfm 

7993.356 
8000.885 
7999.250 
8011.385 
8002.583 
8017.188 
7986.104 
8001.625 
8018.313 
7978.958 
7976.781 
7987.292 
7984.510 

7996.787 
13.177 

8000.856 
8031.479 
8010.688 
8004.469 
7993.344 
7979.344 
8003.521 
8005.479 
7982.083 
7969.729 
8016.250 

7999.749 
16.895 

Gypsum Wt 
tons 

50.026 
23.138 
20.828 
29.478 
33.670 
37.376 
14.989 
7.267 

25.630 
42.109 
44.003 
48.143 
31.946 

31.431 
12.436 

39.270 
14.978 
43.371 
28.344 
30.671 
31.704 
29.492 
26.487 
29.525 
27.960 
33.609 

30.492 
6.901 

Gypsum Total 
Wt 

ktons 

221.158 
221.197 
221.231 
221.575 
221.306 
221.343 
221.373 
221.393 
221.414 
221.444 
221.477 
221.267 
221.542 

221.363 
0.124 

221.899 
221.930 
221.964 
222.311 
222.030 
222.059 
222.088 
222.122 
222.159 
222.190 
222.217 

222.088 
0.122 

Limestone 
Transfer "A" 

psig 

0.985 
0.991 
0.984 
0.978 
0.984 
0.982 
0.987 
0.986 
0.986 
0.984 
0.987 
0.982 
0.981 

0.984 
0.003 

19.965 
19.950 
20.132 
19.060 
20.330 
20.334 
20.181 
19.773 
20.057 
19.556 
19.123 

19.860 
0.423 

Limestone 
Transfer "B" 

psig 

19.471 
19.677 
19.272 

. 19.152 
19.768 
19.898 
19.250 
19.628 
19.145 
19.832 
19.730 
19.610 

' 19.323 

19.520 
0.255 

0.360 
0.359 
0.358 
0.361 
0.359 
0.366 
0.362 
0.373 
0.371 
0.363 
0.348 

0.362 
0.007 

Absorber AP 
inH20 

5.379 
4.813 
5.335 
4.917 
5.347 
5.360 
5.344 
5.355 
5.161 
4.796 
5.097 
5.356 
5.071 

5.179 
0.212 

5.021 
5.376 
5.349 
2.503 
5.390 
5.314 
5.348 
5.302 
4.996 
4.092 
3.690 

4.762 
0.898 

Total AFGD 
System AP 

inH20 

7.504 
6.767 
7.435 
7.007 
7.453 
7.493 
7.476 
7.469 
7.220 
6.756 
7.211 
7.465 
7.193 

7.265 
0.261 

7.108 
7.538 
7.477 
3.812 
7.528 
7.466 
7.470 
7.371 
6.943 
5.725 
5.405 

6.713 
1.160 

Mist 
Eliminator 

AP 
in H20 

2.131 
1.948 
2.101 
2.092 
2.107 
2.134 
2.126 
2.113 
2.056 
1.954 
2.113 
2.111 
2.131 

2.086 
0.061 

2.094 
2.166 
2.127 
1.305 
2.133 
2.138 
2.111 
2.067 
1.944 
1.641 
1.712 

1.949 
0.265 

Recirculation Header 
"A" Pressure 

psig 

16.654 
16.658 
16.632 
16.713 
16.639 
16.665 
16.668 
16.734 
16.762 
16.744 
16.757 
16.660 
16.723 

16.693 
0.045 

16.667 
16.721 
16.702 
15.026 
16.719 
16.704 
16.777 
16.778 
16.754 

- 16.722 
15.500 

16.461 
0.574 



Table 3-4 
AFGD Operating Data (Sheet 6 of 12) 

DATE 

3-Sep 

4-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

Recirculation Header 
"A" Pressure 

psig 

17.264 
17.253 
17.251 
16.359 
17.241 
17.268 
17.239 
17.278 
17.306 
17.072 
16.358 
17.257 
16.347 

17.038 
0.378 

17.344 
17.398 
17.384 
15.184 
17.422 
17.465 
17.464 
17.473 
17.438 
17.314 
16.353 

17.113 
0.682 

Oxidation Air 
Pressure 

psig 

10.207 
10.192 
10.203 
10.204 
10.199 
10.217 
10.182 
10.195 
10.200 
10.225 
10.208 
10.202 
10.196 

10.202 
0.010 

10.202 
10.184 
10.210 
10.194 
10.204 
10.223 
10.181 
10.199 
10.193 
10.215 
10.221 

10.202 
0.013 

# of Pumps 
Running 

10.000 
10.000 
10.000 
9.000 

10.000 
10.000 
10.000 
10.000 
10.000 
9.750 
9.000 

10.000 
9.000 

9.750 
0.416 

10.000 
10.000 
10.000 
6.667 

10.000 
10.000 
10.000 
10.000 
10.000 
9.917 
8.000 

9.508 
1.064 

S02 Removal 
Efficiency 
Ib/mmBtu 

0.432 
0.382 
0.413 
0.476 
0.395 
0.398 
0.414 
0.425 
0.414 
0.389 
0.819 
0.406 
0.481 

0.449 
0.110 

0.396 
0.432 
0.432 
0.416 
0.438 
0.430 
0.418 
0.423 
0.386 
0.312 
0.758 

0.440 
0.106 

Feed to 
Thickener 

gpm 

823.462 
728.915 
688.041 
672.497 
795.679 
681.611 
499.211 
462.910 
570.092 
670.138 
666.171 
833.020 
670.025 

673.982 
108.026 

600.611 
683.891 
701.306 
666.117 
615.352 
571.151 
685.349 
696.649 
731.479 
545.726 
633.961 

648.327 
56.457 

AFGD System 
Outlet Temp 

*F 

132.336 
132.018 
131.893 
131.350 
131.831 
131.822 
131.745 
131.740 
131.455 
131.131 
131.315 
131.736 
131.544 

131.686 
0.311 

131.225 
131.246 
131.014 
129.709 
131.086 
130.995 
130.848 
130.770 
130.642 
130.440 
130.216 

130.745 
0.447 

Absorber 
Tank pH 

7.084 
7.084 
7.084 
7.088 
7.085 
7.090 
7.090 
7.089 
7.089 
7.090 
7.090 
7.082 
7.089 

7.087 
0.003 

7.083 
7.085 
7.086 
7.091 
7.089 
7.088 
7.092 
7.091 
7.092 
7.092 
7.093 

7.089 
0.003 

Wastewater 
Outlet pH 

6.848 
6.855 
6.857 
6.827 
6.853 
6.862 
6.856 
6.848 
6.842 
6.834 
6.833 
6.856 
6.827 

6.846 
0.011 

6.828 
6.820 
6.820 
6.861 
6.851 
6.851 
6.851 
6.860 
6.863 
6.861 
6.860 

6.848 
0.016 

A Silo 
Level 

% 

62.677 
62.497 
62.059 
70.549 
64.512 
65.426 
66.886 
66.902 
66.641 
66.761 
66.845 
62.883 
70.509 

65.780 
2.700 

71.029 
70.623 
71.035 
56.451 
71.069 
68.392 
65.744 
63.017 
62.151 
62.823 
66.404 

66.249 
4.552 

BSito 
Level 

% 

63.619 
63.504 
61.187 
63.654 
59.791 
59.634 
60.313 
60.608 
60.393 
60.822 
59.914 
61.057 
63.339 

61.372 
1.504 

68.964 
69.913 
70.954 
67.388 
71.705 
71.689 
69.087 
66.958 
66.793 
67.620 
71.718 

69.345 
1.879 



Ta. 3-4 
AFGD Operating Data (Sheet 7 of 12) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12.00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

Unit #7 Air 
Flow 
Ib/hr 

973.91 
986.55 
967.56 
661.00 
986.33 
992.89 
987.39 
997.21 
997.97 
950.47 
778.29 

934.51 
105.17 

997.20 
964.63 

1012.82 
missing data 

1008.44 
979.40 
973.99 
984.44 
994.95 

1005.97 
1010.61 
995.90 

1012.61 

995.08 
15.54 

Unit #8 Air 
Flow 
Ib/hr 

2974.61 
2954.69 
2985.25 
2925.41 
2966.92 
2964.22 
2987.13 
2992.41 
2973.69 
2986.88 
2951.29 

2969.32 
18.97 

2973.44 
2987.36 
2990.32 

missing data 
3002.61 
2998.95 
2978.21 
2981.64 
2983.02 
2959.71 
2961.47 
3000.44 
2971.27 

2982.37 
13.76 

Unit #7 Load 
MW 

156.69 
159.57 
157.62 
100.49 
163.17 
163.92 
163.57 
163.38 
162.63 
155.17 
126.98 

152.11 
19.17 

160.25 
153.90 
161.94 

missing data 
163.03 
158.56 
160.86 
161.23 
161.63 
162.30 
163.29 
160.93 
164.84 

161.06 
2.65 

Unit #8 Load 
MW 

348.23 
347.20 
349.00 
343.45 
347.86 
348.67 
349.99 
349.74 
349.76 
349.80 
345.98 

348.15 
1.91 

349.28 
349.57 
349.29 

missing data 
349.23 
349.41 
349.55 
349.36 
349.56 
349.16 
349.12 
348.99 
349.67 

349.35 
0.20 

Unit #7 
Opacity 

% 

23.45 
22.13 
24.33 
22.95 
22.71 
23.57 
24.11 
23.08 
24.41 
22.61 
26.73 

23.64 
1.20 

25.09 
24.92 
23.66 

missing data 
23.29 
24.15 
23.80 
23.22 
23.46 
23.22 
25.75 
23.68 
24.65 

24.07 
0.81 

Unit #8 
Opacity 

% 

11.71 
11.82 
13.43 
11.96 
11.81 
11.78 
11.52 
11.57 
11.37 
11.34 
11.63 

11.81 
0.54 

12.31 
12.03 
11.62 

issing data 
11.79 
11.77 
11.72 
11.42 
11.93 
12.00 
11.71 
12.26 
11.36 

11.83 
0.28 

#7 Duct 
Pressure 
inH20 

8.222 
8.223 
8.193 
6.174 
8.163 
8.213 
8.272 
8.321 
8.272 
8.079 
7.088 

7.929 
0.645 

7.796 
7.852 
8.193 

missing data 
8.117 
7.856 
7.939 
8.086 
8.123 
8.105 
8.151 
8.145 
8.095 

8.038 
0.131 

#8 Duct 
Pressure 
inH20 

7.679 
7.676 
7.667 
5.759 
7.650 
7.701 
7.759 
7.784 
7.713 
7.537 
6.634 

7.414 
0.607 

7.251 
7.285 
7.623 

missing data 
7.544 
7.244 
7.352 
7.514 
7.559 
7.518 
7.572 
7.576 
7.551 

7.466 
0.134 

Pressure Before 
Mist Eliminator 

inH 2 0 

3.117 
3.125 
3.098 
2.500 
3.039 
3.084 
3.088 
3.105 
3.087 
2.993 
2.603 

2.985 
0.209 

2.943 
2.975 
3.168 

missing data 
3.095 
2.878 
2.996 
3.104 
3.122 
3.091 
3.129 
3.147 
3.127 

3.065 
0.089 

Pressure After 
Mist Eliminator 

inH20 

0.945 
0.973 
0.965 
0.684 
0.927 
0.959 
0.950 
0.952 
0.934 
0.871 
0.679 

0.894 
0.104 

0.770 
0.791 
0.912 

missing data 
0.859 
0.712 
0.814 
0.896 
0.923 
0.897 
0.927 
0.900 
0.908 

0.859 
0.067 

#8 Air Heater 
Outlet Duct 

Temp 
" * F 

375.35 
373.60 
373.02 
372.80 
372.40 
372.52 
371.47 
371.98 
372.59 
372.44 
372.24 

372.76 
0.97 

372.95 
372.40 
372.84 

missing data 
'373.35 
373.48 
373.24 
373.14 
373.00 
372.88 
•371.10 
372.74 
371.71 

372.74 
0.67 



Table 3-4 
AFGD Operating Data (Sheet 8 of 12) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

AFGD Inlet Flue 
Gas Temp 

• F 

322.62 
321.33 
321.20 
317.99 
320.59 
320.50 
320.16 
320.56 
320.56 
320.33 
319.69 

320.50 
1.08 

316.87 
316.59 
316.91 

missing data 
319.01 
318.97 
319.13 
319.21 
319.41 
319.17 
318.10 
317.74 
318.55 

318.30 
0.99 

Inlet S0 2 

Concentration 
ppm 

2236.73 
2213.37 
2237.81 
2210.59 
2213.16 
2210.86 
2190.87 
2192.48 
2207.42 
2208.73 
2248.76 

2215.53 
17.47 

2237.51 
2235.56 
2201.79 

missing data 
2178.34 
2166.91 
2148.70 
2148.71 
2155.49 
2188.79 
2234.71 
2196.01 
2210.50 

2191.92 
31.83 

Flue Gas 
Ftow 

mscfm 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

missing data 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1908.56 

159.05 
527.50 

Limestone 
Feed 

tons/hr 

0.029 
0.033 
0.029 

15.011 
0.029 
0.029 
0.027 
0.033 
0.028 
0.033 
0.029 

1.392 
4.307 

4.315 
0.038 
0.038 

missing data 
0.038 

14.648 
16.408 
17.434 
16.053 
15.430 
16.810 
0.038 

16.493 

9.812 
7.645 

Limestone 
Feed 

tons/hr 

16.502 
17.112 
16.173 
0.310 

15.497 
15.504 
15.499 
15.493 
15.665 
16.763 
15.000 

14.502 
4.530 

13.363 
16.438 
16.297 

missing data 
15.491 

1.575 
0.310 
1.926 
0.310 
0.310 
0.310 

15.497 
0.310 

6.845 
7.297 

Lime Feed 
tons/hr 

0.014 
0.014 
0.014 
0.014 
0.014 
0.014 
0.013 
0.014 
0.014 
0.015 
0.014 

0.014 
0.000 

0.016 
0.016 
0.016 

missing data 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 

0.016 
0.000 

Outlet S0 2 

Concentration 
ppm 

185.781 
177.309 
179.816 
172.536 
186.943 
184.644 
183.284 
184.873 
188.264 
178.761 
165.251 

180.678 
6.627 

195.922 
188.592 
186.620 

missing data 
179.488 
173.419 
185.146 
179.639 
177.827 
185.834 
180.738 
181.813 
193.324 

184.030 
6.235 

Absorber Makeup 
Ftow 
gpm 

104.934 
163.395 
510.540 
177.868 
227.694 
324.148 
257.043 
150.025 
456.713 
323.443 
166.788 

260.235 
124.887 

323.282 
310.886 
153.076 

missing data 
77.008 

187.206 
250.609 
196.552 
169.695 
136.177 
129.740 
81.958 

184.271 

183.370 
75.468 

Absorber 
Level 

ft 

20.344 
20.218 
20.285 
20.505 
20.445 
20.496 
20.576 
20.520 
20.526 
20.721 
20.720 

20.487 
0.152 

20.314 
20.456 
20.576 

ssing data 
20.452 
20.377 
20.453 
20.596 
20.608 
20.624 
20.622 
20.519 
20.642 

20.520 
0.104 

I 

Absorber 
Level 

ft 

20.374 
20.249 
20.307 
20.538 
20.487 
20.540 
20.592 
20.558 
20.562 
20.753 
20.760 

20.520 
0.154 

20.3S7 
20.516 
20.624 

missing data 
20.492 
20.419 
20.491 
20.634 
20.627 
20.658 
20.639 
20.565 
20.683 

20.559 
0.087 



Tai. 3-4 
AFGD Operating Data (Sheet 9 of 12) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

Centrifuge FD 
Tank 
% 

61.279 
63.447 
59.893 
60.779 
59.938 
60.849 
60.188 
59.806 
60.881 
60.778 
60.334 

60.743 
0.970 

58.550 
61.288 
62.245 

missing data 
60.284 
60.004 
61.034 
60.781 
61.687 
60.134 
59.439 
60.929 
57.766 

60.345 
1.230 

Slurry 
Density 
g/mL 

1.126 
1.131 
1.134 
1.136 
1.132 
1.133 
1.132 
1.133 
1.133 
1.132 
1.132 

1.132 
0.002 

1.132 
1.129 
1.129 

issing data 
1.132 
1.132 
1.130 
1.128 
1.131 
1.131 
1.132 
1.132 
1.133 

1.131 
0.002 

Slurry pH 

5.742 
5.750 
5.756 
5.748 
5.746 
5.735 
5.748 
5.721 
5.713 
5.743 
5.739 

5.740 
0.012 

5.723 
5.734 
5.748 

issing data 
5.743 
5.752 
5.722 
5.761 
5.756 
5.741 
5.735 
5.740 
5.700 

5.738 
0.016 

Slurry pH 

5.801 
5.810 
5.809 
5.824 
5.810 
5.802 
5.806 
5.795 
5.798 
5.801 
5.815 

5.807 
0.008 

5.765 
5.779 
5.786 

issing data 
5.788 
5.802 
5.791 
5.812 
5.813 
5.798 
5.801 
5.790 
5.762 

5.791 
0.016 

Slurry Sulfite 
mmol\L 

0.144 
0.147 
0.139 
0.304 
0.245 
0.131 
0.157 
0.212 
0.254 
0.373 
0.378 

0.226 
0.089 

0.115 
0.084 
0.058 

missing data 
0.055 
0.078 
0.005 
0.644 
1.143 
1.326 
1.303 
0.078 
1.165 

0.504 
0.542 

Slurry 
Carbonate 

mmol/L 

67.773 
72.513 
75.655 
69.877 
73.193 
71.379 
70.005 
69.095 
68.034 
68.920 
70.619 

70.642 
2.278 

64.309 
65.954 
68.697 

issing data 
69.935 
69.614 
66.987 
59.917 
77.372 
74.027 
72.242 
70.122 
66.250 

68.786 
4.410 

"A" Header 
Pressure 

psig 

16.724 
16.740 
16.782 
15.505 
16.810 
16.798 
16.799 
16.805 
16.802 
16.797 
16.753 

16.665 
0.368 

15.457 
15.470 
15.476 

missing data 
15.513 
15.509 
15.500 
15.544 
15.552 
15.567 
15.558 
15.481 
15.517 

15.512 
0.035 

"B" Header 
Pressure 

psig 

16.251 
16.327 
16.351 
16.265 
16.349 
16.357 
16.346 
16.360 
16.350 
16.334 
16.290 

16.325 
0.037 

17.167 
17.196 
17.192 

missing data 
17.230 
17.204 
17.208 
17.251 
17.286 
17.250 
17.264 
17.248 
17.318 

17.235 
0.041 

Filtrate Sump 
Level 
% 

49.800 
50.044 
50.081 
49.986 
50.003 
50.015 
49.811 
50.060 
50.050 
49.907 
50.018 

49.979 
0.093 

50.115 
49.818 
50.085 

missing data 
50.262 
49.859 
50.020 
49.732 
50.209 
49.951 
50.022 
50.012 
49.692 

49.981 
0.171 

Filtrate Sump 
PH 

6.956 
6.969 
6.954 
6.956 
6.927 
6.901 
6.901 
6.904 
6.899 
6.900 
6.884 

6.923 
0.029 

6.689 
6.806 
6.788 

missing data 
6.779 
6.777 
6.749 
6.842 
6.802 
6.792 
6.763 
6.750 
6.832 

6.781 
0.039 

Filtrate Sump 
pH 

7.720 
7.724 

"7.729 
"' 7.673 

7.691 
7.679 
7.678 
7.679 
7.676 
7.678 
7,686 

7.692 
0.020 

-* 

7.651 
7.660 

. 7.720 
missing data 

7.731 
7.717 
7.711 
7.731 
7.749 
7.748 
7.735 
7.743 
7.751 

7.721 
= 0.032 



Table 3-4 
AFGD Operating Data (Sheet 10 of 12) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00j 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

Thickener Overflow 
Tank Level 

% 

49.817 
50.002 
49.958 
50.064 
49.943 
50.068 
49.825 
50.080 
49.991 
50.018 
50.030 

49.981 
0.086 

49.958 
49.904 
49.976 

missing data 
49.928 
49.971 
49.869 
49.987 
50.146 
49.951 
50.149 
50.171 
49.987 

50.000 
0.096 

Waste H20 Flow 
to Wastewater 

gpm 

80.066 
79.937 
80.023 
79.889 
79.936 
80.114 
79.983 
79.948 
80.068 
79.941 
80.009 

79.992 
0.067 

80.090 
80.228 
79.920 

missing data 
80.106 
80.027 
79.969 
80.001 
79.964 
80.092 
79.972 
80.080 
79.537 

79.999 
0.161 

Thickener Underflow to 
Wastewater 

gpm 

64.661 
65.136 
64.914 
64.926 
65.424 
65.641 
66.014 
66.664 
65.432 
65.481 
65.503 

65.436 
0.532 

65.987 
65.889 
65.794 

missing data 
65.427 
65.586 
65.652 
66.454 
66.530 
66.042 
64.528 
65.067 
64.493 

65.621 
0.629 

Absorber Sump 
Level 

% 

34.516 
30.497 
35.598 
35.534 
35.658 
30.719 
36.022 
30.648 
35.255 
30.586 
31.061 

33.281 
2.383 

33.325 
34.836 
34.367 

missing data 
35.475 
36.208 
36.733 
34.265 
36.683 
33.030 
32.816 
35.223 
28.033 

34.249 
2.269 

Absorber Hold 
Tank Sump 

% 

28.078 
28.049 
28.181 
28.186 
28.237 
28.191 
28.077 
28.278 
28.241 
28.270 
28.251 

28.185 
0.078 

36.108 
36.163 
36.392 

missing data 
36.562 
36.677 
36.576 
36.563 
36.568 
36.640 
36.568 
36.619 
36.551 

36.499 
0.176 

Thickener Sump 
Level 

% 

35.290 
35.271 
35.243 
35.452 
35.281 
35.307 
35.260 
35.301 
35.292 
35.352 
35.357 

35.310 
0.056 

35.727 
35.785 
35.815 

missing data 
35.771 
35.807 
35.815 
35.934 
36.264 
36.581 
36.617 
35.844 
36.632 

36.049 
0.350 

Total H20 to 
Facility 
gpm 

1162.154 
1291.854 
1637.060 
1300.008 
1321.083 
1375.393 
1369.589 
1328.373 
1544.930 
1423.969 
1228.391 

1362.073 
128.826 

1523.173 
1526.911 
1359.552 

missing data 
1268.089 
1440.643 
1477.427 
1454.745 
1447.094 
1363.438 
1448.060 
1267.380 
1502.667 

1423.265 
85.857 

Totalized 
H20 
gal 

52133.846 
52207.917 
52293.917 
53218.167 
52468.417 
52552.167 
52640.833 
52721.833 
52807.250 
52900.250 
52983.083 

52629.789 
323.764 

54036.077 
54127.417 
54217.250 

missing data 
54377.167 
54460.500 
54549.417 
54639.750 
54724.917 
54808.417 
54892.500 
54297.083 
55028.333 

54513.236 
301.466 

Air to Fixed 
Air Sparger 

scfm 

7204.442 
7208.615 
7164.990 
7210.635 
7169.063 
7218.094 
7190.573 
7207.510 
7165.573 
7121.740 
7181.563 

7185.709 
27.412 

7125.019 
7210.594 
7164.531 

missing data 
7112.583 
7151.865 
7098.417 
7145.281 
7178.635 
7164.885 
7180.198 
7189.719 
7130.750 

7154.373 
31.971 



Table 3-4 
AFGD Operating Data (Sheet 11 of 12) 

DATE 

5-Sep 

6-Sep 

TIME 

8:00 
9:00 

10.00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

Air to Rotary 
Sparger 

scfm 

7985.077 
7973.333 
8040.677 
7975.750 
8011.313 
7984.813 
7989.573 
8014.583 
7972.021 
8008.833 
7981.313 

7994.299 
20.690 

7994.500 
7974.948 
8037.552 

missing data 
8019.365 
7988.385 
7995.771 
8010.594 
7999.677 
7998.938 
8037.729 
7978.271 
8054.625 

8007.530 
23.994 

Gypsum Wt 
tons 

19.386 
13.858 
13.839 
34.585 
33.143 
27.181 
48.066 
12.611 
26.691 
33.906 
25.686 

26.268 
10.417 

35.181 
37.840 
36.212 

missing data 
26.291 
48.127 
33.250 
44.463 
26.451 
32.605 
22.237 
27.806 
23.642 

32.842 
7.730 

Gypsum Total 
Wt 

ktons 

222.606 
222.624 
222.644 
222.999 
222.703 
222.735 
222.768 
222.800 
222.833 
222.865 
222.895 

222.770 
0.117 

223.306 
223.346 
223.375 

missing data 
223.432 
223.469 
223.510 
223.545 
223.571 
223.599 
223.631 
223.400 
223.684 

223.489 
0.115 

Limestone 
Transfer "A" 

psig 

0.817 
0.811 
0.810 

19.887 
0.801 
0.800 
0.797 
0.799 
0.803 
0.807 
0.809 

2.540 
5.486 

5.442 
0.279 
0.270 

missing data 
0.261 

17.002 
19.726 
20.829 
19.765 
19.776 
20.141 

0.268 
18.985 

11.895 
9.091 

Limestone 
Transfer "B" 

psig 

19.616 
19.852 
19.434 
0.483 

19.149 
19.355 
19.246 
19.442 
19.477 
20.087 
19.329 

17.770 
5.473 

15.293 
19.200 
19.854 

missing data 
19.230 

1.938 
0.332 
5.664 
2.670 
2.655 
2.551 

19.261 
2.503 

9.263 
8.015 

Absorber AP 
i n H 2 0 

5.104 
5.110 
5.092 
3.679 
5.142 
5.180 
5.226 
5.232 
5.216 
5.085 
4.502 

4.961 
0.449 

4.861 
4.865 
5.040 

missing data 
5.037 
4.944 
4.949 
4.988 
5.010 
5.046 
5.028 
4.995 
5.031 

4.983 
0.062 

Total AFGD 
System AP 

in H20 

7.274 
7.259 
7.222 
5.491 
7.263 
7.303 
7.360 
7.389 
7.370 
7.196 
6.428 

7.050 
0.555 

7.048 
7.055 
7.300 

missing data 
7.282 
7.118 
7.137 
7.185 
7.218 
7.242 
7.236 
7.235 
7.230 

7.191 
0.080 

Mist 
Eliminator 

AP 
i n H 2 0 

2.170 
2.153 
2.135 
1.812 
2.119 
2.121 
2.138 
2.159 
2.152 
2.113 
1.920 

2.090 
0.109 

2.185 
2.183 
2.265 

Issing data 
2.244 
2.182 
2.182 
2.197 
2.207 
2.191 
2.198 
2.241 
2.198 

2.206 
0.027 

Recirculation Header 
"A" Pressure 

psig 

16.710 
16.735 
16.795 
15.496 
16.801 
16.833 
16.793 
16.777 
16.773 
16.786 
16.752 

16.659 
0.369 

15.460 
15.468 
15.482 

missing data 
15.523 
15.508' 
15.487 » 
15.545 * 
15.552 
15.559 
15.555 
15.500 
15.567 

15.517 
0.036 

I 



Table 3-4 
AFGD Operating Data (Sheet 12 of 12) 

DATE 

5-Sep 

S-Sep 

TIME 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 

AVG 
SD 

8:00 
9:00 

10:00 
11:00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

AVG 
SD 

Recirculation Header 
"A" Pressure 

psig 

16.273 
16.340 
16.357 
16.276 
16.344 
16.367 
16.370 
16.343 
16.363 
16.340 
16.303 

16.334 
0.033 

17.180 
17.162 
17.214 

missing data 
17.210 
17.244 
17.209 
17.250 
17.264 
17.260 
17.291 
17.236 
17.301 

17.235 
0.040 

Oxidation Air 
Pressure 

psig 

10.203 
10.194 
10.169 
10.186 
10.188 
10.197 
10.188 
10.186 
10.221 
10.206 
10.218 

10.196 
0.014 

10.208 
10.198 
10.187 

missing data 
10.193 
10.215 
10.225 
10.196 
10.186 
10.211 
10.175 
10.207 
10.200 

10.200 
0.013 

# of Pumps 
Running 

9.000 
9.000 
9.000 
8.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 

8.909 
0.287 

9.000 
9.000 
9.000 

missing data 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 

9.000 
0.000 

S0 2 Removal 
Efficiency 
Ib/mmBtu 

0.457 
0.440 
0.445 
0.445 
0.459 
0.458 
0.455 
0.459 
0.468 
0.446 
0.688 

0.474 
0.068 

0.487 
0.471 
0.463 

missing data 
0.443 
0.430 
0.458 
0.443 
0.437 
0.457 
0.736 
0.450 
0.476 

0.479 
0.079 

Feed to 
Thickener 

gpm 

404.581 
411.874 
534.770 
698.689 
663.549 
665.000 
652.619 
664.417 
666.085 
626.277 
650.121 

603.453 
100.088 

929.846 
704.600 
661.720 

missing data 
839.986 
953.371 
871.655 
694.983 
680.308 
782.447 
773.249 
766.698 
717.688 

781.379 
93.738 

AFGD System 
Outlet Temp 

*F 

131.898 
131.662 
131.387 
130.233 
131.803 
131.694 
131.442 
131.494 
131.173 
130.871 
130.686 

131.304 
0.493 

131.201 
131.191 
131.318 

missing data 
131.572 
131.163 
131.051 
131.049 
131.216 
131.271 
130.928 
131.583 
130.918 

131.205 
0.205 

Absorber 
Tank pH 

7.093 
7.094 
7.094 
7.090 
7.097 
7.097 
7.097 
7.096 
7.096 
7.095 
7.094 

7.095 
0.002 

7.083 
7.083 
7.082 

missing data 
7.082 
7.083 
7.083 
7.084 
7.085 
7.088 
7.091 
7.082 
7.097 

7.085 
0.004 

Wastewater 
Outlet pH 

6.861 
6.856 
6.855 
6.849 
6.863 
6.864 
6.864 
6.865 
6.865 
6.863 
6.858 

6.860 
0.005 

6.837 
6.838 
6.837 

missing data 
6.837 
6.841 
6.835 
6.834 
6.836 
6.837 
6.840 
6.837 
6.841 

6.837 
0.002 

A Silo 
Level 

% 

54.228 
54.189 
54.602 
53.654 
58.721 
58.721 
58.791 
55.640 
54.169 
54.055 
54.149 

55.538 
2.019 

43.765 
43.762 
43.757 

ssing data 
43.487 
43.592 
44.489 
42.718 
40.598 
37.841 
36.358 
43.519 
36.134 

41.668 
2.990 

BSito 
Level 

% 

56.536 
54.827 
55.385 
44.608 
56.865 
55.090 
53.872 
49.832 
46.615 
45.045 
44.766 

51.222 
4.854 

44.587 
42.990 
39.411 

ssing data 
37.909 
36.102 
36.993 
37.918 
38.490 
38.379 
38.238 
39.227 
38.005 

39.021 
2.316 



Table 3-5 Average Voltages and Currents in Unit 7 and 8 ESPs 

UNIT 7 Unit 7 ESP T/R SET No. 

DATE 

9/3/93 

9/4/93 

9/5/93 

9/6/93 

7AT1 
kV 

38 

39 

38 

37 

mA 

75 

150 

150 

200 

7AT2 
kV 

50 

50 

50 

49 

mA 

500 

700 

700 

700 

7AT3 
kV 

49 

50 

48 

50 

mA 

200 

200 

250 

300 

7AT4 
kV 

50 

50 

50 

50 

mA 

950 

1000 

1000 

1000 

7AT5 
kV 

* 
£ 

# 

# 

mA 

# 

* 

# 

* 

7AT6 
kV 

24 

25 

25 

25 

mA 

750 

750 

700 

720 

7BT1 
kV 

47 

48 

48 

46 

mA 

100 

100 

200 

200 

7BT2 
kV 

46 

45 

44 

44 

mA 

200 

250 

300 

350 

7BT3 
kV 

46 

46 

48 

46 

mA 

350 

300 

500 

550 

7BT4 
kV 

44 

46 

46 

45 

mA 

200 

300 

400 

450 

7BT5 
kV 

46 

49 

47 

46 

mA 

.600 

• 500 

450 

500 

7BT6 
kV 

46 

48 

50 

48 

mA 

1250 

1300 

1500 

1400 

UNIT 8 Unit 8 "EAST" ESP T/R SET No. 

DATE 

9/3/93 

9/4/93 

9/5/93 

9/6/93 

8EA1 
kV 

55 

54 

52 

52 

mA 

550 

700 

700 

700 

8EA2 
kV 

59 

* 

56 

54 

mA 

250 

* 

250 

250 

8EA3 
kV 

50 

* 49 

47 

47 

mA 

950 

950 

950 

950 

8EA4 
kV 

54 

55 

55 

53 

mA 

750 

350 

750 

850 

8EA5 
kV 

48 

46 

46 

46 

mA 

1200 

1150 

1150 

1150 

8EA6 
kV 

36 

37 

37 

36 

mA 

500 

500 

500 

500 

8EB1 
kV 

50 

50 

50 

51 

mA 

200 

150 

750 

700 

8EB2 
kV 

45 

45 

47 

47 

mA 

300 

200 

600 

550 

8EB3 
kV 

53 

53 

49 

48 

mA 

850 

850 

850 

850 

8EB4 
kV 

55 

55 

52 

52 

mA 

850 

850 

1250 

1250 

8EB5 
kV 

39 

38 

40 

40 

. mA 

700 

700 

700 

700 

8EB6 
kV 

50 

47 

48 

47 

mA 

1050 

1000 

1000 

1050 

Unit 8 "WEST" ESP T/R SET No. 

DATE 

9/3/93 

9/4/93 

9/5/93 

9/6/93 

8WA1 
kV 

50 

50 

50 

50 

mA 

600 

550 

600 

550 

8WA2 
kV 

48 

47 

48 

48 

mA 

800 

650 

750 

650 

8WA3 
kV 

45 

43 

46 

46 

mA 

650 

450 

700 

600 

8WA4 
kV 

47 

44 

46 

46 

mA 

750 

600 

700 

600 

8WA5 
kV 

36 

35 

38 

37 

mA 

1100 

1050 

1200 

1200 

8WA6 
kV 

49 

49 

51 

45 

mA 

1000 

1000 

1050 

650 

8WB1 
kV 

44 

42 

44 

44 

mA 

750 

550 

750 

750 

8WB2 
kV 

38 

38 

37 

38 

mA 

300 

300 

250 

250 

8WB3 
kV 

42 

42 

43 

43 

mA 

700 

700 

700 

650 

8WB4 
kV 

31 

36 

37 

35 

mA 

400 

600 

600 

400 

8WB5 
kV 

38 

41 

42 

40 

mA 

500 

550 

600 

500 

8WB6 
kV 

42 

43 

43 

43 

mA 

400 

500 

500 

450 

# transformer/rectifier set out of service 



Table 3-6. Record of Flows for Ammonia Injection Systems 

UNIT 7 

UNIT 8 

DATE 

9/3/93 
9/3/93 
9/3/93 
9/3/93 
9/3/93 
9/3/93 
9/3/93 

TIME 

0907 
1047 
1226 
1450 
1624 
1835 
2011 

AVERAGE 

9/4/93 
9/4/93 
9/4/93 
9/4/93 
9/4/93 

0826 
1105 
1310 
1522 
1722 

AVERAGE 

9/3/93 
9/3/93 
9/3/93 
9/3/93 
9/3/93 
9/3/93 

0936 
1105 
1240 
1400 
1627 
1829 

AVERAGE 

9/4/93 
9/4/93 
9/4/93 
9/4/93 
9/4/93 

AVERAGE 

0829 
1118 
1329 
1508 
1702 

Pressure, 
psig 

10 
10 
10 
9.8 
9.9 
9.8 
9.8 
9.9 

10.1 
10 
9.5 
8 
6.8 
8.9 

10.4 
10.4 
10.4 
10.25 
10.2 
10.3 
10.3 

10.2 
9.6 
8.8 
7.8 
6.7 
8.6 

System 
Output, % 

52 
48 
50 
50 
52 
51 
50 
50 

10 
10 
8 
8 
8 
9 

50 
51 
50 
50 
51 
50 
50 

51 
51 
51 
51 
51 
51 

(There were no flows from either system on 9/5 or 9/6) 
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4.0 FLUE GAS SAMPLING 

4.1 Ducting Arrangements 

Five potential sampling locations were called out for this program which were 
as follows: 

1) the inlet to the Unit 8 ESP, 
2) the outlet of the Unit 8 ESP, 
3) the outlet of the Unit 7 ESP, 
4) the combined inlet to the scrubber, 
5) and the stack. 

Sampling at the combined inlet duct to the scrubber was eliminated in our 
plan. This was done for two principal reasons. First, the sampling location was very 
close to the point at which the two exit ducts from the ESPs combine and the gases 
were unlikely to be mixed well. This fact would make the results from any of the 
single-point sampling methods (VOST, Hg, aldehydes, and ammonia/HCN) unlikely to 
be representative. Second, the results from the two ESP outlet ducts could be 
summed to provide the needed information regarding the flue gas input to the 
scrubber. Thus it would not have been cost effective to carry out sampling on the 
combined gas stream as well as the two ESP exit streams. 

The Unit 8 ESP is fed by two ducts from the air heaters which divide into four 
ducts at the ESP inlet. Ammonia injection takes place in the upstream portions of the 
two ducts from the air heaters and the ESP inlet sampling ports are located in these 
ducts. Sampling at the Unit 8 inlet was concentrated on one of the two ducts (the 
west duct), but a Method 17 sample was obtained on the other (the east duct) so that 
the gas and particulate flows to the ESP would be known. 

The stack had four ports at 90° to one another at the 358-foot level which 
could be used for sampling with those methods that required traversing the duct. (All 
particulate sampling methods have this requirement.) Additional ports were available 
that were used for the sampling methods that did not require a traverse. The layout of 
the ports at the stack sampling location is shown in Figure 4-1. 

The types of samples to be collected in the flue gas streams were summarized 
in Section 2.2.2 above. Details of the sampling activities are provided in the following 
discussion. 
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ENCLOSED 
SHED 

ELEVATOR 

NOTE: All test ports are 42 in above the grating. 

Figure 4-1. Stack Sampling Platform at 109-m Elevation 
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4.2 Sampling Schedule 

Table 4-1 below lists the manualtiuegas sampling methods employed in this 
test program. 

Table 4-1. Flue Gas Sampling Methods 

Constituent Method 
Traverse/ 
Single Point 

Duration 
minutes -■ 

Inorganic Day: 

Stack, Unit 8 Inlet, 
Unit 7 & 8 Outlets: 

Metals 
Mercury 
Acid gases 
Particle size distribution 
Size fractionated composition 

Unit 7 Outlet: 

M29 
Carbon trap 
M5 
Impactor/cyclone 
Dual cyclones 

T 
S 
T 

r
1 

T
0 

In 

192
d 

60 
48 
60 
60 

Out 

240
d 

60 
60 

600 
1020 

Stack 

360 
60 
48 

480 
-

Simulated plume 
(Metals, Hg, acid gases) 

Organic Day: 

Stack, Unit 8 Inlet, 
Unit 7 & 8 Outlets: 

SVOCs & PCDDs/PCDFs 
Volatile organics 
Radionuclides 
Aldehydes 
Ammonia and Cyanide 

Unit 7 Outlet: 

SRI diluter 360 

Simulated plume (SVOCs) 

Inorganic & Organic Days: 
Bulk gas composition 

MM5/SW846-0010 
VOST 
M17 
Impingers 
Impingers 

SRI diluter 

T 
S 
T° 
S 
S 

S 

240 
10,20,40 

72 
30 
30 

280 
10,20,40 

144 
30 
30 

360 

360 
10,20,40 

360 
30 
30 

Orsat T* 

Notes: a. Impactor at the stack and ESP outlets, series cyclone at the Unit 8 inlet. 
b. Integrated sample taken In conjunction with M5 type sampling. 
c. ESP outlets and stack only. Samples from 5 Series Cyclone train for particle size 

measurement were used for the Unit 8 inlet size-fractionated samples for trace metals analysis. 
d. Required greater than normal amounts of H202 in impingers because of high S02 

concentrations. 
e. Sample taken on east ESP inlet duct so that the total gas and particulate flow rates to the Unit 

8 ESP would be measured. This sample was also used for radionuclide analysis. 
• Denotes sample not requiring a specific sampling time. 
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The number of sampling methods and trains required in utilizing all of these 
methods precluded doing them all simultaneously. In fact, it was not possible to do 
them all on any one sampling day at the stack because of limits in the numbers of 
ports, people, and equipment available for the tests. Therefore we planned to take 
three sets of samples of all types shown in Table 4-1 over a six-day period. The first 
three days were to be nominal inorganic sampling days during which the methods in 
the upper part of Table 4-1 were to be employed. The last three days were to be 
nominal organic sampling days during which the methods shown in the lower part of 
Table 4-1 were to be employed. 

4.2.1 Sampling Details 

Figures 4-2 and 4-3 show our planned sampling schedule for each of the four 
flue gas sampling locations - Unit 8 inlet, Units 7 and 8 outlets, and the stack. 
Spreading the sampling out over a two-day period for each set of samples also 
permitted greater sample volumes to be obtained than would otherwise have been the 
case. Thus the sensitivity of the methods, especially for metals and semivolatile 
organics, could be increased by sampling substantially greater than the minimum 
volumes called for by the methods. 

A UMW strike, in progress at the time the tests had to be conducted, created 
difficulties in obtaining the correct coal needed for the tests. Therefore the DOE 
requested that the three replicate days of inorganic sampling be carried out before 
commencing the organic sampling. This was done in order to insure that a full set of 
the inorganic samples, to which the DOE gave a greater priority than the organic 
samples, was taken. A combination of coal supply difficulties and mechanical 
problems with parts of the plant's coal handling system forced a cessation of sampling 
after four test days, so only one of the three planned sets of organic samples was 
obtained. 

Figures 4-4 through 4-7 present the actual schedule for flue gas sampling over 
the four test days. These charts show the time intervals over which flue gas sampling 
actually took place for each sampling method each day. The indicated intervals 
include the time required for port-to-port movement during traversing, so they 
represent the total elapsed time required to acquire the samples. Sampling of solids, 
liquids, and slurries is not indicated in Figures 4-4 through 4-7. Collection of these 
samples began as soon as flue gas sampling was underway. For those nine types of 
samples that were taken four or five times each test day, the sample collection was 
made at approximately two-hour intervals to span the flue gas testing period. The four 
samples that were taken once per day were collected in the late afternoon so that the 
sample represented material accumulated during the flue gas sampling period. One 
sample, the limestone, was obtained from Pure Air who had a plastic jar (~1 L) set 
aside for us from each of the trucks that delivered the limestone from Huber, Inc. 
(about 20 trucks per day). 

We attempted to arrange the sampling schedules given in Figures 4-2 and 4-3 
so that quantitative measures of particulate loading would be made each day at each 
location. On the nominal organics day we made Method 17 measurements, and on 
the nominal inorganic days the Method 29 and acid gases trains provided mass 
loading data. 
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INORGANIC DAY 

M29 

CYCLONE 

Hg 

M29 

i r ACID 

CYCLONE 

Hg 

M29 

M29 

CYCLONE 

IMPACTOR 

*1 r ACID 

IF IMPACTOR 

■i r ACID 

Hg 

■I I" ACID 

Hg 

SOLIDS, LIQUIDS. SLURRIES 

0800 1000 1200 1400 
TIME OF DAY 

1600 1800 2000 

Figure 4-2 Typical Sampling Schedule for Inorganics 
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ORGANIC DAY 

MM5 

VOST 

MM5 

ALD | | AMM/HCN 
■II 

M17 

ALD i t AMM/HCN 
« 

M17 

VOST 

MM5 ALD ||: AMM/HCN 
■II 

IMPACTOR U 

MM5 

M17 

VOST 

ALD AMM/HCN 

M5 Filter 

VOST 

SOLIDS, LIQUIDS, SLURRIES 

0800 1000 1200 1400 1600 1800 2000 
TIME OF DAY 

Figure 43 Typical Sampling Schedule for Organics 
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September3, 1993 
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9 -
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7 out 7 out 

8 in 8 in 8 in 
8 in 8 in 8 in 

I — i — i — i — i — r 
8 out 8 out 

8 out 8 out 8 out 

i—i—i—i—r 
Stack Stack 

Stack Stack 
Sampling Location 

Figure 4-4. Actual Schedule of Sampling on September 3,1993. 



September 4, 1993 
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Figure 4-5. Actual Schedule for Sampling on September 4,1993. 
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Figure 4-6. Actual Schedule for Sampling on September 5,1993. 



September 6, 1993 
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Figure 4-7. Actual Schedule for Sampling on September 6,1993. f 



4.2.2 Deviations from Standard Techniques 

The Method 5 type traversing samples were obtained using Pyrex glass and/or 
quartz-lined nozzles and probes in all cases. An in situ thimble type particulate 
collector was used for the Method 17 sampling at the Unit 8 inlet and 63 mm flat 
quartz fiber filters were used at the ESP outlet. A conventional Method 5 probe and 
oven was used at the stack for the radionuclide sampling because of the high 
moisture content and entrained water. The Method 5 type sampling at all locations 
was done using a small oven to contain the filter mounted at the external end of the 
probe. A flexible teflon umbilical line was used to convey the filtered sample gases to 
the condenser/impinger portions of the trains. The impingers were positioned at some 
convenient location adjacent to the sampling ports. Materials deposited in these 
umbilicals was recovered as part of the "back half catches. All glass-to-glass 
connections were sealed with DuPont KryTox* sealant, a liquid fluorocarbon of the 
teflon family. SRI has used KryTox* on several tests of the type being done here, and 
it has proven satisfactory (non-interfering and low blank levels) for Method 29, Method 
5, Method 23, and SW846 Method 0010 and offers superior performance in obtaining 
leak-free sampling systems. 

Sampling at the stack posed three special problems. First, the in situ samplers 
had to contend with a saturated gas stream containing entrained water. Therefore, the 
impactor and its precollector used for particle size measurement were heated using an 
externally-mounted heating jacket and tape to collect the samples in a dry state. 
Second, the very long nipples (66 inches) through which the probes had to be 
inserted, together with the large stack diameter (33 feet), made it impractical to use the 
standard 12-point traverse pattern. Probes with working lengths in excess of 15 feet 
(overall lengths in excess of 16y2 feet) would have been required - an impractical 
length for the glass-lined probes required for the acid gases, metals and semi-volatile 
organics trains. Consequently, the sampling was done with 12-foot working length 
probes and sampling at the innermost sampling point that could be reached was 
repeated to make up for the point that could not be reached. Finally, a permanent 
shelter on the sampling platform restricted access to the ports in one quadrant of the 
stack (see Figure 4-1). At that location, probe assemblies with overall lengths greater 
than about 8V2 feet could not be used. Method 5 assemblies of that size would have 
barely been long enough to reach through the nipple into the flue gas. Therefore only 
three of the four ports to be used for traverse-type sampling were suitable for much of 
the sampling to be done here. One of the accessible ports was traversed a second 
time by each train to make up for the port that could not be used. 

Similarly, the Unit 8 ESP outlet duct was so deep and the port nipples were so 
long that glass-lined probes longer than 16 feet would have been required to do the 
full, standard traverse. Again, 12-foot working length probes were used, with the 
consequence that the farthest point of the traverse at each port could not be reached. 
During our preliminary measurements a temporary extension was added to a pitot 
tube from which we found that the velocity at the point that could not be reached was 
about the same as that at the last point that could be reached with the 12-foot working 
length probe. Hence, the farthest point was omitted during the sampling and the 
second farthest was sampled twice to compensate. 
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The particulate concentration at the outlet of the Unit 8 ESP was so low that 
insufficient material could be collected with the cascade impactor in a single day of 
sampling to obtain useful results. Therefore, the measurement of particle size 
distribution at the Unit 8 ESP outlet was made using a single sample taken over three 
successive tests days rather than with three samples taken one per day for three days 
as was done at the Unit 8 ESP inlet, the Unit 7 ESP outlet, and the stack. 

Sampling for ESP outlet and stack samples was four to six hours in duration, 
permitting gas volumes of about 5 to 8 m3 of stack gas to be sampled with the 
Modified Method 5 and Method 29 trains. Because of the high S02, substantially 
smaller sample volumes were obtained with the acid trains. Sampling at the Unit 8 
inlet for M29 (metals) trains was about three hours duration and for MM5 trains was 
about four hours duration, permitting volumes of 3 to 5 m3 of gas to be sampled with 
these Method 5 type trains. VOST samples of 20,10, and 5 liters were taken at all 
locations. Aldehyde and ammonia/cyanide gas sample volumes were about 0.5 m3 at 
all locations. Sampling times for acid gases and anions were about one hour at all 
locations. This train was traversed to ensure representative collection of anions in the 
particulate phase. Radionuclide sampling times were about 1 to 6 hours, depending 
on location, and were set to provide particulate catches of 150 mg or more. 

Because of the greater than normal gas volumes being sampled in order to 
reduce detection limits in the M29 trains, we feared that the H202 would be depleted 
by the S02 in the flue gas. Consequently, an additional 40 mL of the peroxide solution 
was added to the impingers on the first day of sampling (9/3/93). Thereafter, the 
impinger solutions were made up with the liquid volumes specified by the method but 
the peroxide concentrations in the solutions were increased from 10% to 15%. 
Similarly, because the permanganate impingers lost most of their color during the first 
day of sampling, we concluded that the amount of permanganate called for by the 
method was marginal for our sampling circumstances and an additional 50 mL, a 50% 
increase, was used thereafter. 

Further, we concluded that the sample recovery protocol for the M29 
permanganate impingers resulted in unnecessary dilution and consequent loss of 
sensitivity for Hg. The volumes of rinse solutions used were reduced so that a total of 
125 mL of solutions were used as compared to 425 mL called for by the method 
protocol. 

On 9/3/93 the primary circuit providing power to the Unit 7 outlet location was 
overloaded, causing a loss of power to all trains in use at the time at that location. 
The cyclone sampler was without power for about 2 minutes and the diluter lost power 
for several minutes while a new power source was located and a new drop cord was 
strung to avoid a recurrence of the problem. 

Also on 9/3/93, when the probe for the diluter was withdrawn the sampling 
nozzle was found to have rotated about 65 degrees from its proper orientation. A 
combination of glass tape and wire was used to secure it more firmly for all 
subsequent runs. 
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All sampling trains passed the required pre-test and post-test leak checks 
throughout the test program with one exception. One acid gases train at the Unit 8 
inlet was accidentally dropped after the sampling had been completed and before the 
post-test leak check could be made. Inspection revealed that a ball-joint connector on 
the filter holder had been cracked, almost certainly when the train was dropped. The 
moisture content calculated from the data from this run was consistent with that from 
previous and subsequent runs; therefore, the data from the run were retained as being 
valid. 

4.3 Samples Collected 

4.3.1 Lists of Samples 

The types of samples collected for analysis from solid and liquid streams are 
listed in Table 4-2. Three of the streams listed under liquids were slurries; both the 
liquid and solid phases of these slurries were included in the analysis (as separate 
materials). Although typically five daily samples of the solids and liquids were 
collected (with the exception of the bottom ash sluice which was collected only one 
time per day), composites were prepared so that only one sample representing the 
daily set had to be analyzed. The methods of preparing composites are described 
later in this section. 

The types of samples collected from the gas streams for the purpose of 
analysis are listed in Table 4-3. For all analyses except particulate mass loading, only 
the west ESP inlet duct to Unit 8 was sampled to represent the entirety of the boiler 
flue gases entering the ESPs. The samples listed in Table 4-3 were in no case 
composited. In fact, some samples listed individually consisted of several components 
that were analyzed separately. One example was the sample of trace metals, which 
consisted of 1) the filter and solids rinsed from the probe, 2) the peroxide impingers, 
and 3) the permanganate impingers. -

4.3.2 Sampling Methods 

4.3.2.1 Bulk Solids 

Coal Pile Runoff — Boiler feed coal was used to determine the leaching 
characteristics of the coal. The collection of boiler feed coal is described below. SRI 
split the boiler feed samples to produce a composite to be used for the Toxicity 
Characteristic Leaching Procedure, commonly referred to as TCLP (6). Four daily 
composite samples, one for each day of testing, were riffled together to yield a single 
composite sample for TCLP analysis to represent the boiler feed coal during the test 
period. 

Boiler Feed Coal — Samples of the coal being burned in Unit No. 8 were taken with 
augers installed at the base of the coal silos feeding each of the eight cyclone 
burners. Only five of the eight augers were operational, so the samples collected were 
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Table 4-2 

Samples Collected for Analysis from Solid, Liquid, and Slurry Streams 

SOLIDS 

Coal 

ESP Hopper Ash 

Limestone a 

Bottom Ash 

Gypsum b 

LIQUIDS 

Unit 8 Condenser Inlet 

Unit 8 Condenser Outlet 

Bottom Ash Sluice Water Supply 

Bottom Ash Sluice Water ° 

Condenser Makeup Waterd 

AFGD Service Makeup Water 

AFGD Waste Water 

SLURRIES 

Bleed Pump Slurry 

Absorber Recirculation Pump 

Number of Samples 
Daily 

5 

3 

~20 

1 

1 

5 

5 

5 

1 

10 

5 

5 

5 

5 

NOTES: 
a. Sample from each truck of pulverized limestone delivered during the test day. 

Sample taken by Huber, Inc. 
b. Composite automatically taken with a sampler maintained by Pure Air. 
c. Liquid phase of the bottom ash sluice. 
d. Five samples were taken each day from each of two storage tanks in use. 
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Table 4-3 

Samples Collected for Analysis from Flue Gas Streams (sum of all test days) 

Type of Sample 

Trace Metals 

Mercury * 

Acid Gases 

Ammonia/HCN 

Aldehydesb 

Volatile Organicsc 

Semivolatile 

Organics 

Cyclone Solids 

Impactor Solids 

Unit 8 ESP 
Inlet 

3 

3 

3 

1 

1 

3 

1 

3 

Unit 8 ESP 
Outlet 

3 

3 

3 

1 

1 

3 

1 

-

1 

3 

Unit 7 ESP 
Outlet 

3 

3 

3 

1 

1 

3 

1 

1 

3 

Unit 7 Outlet 
/Diluter 

3 

3 

.3 

1 _ 

- -

-

Stack 

3 

3 

3 

1 

1 

3 

1 

3 

Ambient 

2 

1 

3 

NOTES: 
a. Two of the three flue gas samples and one ambient sample were for speciation of 

mercury using soda lime and carbon traps. The third flue gas sample and one 
ambient sample were for total mercury using only carbon traps. 

b. The "ambient" aldehyde sample was a sample of ~2 m3 of air from inside the trailer 
being used for DNPH reagent preparation and recovery. 

c. Three sample volumes were collected on one test day. 
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from these augers. Each day we collected one sample every two hours for a 10-hour 
period concurrent with the flue gas sampling. We collected each two-hour sample in a 
single 5-gallon bucket that was itself a composite of the feed to the five cyclones with 
operational augers. We sealed and labeled each bucket. Before analysis these five 
buckets per day were combined by riffling the coal into a single composite sample for 
each test day. 

Bottom Ash — Bottom ash is collected in a wet storage hopper beneath the boiler, 
passes through a clinker grinder, and is then discharged as a sluice stream at about 
eight-hour intervals. Bottom ash is approximately 63% of the ash from the coal. The 
only accessible sampling location for bottom ash was at the sluice discharge into the 
settling pond. Therefore the sampling of bottom ash was coordinated with the bottom 
ash discharge. A type 316 stainless steel bucket was used to collect a sample of the 
sluice as it was discharged into the pond. One sample of bottom ash sluice was 
collected per test day. These were stored in glass jars with teflon-lined lids, sealed 
and labeled appropriately. 

ESP Hopper Ash — There are three rows of hoppers in the direction of gas flow in 
each of the ESPs. The ESP hoppers are evacuated twice per shift each day. To 
collect a representative sample of the distribution of ash collected in the ESP, we 
attempted to collect samples from one hopper in each of the three rows before the 
hoppers were evacuated. On the first day of sampling we were unable to get any ash 
from the last row of hoppers. On the subsequent days we obtained samples from a 
hopper in all three rows. Grab samples were collected before the hoppers were 
emptied through poke holes at the base of the hoppers with a type 304 stainless steel 
ladle, and placed in sealed and labeled 500 mL glass jars with teflon-lined lids. The 
samples from the three hoppers were subsequently combined in proportions based on 
the collection efficiency of the ESP and the exponential nature of mass collection in 
ESPs to make daily composite samples. 

Limestone — Finely ground limestone is delivered to the AFGD plant daily from the 
nearby supplier (Huber). The limestone is pneumatically transported into the storage 
hopper which is sealed and pressurized. Huber takes grab samples of the limestone 
delivered in each truck, and provided us with a sample collected from each truck. 
About 20 truckloads per day are required to operate the unit at full load. We later 
combined the samples provided by Huber into a daily composite sample. 

Gypsum — An automatic sampler collects samples of the gypsum from the centrifugal 
dryer off of the conveyer belt that delivers the gypsum to the storage building. The 
sampler has a programmable frequency, and normally collects a sample every 
48 minutes. SRI obtained a daily composite sample of gypsum from this sampler that 
is operated by Pure Air. 

4.3.2.2 Liquid Streams 

In the collection of all liquid streams, we allowed residue to clear the sample 
source (water or slurry tap or pipe outlet) by discharging some of the sample stream 
before collecting the sample to be analyzed. We collected five samples per day at 
two-hour intervals, except for the bottom ash slurry described above, in glass jars with 
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teflon-lined lids. We also collected two samples per day from each stream in Volatile 
Organic Analysis vials (40 ml). None of the streams were sampled through rubber 
hoses or plastic pipes. 

Condenser Inlet Water — Circulating water is not treated. We collected samples of 
condenser inlet water from the intake from Lake Michigan. 

Condenser Outlet Water — Condenser outlet water samples were taken at the point 
of discharge into Lake Michigan. 

Bottom Ash Sluice — Bottom ash sluice was sampled at the discharge into the 
settling pond (see Section 4.3.2.1). 

Sluice Return Water — The supply of water for the bottom ash sluice is a return pond 
containing clarified water from the bottom ash sluice. We sampled the sluice return 
water from a tap on the low pressure side of the bottom ash sluice pump located in 
the basement of Unit 8. 

Makeup Water — Treated water is used for makeup water to the condensers. We 
sampled from the two storage tanks for Unit 8 makeup water. 

Service Water — Service water is used for makeup water throughout the AFGD 
process. We sampled the service water from a tap in the AFGD scrubber building. 

AFGD Waste Water — Waste water from the AFGD process was sampled at the 
outlet of the thickener overflow tank. 

Bleed Pump Slurry — This slurry was collected from the bleed pump on the forced 
oxidation side of the scrubber slurry collection system in the AFGD process. It was 
collected at the outlet of the bleed pump. 

Absorber Recirculation Pump Slurry — This slurry was collected from the recycle side 
of the scrubber slurry collection system in the AFGD process. It was collected at the 
outlet of the absorber recirculation pump that feeds the slurry spray system. 

4.3.2.3 Flue Gases 

Tables 4-1 and 4-3 list the manual flue gas sampling methods employed in this 
test program. All glassware and probes, etc., were cleaned per EPA specification prior 
to use. Pallflex QAST 2500 pure quartz filters were used as the collection medium for 
all particulate sampling. The Method 5 type traversing samples were obtained using 
Pyrex glass and/or quartz lined nozzles and probes in all cases. An in situ thimble 
type particulate collector was used for the Method 17 sampling at the East inlet to the 
Unit 8 ESP. For the Method 5 sampling variants at all locations a small oven was 
mounted at the external end of the probe to contain the filter. A flexible teflon 
umbilical line was then used to convey the filtered sample gases to the 
condenser/impinger portions of the train. The latter were positioned at some 
convenient fixed location adjacent to the sampling ports. Materials deposited in these 
umbilicals was recovered as part of the "back half catches. All glass-to-glass 
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connections except those in the high temperature parts of the trains were sealed with 
DuPont KryTox* sealant, a liquid fluorocarbon of the teflon family. SRI has used 
KryTox* on several tests of the type done here, including RCRA Trial Burns, and it has 
proven satisfactory (non-interfering and low blank levels) for Method 29, Method 5, 
Method 23, and SW846 Method 0010 and offers superior performance in obtaining 
leak-free sampling systems. 

Three of the sampling methods listed in Table 4-3 were carried out as 
described in EPA publications, which are identified in one of the footnotes of the table: 

• Method 29, proposed for eventual incorporation in Code of Federal Regulations, 
for sampling trace metals in both particulate and vapor forms (based on a filter for 
collecting solids, peroxide-based impingers for vapors of all metals, and 
permanganate-based impingers for mercury vapor alone that penetrates the 
peroxide impingers). 

• Method 0030, Volatile Organic Sampling Train (VOST), which is described in 
SW-846, Test Methods for Evaluating Solid Waste. This train collects vapors only, 
first in a sorption tube of the resin Tenax and then in a second sorption tube 
containing Tenax in the leading section and charcoal in the back section. The 
train also collects the condensate of water vapor, which is set aside for analysis 
along with the two sorption tubes. 

• Method 0010, Modified Method 5 train, which is also an SW-846 method. This 
train collects semi-volatile organic compounds (including dioxins and furans) in a 
three-component sampling section; 1) a filter for solids, 2) an XAD-2 resin 
cartridge, and 3) water-containing impingers. 

Several of the sampling methods are not incorporated in the EPA methods 
published in CFR or SW-846. These methods are described briefly in the paragraphs 
that follow: 

• Mercury was included in the samples collected by Method 29. It was also 
collected as the single analyte by a sorption method described by Bloom (2). Two 
iodated carbon tubes purchased from Mine Safety Appliances were arranged in a 
tandem fashion to adsorb mercury from the vapor state. The gas is not sampled 
isokinetically in this method, but particulate matter is kept out of the sorption tubes 
by use of a quartz wool plug. The particulate matter from the gas stream that is 
retained in the quartz wool may be analyzed or may be discarded. When it is 
analyzed, it is included with the sorption tubes and usually contains a negligible 
quantity of mercury. The particulate matter was discarded in this project; only the 
vapor collected on the sorption tubes was analyzed. 

• The acid gases were sampled by use of the Method 5 train in which each of two 
impingers are filled with a solution 2.5 g of sodium carbonate, 2.5 g of sodium 
bicarbonate, and 10 mL of 30% hydrogen peroxide. The solids on the filter were 
retained for analysis as well as the impinger solutions. 
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• The gases ammonia and hydrogen cyanide were collected in a separate sampling 
train of the Method 5 type in which the first two impingers each contained 100 mL 
of the mixture of carbonate and bicarbonate described above, but no peroxide, 
and the second two impingers each contained 100 mL of 0.1 N sulfuric acid. Both 
of the gases to be collected are highly soluble in water, and both may be retained 
to a high degree even in plain water with no added acid of base, especially at the 
low partial pressures of the gases expected. The purpose of the carbonate and 
bicarbonate, then, were to add insurance for the retention of HCN (a weak acid), 
and the purpose of the sulfuric acid was to retain any NH3 that might penetrate the 
first alkaline impingers. 

• Aldehydes were collected with a Method 5 train in which two impingers containing 
100 mL of 0.025% 2,4-dinitrophenylhydrazine were used as the collection medium. 
The filter of the train was not retained. The operation of the aldehyde sampling 
train was similar to the aldehyde collection procedures in EPA Method T05 for 
ambient air and EPA tentative SW-846 Method 0011. 

Dilution Sampling 

The custom SRI diluter was operated to collect simulated plume samples each 
day. The dilution air was ambient air that has conditioned by being dried by passing it 
over silica gel, chilled by passage through an ice bath chiller, scrubbed by passing it 
through activated charcoal, and finally filtered through an absolute filter. The sample 
gas stream was withdrawn through a glass nozzle and glass-lined probe to the diluter. 
The interior surfaces of the diluter were teflon coated. On the "inorganics" sampling 
days the following samplers were used with the dilution system: two M29 impinger 
trains (to be pooled for analysis), an iodated charcoal trap for total mercury in the 
vapor phase, and an acid gas impinger train. On the "organics" test days two MM5 
condenser/sorbent trap/impinger trains were run on the diluted gas stream. The MM5 
condensers and traps were chilled as they are for conventional stack sampling. The 
catches of the two trains were pooled for analysis to increase sensitivity. No VOST 
sampling was done from the diluter. First, because there would be no conventional 
stack sampling methods to which dilution samples might be compared and, second, 
the solvents used in the recovery of the particulate samples from the front half of the 
dilution train for particulate phase metals and semivolatile organics would result in 
severe contamination problems for VOST samples. A flue gas sampling rate of about 
0.5 dscfm was used. At one point during the test program a blank run was made as a 
QA/QC measure in which only dilution air was sampled with one of each of the 
impinger trains for the same duration as in the actual tests. 

Particle Size Distribution Measurements 

The combination of high gas velocity and high particulate loading at the Unit 8 
inlet made the use of cascade impactors for particle size measurement at that location 
impractical. High particulate concentration gas streams require low flow rate 
impactors in order to provide reasonably long sampling times with a minimum of 
several minutes being needed. However, the gas velocities in the duct, 24 m/s, would 
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have resulted in sub-millimeter nozzle tip sizes being required for isokinetic sampling 
with low flow rate impactors. Obtaining accurate and/or representative samples with 
such small tip sizes is problematical. Therefore, instead of impactors, we used the 
SRI/EPA Five Series Cyclone sampler for the Unit 8 inlet particle size distribution 
measurements. The series cyclone system provides data in six size fractions with cuts 
at about 10^m, 6.5//irt, 4.5/jm, 2/<m, and 1 ̂ m - comparable to those obtained with 
most impactors. The cyclones have very large holding capacities and thus avoid the 
rapid overloading problems encountered with impactors and they do not suffer from 
particle bounce problems. Consequently they can be operated at higher flow rates 
than impactors, thus avoiding the problem of small nozzle tip sizes. The same 
samples obtained for size distribution purposes at the Unit 8 inlet were also used for 
the purpose of trace element analysis by size for that location. The catches of the 
three cyclones with cuts smaller than 5fjn and the filter were combined after weighing 
to form a single sample for the <5//m fraction, whole the catches of the first two 
cyclones were retained intact. The sampling at the ESP outlets for trace metal 
composition versus size was done using the first two cyclones of the SRI/EPA set 
followed by a filter. 

More complete descriptions of sampling methods and trains are given in 
Appendix B. 

4.3.3 Compositing of Solids and Liquids 

The procedures used to obtain daily composites of four types of solids (coal, ESP 
hopper ash, limestone, and gypsum) were described in Section 4.3.2.1. More complete 
information in regard to blending of ash from different rows of the ESP is presented in 
Section 6.1.1.2. 

As for samples of plain water and slurries, composite were prepared from five daily 
samples of each. Composites of plain water consisted of equal volumes (approximately 
100 mL) of each of the five available samples. Composites of the liquid phase of the 
absorber recirculating slurry and bleed pump slurry were prepared similarly; that is, a 
selected volume of the clear supernatant aqueous phase was decanted from each of five 
daily samples, and the five portions were combined. Composites of the wet, compacted 
solids from the slurries were similarly prepared after the supernatant had been decanted; 
50 g portions of the wet solid matter from daily samples were combined and mixed. In 
addition, the percentage of solids in each daily sample of these two types of slurries was 
determined. For the bottom ash sluice, in contrast to the two types of slurries from the 
scrubber, there was only a single daily sample, and thus compositing was not performed. 
The liquid samples were prepared and analyzed without the addition of preservatives. 

4.4 Mass Row Rates 

Mass flow rates for the process streams at Bailly Station Units 7 and 8 and the 
Pure Air AFGD were either measured by SRI, recorded with the plant control/data 
acquisition systems, calculated from mass and energy balances, or estimated. The 
test periods are taken as stable operating periods, and a single flow rate for each 
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process stream, representing the pseudo-steady-state conditions, is calculated for 
each day of inorganic element testing. The data supplied by the plant system were 
averaged for the test period. 

Table 4-4 lists measured flow rates of flue gases at the sampling locations. 
These data are normalized to a constant oxygen level (3% by volume). Measured 
oxygen and carbon dioxide values (dry basis) are given in Table 4-5. Data from 
Tables 4-4 and 4-5 should be considered together to account for air leaks into the flue 
gas stream. Also important to the calculation of mass flows is the water measured in 
the flue gases. Table 4-6 gives the water as a percentage of the flue gas volumes at 
the sampling locations for all of the sampling trains. These results suggest that there 
were no significant leaks in any of the sampling trains. 

Particulate concentrations in the flue gas streams are shown in Table 4-7. 
These data and the flow rates in Table 4-4 yield, in combination, the mass flow rate of 
solids in the flue gases at the sampling locations, and are therefore used in material 
balance calculations for solid phase pollutants. There is a large discrepancy between 
the mass loadings determined at Unit 8 outlet with the Method 29 metals train and the 
acid gases train. We were unsuccessful in resolving this discrepancy. Output from 
the opacity monitor at the Unit 8 outlet does not show any difference in emissions 
from the ESP during the two sampling times. We obtained opacity data with a six-
minute resolution to evaluate this difference. There are two potential explanations, 
however. First and most likely, we were obtaining grab samples from the ESP. 
hoppers during the time when the acid gases train was sampling at the ESP outlet. 
Because of the suction caused by the static pressure in the ESP, we may have 
entrained ash from the hoppers into the outlet duct by opening an access port on a 
hopper. Another but unlikely possibility is that the timing of the acid gases train 
coincided more with the rapping of the last field in the ESP than did the metals train 
sampling. We were told that the rapping interval on the last ESP field was one hour. 
We used the mass concentrations measured by the Method 29 metals trains for the 
mass flows of particulate matter. 

The power plant can be broken into six sub-systems: the Unit 8 boiler, the Unit 
8 ESPs, the Unit 8 condenser, the bottom ash removal, flue gas mixing, and the AFGD 
scrubber system. In the following section, the main inlet and outlet flows for each of 
these areas are discussed. 

Mass flows for the plant for each of the three inorganic test days are presented 
in Tables 4-8 through 4-10 (these tables are presented beginning on page 4-29). 
Appendix E is a step-by-step example that shows how the mass flows were calculated, 
using September 3,1993 as the example. Table 4-11 lists the average mass flows for 
the plant over the three test days; Table 4-11A lists the sample standard deviations. 

Table 4-11 shows the mass balance closure (out/in) as an average of the 
closures for the three days and as a closure of the average flows. Each day is 
considered to be an independent measurement, so that the average of the daily 
closures is valid. If there is a change in conditions or coal from day to day, the 
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average of the closures would show no effect, whereas the closure of the average 
flows could be disturbed. 

4.4.1 Unit 8 Boiler 

The boiler is taken as the cyclone barrels, the slag quenching system, the 
economizers, and the air heaters. Thus the input streams are the crushed coal and 
the combustion air. The output streams are the flue gas and particulate flows into the 
electrostatic precipitators and the bottom ash (or slag) from the cyclone barrels. 
According to the plant and consistent with cyclone firing, the economizer hoppers do 
not collect any ash of note, and are ignored for the boiler balance. 

The coal is gravimetrically fed to the cyclone barrels via weigh-belt feeders, and 
the total flow rate for all eight cyclone barrels is recorded in the Unit 8 control 
computer. The combustion air flow rate is calculated by a stoichiometric combustion 
calculation with the measured amount of excess air added. The flue gas flow rate is 
measured at the ESP inlet, and the particulate flow taken from the measurements in 
the Method 29 metals train operation. The bottom ash flow is calculated from an ash 
balance, the coal ash input minus the fly ash flow rate at the ESP inlet. This approach 
yields a fly ash to bottom ash ratio of 33/67, which is close to the historical average of 
37/63 for Units 7 and 8 combined for 1992,1991, and 1990. 

The average closure for the boiler is 114%, which represents the imbalance 
between the calculated combustion air and the flue gas flow. 

4.4.2 Unit 8 Electrostatic Precipitators 

The Unit 8 particulate control is achieved through the use of parallel ESPs. 
The western ESP was sampled by SRI using the Method 29 metals train, and the 
eastern ESP was sampled for particulate flows by EPA Method 17. The data, reported 
in Table 4-7, show similar fly ash loadings in each ESP inlet, so the Method 29 values 
of particulate loading were used for both ESPs. The actual flow rate of flue gas 
through each side was taken to be the measured value. Outlet measurements of the 
Unit 8 ESPs were performed on the duct after the flow through both ESPs was mixed. 
Therefore, the values of flue gas flows and particulate loadings were measured directly 
by Method 29. The flow rate of ash collected in the ESP hoppers is calculated by the 
difference in the particulate flow rate into and out of the ESPs. 

The Unit 8 ESP average closure is 109%, which indicates the differences in the 
measured inlet flow and the outlet flow. 

4.4.3 Unit 8 Condensers 

The condensers for Unit 8 use a once-through cooling water flow obtained 
from Lake Michigan. The cooling water inlet and outlet temperatures were recorded 
by the plant data acquisition system. The actual flow rate of cooling water was not 
obtained from the plant, but was estimated from the condensate flow rate. The 
condensers operate mainly to condense the steam exiting the turbines to be recycled 
to the boiler feed pumps. By calculating the latent heat required to condense the 
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amount of water making up the condensate flow and the cooling water temperature 
change, the cooling water flow rate was estimated. This calculated flow was checked 
by using a 33% plant efficiency, assuming the rejected heat was all taken by the 
cooling water. This estimate was about 10% higher than the flow calculated by the 
condensate flow. 

The condenser average closure is assumed to be 100%. 

4.4.4 Bottom Ash Sluice 

The flows in the bottom ash sluice are estimated. The bottom ash flow rate 
into the sluicing system is determined in the boiler balance. From the two-phase 
samples taken and observations of the sluicing operation, it is estimated that the water 
mass used to remove the slag is 10 times the mass of the bottom ash. The slag is 
assumed not to dissolve in the water, except for very trace amounts. Therefore, the 
bottom ash in equals the bottom ash out. 

The average closure for the bottom ash sluice is assumed to be 100%. 

4.4.5 Unit 8 Overall 

The boiler system is a summation of the boiler, the ESP, and the bottom ash 
sluice. The condenser loop is not included in the overall balance. The condenser 
flows are 20 times larger than any other flow, and tend to dampen out any other 
result, especially since the condenser system is assumed to balance perfectly. The 
input streams are the coal, combustion air, makeup water, and sluice return water. 
The output streams are the bottom ash sluice, the ESP hopper ash, and the flue gas 
to the Pure Air AFGD system. 

The overall average closure for Unit 8 is 101%. 

4.4.6 Rue Gas Mixing 

The flue gas from the Unit 8 ESPs is mixed with the Unit 7 ESP output before 
going to the AFGD system. A perfect flue gas and particulate balance is assumed in 
this sub-system. The measurements of the ESP outlets are algebraically combined to 
give the output. 

The average closure for the flue gas mixing is assumed to be 100%. 

4.4.7 AFGD System Overall 

The Pure Air Advanced Flue Gas Desulfurization (AFGD) system material 
balance is drawn around the entire process. The inputs are the combined flue gas 
streams from Units 7 and 8 electrostatic precipitators, limestone, compressed air, and 
service water. The output streams are the flue gas to the stack, gypsum, and waste 
water. The flue gas input and output were measured by Method 29, and the S02 
concentrations were measured by calibrated continuous monitors. The S02 removed 
from the flue gas was assumed to exit the system as sulfate in gypsum, and the 
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gypsum flow rate was calculated on that basis using the measured sulfate 
concentration of the gypsum. A calcium balance around the AFGD system determined 
the limestone flow rate. The compressed air flow irate was taken from the AFGD 
process data, as was the flow rate of waste water to wastewater treatment. The 
service water supplied to the AFGD system was calculated by a water balance around 
the system. As can be seen in Table 4-11, the overall balance of the flow rates is 
quite good, at 101 percent closure, based on these assumptions. 

The average closure for the AFGD system is 101%. 
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Table 4-4. Bailly Measured Gas Flow Rates 

(Reference conditions: dry, 3% 02,293.15 K, 1 atm) 

Flows in kdscfm LOCATIONS RATIOS Unit 8 
Out/In 

1.11 
1.14 
1.12 
1.00 
1.16 
1.30 
1.11 
1.04 

1.12 

Stack/ 
7+8 Out 

1.00 
0.92 
1.02 
1.10 
0.98 
0.95 
1.08 
0.98 

1.00 

DATE 
9/3 

9/4 

9/5 

9/6 

M29 
Acid 
M29 
Acid 
M29 
Acid 
MM5 
M17 

AVERAGE 

Unit 8 
Inlet 

592 
596 
575 
582 
567 
541 
586 
638 

585 

Unit 8 
Outlet 

655 
681 
646 
583 
658 
704 
651 
665 

655 

Unit 7 
Outlet 

366 
366 
349 
334 
352 
350 
348 
330 

349 

Combined 
Outlet 

1021 
1047 
995 
917 

1010 
1054 
999 
995 

1005 

Stack 
1026 
965 

1014 
1009 
993 

1006 
1075 
973 

1008 

Flows in Nm3/s LOCATIONS 

DATE 
9/3 

9/4 

9/5 

9/6 

M29 
Acid 
M29 
Acid 
M29 
Acid 
MM5 
M17 

AVERAGE 

Unit 8 
Inlet 

279 
281 
271 
275 
268 
255 
277 
301 

276 

Unit 8 
Outlet 

309 
321 
305 
275 

• 310 
! 332 

307 
314 

309 

Unit 7 
Outlet 

173 
173 
165 
158 
166 
165 
164 
155 

165 

Combined 
Outlet 

482 
494 
470 
433 
476 
497 
471 
470 

474 

Stack 
484 
455 
479 
476 
469 
475 
507 
459 

476 



Table 4-5. Orsat Results: Flue Gas 0 2 and C02 as Volume Percentages 

Date 

9/3 

9/4 

9/5 

9/6 

o2 

COz 

02 

C02 

02 

C02 

02 

C02 

o2 

C02 

o2 

COz 

0, 

COz 

02 

C02 

Unit 8 
Inlet 

5.5 

13.4 

5.3 

13.7 

5.2 

14.0 

4.9 

14.3 

5.0 

14.0 

5.0 

14.2 

4.6 

14.4 

4.6 

14.6 

Unit 7 
Outlet 

6.2 

12.8 

6.8 

12.6 

7.2 

12.4 

6.4 

13.0 

6.6 

12.8 

6.6 

12.8 

6.6 

12.8 

Unit 8 
Outlet 

5.7 

13.3 

6.4 

12.8 

7.4 

12.8 

6.2 

12.8 

5.4 

14.0 

6.6 

10.2 

6.4 

12.8 

Stack 

6.3 

12.8 

6.6 

12.8 

6.7 I 

12.8 

6.5 

12.9 

6.4 

13.0 

6.6 

12.8 
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Table 4-6. Percentages of Water Vapor in Flue Gases 

Date 
Location 

& Train 

7 Outlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
Impactor 

M17 

8 Inlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
M17 

8 Outlet: 
Acid 

Metals 
Cyclone 

Ammonia 
Aldehyde 

MM5 
Impactor 

M17 

Stack: 
Acid 

Metals 
Radio. 

Ammonia 
Aldehyde 

MM5 
Impactor 

3 

8.2 
9.4 

<—— 

10.0 
10.5 
8.8 

9.3 
9.4 

<—— 

15.1 
16.0 

15.4 

4 

8.4 
8.9 
8.6 

9.3 
9.7 
9.7 

8.1 
8.8 
9.6 

9.0 

14.4 
15.3 

15.9 

5 

8.2 
9.6 

> 

9.5 
10.0 
10.0 

8.6 
9.3 

_ _ > 

> 

14.0 
15.8 

15.7 

6 

7.8 
9.3 
8.1 
8.1 
9.6 

10.6 
9.4 
9.2 
9.0 

9.9 
9.3 
8.9 

8.9 

15.8 
13.5 
15.7 
15.0 
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Table 4-7. Particulate Concentrations, g/Nm3 

(Reference conditions: dry, 293.15 K, 1 atm, actual 02 concentration) 

8 Inlet 

7 Outlet 

8 Outlet 

Stack 

Metals 
Acid 
M17 
Imp. 
Cyc. 

Metals 
Acid 
M17 
Imp. 
Cyc. 

Metals 
Acid 
M17 
Imp. 
Cyc. 

Metals 
Acid 
Imp. 

< -

M-
< -

3 

4.556 
4.455 

3.93 

0.0698 
0.0679 

0.0145 
0.0789 

0.027 
0.045 

0.0231 

Date 
4 

5.243 
4.706 

4.48 

0.0527 
0.0761 

- 0.0407 -

0.00778 
0.0444 

- 0.00503 -
- 0.00442 -

0.0543 
0.0574 
0.0386 

5 

5.404 
4.738 

4.48 

0.0827 
0.0831 

► 

0.00511 
0.0096 

► 
► 

0.0815 
0.1021 

0.00672 

6 

4.316 

0.0434 
0.0457 

0.00645 
• 

Metals: EPA Method 29 
Acid: EPA Method 5-type train for anions 
M17: EPA Method 17 
Imp.: University of Washington Mark IIIA/ cascade impactor 
Cyc: SRI/EPA Five Series Cyclone 
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Table 4-3 
Bailly Mass Balance for Total Flows 

Data for September 3,1993 

UNIT8BC 
In 

Out 

Process 
Stream 

Solid, 
kg/s 

Liquid, 
kg/s 

Gas, 
kg/s 

Total, 
kg/s 

ILER 
Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Closure, % 
UNIT8ES 

In 
Out 

38.9 

1.46 
£59 

4.16 
430 

438 

38.9 
430 

4.16 
439 
2.59 
93.4 

P 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

1.46 
1.44 

0.0173 

438 

499 

439 
1.44 
499 
114 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

Closure, % 

11600 
11600 

- - - — 

11600 
11600 

100 
BOTTOM ASH SLUICE 

In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

Closure, % 

2.59 

2.59 
25.9 
25.9 

2.59 
- 25.9 

28.4 
100 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

38.9 

259 
1.44 

0.0173 

4.16 
25.9 
25.9 

430 

499 

38.9 
430 
4.16 
25.9 
28.4 
1.44 
499 
106 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Closure, % 

0.0145 
0.0173 
0.0318 

281 
499 
780 

281 
499 
780 

100.0 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Closure, % 

0.0318 
6.81 

0.0207 
9.11 

84.7 

9.90 

780 

8.69 
806 

780 
6.81 
84.7 
8.69 
806 
9.11 
9.90 
93.7 
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Table 4-9 
Bailly Mass Balance for Total Flows 

Data for September 4,1993 

Process 
Stream 

Solid, 
kg/s 

Liquid, 
kg/s 

Gas, 
kg/s 

Total 
kg/s 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Closure, % 
UNIT8ES 

In 
Out 

39.2 

1.53 
2.90 

4.16 
417 

416 

39.2 
417 
4.16 
418 
2.90 
91.3 

3 

Flue Gas 
ESP Hopper Ash 
Rue Gas to AFGD 

Closure, % 

1.53 
1.52 

0.00967 

416 

. 495 

418 
1.52 
495 
119 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

Closure, % 

11400 
11400 

11400 
11400 

100 
BOTTOM ASH SLUICE 

In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

Closure, % 

2.90 

2.90 
29.0 
29.0 

2.90 
29.0 
31.9 
100 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

39.2 

2.90 
1.52 

0.00967 

4.16 
29.0 
29.0 

417 

495 

39.2 
417 

4.16 
29.0 
31.9 
1.52 
495 
108 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Closure, % 

0.0134 
0.00967 
0.0230 

277 
495 
771 

277 
495 
771 

100.0 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Limestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Closure, % 

0.0230 
6.65 

0.0335 
8.99 

47.7 

8.89 

771 

8.63 
835 

771 
6.65 
47.7 
8.63 
835 
8.99 
8.89 
102 
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Table 4-10 
Bailly Mass Balance for Total Flows 

Data for September 5,1993 

Process 
Stream 

Solid, 
kg/s 

Uquid, 
kg/s 

Gas, 
kg/s 

Total 1 
kg/s- | 

UNIT 8 BOILER H 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Closure, % 
UNIT8ES 

In 
Out 

39.3 

1.49 
2.70 

4.16 
423 

398 

39.3 | 
423 
4.16 
399 
2.70 

. 86.2 
S 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

1.49 
1.49 

0.00280 

398 

511 

399 
1.49 
511 
128 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

Closure, % 

11300 
11300 

I 11300 
11300 

100 
BOTTOM ASH SLUICE 

In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

Closure, % 

2.70 

Z70 
27.0 
27.0 

2.70 
27.0 
29.7 
100 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water . 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

39.3 

2.70 
1.49 

0.00280 

4.16 
27.0 
27.0 

423 

511 

39.3 
423 
4.16 
27.0 
29.7 
1.49 
511 
110 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Closure, % 

0.0171 
0.00280 
0.0199 

276 
511 
786 

276 
511 
786 

100.0 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Closure, % 

0.0199 
6.89 

0.0538 
9.08 

43.9 

9.17 

786 

8.65 
817 

786 
6.89 
43.9 
8.65 
817 
9.08 
9.17 
98.7 
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Table 4-11 
Bailly Mass Balance for Total Flows 

Average of 9/3. 9/4.9/5/93 

Process 
Stream 

Solid. 
kg/s 

Uquid. 
kg/s 

Gas, 
kg/s 

Total, 
kg/s 

UNIT 8 BOILER . 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

39.1 

1.50 
2.73 

4.16 
424 

417 

f Daily Closures, % 
Closure of Average Flows, % 

39.1 
424 

4.16 
419 
2.73 
90.3 
90.3 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

1.50 
1.49 

0.00994 

417 

501 
f Daily Closures, % 

Closure of Average Flows, % 

419 
1.49 
501 
120 
120 

CONDENSER 
In 

Out 
Average o1 

Inlet Water 
Outlet Water 

11500 
11500 

f Daily Closures, % 
Closure of Average Flows, % 

11500 
11500 

100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average 01 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

2.73 

2.73 
27.3 
27.3 

f Daily Closures, % 
Closure of Average Flows, % 

2.73 
27.3 
30.0 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

39.1 

2.73 
1.49 

0.00994 

4.16 
27.3 
27.3 

424 

501 
f Daily Closures, % 

Closure of Average Flows, % 

39.1 
424 
4.16 
27.3 
30.0 
1.49 
501 
100 
100 
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Table 4-11 (Continued) 
Bailly Mass Balance for Total Flows 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
kg/s 

Uquid, 
kg/s 

Gas, 
kg/s 

Total, 
kg/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0150 
0.00994 
0.0249 

278 
501 
779 

f Daily Closures, % 
Closure of Average Flows, % 

278 
501 
779 

100.0 
100.0 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o1 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0249 
6.78 

0.0360 
9.06 

86.4 

9.32 

779 

8.66 
819 

f Daily Closures, % 
Closure of Average Flows, % 

779 
6.78 
86.4 
8.66 
819 
9.06 
9.32 
95.1 
95.1 
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Table 4-11A 
Bailly Mass Balance for Total Flows 

Std Dev of 9/3.9/4.9/5/95! 

Process 
Stream 

Solid, 
kg/s 

Uquid, 
kg/s 

Gas, 
kg/s 

Total, | 
kg/s I 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

0.230 

0.0376 
0.159 

1.32E-09 
6.45 

20.1 

Std Dev of Daily Closures, % 

0.230 
6.45 

1.32E-09 
20.1 

0.159 
3.71 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.0376 
0.0416 

0.00727 

20.1 

8.38 
Std Dev of Daily Closures, % 

20.1 
0.0416 

8.38 
7.36 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

163 
163 

Std Dev of Daily Closures, % 

163 
163 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.159 

0.159 
1.59 
1.59 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

0.159 
1.59 
1.75 
0.00 

IVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

0.230 

0.159 
0.0416 

0.00727 

1.32E-09 
1.59 
1.59 

6.45 

8.38 
Std Dev of Daily Closures, % 

0.230 
6.45 

1.32E-09 
1.59 
1.75 

0.0416 
8.38 

0.0834 
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Table 4-11A (Continued) 
Bailly Mass Balance for Total Rows 

Std Dev of 9/3,9/4,9/5/93 

Process 
. Stream 

Solid, 
kg/s 

Uquid, 
kg/s 

Gas, 
kg/s 

Total, I 
kg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Rue Gas 
Unit 8 Flue Gas 
Rue Gas to AFGD 

0.00190 
0.00727 
0.00619 

2.85 
8.38 
7.41 

Std Dev of Daily Closures, % 

2.85 | 
8.38 
7.41 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.00619 
0.123 

0.0167 
0.0604 

1.69 

0.523 

7.41 

0.0307 
14.6 

Std Dev of Daily Closures, % 

7.41 
0.123 
1.69 

0.0307 
14.7 

0.0604 
0.523 
2.08 
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5.0 SAMPLE ANALYSES 

The kinds of analyses performed on different types of samples are listed in the 
next three tables: 

Table 5-1 Solids 

Table 5-2 Liquids 

Table 5-3 Gases (including entrained solids) 

Brief descriptions of published methods cited in these three tables are given in 
the following paragraphs. More detailed descriptions of methods are given in 
Appendix C. 

5.1 Solids 

Metals. The trace metals of concern in this project are listed below, as are a 
lesser number of certain major metals (see page 1-6 for a qualification of the trace 
species as metals or non-metals): 

Trace metals 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 

Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Maior metals 

Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Samples of coal or ash to be analyzed for the metals listed above, except 
boron, were digested in a microwave oven by a procedure recommended by CEM 
Corporation, the manufacturer of the oven. For boron determination, the coal or ash 
was extracted with a mixture of 1 part of HN03 and 6 parts of HCI in the open 
atmosphere on a hotplate. 

Limestone was digested with the same HN03-HCI mixture in the open 
environment on a hotplate. With this solid, the microwave procedure could be 
avoided, since this solid is easily dissolved in the acid without elevated pressure. 

Gypsum and the very similar solids from the absorption recirculation slurry and 
the bleed pump slurry at the scrubber were digested by the same microwave 
procedure as that described above. The solutions thus prepared were analyzed for 
trace metals and also major metals. The concentrations of calcium thus found, 
however, were too low to be accepted and were believed to reflect the incomplete 
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dissolution of samples; as an alternative, then, digestion with a mixture of HN03, HF, 
and H2S04 (ASTM Method D2795) in an open environment was followed as a 
substitute procedure. 

Once solutions had been prepared from the coal, ash, limestone, or gypsum, 
analysis proceeded generally as described in SW-846 (1). Method 6010 was used for 
metals to be determined by inductively coupled argon plasma emission spectroscopy 
(ICP). Graphite furnace, hydride generation, or cold-vapor versions of AAS (GFAAS, 
HGAAS, and CVAAS) were used for other metals as needed. 

• The metals determined by ICP were: barium, beryllium, boron, cadmium, 
chromium, cobalt, copper, lead, manganese, molybdenum, nickel, 
vanadium, aluminum, calcium, iron, magnesium, and titanium. 

• The metals determined by GFAAS when not determined with the necessary 
sensitivity by ICP were cadmium and lead. 

• The metals determined by HGAAS rather than by ICP were antimony, 
arsenic, and selenium. 

• Mercury was determined by CVAAS. At very low concentration, when extra 
sensitivity was needed, mercury was determined by atomic fluorescence 
spectroscopy (CVAFS). 

The major metals were on occasion determined by flame-injection AAS. 

Anions. The non-metallic elements that produce anionic substances when 
combustion occurs were analyzed as follows: 

Fluorine and chlorine - ASTM D3761, D4208 

Sulfur - ASTM 3177 

Phosphorus — Coal was ashed at 750 °C, the ash was digested in a mixture 
of mineral acids (ASTM Method D2795), and phosphorus was determined 
colorimetrically with molybdovanadate reagent (ASTM D2795). 

Anions present in ash or lime were determined by making the solid mostly 
water soluble by fusing it with molten NaOH (ratio, 0.5 of solid to 6.7 g of NaOH). The 
solidified cake of NaOH was broken up in water; the aqueous solution was filtered and 
diluted to 1 L. Fluoride was determined by acidifying an aliquot and measuring the 
anion with a fluoride-specific electrode (SIE). Chloride and sulfate were determined in 
the original basic solution, diluted as necessary, by ion chromatography (IC). 
Phosphate was measured by IC. 

Carbon, hydrogen, and nitrogen. These elements were determined as the 
elements in a Perkin-Elmer Model 2400 analyzer. The elements are converted to 
gases and measured as C02, H20, and N2. 
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Semi-volatile organic compounds. These compounds were extracted from the 
solids with methylene chloride according to SW-846 Method 3540 and analyzed by 
gas chromatography (GC/MS) as described in SW-846 Method 8270B. 

Radionuclides. These metals were measured by Core Laboratories, Casper, 
Wyoming. Total uranium was measured fluorimetrically. The individual isotopes of 
uranium (masses 234, 235, and 238), the isotopes of thorium (232), radium 226, and 
polonium 210 were measured by alpha-ray counting. Radium 228 and lead 210 were 
measured by counting beta emissions. 

5.2 Liquids 

The samples to be analyzed for metals were prepared for analysis according to 
SW-846 Method 3010A. Analysis then proceeded according to the ICP and AAS 
methods cited in connection with analysis of solids. 

The samples to be analyzed for aldehydes were taken in the amount of 100 mL 
each. To each, 30 mL of a solution of 2,4-dinitrophenyl-hydrazine was added (the 
stock solution contained 0.5% DNPH and 6N HCI). The mixture was extracted with 
methylene chloride; the extracted material was then dried by evaporation and 
redissolved in methanol. The analysis was by HPLC with a UV detector, according to 
EPA Method 0011 (7). 

The other organic constituents were determined by use of SW-846 Methods 
5041 and 8240B for volatile compounds and Methods 3420 and 8270B for 
semi-volatile compounds. Both classes of compounds were measured by GC/MS. 

5.3 Gases 

The term "gases" here refers to the components of flue-gasstreams, both 
gaseous substances per se and entrained solids. When both particulate and vapor 
fractions of a given class of analytes were to be determined, the front half and the 
back half of the sampling train components were analyzed separately. 

Samples of metals from the Multiple Metals Train (Method 29) were processed 
in preparation for analysis by the general guidelines of the published method. The 
digestion of solids from the front half of the train, however, was based on a modified 
microwave method recommended by CEM Corporation (see Appendix C). The 
impingers were processed by the EPA protocol in the published method. The analysis 
by ICP and AAS methods ensued, as previously described for samples of solids. 

Mercury from the iodated carbon sorption tubes was determined by Brooks 
Rand, Ltd., in Seattle, Washington, by use of the method described by Bloom (2). 
Mercury was extracted from the carbon in a mixture of sulfuric and nitric acids, fully 
oxidized with BrCI, then reduced to the element with SnCI2, and vaporized as the 
element in a stream passing to the analyzer. 
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Portions of the solids from the Multiple Metals Train were analyzed for anions 
by the method already described for samples of process solids: fusion with NaOH and 
analysis of the resulting aqueous preparation by ion chromatography and use of a 
fluoride-responsive electrode. The impingers from the acid gases train were analyzed 
by the same techniques. 

Ammonia from the impingers in the special train used for ammonia and 
hydrogen cyanide was ultimately determined with the phenol-hypochlorite colorimetric 
method described by Weatherbum (8) or by use of an ammonia-specific electrode. 
Cyanide was determined by use of a cyanide-specific electrode. 

Aldehydes were collected during sampling in impingers containing DNPH. The 
contents of the impingers were extracted in the analytical laboratory with a 
hexane-methylene chloride mixture, temporarily isolated as the hydrazone solids by 
evaporation of the extraction solvent, and then redissolved in methanol for analysis by 
HPLC. The method is described in the literature as EPA Method 0011 (7). 

The components of the VOST sample train — Tenax and Tenax/charcoal tubes 
and aqueous condensate — were analyzed by SW-846 Methods 5041 and 8240B (1). 
The volatile organics in each sampling matrix are quantitatively desorbed and 
transferred to an intermediate matrix in one step and then are desorbed from the 
intermediate matrix into the GC/MS analyzer. 

The components of the Modified Method 5 sampling train (SW-846 
Method 0010) — front half solids and back half vapors on XAD and in water-filled 
impingers — were analyzed separately. Each half was processed to permit separate 
analyses of semi-volatile compounds (listed subsequently in Table 6-12) and dioxins 
and furans. The extract of each half of the train was separated into two fractions — 
one-tenth to be processed for semi-volatiles (SW-846 Method 8270B) and nine-tenths 
for dioxins and furans (SW-846 Method 8290). 
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Table 5-1 
Analyses of Solids 

Type 
of solid 

Coal (each type) 

Bottom ash 

Economizer ash 

Limestone and gypsum 

Solids from slurries 

ESP hopper ash 

Components 
determined 

Ultimate, proximate 
Calorific value 

Chlorine 
Fluorine 

Phosphorus 
Trace metals 

Radionuclides 
Water-extractable metals 

Trace metals 
F-,C1-,S04-2,PCV3 

"" Semi-volatile organics 
Carbon, hydrogen, nitrogen (CHN) 

Radionuclides 
Semi-volatile organics 

Ammonia 

Trace metals 
F-,CI-,SCV2,PCV3 

Semi-volatile organics 
Carbon, hydrogen, nitrogen (CHN) 

Radionuclides 
Semi-volatile organics 

Ammonia 

Trace metals 
F-,C1-,S04-2,P04-3 

Carbon, hydrogen, nitrogen (CHN) 

Trace metals 
F-,CI-,SCV2 ,PCV 

Trace metals 
F- , a - , so4-2, PCV 
Semi-volatile organics 

Carbon, hydrogen, nitrogen (CHN) 
Radionuclides 

Semi-volatile organics 

Analytical 
methods 

ASTM D3172, D3176 
ASTM D2015 
ASTM D4208 
ASTM D3761 

See note" 
See note" 
See note0 

TCLP procedure 

See note" 
SIE.IC1 

SW-8270 
Elemental analyzer 

See note6 

SW-846 3540, 8270 
SIEd 

See above 

See above 

See above 

See above 

"Phosphorus. Ash digested in HN03, HF, and H2S04 (ASTM Method D2795); phosphorus 
determined colorimetrically with molybdovanadate. 

bMicrowave digestion. ICP or AAS analysis by SW-846 methods or, for Hg on sorbents, by 
CVAFS. See text for further information. 

"Analysis by Core Laboratories (see text). 
dIC=Ion chromatography. SIE=ion selective electrode. 
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Table 5-2 
Analyses of Water 

Types of samples 

Condenser inlet 

Condenser outlet 

Boiler makeup water 

Bottom ash sluice water supply 

Bottom ash sluice (supernatant water) 

Condenser makeup water 

AFGD service makeup water 

Bleed pump slurry (supernatant water) 

Absorber recirculation pump slurry (supernatant water) 

AFGD waste water 

Components determined 
(all samples) 

Analytical 
methods 

Trace metals See note* 

F-,C1-,S04-2 , PQ4* IC/SIE 

Aldehydes HPLC/UV 

Volatile organics SW-846 5041 

Semivolatile organics SW-846 3420, 8270 

'Microwave digestion. ICP or AAS analysis by SW-846 method. 
See text for information. 

bOmitted cooling tower makeup water. 

5-6 



Type of 
sample 

Entrained solids 

Gas phase 

Table 5-3 
Analyses of Gases 

(including entrained solids) 

Components 
determined 

Trace metals 
F-,C1-,S04-2 ,P04-3 

Semi-volatile organics 
Dioxins and furans 

Radionuclides 

Trace metals 
Mercury 

HF, HCI, SO^ H3P04 
' NH3,HCN 

Aldehydes 
Volatile organics 

Semi-Volatile organics 
Dioxins and furans 

Analytical 
methods 

See note1 

IC/SIE 
SW-846 8270A 
SW-846 8290 

Core Laboratories 

See note1 

CVAFS 
IC/SIE 

SIE/Colorimetry * 
HPLC/UV 

SW-846 5041, 8240B 
- SW-846 8270A 

SW-846 8290 

•"Sample digestion by microwave procedure. Sample analyses according to SW-846 
methods. See text. 



6.0 ANALYTICAL RESULTS 

6.1 Boiler and Electrostatic Precipitators 

6.1.1 Solids 

6.1.1.1 Coal 

Tables 6-1 through 6-5 give the analytical properties for the coal fired at Bailly 
Units 7 and 8. All of these tables relate specifically to the coal as fired. The boilers in 
these two units are the cyclone type; there is no alteration in the composition as 
received due to drying, milling, or pyrite removal. 

Table 6-1 gives the data from proximate and ultimate analyses of samples 
representing the three inorganic sampling days. The data indicate that the properties 
of the coal were within the ranges expected for an Eastern bituminous coal. The 
calorific value was approximately 11,000 Btu/lb; the moisture and ash levels were 
approximately 10% each, and the sulfur concentration was, on the average, 3.17%. 
Table 6-1 includes the concentrations of nonmetallic elements other than sulfur: the 
average values were fluorine, 0.0094%; chlorine, 0.10%; and phosphorus, 0.0119%. 
The variance of each parameter listed in this table was relatively small; thus, the 
constancy of the coal properties was adequate for replication of the emission 
measurements. 

Table 6-2 presents the results of calculations on the expected composition of 
the flue gas, based on the ultimate analyses. The concentrations in this table are for 
the standard reference conditions used throughout this report: dry gas at 3% 02, at 
293.15 K and 1 atm. The average concentrations calculated for the four acidic gases 
measured in this program, assuming complete conversion of the corresponding 
elements to the gas phase of the combustion products, are as follows: 

S02 2900 ppmv 

HCI 80.1 ppmv 

HF 15.2 ppmv 

H3P04 11.2 ppmv 

The average concentration of fly ash, assuming complete entrainment of the 
ash components of the coal (no rejection of bottom ash), is listed as 13.11 g/Nm3. 
This value is used for calculating the actual partitioning between bottom ash and fly 
ash, based on the measured concentration of the latter; it is a key factor in performing 
material balance calculations. The approximate mass ratio of bottom ash to fly ash is 
63/37, as observed previously in Section 4. There is an approximation in the 
calculation of partitioning; the chemical combinations of each element (for example, 
iron as Fe2Og) are assumed to be the same in both the coal ash prepared by coal 
combustion in performing the laboratory proximate analysis and the ash produced 
from coal combustion in the boiler. 
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The last line in Table 6-2 gives the volume of flue gas expected from 100 g of 
coal; the indicated average volume per gram of coal is 0.008204 Nm3. 

The concentrations of metals in the coal are given in Table 6-3. For the 
hypothetical coal ash, the concentrations are those listed in this table divided by the 
fraction of ash in the coal. Thus, if the concentration of ash in the coal were precisely 
10%, the concentration of each metal in the hypothetical coal ash would be 10 times 
that in the coal itself. 

Several of the metals appear to have occurred at significantly higher levels on 
the third test day compared to the first two days. This should not be said for 
antimony, for which the third-day result can be discarded for statistical reasons. The 
possibility does exist, however, for arsenic, chromium, molybdenum, nickel, and 
selenium. The higher concentrations of the last four of these metals on the third test 
day coincides with higher concentrations in the flue gas stream at the inlet of the 
Unit 8 ESP on the third test day; thus, there is some confirmation for the differences 
found in the coal analyses. 

Extended comments on the metals will be deferred until later sections of this 
report, when comparisons can be made with data on metals in other process samples. 
Further comments will be found, in particular, in Appendix A.3, where the results of 
analyses of the Bailly coal in the Round Robin involving the other four DOE 
contractors are presented. At this point, however, the data for mercury in the coal do 
require comment. The concentrations of mercury given in Table 6-3, which were 
determined in the SRI laboratory, have an average of 0.100 ug/g, based on analyses 
of two of the samples (instrumental break-down preventing the analysis of the third 
from being completed). The average of earlier results in this laboratory was just 
0.04 -jg/g, clearly too low to be correct. The difference in the two series of mercury 
determinations is that the earlier, which yielded the low result, was performed after the 
coal samples were leached with aqua regia, whereas the second was performed after 
the samples were digested, and more thoroughly dissolved, by the microwave acid 
procedure. 

The individual daily samples listed in Table 6-3 were analyzed also in the 
Brooks Rand laboratory, and the following data resulted: 

Date of sample Concn. ug/g 

September3 0.117 
September 4 0.0954 
September 5 0.0865 

Avg. ± std. dev. 0.0996 ± 0.0157 

This average is in good agreement with the value from the SRI laboratory cited 
above and with the average of 0.094 -jg/g in all laboratories in the Round Robin. 

The activities of radionuclides in the coal, as determined by Core Laboratories, 
are listed in Table 6-4. The definitions of the three forms of data are presented in the 
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footnote. None of the radionuclides was present at a concentration high enough to 
be clearly significant. The measured activity of each radionuclide was close to the 
lowest level considered detectable; it was sometimes above and sometimes below that 
level. The 95% confidence interval for each activity level made the result in effect not 
distinguishable from the lowest level of detection. 

It is of interest to translate the activity of uranium 238 (the most abundant 
isotope of this element) from a specific counting level to a weight-based concentration 
in the coal. Uranium has a half life of 4.51 x 10 y, or 1.42 x 1017 s. The maximum 
counting rate observed, 0.5 pCi/g, corresponds to a disintegration rate of 0.5 x 3.7 x 
10'2 s*1 = 1.85 x 10"2 s'\ The number of radionuclei present in 1 gram of coal is then 
calculated as follows: 

-dn/dt = kn 

1.85 X 102 = 0.693/(1.42 x 1017)n 

n = 3.79 x 1015 radionuclei 

The mass of the radionuclei is the ratio of the number of radionuclei to Avogadro's 
number, multiplied by the atomic mass (238): 

mass = 3.79 x 1015 x 238/(6.023 x 1023) 

mass = 1.50 x 10* g 

Thus, the calculated concentration of uranium 238 in the coal, and for all intents and 
purposes the concentration of total uranium as well, is 1.50 pg/g. 

The teachability of metals in the coal was examined by preparing a composite 
of the three daily samples and performing an extraction with acetic acid according to 
EPA's TCLP procedure (8). The procedure calls for use of 100 g of coal and 2 L of 
dilute acetic acid. Table 6-5 shows the average concentrations of leached metals in 
two determinations and shows how the amounts relate to the total concentrations of 
metals in the coal. 
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Table 6-1 
Proximate and Ultimate Analyses of the Coal 

Proximate 

% moisture 

% ash 

% volatile 

% fixed carbon 

Btu/lb 

J/g 

Ultimate 

% carbon 

% hydrogen 

% nitrogen 

% sulfur 

% oxygen 

% chlorine 

% fluorine 

% phosphorus 

Sept 3 

10.40 

10.41 

35.29 

43.90 

11100 

25825 

61.78 

4.58 

1.08 

3.19 

8.56 

0.10 

0.0096 

0.0090 

Sept 4 

9.99 

11.11 

35.75 

42.95 

11101 

25804 

60.81 

4.49 

1.06 

3.07 

11.31 

0.09 

0.0095 

0.0144 

Sept 5 

10.48 

10.68 

36.69 

42.15 

11098 

25797 

61.97 

4.33 

1.05 

3.26 

8.23 

0.10 

0.0092 

0.0122 

Average 

10.25 

10.73 

35.91 

43.00 

11103 

25809 

61.52 

4.47 

1.06 

3.17 

9.37 

0.10 

0.0094 

0.0119 

Stddev. 

0.21 

0.29 

0.58 

0.72 

5 

12 

0.51 

0.10 

0.01 

0.08 

1.38 

0.00 

0.0001 

0.0027 

6-4 



Table 6-2 
Calculated Combustion Products from the Coal 

(Basis, 100 g of the coal; dry flue gas 
with 3% 02 at 293 K) 

Flue gas 
component 

CO^ % vol 

SO2, ppmv 

HCI, ppmv 

HF, ppmv 

H3P04, ppmv 

Ash, g/Nm3 

Total gas, Nm3 

Sept 3 

15.0 

2900 

82.0 

14.7 

8.4 

12.60 

0.8264 

Sept 4 

15.0 

2830 

75.0 

14.8 

13.7 

13.67 

0.8127 

Sept 5 

15.1 

2980 

83.4 

16.0 

11.5 

13.05 

0.8222 

Average 

15.0 

2900 

80.1 

15.2 

11.2 

13.11 

0.8204 

Stddev. 

; 0.0 

10 

4.5 

0.7 

2.7 

0.54 

0.0070 
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Table 6-3 
Metal (Concentrations in the Coal" 

(Data are in jxg/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury0 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Sept 3 

0.61 

2.16 

40.9 

1.56 

184 

2.23 

38.2 

2.35 

10.5 

7.80 

28.9 

0.0893 

5.33 

15.6 

0.861 

51.0 

10000 

3210 

14000 

624 

560 

Sept 4 

0.68 

224 

40.5 

1.54 

206 

3.63 

31.5 

2.37 

8.82 

6.38 

29.0 

0.112 

5.07 

19.3 

0.810 

38.2 

11000 

2550 

14200 

737 

609 

Sept 5 

5.63b 

4.06 

44.4 

2.06 

214 

2.11 

56.0 

2.80 

9.01 

8.71 

28.4 

— 

11.3 

34.5 

2.26 

53.3 

10900 

3930 

12000 

741 

586 

Average 

0.64 

2.82 

41.9 

1.72 

201 

2.66 

41.9 

2.51 

9.44 

7.63 

28.8 

0.100 

7.24 

23.2 

1.31 

47.5 

10600 

3230 

13400 

700 

585 

SttLdev. 

0.05 

1.07 

2.1 

0.29 

15.5 

0.85 

12.7 

0.25 

0.91 

1.17 

0.32 

— 

3.54 

10.0 

0.82 

8.16 

600 

690 

1200 

66 

24 

The values given for the major metals are averages obtained by ashing the coal 
and analyzing the coal ash by AAS. The data from ICP were variable and of 
low accuracy. 

bExcluded as an outlier by Dixon's rules (9). 
cSee text for alternative data from Brooks Rand. 
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Lead 210 

Polonium 210 

Radium 226 

228 

Thorium 228 

230 

232 

Uranium 234 

235 

238 

Total 

The terms for i 

< 

Table 6-4 Activities of Radionuclides in the Coal* 
(All data in pCi/g) 

mm 
Activity 

1.3 

0.2 

0.8 

1.1 

0.4 

0.8 

0.2 

1.5 

0.1 

0.5 

1.0 

which valu< 

Error 

0.7 

0.2 

0.5 

1.7 

0.2 

0.4 

0.2 

1.0 

0.3 

0.6 

~ 

LLD 

1.1 

0.5 

0.6 

2.8 

0.3 

0.5 

0.2 

0.5 

0.9 

1.1 

-

9/4/93 

Activity 

1.5 

0.3 

0.7 

4.0 

0.5 

0.8 

0.2 

0.2 

ND 

0.3 

0.8 

Error 

0.7 

0.2 

0.5 

1.9 

0.2 

03 

0.1 

0.4 

0.1 

0.4 

-

LLD 

1.1 

0.4 

0.6 

2.8 

03 

0.4 

0.2 

0.9 

0.6 

0.8 

-

9/5/93 

Activity 

0.8 

0.3 

0.7 

0.7 

0.5 

0.7 

0.5 

1.3 

ND 

0.5 

1.1 

Error 

0.7 

0.2 

0.5 

1.7 

0.2 

0.4 

0.2 

0.8 

0.1 

0.5 

— 

•$ are given are: 

Activi 
S + B 

2.22 • V • E 

(whicl 
lower 

Error 
1.96 • Vi 

l may be 
limit of d 

;/t + B/t 

2.22 • V • E 

LLD 

1.1 

0.3 

0.6 

2.8 

0.3 

0.5 

0.3 

0.9 

0.4 

0.8 

-

an extrapolated value below the 
etection) 

(the range above and below the activity, which 
corresponds to the 95% confidence interval); 

LLE 
4.65 • v-B/t 

1 — 

2.22 . V • E 

(the lower limit of detection given the constraints of 
the measurements). 

where S = sample counts per minute, 
B = background counts per minute, 
t = counting time, 

V = sample volume, and 
E = counter efficiency. 
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Table 6-5. Concentrations of Metals 
Bctracted from the Coal by the TCLP Procedure 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Avg. concn., 
-jg/mL,in 

extract 

0.0033 

<0.002 

0.1165 

<0.001 

0.623 

0.01175 

<0.01 

0.0635 

0.0265 

0.0395 

0.736 

0.000035 

<0.01 

0.201 

<0.002 

<0.01 

0.4395 

159.5 

0.7725 

3.54 

<0.05 

Calc'd% 
of metal 
extracted 

2.9 

<1.4 

5.6 

<1.2 

6.2 

8.8 

<0.5 

50.7 

5.6 

10.4 

51.1 

1.7 

2.8 

17.4 

<3.0 

<0.4 

0.1 

98.3 

0.1 

10.0 

<0.01 
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6.1.1.2 Bottom ash and ESP ash 

Bottom ash was collected for analysis once daily. ESP ash was a composite of 
ash taken daily from the hoppers of the Unit 8 ESP. This ESP had three rows of 
hoppers progressing from the inlet toward the outlet, each collecting ash from 
one-third of the total plate area of the ESP but collecting progressively less on moving 
from the inlet row to the outlet row. The sample from each day of testing was blended 
from the samples from individual hopper rows, as indicated by the following example: 

On September 3, the total penetration of fly ash through the ESP was, as a 
decimal fraction, 0.00318: 

Inlet concentration, 4.576 g/Nm3 

Outlet concentration, 0.01457 g/Nm3 

Penetration, 0.01457/4.576 = 0.00318 

According to the Deutsch relationship for an ESP with three equal-area sections, the 
overall penetration is the cube of penetrations in each field: 

Penetration = p3 

Thus, the relative concentration of entrained fly ash at the exit of each field can be 
calculated, and also the relative mass of ash collected in each field can be evaluated. 
For the overall penetration of 0.00318, the results are as follows: 

Field Penetration at exit „ Relative mass collected 

1 0.1471 0.8529 

2 0.0216 0.1255 

3 0.00318 0.0184 

Total 0.9968 

Thus, the correct blending of ash from the three rows of hoppers would require the 
fraction 0.8529/0.9968 from the first, 0.1255/0.9968 from the second, and 
0.0184/0.9968 from the third. 

These were the proportions used for the composites on September 4 and 
September 5 when samples of ash from all three hopper rows were available. Only 
ash from the first and middle rows was available on September 3; thus, the composite 
for that day was a blend of samples from the first and second rows in the ratio 
0.8529/0.1255. The absence of third-row ash from the September 3 composite was 
not expected to bias the composition significantly because the relative mass of that 
ash would have been low. 
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The metals data for the bottom ash and the ESP ash are presented in 
Tables 6-6 and 6-7. The data are for individual daily samples; they include the 
averages of concentrations in the daily samples and the standard deviations. Two 
metals were not consistently at measurable levels in the bottom ash: mercury and 
molybdenum. Mercury was near the detection limit in the ESP also, at an average 
concentration of just 0.006 pg/g. The precision of the data is indicated by the 
comparison of averages and standard deviations. For selenium in the bottom ash, for 
example, the relative standard deviation is about 50%, whereas for aluminum it is 
about 3%. Generally, the precision of the daily concentrations was somewhat better 
for the ESP ash, where most of the metals were at higher concentrations and thus 
were more easily measured. 

The metals data for the bottom ash and the ESP ash are compared with 
corresponding data for the hypothetical coal ash (discussed in Section 6.1.1) in 
Table 6-8. If there were no partitioning of metals between the bottom ash and the 
combustion gas leaving the boiler, the concentration of each metal should be about 
the same in each and the same as in the coal ash. Evidence for partitioning, however, 
was found for the majority of the metals, as indicated by the following statements: 

Antimony, arsenic, beryllium, boron, cadmium, copper, 
lead, molybdenum, mercury, and selenium are present at 
higher concentrations in the ESP ash than in the bottom 
ash, as the presumed consequence of volatility at boiler 
temperatures, causing exit from the boiler in the gas 
phase but partial transfer to the particulate phase 
upstream from the ESP. 

Boron, mercury, and selenium are poorly recovered in the 
ESP ash, as the presumed occurrence is in the gas 
phase even at the ESP temperature (about 150 °C). 

The activities of the metal radionuclides in the ESP ash are listed in Table 6-9. 
Most of the radionuclides occurred at measurable levels in this ash. Lead 210, for 
example, had a measured activity near 25 pCi/g, which is more than 10 times the limit 
of detection. The uncertainty (range for 95% confidence limits) was only about 
one-tenth of the measured activity. Uranium 238 was also found at a statistically 
significant activity, corresponding to a weight-based concentration around 35 pg/g. 
The amplification for uranium in the ash over that in the coal exceeds 10, the factor 
corresponding to recalculation of the value for coal to the value for coal ash. Thus, by 
implication, the process of combustion favored partitioning of uranium into the 
combustion gas and eventually the fly ash. 

The concentrations of anions in the bottom ash and the ESP ash are presented 
in Table 6-10. Fluoride and chloride were near or below the detection limit in both 
materials. Phosphate was near the same level in both materials — around 4000 to 
5000 ug/g — or perhaps at a somewhat higher concentration in the ESP ash. A 
concentration of 3700 pg/g of phosphate would account completely for all of the 
phosphorus reported for the coal (Table 6-1) if phosphate were present uniformly in all 
of the ash. Sulfate increased sharply, by an order of magnitude on going from the 

6-10 



bottom ash to the ESP ash. This change probably reflects the fact that, as the flue 
gas cools from the boiler temperature to the ESP temperature, S02 undergoes the 
transition to S03 or sulfuric acid vapor and is taken up, in part, by the fly ash, as 
sulfate salts. The sulfate concentration of about 0.2% in the bottom ash represents 
only about 0.4% of the sulfur in the coal; the sulfate concentration of 3% in the ESP 
ash represents about 1.2% of the sulfur in the coal. Thus, the data are consistent with 
other information yet to be presented, showing that most of the sulfur from the coal 
remained in the gas phase as S02 up to the point where removal occurred in the 
scrubber. (The estimates of the percentages of sulfur accounted for in the two ashes 
are based on the approximate 60/40 ratio of bottom ash to fly ash or ESP ash.) 

Table 6-11 gives the results of CHN elemental analysis of the bottom ash and 
the ESP ash. Percent carbon is the focus of interest in this table. The data indicate 
that the carbon retained by the bottom ash was a negligible quantity, but the carbon 
in the ESP ash (unburned coal) was about 2.5% of the total mass. The concentrations 
of hydrogen are all essentially zero and, if they could be discerned, would most likely 
represent about one-tenth of the moisture present (hydrogen accounts for about 10% 
of the weight of water). The concentrations of nitrogen could only be indicative of a 
real constituent in the case of the ESP ash; the specific form of nitrogen representing 
about 0.4% of the ash conceivably was due to ammonia from the injection system that 
minimizes the penetration of sulfuric acid through the ESP. 

Extraction of the ESP ash and determination of the extracted ammonia gave 
these results: 

September 3 0.0173% NH3 

September 4 0.0154% NH3 

September 5 <0.0054% NH3 

These concentrations are much less than those that would accord with 0.4% nitrogen 
in the ash, as indicated by information in the footnote of the table. The level of 
nitrogen in the ash thus remains largely unaccounted for. The concentrations of 
ammonia in the ash correspond to very low vapor-phase concentrations of ammonia. 
If all the ammonia in the ash were placed in the flue gas from which the ash was 
removed, the ammonia concentrations on the first two sampling days would be about 
1.1 ppmv and that on the third day less than 0.4 ppmv. The relative concentrations 
are, however, in accord with what is known about the operation of the ammonia 
injection system: it operated during the first two days in Unit 8, but it did not operate 
the third day. 
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Table 6-6 
Metal Concentrations in Bottom Ash 

(Data are in //.g/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Sept 3 

1.75 

0.189 

381 

10.1 

159 

1.59 

218 

24.4 

49.2 

5.83 

313 

<0.002 

<0.50 

98 

0.140 

291 

95600 

34500 

122000 

6370 

4870 

Sept 4 

1.70 

0.418 

372 

8.45 

169 

9.04 

231 

21.6 

37.4 

6.19 

319 

0.002 

<0.50 

89 

0.406 

300 

99100 

37100 

116000 

6410 

4730 

Sept 5 

2.40 

0.429 

435 

8.03 

135 

10.5 

312 

21.0 

59.6 

4.70 

313 

<0.002 

0.733 

114 

0.337 

364 

101000 

40400 

108000 

7640 

4930 

Average 

1.95 

0.345 

396 

8.86 

154 

7.04 

254 

22.3 

48.7 

5.57 

315 

*0.002 

*0.7 

100 

0.294 

318 

98700 

37300 

115000 

6810 

4840 

SttLdev. 

0.39 

0.136 

34 

1.10 

17 

4.78 

51 

1.8 

11.1 

0.78 

4 

— 

— 

13 

0.138 

40 

2920 

2920 

7100 

723 

103 
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Table 6-7 
Metal Concentrations in ESP Ash 

(Data are in /ig/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Sept 3 

18.0 

61.6 

570 

19.3 

1120 

29.1 

369 

40.8 

"214 

293 

257 

0.008 

140 

223 

9.27 

566 

87800 

24400 

121000 

6590 

6320 

Sept 4 

35.8 

61.4 

409 

18.8 

870 

- 29.4 

364 

39.1 

191 

294 

232 

0.005 

129 

210 

6.39 

540 

95100 

19200 

122000 

6230 

7000 

Sept 5 

21.6 

60.6 

424 

19.5 

952 

- ' -40.5" 

447 

53.1 

220 

270 " 

228 

0.005 

169 

272 

8.08 

577 

83800 

17700 

110000 

6170 

6250 

Average 

25.1 

61.2 

468 

19.2 

- - 981 

33.0 

" 393" 

4 4 3 — 

208 

286 

239 " 

0.006 

146 

235 

7.91 

561 

88900 

20400 

118000 

6330 

6520 

Stddev. 

9.4 

0.5 

89 

0.4 

128 

6.5 

46 

7.7 

15 

13 

16 

0.002 

21 

33 

1.45 

19 

5760 

3530 

6480 

230 

419 
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Table 6-8. Comparison of Metal Concentrations 
in Coal Ash, Bottom Ash, and ESP Ash 

(Data in -ig/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Coal ash* 

5.96 

26.3 

390 

16.0 

1870 

24.8 

390 

23.4 

88.0 

71.1 

268 

0.37 

67.5 

216 

12.2 

443 

98800 

30100 

125,000 

6520 

5450 

Bottom ash* 

1.95 

0.345 

396 

8.86 

154 

7.04 

754 

22.3 

48.7 

5.57 

315 

*0.002 

<0.07 

100 

0.294 

318 

98700 

37300 

115,000 

6810 

4840 

ESPashb 

25.1 

61.2 

468 

19.2 

981 

33.0 

393 

44.3 

208 

286 

239 

0.006 

146 

235 

7.91 

561 

88900 

20400 

118,000 

6330 

6520 

'Data calculated from average metal concentrations in Table 6-3 and average 
% ash in Table 6-1. 

bData are averages from Tables 6-6 and 6-7. 

6-14 



Table 6-9. Activities of Radionuclides 
in the ESP Ash" 

(All data in pCi/g) 

Lead 210 

Polonium 210 

Radium 226 

228 

Thorium 228 

230 

232 

Uranium 234 

235 

238 

Total 

9/3/93 

Activity 

24.0 

16.5 

13.7 

4.4 

0.7 

2.2 

0.6 

11.6 

0.3 

11.9 

23.6 

Error 

1.4 

3.1 

1.4 

1.9 

0.2 

0.4 

0.2 

1.8 

0.2 

1.8 

LLD 

1.1 

0.6 

0.6 

2.8 

0.2 

0.3 

0.2 

0.3 

0.2 

0.3 

9/4/93 

Activity 

20.5 

20.2 

12.9 

3.2 

0.3 

1.0 

0.3 

8.4 

0.3 

8.0 

22.7 

Error 

1.3 

2.8 

1.4 

1.8 

0.2 

0.3 

0.1 

1.4 

0.2 

1.4 

LLD 

1.1 

0.4 

0.6 

2.8 

0.4 

0.4 

0.1 

0.1 

0.1 

0.1 

9/5/93 

Activity 

29.9 

30.6 

14.9 

4.8 

0.7 

2.9 

0.6 

13.4 

2.7 

16.7 

29.8 

Error 

1.5 

4.5 

1.5 

1.9 

0.4 

0.7 

0.2 

2.9 

0.9 

3.5 

LLD 

1.1 

0.5 

0.6 

2.8 

0.7 

0.4 

0.1 

0.2 

0.4 

0.4 

"See footnote in Table 6-4 on page 6-7, for definition of terms. 
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Table 6-10 
Anion Concentrations 

in Bottom Ash and E-SP Ash 
(Data in pg/g) 

Bottom ash 

Fluoride 

Chloride 

Sulfate 

Phosphate 

ESP ash 

Fluoride 

Chloride 

Sulfate 

Phosphate 

mi93 

<400 

<100 

1740 

5480 

<400 

<100 

30600 

4920 

9/4/93 

<400 

120 

1120 

2650 

<400 

<100 

24000 

3930 

9/5/93 

<400 

<100 

2240 

3060 

<400 

<100 

30900 

6130 

Average 

<400 

<120 

1700 

3730 

<400 

<100 

28500 

4990 

Stddev. 

— 

— 

560 

1530 

— 

— 

3900 

1100 
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Table 6-11 
Carbon/Hydrogen/Nitrogen Analysis 

of Bottom Ash and ESP Ash 

Bottom ash 

Carbon % 

Hydrogen % 

Nitrogen % 

ESP ash 

Carbon % 

Hydrogen % 

Nitrogen %* 

9/3/93 

0.01 

0.01 

0.12 

2.36 

0.04 

0.44 

9/4/93 

0.05 

-0.04 

0.10 

2.65 

-0.04 

0.47 

9/5/93 

0.48 

-0.05 

0.12 

2.76 

-0.02 

0.32 

"Corresponds to an ammonia concentration in ash of 036,0.39, or 
0.26%. 
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6.1.2 Water Streams 

There are five different streams of water associated with the boiler (others 
identified with the FGD system are discussed later in Section 6.2.2). They are listed 
below: 

Condenser inlet water 

Condenser outlet water 

Makeup water 

Supply water for sluicing bottom ash 

Bottom ash sluice (two-phase stream, water and ash) 

The results of analyses of the daily composites of each type of water are 
presented in Tables 6-12 through 6-16. Averages of the daily samples of all five types 
are listed for comparison in Table 6-17. The footnote of Table 6-17 indicates that the 
results are for two days, rather than three days, in some instances. This is due to 
inconsistent daily results illustrated by the following for calcium in the makeup water: 
September 3,1.59 ug/mL; September 4 and 5, <0.10 pg/mL The "average" listed in 
Table 6-17 is <0.10 pg/mL 

The makeup water was certainly the purest. This is not evident from the 
concentration of trace metals; it is, however, apparent from the data for the major 
metals and the anions. The water into and out of the condenser is essentially the 
same, as expected; one anomaly that cannot be explained is an undetectable 
concentration of boron at the outlet, in contrast to 9.2 pg/mL at the inlet. The sluice 
water was not much affected, if affected at all, by the addition of bottom ash. There 
are differences for some metals in the supply and discharge streams, but it is'not clear 
whether the differences are significant. 

The weight proportions of water and solids in the bottom ash sluice are not 
known. The assumption was made, however, that there were 10 parts of water to 
1 part of solids. Based on this assumption, the relative contribution of the liquid to the 
total amount of each analyte was calculated. For this purpose, the average 
liquid-phase concentration of each analyte in Table 6-17 was compared to the average 
solid-phase concentration in Table 6-6. The ratios of the mass in the liquid to that in 
the solid are listed below: 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 

0.21 
1.1 
0.00050 
0.00019 

<0.0040 
0.0010 

<0.0024 
0.00094 

Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

0.0010 
0.0035 
0.000076 
1.7 
0.20 
0.0016 
0.16 

<0.000094 
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Aluminum <0.00001 Magnesium 0.0154 
Calcium 0.00077 Titanium <0.00021 
Iron <0.00001 

Fluoride Indeterminate Sulfate 0.60 
Chloride 310 Phosphate <0.013 

With rare exceptions, the contribution from the solid phase is dominant. 

Table 6-18 summarizes the results of determinations of carbonyl compounds 
(aldehydes and ketones) in the water samples. Just a few of the positive results can 
be argued to be significant if a measurement in excess of the range for blanks is taken 
as the criterion of significance. Examples are 1) formaldehyde in the condenser inlet 
water and 2) acetone in the condenser inlet and outlet water and the make-up water. 
Samples on only one day (September 6) were available for analysis. The lack of logic 
in some of the results makes their significance questionable. For example, 
formaldehyde appeared to be present in the condenser inlet stream but not the outlet 
stream; how could this be? 

Each of the composites of water samples (all from September 6) was analyzed 
for volatile organic compounds. 

Each of the composites of. water samples (all from September 6) was analyzed 
for volatile organic compounds. The analytical and computational procedure was 
programmed to identify and quantify the 37 compounds listed, along with detection 
limits, in Table 6-19. Only three of these analytes were detected in the entire set of 
samples: acetone, bromomethane, and methylene chloride. They were detected 
erratically, however, and never in all samples of a given type. The results are 
summarized below: 

Type of water 

Condenser, inlet 

Condenser, outlet 

Makeup 

Sluice supply 

Sluice discharge 

No. samples 

one 

two 

one 
one 

one 

none 

Analyte 

methylene chloride 

methylene chloride 

acetone 
bromomethane 

bromomethane 

none 

Concn. na/mL 

4.0 

2.4 
2.8 

2.6 
2.3 

5.3 

-

Blanks were free of these analytes. Based on this criterion, the positive results for the 
samples cannot be rejected. Evaluated subjectively, however, they lack confirmation 
from replicate measurements and thus lack credibility. 
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Each of the water samples (again, all from September 6) was also analyzed for 
semivolatile organic compounds. The target list and detection limits for this set of 
compounds is given in Table 6-20. The only compounds detected were a few 
phthalate esters, which are believed to be contaminants inadvertently introduced in the 
laboratory. Although presumed not to be an authentic component of any of the water 
samples, di-n-butylphthalate was detected consistently. The concentrations were 
those listed below: 

Stream Concn. ng/mL 

Condenser inlet water 2.98 
Condenser outlet water 4.04 
Makeup water 3.80 
Supply water for sluicing 5.04 
Liquid phase of sluice 2.38 
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Table 6-12 Daily Metal and Anion Concentrations 
in Condenser Inlet Water 

(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F " 

cr 
so4-2 

P04"3 

9/3/93 

<0.0006 

<0.0003 

0.0182 

<0.0005 

"11.1 

<0.0003 

<0.006 

<0.002 

0.0056 

<0.005 "" 

<0.0125 

0.00009 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

19.7 

<0.10 

11.1 

<0.10 

<0.4 

9.92 

22.95 

<0.50 

9/4/93 

<0.0006 

<0.0003 

0.0174 

<0.0005 

9.02 

<0.0003 

<0.006 

<0.002 

0.0045 

<0.005 

<0.0125 

0.00015 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

20.7 

<0.10 

11.7 

<0.10 

<0.4 

10.85 

23.52 

<0.50 

9/5/93 

<0.0006 

<0.0003 

<0.006 

<0.0005 

7.53 

<0.0003 

<0.006 

0.005 

0.0055 

<0.005 

<0.0125 

0.00017 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

19.8 

<0.10 

10.9 

<0.10 

<0.4 

11.10 

23.29 

<0.50 
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Table 6-13 Daily Metal and Anion 
Concentrations in Condenser 

Outlet Water 
(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F -

Cl" 

so4-2 

PO 4 - 3 

913193 

<0.0006 

<0.0003 

0.0174 

<0.0005 

<0.0625 

<0.0003 

<0.006 

<0.002 

<0.005 

<0.005 

0.0028 

0.00016 

<0.006 

0.0092 

<0.0006 

<0.003 

0.324 

28.2 

<0.10 

10.84 

<0.10 

<0.4 

10.98 

23.60 

<0.50 

9/4/93 

<0.0006 

<0.0003 

0.0189 

<0.0005 

<0.0625 

0.0008 

<0.006 

<0.002 

0.0089 

<0.005 

0.0031 

0.00025 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

38.1 

<0.10 

10.93 

<0.10 

<0.4 

13.27 

24.94 

<0.50 

9/5/93 

<0.0006 

<0.0003 

0.0186 

<0.0005 

<0.0625 

0.0016 

<0.006 

<0.002 

0.0081 

<0.005 

0.0023 

<0.00004 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

16.4 

<0.10 

11.74 

<0.10 

<0.2 

13.86 

25.00 

<0.50 
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Table 6-14 Daily Metal and Anton 
Ck>ncentrations in Makeup Water for Boiler Streams 

(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F " 

Cl" 

so4-2 

PO 4 - 3 

9/3/93 

<0.0006 

<0.0003 

<0.006 

<0.0005 

15.4 

<0.0003 

<0.006 

<0.002 

0.0039 

<0.005 

<0.0125 

0.00013 

<0.006 

<0.010 

0.0036 

<0.003 

<0.10 

1.59 

<0.1 

0.396 

<0.10 

<0.4 

<0.05 

<0.10 

<0.50 

9/4/93 

<0.0006 

<0.0003 

<0.006 

<0.0005 

29.0 

<0.0003 

<0.006 

<0.002 

0.0025 

<0.005 

<0.0125 

0.00028 

<0.006 

<0.010 

0.0063 

<0.003 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.4 

<0.05 

<0.10 

<0.50 

9/5/93 

<0.0006 

<0.0003 

0.0041 

<0.0005 

17.1 

<0.0003 

<0.006 

<0.002 

0.0036 

<0.005 

<0.0125 

0.00019 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.4 

<0.05 

<0.10 

<0.50 
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Table 6-15 Daily Metal and Anion 
Concentrations in Supplly Water for 

Bottom Ash Sluice 
(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F~ 

cr 
so4-2 

PO 4 - 3 

913193 

0.0119 

0.0159 

0.0238 

<0.0005 

<0.0625 

<0.0003 

<0.006 

<0.002 

0.0086 

<0.005 

<0.0125 

0.00012 

<0.006 

<0.010 

0.0051 

<0.003 

<0.10 

23.3 

<0.10 

10.08 

<0.10 

<0.4 

13.36 

71.25 

<0.50 

9/4/93 

0.0095 

0.0125 

0.0266 

<0.0005 

<0.0625 

0.0016 

<0.006 

<0.002 

0.0069 

<0.005 

<0.0125 

0.00015 

<0.006 

<0.010 

0.0095 

<0.003 

<0.10 

30.0 

<0.10 

10.33 

<0.10 

<0.4 

16.46 

100.6 

<0.50 

9/5/93 

0.0057 

0.0148 

0.0299 

<0.0005 

<0.0625 

0.0008 

<0.006 

<0.002 

0.0077 

<0.005 

0.0083 

0.00026 

" 0.0087 

<0.010 

0.0058 

<0.003 

<0.10 

28.5 

0.154 

10.49 

<0.10 

<0.4 

14.38 

126.4 

<0.50 
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Table 6-16 Daily Metal and Anion Concentrations in 
Liquid Phase of Bottom Ash Sluice 

(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F " 

cr 
so4-2 

PO 4 - 3 

9/3/93 

0.0302 

0.0566 

0.0231 

<0.0005 

<0.0625 

0.0014 

<0.006 

<0.002 

0.0064 

0.0059 

<0.0125 

0.00018 " 

<0.006 

. 0.0149 

0.0149 

<0.003 

0.258 

27.7 

0334 

10.21 

<0.10 

<0.4 

12.28 

78.58 

<0.50 

9/4/93 

" 0.0210 

0.0360 

0.0263 

0.00051 

<0.0625 

"~ 0.0006 

<0.006 

" 0.0062 

0.0084 

<0.005 

0.0045 

" " "0.00016 

<0.006 

0.0151 

0.0111 

<0.003 

<0.10 

32.1 

<0.10 

10.71 

<0.10 

<0.4 

12.98 

121.6 

<0.50 

9/5/93 

0.0146 

0.0222 

0.0114 

<0.0005 

<0.0625 

<0.0003 

<0.006 

<0.002 

~ <0.005 

<0.005 " 

0.0028 

0.00017 

0.0147 

0.0186 

0.0026 

<0.003 

<0.10 

26.8 

<0.10 

10.56 

<0.10 

<0.4 

12.80 

105.2 

<0.50 
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Table 6-17 Average Metal and Anion 
Concentrations in Water Streams Associated with the Boiler 

(Data in /ig/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F " 

ci-
scv2 

PO 4 - 3 

Condenser 
inlet 

<0.0006 

<0.0003 

0.012 

<0.0005 

9.2 

<0.0003 

<0.006 

<0.002» 

0.0052 

<0.005 

<0.012 

0.00014 

<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 

20.1 

<0.10 

11.2 

<0.10 

<0.40 

10.6 

23.3 

<0.50 

Condenser 
outlet 

<0.0006 

<0.0003 

0.018 

<0.0005 

<0.062 

0.0012* 

<0.006 

<0.002 

0.0085* 

<0.005 

0.0021 

0.00014 

<0.006 

<0.010* 

<0.0006 

<0.003 

<0.10* 

27.5 

<0.10 

11.2 

<0.10 

<0.40 

12.7 

24.5 

<0.50 

Make
up 

<0.0006 

<0.0003 

<0.006* 

<0.0005 

20.5 

<0.0003 

<0.006 

<0.002 

0.0033 

<0.005 

<0.012 

0.00020 

<0.006 

<0.010 

0.0050* 

<0.003 

<0.10 

<0.10* 

<0.10 

<0.10* 

<0.10 

<0.40 

<0.05 

<0.10 

<0.50 

Bottom ash sluice 

Supply 

0.011 

0.014 

0.025 

<0.0005 

<0.062 

0.0008 

0.0012" 

<0.006 

0.0078 

<0.005 

<0.012 

0.00014 

<0.006» 

<0.010 

0.0068 

<0.003 

<0.10 

26.6 

<0.10* 

10.2 

<0.10 

<0.40 

14.9 

85.9 

<0.50 

Discharge 

0.022 

0.038 

0.020 

<0.0005* 

<0.062 

0.0010* 

<0.006 

<0.0021» 

0.0074' 

<0.005* 

0.036* 

0.00017 

<0.006» 

0.0162 

0.0095 

<0.003 

<0.10" 

28.9 

<0.10* 

10.5 

<0.10 

<0.40 

12.7 

101.8 

<0.50 

"Based on two daily values, not three. 
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Table 6-18 
Carbonyl Compounds 

in Water Streams Associated with the Boiler 
(September 6,1993) 

Stream 

Condenser inlet 

Formaldehyde 

Acetaldehyde 

Acetone 

Condenser outlet 

Formaldehyde 

Acetaldehyde 

Acetone 

Make-up water 

Formaldehyde 

Acetaldehyde 

Acetone 

Sluice supply 

Formaldehyde 

Acetaldehyde 

Acetone 

Bottom ash sluice 

Formaldehyde 

Acetaldehyde 

Acetone 

Blanks 

Formaldehyde 

Acetaldehyde 

Acetone 

Concn, pg/L 

122 

<5~ 

34" " 

14 

<5 

137 

38 

<5 

16 

<5 

<5 

<5 

15 

<5 

<5 

14-57* 

<5 

<5 

"Range of values. 
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Table 6-19 
Target Volatile Organic Compounds 

and Their Detection Limits1* 

Compound 

• Chloromethane 

• Vinyl chloride 

• Bromomethane 

• Chloroethane 

1,1-Dichloroethene 

Acetone 

Methyl iodide 

• Carbon disulfide 

• Methylene chloride 

trans-l,2-dichloroethene 

1,1-Dichloroethane 

2-Butanone 

• Chloroform 

1,1,1-Trichloroethane 

• Carbon tetrachloride 

/ Benzene 

/ 1,2-Dichloroethane 

• Trichloroethene 

Detection limits 

Fluegasb 

/ig/Nm3 

0.12 

0.16 

0.42 

1.9 

0.060 

2.4 

-

0.15 

0.30 

0.055 

0.089 

1.3 

0.11 

0.42 

0.10 

0.064 

0.13 

0.084 

Water* 
Mg/L-

0.48 

0.64 

1.7 

7.6 

0.24 

9.8 

-

0.62 

1.2 

0.22 

0.36 

5.1 

0.46 

1.7 

0.42 

0.26 

0.54 

0.34 

Compound 

1,2-Dichloropropane 

Bromodichloromethane 

• cis-13-Dichloropropene 

2-Hexanone 

• Toluene 

• trans-l,3-Dichloropropene 

• 1,1,2-Trichloroethane 

/ Tetrachloroethene 

4-Methyl-2-pentanone 

Dibromochloromethane 

• Chlorobenzene 

• Ethylbenzene 

• m- & p-Xylene 

• o-Xylene 

• Styrene 

• Bromoform 

• 1,1,2,2-Tetrachloroethane 

Detection limits 

Flue gas" 
pg/Nm3 

0.12 

0.12 

0.045 

0.17 

0.60 

0.089 

0.11 

0.060 

0.030 

0.074 

0.030 

0.074 

0.074 

0.030 

0.064 

0.054 

0.13 

Water0 

0.48 

0.50 

0.18 

0.70 

0.24 

0.36 

0.44 

0.24 

1.2 

0.30 

0.12 

0.30 

0.30 

0.12 

0.26 

0.22 

0.52 

'Compounds listed in Title III of the Clean Air Act Amendments of 1990 are designated by checkmarks. 
"Based on gas volume of 20 L. 
°Based on injection of 5 mL into the instrument. 
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Table 6-20 
Target Semi-Volatile Compounds and Their Detection Limits"4* 

Compound 

/ Phenol 
• Aniline 
/ Bis(2-Chloroethyl) ether 

2-Chlorophenol 
1,3-Dichlorobenzene 

• 1,4-Dichlorobenzene 
Benzyl alcohol 

• 1,2-Dichlorobenzene 
2-Methylphenol 
Bis(2-Chloroisopropyl) ether 
4-Methylphenol 
N-Nitroso-di-N-propylamine 

• Hexachloroethane 
f Nitrobenzene 

Isophorone 
2,4-Dimethylphenol 
2-Nitrophenol 
Benzoic acid 
Bis(2-Chloroethoxy) methane 
2,4-Dichlorophenol 

/ 1,2,4-Trichlorobenzene 
• Naphthalene 

4-Chloroaniline 
• Hexachlorobutadiene 

4-Chloro-3-methylphenol 
2-Methylnaphthalene 
2,4,6-Trichlorophenol 

• Hexachlorocyclopentadiene 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
3-Nitroaniline 

• Dimethyl phthalate 
2,6-Dinitrotoluene 
Acenaphthylene 

Detection limit 

Mg/L 

1.9 
1.6 
1.1 
2.1 
1.6 
1.5 
-

1.8 
1.9 
1.0 
6.3 
9.0 
1.2 
1.9 
2.0 
7.0 
1.0 
5.8 
1.0 
8.4 
1.8 
4.0 
3.5 
2.0 
-

1.6 
10.8 
2.4 

15.1 
2.0 
0.9 
1.5 
0.9 
3.8 

/ig/Nm3 

0.16 
0.14 
0.09 
0.18 
0.14 
0.13 

-
0.15 
0.16 
0.08 
0.52 

"0.75 
0.10 
0.16 
0.17 
1.8 
0.08 
0.48 
0.08 
0.70 
0.15 
0.34 
0.29 
0.17 

-
0.14 
0.90 
0.20 

. 1.3 
0.17 
0.07 
0.13 
0.07 
0.31 

Compound 

2-Nitroaniline 
Acenaphthene 

• 2,4-Dinitrophenol 
• 4-Nitrophenol 
• Dibenzofuran 
• 2,4-Dinitrotoluene 

Diethyl phthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline -
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl phenyl ether . 

• Hexachlorobenzene 
• Pentachlorophenol 

Phenanthrene 
Anthracene 
Di-n-Butyl phthalate 
Fluoranthene 

• Benzidine 
Pyrene 
Butyl benzyl phthalate 

• 3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Bis(2-Ethylhexyl) phthalate 
Chrysene 
Di-N-Octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)Quoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Detection limit 

Aig/L 

2.4 
3.6 
5.0 
2.6 
1.5 
1.0 
1.2 
-

2.8 
3.2 
-

0.7 
0.5 
0.9 
-

1.4 
1.6 
3.6 
1.4 

16.4 
6.0 
2.0 
4.8 
1.0 
-

21.2 
-

12.0 
20.4 
11.2 

-
-
-

jig/Nm3 

0.20 
0.30 

-
022 
0.13 
0.08 
0.09 

-
024 
027 

-
0.06 
0.04 
0.07 

-
0.12 
0.14 
0.63 
0.12 
1.4 
0.50 
0.16 
0.41 
0.08 

-
0.14 

-
1.0 
1.7 
0.93 

-
-
-

'Compounds listed in Title m of the 1990 Clean Air Act Amendments are designated by checkmarks. 
•"Detection limits are given in the units /ig/L for 0.5 L of a water sample, or /ig/Nm3 for 3 Nm3 of a flue-gas 

ample. 
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6.1.3 Gas Streams 

6.1.3.1 Metals 

This section presents data on gas streams at three locations: 

• Inlet of the Unit 8 ESP 

. Outlet of the Unit 8 ESP 

• Outlet of the Unit 7 ESP 

The data on the gas stream in the stack are deferred for presentation in 
Section 6.3. Not all of the data pertinent to the three locations adjacent to the ESPs 
are presented here. The exceptions are 1) the metal concentrations in fly ash 
segregated by size with cyclones and 2) the metal concentrations in flue gas that had 
been sampled with the dilution device. The cyclone samples came from all three of 
the locations listed above; the analytical data for these samples appear in Section 8.3. 
The dilution sampling was performed at the outlet of the Unit 7 ESP; the results are 
presented in Section 8.2. 

The data on metals in the three locations enumerated above appear in three 
sets of five tables each: Tables 6-21 through 25 for the Unit 8 ESP inlet, Tables 6-26 
through 30 for the Unit 8 ESP outlet, and Tables 6-31 through 35 for the Unit 7 ESP 
outlet. All of the data presented are blank-corrected; that is, the results for samples 
were reduced by the corresponding results for a blank train. 

The first three tables for each location give the concentrations 
measured in the particulate and vapor states and the sum in the two 
states on the five successive sampling days (September 3, 4, and 5). 
The units are microgramsper normal cubic meter (pg/Nm3). Each table 
lists the sample volume used to calculate concentrations from the total 
amounts of analytes found. 

The fourth table for each location gives the averages, with standard 
deviations, for the three days, in the same units (pg/Nm3). 

The fifth table for each location presents the averages for the three 
days, presented in the units micrograms per gram (pg/g). Data in these 
units were calculated by dividing each daily metal concentration by the 
corresponding total particulate concentration and computing the 
average for all three days. The daily total particulate concentrations are 
listed in the footnote of the table. 

All of the data in these tables were obtained by analyzing samples from the 
Method 29 train by ICP and related AAS methods. There are additional data for 
mercury from the train with solid traps that were generated in the laboratory at Brooks 
Rand. On September 3, only the iodated carbon traps were used for sampling; thus, 
only data for total mercury in the vapor state were obtained. On September 4 and 5, 

6-30 



however, the combination of soda lime and iodated carbon was used, and data for 
both oxidized mercury and elemental mercury vapors were obtained. The data from 
samples in the traps are presented in detail in Table 6-36. A synopsis is given below: 

• The average percentage of mercury found in the oxidized state 
was 67.0%. Presumably, the specific form of mercury in the 
oxidized state is the vapor HgCI2. A factor that is presumed to 
be consistent with the finding of two-thirds of the mercury as the 
divalent chloride is the occurrence of chlorine in the coal at the 
concentration of 0.10% by weight. SRI investigators have seen 
lesser fractions of total mercury in the flue gas in the oxidized 
state when the coal contained less chlorine, and they have 
found a higher fraction oxidized when the coal contained more 
chlorine. 

• The concentrations of total mercury were lower when the two 
types of traps permitting speciation were in use. This result may 
have been coincidental. There is evidence, however, from the 
mercury determinations in coal at Brooks Rand that the 
concentrations in the coal were lower on the second and third 
sampling dates, when the total concentrations of mercury in the 
gas streams were lower. 

• It is appropriate to calculate the average mercury vapor 
concentration in all three duct locations since no~removal of 
mercury from the vapor state should have occurred in either 
ESP. The average based on sampling with solid sorbents is 
8.0 pg/Nm3 in the vapor state. The averages based on sampling 
by Method 29 (calculated from the data in Tables 6-24, 6-29, and 
6-34) are 4.0 pg/Nm3 in the vapor state and 0.2 pg/Nm3 in the 
particulate state. This comparison suggests that using the solid 
sorbents led to only a negligible error from not collecting the 
particulate mercury but yielded, nevertheless, a substantially 
higher recovery of mercury vapor. 

The comparison of total vapor concentrations by both methods can best be 
discussed in the context of the expected mercury concentrations based on analyses 
of the coal. The two sets of mercury determinations in the coal are in good 
agreement; both are essentially 0.100 pg/g. The corresponding value for the flue gas 
is obtained by dividing this value by the expected volume of flue gas from the coal — 
0.008204 Nm3/g, according to Table 6-2. Thus, the expected mercury concentration in 
the flue gas is 0.100/0.008204 = 12.2 pg/Nm3. With this expected value for reference, 
the recovery of mercury with solid sorbents was 66%; that with Method 29 was just 
33%. 

It is appropriate to focus much of the discussion on mercury, as has been 
done above, because of the high degree of interest of this particular metal as a 
component of the emissions from coal combustion. Certain other highlights of the 
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data on metals in the gas streams merit attention, however, such as those listed 
below: 

• Three metals occurred at higher concentrations as vapors than 
as components of the particulate matter. These are boron, 
mercury, and selenium. The following tabulation shows the 
percentages of the total of each found in the vapor phase at 
different locations: 

Inlet Outlet Outlet 

Unit 8 ESP Unit 8 ESP Unit 7 ESP 

Boron 85 >99.9 99.6 

Mercury 94 99 99 

Selenium 57 99 79 
The higher percentages at the outlet of the ESP of Unit 8 than at 
the inlet indicate the removal of the element in the particulate 
phase. The higher percentages at the outlet of the Unit 8 ESP 
than at the outlet of the Unit 7 ESP probably are the result of the 
greater removal of particulate matter in the Unit 8 ESP than in 
the Unit 7 ESP, as illustrated elsewhere in this report. 

• Generally, the metals that occurred predominantly in the 
particulate phase ranked in relative concentrations as follows: 
highest at the Unit 8 ESP inlet, next highest at the Unit 7 ESP 
outlet, and least at the Unit 8 ESP outlet. This order is illustrated 
below for one trace metal (barium) and one major metal 
(aluminum). The data are in pg/Nm3: 

Inlet Outlet Outlet 

Unit 8 ESP Unit 8 ESP Unit 7 ESP 

Barium 1920 5.66 23.7 

Aluminum 481000 606 4920 
These data further illustrate the higher efficiency of the Unit 8 
ESP for removing particulate matter. 

On the issue of partitioning between the vapor and particulate states, a 
necessary qualification about the data is that the indicated partitioning is due in part to 
the performance characteristics of the sampling method. The filter in the Method 29 
sampling train operates at 121 °C. This temperature is cooler than that of any of the 
gas ducts adjacent to the ESPs; thus, it may cause the fraction of a metal in the 
particulate matter to appear higher than the actual fraction in the duct. This means, of 
course, that the above percentages of boron, mercury, and selenium in the vapor 
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phase may be understated. A contrary observation is that a metal in the particulate 
matter may somehow penetrate or bypass the filter and appear as a vapor. Several of 
the metals of interest are not likely to have measurable vapor concentrations at the 
duct temperatures (much less at the filter temperature), and the apparent fractions in 
the vapor state may be spurious. One example is barium. The occurrence of this 
element at a concentration of 2.44 pg/Nm3 (as reported in Table 6-34) is problematical; 
such a concentration, although low, corresponds to a concentration of barium vapor 
of 4.27 x 10'10 atm, whereas the JANAF Tables (10) indicate that at 150 °C (the 
approximate duct temperature) the vapor pressure of this metal is just 3.09 x 10"17 atm. 
The possibility of erroneous high indications of vapor concentrations does not detract 
from the observations about boron, mercury, and selenium, because high vapor 
concentrations of these metals are consistent with their thermodynamic properties. 

Table 6-37 compares the metal concentrations in the three gas streams 
adjacent to the ESPs on the basis of the ratio to total particulate. The data here are in 
the units pg/g; they were taken from the last columns of Tables 6-25, 6-30, and 6-35 
which give totals (particulate plus vapor) in the three gas streams. The data columns 
are arranged in Table 6-37 in the order Unit 8 ESP inlet, Unit 7 ESP outlet, and Unit 8 
ESP outlet because total particulate concentration decreased in that order. Generally, 
the data show very sharp increases as the total particulate concentration decreased, 
which suggests either that the metals are either significantly in the vapor state or that 
they occur primarily on the surfaces of particles, the smaller the particle size the 
greater the specific surface area and the specific metal concentration. The most 
notable trends are for boron, mercury, and selenium, which are predominantly vapors 
that are removed in the ESPs. The trends for some of the other metals, however, 
signify changes in particulate composition; examples are barium, cadmium, and 
chromium, among others. 

The data in Table 6-37 for the inlet of the Unit 8 ESP should compare well in 
general with the corresponding data for the ash from the Unit 8 ESP hoppers (see 
Tables 6-8 and 6-9). Examples of metals that are more concentrated in the inlet 
(before collection) than in the hoppers (after collection) are the three that are 
significantly volatile: boron (3490 vs. 981 pg/g), mercury (0.850 vs. 0.006 pg/g), and 
selenium (81.1 vs. 7.91 pg/g). The most notable examples of other metals that differ in 
the two locations are believed to be spurious, resulting from analytical error (for 
example, antimony at 8.32 pg/g in the gas stream and 25.1 in the hopper). 
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Table 6-21 
Metal Concentrations in the Gas Stream at the Inlet of 

the Unit 8 ESP (September 3,1993) 
(Data in /xg/Nni3) 

(All data here by Method 29; sample volume Z329 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

25.8 

244 

1630 

87.8 

3310 

127 

1940 

167 

763 

1290 

1030 

0.30 

575 

1070 

201 

2190 

470000 

90100 

647000 

29900 

33900 

Vapor 

<0.04 

3.01 

2.49 

<0.02 

15600 

0.54 

2.28 

<0.20 " 

0.34 

<0.20 

<0.80 

1.12/4.09 

<0.40 

0.39 

171 

0.21 

277 

2300 

137 

75.3 

12.2 

Total 

25.8 

371 

1630 

87.8 

18900 

127 

1940 

167 

763 

1290 

1030 

5.51 

575 

1070 

372 

2190 

470000 

92400 

647000 

30,000 

34000 

"The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 

6-34 



Table 6-22 
Metal Concentrations in the Gas Stream at the Inlet of 

the Unit 8 ESP (September 4,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.173 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium--

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

33.1 

262 

1850 

96.5 

168 

- 156 

1860 . 

189 

930 

1690 

1200 

0.25 

726 

1100 

152 

2600 

479000 

90000 

629000 

31200 

35600 

Vapor 

0.89 

1.14 

3.80 

0.53 

13700 

1.7 

4.17 

<0.20 

2.64 

1.88 

4.10 

0.93/2.50 

0.43 

10.5 

199 

2.58 

689 

2400 

580 

103 

42.9 

Total 

34.0 

394 

1850 

97.0 

13800 

157 

1870 

189 

933 

1690 

1200 

3.68 

726 

1100 

351 

2610 

480000 

92600 

630000 

31300 

35600 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-23 
Metal Concentrations in the Gas Stream at the Inlet of 

the Unit 8 ESP (September 5,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.123 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

67.6 

253 

2280 

110 

4470 

199 

2380 

218 

1170 

1350 

1340 

0.25 

978 

1490 

180 

2960 

493000 

102000 

638000 

33500 

36400 

Vapor 

1.72 

333 

431 

2.15 

14900 

4.62 

7.24 

0.45 

2.34 

2.71 

<0.80 

1.08/2.02 

2.70 

3.50 

322 

5.97 

1200 

2880 

992 

141 

81.7 

Total 

69.3 

256 

2290 

112 

19400 

204 

2390 

219 

1180 

1350 

1340 

3.36 

981 

1490 

502 

2960 

494000 

105000 

639000 

33700 

36500 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-24 
Average Metal Concentrations in the Gas Stream at 

the Inlet of Unit 8 ESP* 
(Data in /ig/Nm3; with standard deviations) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

42.2 ± 22.3 

129 ± 5.17 

1920 ± 311 

98.1 ± 11.1 

2650 ± 2230 

160 ± 36.4 

2080 ±282 

191 ± 25.7 

956 ± 207 

1440 ± 214 

1200 ± 154 

0.266 ± 0.0279 

759 ± 204 

1240 ± 237 

177 ± 24.3 

2580 ± 383 

481000 ± 11700 

94200 ± 7060 

638000 ± 8690 

31500 ± 1870 

35300 ± 1250 

Vapor 

0.858 ± 0.701 

2.49 ± 0.963 

3.53 ± 0.768 

0.895 ± 0.917 

14700 ± 788 

2.28 ± 1.72 

4.57 ± 2.04 

0.132 ± 0.223 

1.78 ± 1.02 

1.53 ± 1.14 

0.784 ± 2.4 

3.92 ± 0.926 

1.04 ± 1.18 

5.14 ± 4.21 

231 ± 65.6 

2.98 ± 237 

721 ± 376 

2530 ± 252 

570 ± 349 

107 ± 27.1 

45.6 ± 28.5 

Total 

43.0 ± 23.1 

132 ± 5.19 

1920 ± 332 

99.0 ± 12.3 

17400 ± 3080 

163 ± 38.4 

2080 ±284 

191 ± 25.9 

958 ± 208 

1440 ± 215 

1200 ± 154 

4.2 ± 1.16 

760 ± 205 

1240 ± 236 

408 ± 81.7 

2590 ±386 

481000 ± 12200 

96700 ± 7370 

638000 ±8480 

31600 ± 1900 

35400 ± 1280 

"Data based on Tables 6-21, 6-22, and 6-23. 
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Table 6-25 
Ratios of Metal Concentrations in the 

Gas Stream at the Inlet of trie Unit 8 ESP 
to the Total Concentration of Entrained Solids'1 

(Data in pg/g; averages of daily results) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

8.16 

50.1 

378 

19.3 

529 

31.4 

411 

37.7 

187 

285 

235 

0.0530 

148 

244 

35.4 

508 

95300 

18600 

127000 

6240 

6990 

Vapor 

0.164 

0.504 

0.698 

0.171 

2960 

0.441 

0.893 

0.0251 

0.342 

0.292 

0.135 

0.797 

0.199 

0.987 

45.0 

0.571 

140 

504 

110 

21.1 

8.81 

Total 

8.32 

50.6 

378 

19.5 

3490 

31.9 

412 

37.7 

188 

285 

236 

0.850 

149 

245 

80.4 

509 

95400 

19100 

127000 

6260 

7000 

"Calculated by dividing the individual concentrations in Tables 6-21, 6-22, 
and 6-23 by the appropriate total particulate concentrations. The three 
daily concentrations of total particulate were, in succession, 4.556, 5.243, 
and 5.404 g/Nm3. 
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Table 6-26 
Metal Concentrations in the Gas Stream at 

the Outlet of the Unit 8 ESP (September 3,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.870 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<0.20 

0.80 

4.53 

0.09 

<0.2 

4.42 

4.74 

<0.20 

1.33 

6.81 

0.27 

0.06 

4.27 

2.10 

2.32 

3.72 

494 

613 

887 

29.3 

44.4 

Vapor 

0.16 

0.92 

1.98 

<0.02 

11900 

2.18 

3.29 

0.08 

0.81 

0.53 

0.90 

0.91/3.15 

<0.40 

6.91 

110 

0.08 

229 

174 

114 

54.5 

8.77 

Total 

026 

1.72 

6.52 

0.10 

11900 

6.60 

8.03 

0.18 

2.14 

734 

1.17 

4.12 

4.47 

9.01 

112 

3.80 

723 

2350 

1000 

83.7 

53.2 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-27 
Metal Concentrations in the Gas Stream at 

the Outlet of the Unit 8 ESP (September 4,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.826 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<020 

0.71 

2.54 

0.12 

<02 

1.58 

5.24 

<020 

132 

4.37 

0.62 

0.01 

4.60 

2.33 

1.39 

4.95 

306 

103 

532 

29.7 

38.0 

Vapor 

0.01 

1.59 

2.57 

<0.02 

14500 

1.49 

2.87 

<020 

3.44 

0.68 

<0.80 

1.15/2.73 

<0.40 

2.47 

194 

0.21 

275 

2200 

82.2 

71.6 

11.2 

Total 

0.11 

2.29 

5.11 

0.13 

14500 

3.07 

8.11 

<0.20 

4.76 

5.05 

1.02 

3.89 

4.70 

4.80 

195 

5.16 

581 

2300 

614 

101 

49.2 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-28 
Metal Concentrations in the Gas Stream at 

the Outlet of the Unit 8 ESP (September 5,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.644 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<020 

0.58 

2.31 

<0.02 

<02 

0.94 

3.80 

<020 

2.34 

0.45 

1.24 

0.02 

4.83 

3.23 

1.76 

3.08 

194 

56.9 

357 

20.1 

25.1 

Vapor 

0.24 

1.71 

3.03 

<0.02 

14300 

0.82 

3.30 

0.26 

0.95 

0.85 

<0.80 

1.63/239 

<0.40 

1.57 

204 

0.21 

320 

2560 

152 

87.1 

14.2 

Total 

034 

2.29 

534 

<0.02 

14300 

1.75 

7.10 

0.36 

3.29 

1.30 

1.64 

4.04 

..5.Q3... 

4.80 

206 

3.29 

514 

2620 

509 

107 

393 

The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-29 
Average Metal Concentrations io the Gas Stream at 

the Outlet of Unit 8 ESP* 
(Data are in /ig/Nm3; with standard deviations) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<020 

0.696 ± 0.0897 

3.13 ± 0.998 

=<0.07 

<020 

2.31 ± 1.51 

4.59 ± 0.594 

<020 

1.67 ± 0.480 

3.88 ± 2.62 

1.73 ± 0.380 

0.0303 ± 0.0219 

4.57 ± 0228 

2.56 ± 0.488 

1.82 ± 0.382 

4.1 ± 0.774 

332 ± 124 

257 ± 252 

592 ±24 

26.4 ± 4.42 

35.9 ± 8.02 

Vapor 

0.135 ± 0.0929 

1.4 ± 0.347 

2.53 ± 0.429 

<0.02 

13600 ± 1180 

1.5 ± 0.558 

3.15 ± 0.2 

0.0582 ± 0.177 

1.73 ± 121 

0.688 ± 0.134 

0.00195 ± 0.681 

3.97 ± 0.0755 

<0.40 

3.94 ± 2.33 

169 ± 42.3 

0.215 ± 0.0614 

275 ± 37.3 

2160 ± 337 

116 ± 28.6 

71 ± 13.3 

11.4 ± 2.23 

Total 

0.235 

2.10 ± 033 

5.66 ± 0.753 

iO.09 

13600 ± 1180 

3.81 ± 2.51 

7.75 ± 0.555 

0.158 

3.40 ± 1.31 

4.57 ± 3.05 

1.73 ± 0.84 

4.02 ± 0.110 

4.57 

6.50 ± 2.43 

171 ± 51.4 

4.32 ± 0.962 

606 ±107 

2420 ± 171 

708 ±259 

97.4 ± 12.2 

472 ± 7.11 

"Based on data in Tables 6-26, 6-27, and 6-28. 
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Table) 
Ratios of Metal Concentra 

at the Outlet of the 
Total Concentration c 
(Data in /ig/g; averac 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<26 

86.6 

363 

7.85 

<26 

230 

581 

<26 

240 

372 

114 

3.06 

610 

359 

228 

413 

37100 

22100 

66400 

3260 

4280 

5-30 
b'ons in the Gas Si 
Unit 8 ESP to the 
if Entrained Solids' 
es of daily results] 

Vapor 

19.6 

200 

353 

<2.6 

1830000 

167 

414 

23.1 

228 

97.1 

<64 

520 

<52 

366 

24100 

24.5 

37900 

265000 

16000 

4000 

1600 

ream 

Total 

<46 

287 

716 

<10.4 

1830000 

397 

995 

<49 

468 

469 

<178 

523 

<662 

725 

24400 

438 

75000 

287000 

82400 

7250 

5890 

"Calculated by dividing the individual concentrations in Tables 6-26, 6-27, and 
6-28 by the appropriate total particulate concentration. The three daily 
concentrations of total particulate were, in succession, 0.01456, 0.00778, and 
0.00511 g/m3. 
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Table 6-31 
Metal C)oncentrations in the Gas Stream at the 
Outlet of the Unit 7 ESP (September 3,1993) 

(Data in /ig/Nm3) 
(All data here by Method 29; sample volume 3.518 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

0.43 

7.72 

22.2 

1.77 

62.3 

8.84 

29.9 

2.66 

15.5 

28.2 

10.2 

0.03 

16.3 

8.68 

11.5 

43.2 

7010 

744 

8120 

277 

425 

Vapor 

0.14 

4.41 

2.13 

<0.02 

10900 

3.64 

2.26 

0.14 

1.64 

0.76 

<0.80 

0.83/3.08 

<0.40 

1.18 

135 

0.45 

249 

1640 

166 

572 

11.3 

Total 

0.56 

12.1 

24.3 

1.78 

11000 

12.5 

32.1 

2.80 

17.1 

29.0 

11.0 

3.94 

16.5. 

9.86 

146 

43.7 

7260 

2380 

8280 

334 

436 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 

6-44 



Table 6-32 
Metal Concentrations in the Gas Stream at the 
Outlet of the Unit 7 ESP (September 4,1993) 

(Data in /ig/Nm3) 
(All data here by Method 29; sample volume Z457 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

0.25 

3.07 

17.0 

1.08 

38.0 

4.11 

17.8 

1.52 

10.8 

20.1 

6.61 

0.05 

14.9 

1.56 

71.0 

33.1 

3190 

754 

5500 

223 

334 

Vapor 

<0.04 

0.88 

2.57 

<0.02 

14900 

3.23 

2.89 

<020 

2.73 

<0.50 

<0.80 

1.98/2.97 

<0.40 

1.96 

482 

0.10 

287 

2380 

92.9 

77.9 

12.0 

Total 

0.27 

3.95 

19.5 

1.09 

14900 

7.33 

20.7 

1.62 

13.5 

20.3 

7.01 

5.00 

15.1 

3.52 

553 

332 

3480 

3130 

5590 

300 

346 

•The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-33 
Metal Concentrations in the Gas Stream at the Outlet of 

the Unit 7 ESP (September 5,1993) 
(Data in /ig/Nm3) 

(All data here by Method 29; sample volume 2.518 Nm3) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

0.43 

258 

24.8 

1.27 

51.0 

6.59 

27.6 

1.77 

13.8 

21.0 

9.36 

0.08 

19.0 

8.51 

134 

36.8 

3780 

1010 

6570 

282 

384 

Vapor 

0.03 

0.54 

2.61 

<0.02 

" 13900 

1.97 

2.90 

<020 

0.79 

<0.50 

<0.80 ' 

138/223 

<0.40 

2.30 

206 

0.19 

258 

2250 

143 

69.2 

11.0 

Total 

0.46 

3.12 

27.4 

1.27 

13900 

8.56 

30.5 

1.87 

14.6 

21.0 

9.76 

3.68 

19.0 

10.8 

340 

37.0 

4040 

3260 

6720 

351 

395 

*The column for vapor gives separate data from peroxide and 
permanganate impingers. See Table 6-36 for other mercury data. 
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Table 6-34 
Average Metal Concentrations in the Gas Stream at 

the Outlet of Unit 7 ESP* 
(Data in /tg/Nm3; with standard deviations) 

Trace metals 

Antimony. 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

- - Particulate 

0.369 ± 0.0855 

4.46 ± 231 

21.3 ± 3.24 

1.37 ± 0.288 

50.4 ± 9.95 

6.51 ± 1.93 

32.8 ± 4.52 

1.98 ± 0.489 

13.3 ± 1.94 

23.1 ± 3.62 

10.3 ± 1.37 

0.0518 ± 0.0207 

16.7 ± 1.68 

14.9 ± 2.77 

72.2 ± 50 

37.9 ± 4.16 

4660 ± 1680 

837 ± 125 

6730 ± 1070 

260 ± 26.9 

381 ± 37.3 

Vapor 

0.0472 ± 0.189 

1.94 ± 1.44 

2.44 ± 10.6 

<0.02 

13200 ± 6260 

2.94 ± 1.5 

2.68 ± 15.8 

<020 

1.72 ± 5.49 

0.255 ± 9.75 

<0.80 

4.16 ± 2.1 

<0.40 

2.1 ± 7.6 

274 ± 164 

0.293 ± 173 

265 ± 1650 

2090 ± 558 

134 ± 3040 

68.1 ± 101 

11.4 ± 176 

Total 

0.416 ± 0.173 

6.40 ± 4.98 

23.7 ± 3.95 

1.38 

13300 ± 2040 

9.45 ± 2.69 

35.4 ± 5.37 

2.18 

15.1 ± 1.84 

23.4 ± 4.87 

10.7 

4.21 ± 0.697 

16.9 

17.0 ± 3.52 

347 ± 204 

38.2 ± 5.27 

4920 ± 2040 

2930 ± 474 

6860 ± 1350 

329 ± 25.8 

392 ± 453 

'Based on data in Tables 6-31, 6-32, and 6-33. 
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Table 6-35 
Ratios of Metal Concentrations in the Gas Stream at the Outlet 

of Unit 7 ESP to the Total Concentration of Entrained Solids* 
(Data in /tg/g; averages of daily results) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

5.25 

66.1 

307 

20.1 

732 

93.2 

475 

29.0 

194 

342 

150 

0.745 

244 

213 

1013 

559 

68000 

122000 

98500 

3800 

5600 

Vapor 

0.615 

28.7 

36.4 

<0.26 

199000 

45.3 

40.1 

<1.5 

28 

3.65 

<11 

63.7 

<53 

31.1 

4480 

4.2 

3980 

31400 

1930 

1030 

172 

Total 

5.87 

94.7 

344 

202 

200000 

138 

515 

29.7 

222 

346 

155 

64.4 

246 

244 

5490 

563 

72000 

43600 

100000 

4830 

5770 

"Calculated by dividing the individual concentrations in Tables 6-31, 6-32, and 
6-33 by the appropriate total particulate concentration. The three daily 
concentrations of total particulate were, in succession, 0.0698, 0.0527, and 
0.0877 g/Nm3. 
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Table 6-36 
Concentrations of Mercury Vapor 

Based on Sampling with Solid Sorbents 
at Locations Adjacent to the ESPs 

U8 inlet 

U8 outlet 

U7 outlet 

Ambientb 

Date 

9/3 

9/4 

9/5 

9/3 

9/4 

9/5 

9/3 

9/4 

9/5 

9/4 

9/5 

Concn*, pg/Nm3 

Hg(H) 

— 

5.19 

4.79 

— 

3.25 

5.05 

--

4.91 

4.88 

0.02 

0.03 

Hg(0) 

— 

1.31 

2.40 

— 

4.46 

1.97 

— 

2.73 

1.43 

0.11 

0.11 

Total 

10.3 

6.50 

7.19 

10.2 

7.71 

7.02 

8.81 

7.64 

6.31 

0.13 

0.14 

Percent 
oxidized 

« 

79.8 

66.6 

— 

422 

71.9 

— 

64.3 

773 

15 

21 

"All data here were derived by subtracting blanks from raw data. 
•These data, unlike the remainder, are for the actual 0 2 concentration. 
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Table 6-37 
Comparison of Metal Concentrations in 

the Different Gas Streams 
Adjacent to the ESPs* 

(Data in /ig/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Unit 8 
inlet 

8.32 

26.1 

378 

19.5 

3490 

31.9 

412 

37.7 

188 

285 

236 

0.850 

149 

245 

81.1 

509 

95400 

19100 

127000 

6260 

7000 

Unit 7 
outlet 

5.87 

94.7 

344 

20.2 

200000 

138 

515 

29.7 

222 

346 

155 

64.4 

246 

244 

5490 

563 

72000 

43600 

100000 

4830 

5770 

Unit 8 
outlet 

<46 

287 

716 

<10.4 

1830000 

397 

995 

<49 

468 

469 

<178 

523 

<662 

725 

24400 

438 

75000 

787000 

82400 

7250 

5890 

•Data from Tables 6-25, 6-30, and 6-35. 
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6.1.3.2 Acid Gases 

Table 6-38 presents the apparent concentrations of anions in flue gas in the 
three gas ducts associated with the boiler and ESPs. Table 6-39 gives the 
corresponding concentrations of the acid gases that contain these anions (or, more 
exactly, in the case of S02, the sulfate produced by reaction in the sampling medium). 
The following tabulation gives the expected concentrations based on the coal analysis 
and the average observed concentrations at each location: 

t 

Expected 

Observed, Unit 8 ESP inlet -

HF 

15.2 

15.5 

Cone 

HCI 

80.1 

67.7 

n. ppmv 

SO, 

2900 

2820 

HaPQ, 

11.2 

<3.0 

Observed, Unit 8 ESP outlet 18.4 69.2 2820 <3.0 

Observed, Unit 7 ESP outlet .16.4 72.2 2760 <2.9 

For HF, HCI, and S02, the agreement between expected and observed values 
is excellent. Clearly, S02 as a gas must be the antecedent of the sulfate measured. 
The agreement between the calculated values for HF and HCI signify that fluoride and 
chloride also occur as the gaseous compounds, not as salts in the particulate matter. 

For H3P04, on the other hand, the agreement is much poorer, although it is 
indefinite because of insufficient sensitivity in the measurement of phosphate. Not 
more than 25% of the possible concentration of H3P04 actually occurred; moreover, 
because of high recoveries of phosphorus as phosphate in particulate matter, it is 
reasonable to conclude that H3P04 was an inconsequential or even nonexistent 
component of the flue gas. 

For reasons to be discussed subsequently, sulfate was measured in the solids 
entrained in the gas streams. The solid matter collected on the filter of the acid gases 
train was used for this purpose; the solids were extracted with water and sulfate was 
determined in the extract. The results were as follows: 

Concentration. wt% 

SeDt. 3 

4.8 
3.9 

32.4 

SeDt. 4 

5.9 
4.8 

54.4 

SeDt. 5 

4.5 
15.6 
59.3 

Inlet, Unit 8 ESP 
Outlet, Unit 8 ESP 
Outlet, Unit 7 ESP 

None of these concentrations in the solids represents a significant concentration of 
S02 in the gas phase. Some of the results are quite unexpected, however, especially 
the very high concentrations at the outlet of the Unit 7 ESP. Some elevation at an 
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ESP outlet is plausible because of the decreased particle size and increased specific 
particle surface area (sulfate is regarded as a surface constituent of ash in the main). 
Clearly, the elevation at the outlet of the Unit 7 ESP is abnormal compared to that at 
the outlet of the Unit 8 ESP, especially since the Unit 7 ESP was less efficient than the 
Unit 8 ESP. Perhaps for reasons not known the ESP causes a higher degree of 
conversion of S02 to S03 (or sulfuric acid). 
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Table 6-38 
Anion Concentrations in Ducts 

Adjacent to the ESPs 
(Data in /ig/Nm3) 

Unit 8 ESP inlet 

Fluoride 

Chloride 

Sulfate 

Phosphate 

Unit 8 ESP outlet 

Fluoride 

Chloride 

Sulfate 

Phosphate 

Unit 7 ESP outlet 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

9890 

90800 

11400000 

<8800 

11100 

87900 

10600000 

<10300 

12400 

86600 

10600000 

<10800 

9/4/93 

15600 

107000 

11300000 

<11900 

19200 

116000 

12300000 

<11700 

14600 

127000 

11400000 

<11300 

9/5/93 

11300 

102000 

11200000 

<8500 

13200 

103000 

1000000 

<7600 

11800 

106000 

11000000 

<9900 

Avg. 

12300 

99900 

11300000 

<11900 

14500 

102000 

11000000 

<11700 

12900 

106000 

11000Q0Q... 

<11300 

StcLdev. 

3000 

8300 

100000 

. 

4200 

14000 

1100000 

— 

1500 

20000 

4000000 

— 
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Table 6-39 
Acid Gas Concentrations in Ducts 

Adjacent to the ESPs 
(Data in ppmv) 

Unit 8 ESP inlet 

HF 

HCI 

so2 

H3P04 

Unit 8 ESP outlet 

HF 

HCI 

so2 

H3P04 

Unit 7 ESP outlet 

HF 

HCI 

so2 

H3PQ4 

9/3/93 

12.5 

61.5 

2850 

<22 

14.1 

59.6 

2640 

<2.6 

15.7 

58.7 

2650 

<2.7 

9/4/93 

19.7 

72.8 

2820 

<3.0 

24.3 

78.3 

3080 

<3.0 

18.5 

86.0 

2860 

<2.9 

9/5/93 

14.4 

68.8 

2800 

<22 

16.7 

69.7 

2740 

<1.9 

15.0 

71.9 

2760 

<2.5 

Avg. 

15.5 

67.7 

2820 

<3.0 

18.4 

69.2 

2820 

<3.0 

16.4 

72.2 

2760 

<2.9 

SttLdev. 

3.7 

5.7 

25 

~ 

5.3 

9.4 

230 

— 

1.8 

13.6 

110 

— 
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6.1.3.3 Ammonia and Hydrogen Cyanide 

The concentrations of these two components of the gas phase in the three 
sampling ducts adjacent to the ESPs are listed in Table 6-41. Each analyte is reported 
in two units: pg/Nm3 and ppmv. All of the data are from September 6; only one 
sampling run was performed at each location. On this date, all injection of ammonia 
had reportedly terminated. 

Ammonia was measurable at the inlet of the Unit 8 ESP (0.06 ppmv) but not at 
the outlet of this ESP. It was measurable at the outlet of the Unit 7 ESP, on the other 
hand (0.03 ppmv). If, as NIPSCO reported, the injection of ammonia to treat the 
problem of excess sulfuric acid vapor had been discontinued two days earlier, the 
ammonia observed on September 6 presumably has to be attributed to boiler 
operation. 

Hydrogen cyanide, in contrast to ammonia, appeared at roughly the same 
concentration (approximately 0.3 ppmv) at each site. This gas has to be considered a 
product of boiler operation. 

Ammonia was measured in selected samples of entrained solids as well as in 
the gas phase. The filter solids from the acid gases train-on September 3-5 (three 
days in advance of the gas-phase sampling while ammonia injection was still in 
progress) were extracted with water and the extracts analyzed for ammonia. The 
analyses were performed by two methods: the electrochemical method based on the 
ammonia-selective electrode and the colorimetric method. Both methods gave the 
same result for each solid sample; the results are listed below (%), along with the 
corresponding equivalent concentrations for the gas phase (ppmv): 

Concentration. % (ppmv) 

Sept. 3 Sept. 4 Sept. 5 

Inlet solids, Unit 8 ESP 0.02(1.4) 0.1(0.7) <0.1 (<0.7) 

Outlet solids, Unit 8 ESP 0.30 (0.016) 0.45 (0.025) 1.2 (0.13) 

Outlet solids, Unit 7 ESP 3.3 (2.5) 0.59 (0.45) 0.31 (0.24) 
There is not necessarily any error in the apparent inconsistency between the 
solid-phase and the calculated equivalent gas-phase data; the apparent inconsistency 
is explained by the very large differences in concentrations of entrained particulate 
matter at the three locations. The solid matter accounts for very little ammonia in 
comparison with the reported injection level of about 15 ppmv on September 3 in both 
Units 7 and 8 and again 15 ppm on September 4 in Unit 8 (see Table 3-6). The data 
give little indication of the cessation of ammonia injection on September 5. 
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Table 6-40 
Ammonia and Sulfate Concentrations in Fly Ash 

in Ducts Adjacent to the ESPs 
(Concentrations in solids are given in %; corresponding 

equivalent concentrations in the gas phase 
are given in ppmv within parenthesis.) 

Inlet, Unit 8 ESP 

NH3, % (ppmv) 

S04'2, % (ppmv) 

Outlet, Unit 8 ESP 

NH3, % (ppmv) 

S04'2, % (ppmv) 

Outlet, Unit 7 ESP 

NH3, % (ppmv) 

S04'2, % (ppmv) 

9/3/93 

0.02 (1.3) 

4.8 (55) 

0.30 (0.06) 

3.9 (0.14) 

3.3 (2.5) 

32.4 (4.4) 

9/4/93 

0.01 (0.7) 

5.9 (77) 

0.45 (0.05) 

4.8 (0.09) 

0.59 (0.4) 

54.4 (7.2) 

9/5/93 

<0.01 (<0.7) 

4.5 (61) 

1.2 (0.09) 

15.6 (0.20) 

0.31 (0.4) 

59.3 (13.0) 
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Table 6-41 
Concentrations of Ammonia and Hydrogen Cyanide 

in Ducts Adjacent to the ESPs 
(September 6,1993) 

Inlet, Unit 8 ESP 

Outlet, Unit 8 ESP 

Outlet, Unit 7 ESP 

Concn, pg/Nm3 

NH3 

41.0 

<3.0 

11.8 

HCN 

340 

305 

407 

Concn, ppmv 

NH3 

0.058 

<0.007 

0.030 

HCN 

0.31 

027 

036 
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6.1.3.4 Carbonyl Compounds 

The information presented here pertains to all three sampling ducts adjacent to 
the ESPs. It is limited, however, to a single sampling day — September 6,1993 — for 
reasons already discussed. 

Three carbonyl compounds were detected. The individual compounds and 
their calculated concentrations are listed in Table 6-42. Formaldehyde was found at 
the highest apparent concentration at each duct. Acetone was evidently present in 
the ducts at Unit 8 but was evidently present at a lower concentration, or absent, at 
the outlet of the Unit 7 ESP. Acetaldehyde followed the same pattern as acetone. 

There is a serious question as to whether the carbonyl compounds can be 
correctly measured with the sampling train employed. This statement is made 
because of the result of an experiment with a spiked sampling train. The usual 
impingers containing the DNPH trapping reagent were employed; in addition, 
downstream from the usual impingers, two spiked impingers were added in series. 
Auditors from RTI injected 16 pg of formaldehyde into each of the extra impingers (the 
amount was only disclosed to SRI several months later, after the impingers were all 
analyzed). The sampling train with the spikes was actually used for sampling at the 
stack, with the results described later in Section 6.3. The crux of the results, however, 
is that no formaldehyde was found in the spiked impingers. The absence of the 
spikes, or any detectable fraction, would seem to say that the actual concentration of 
formaldehyde in a duct or stack may be much higher than is found. The mechanism 
of loss of formaldehyde in the experiment at Bailly is not known. 
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Table 6-42 
Concentrations of Carbonyl Compounds 

in Ducts Adjacent to the ESPs 
(September 6,1993) 

Streams 

Inlet, Unit 8 ESP 

Formaldehyde 

Acetaldehyde 

Acetone 

Outlet, Unit 8 ESP 

Formaldehyde 

Acetaldehyde 

Acetone 

Outlet, Unit 7 ESP 

Formaldehyde 

Acetaldehyde 

Acetone 

Blanks 

Formaldehyde 

Acetaldehyde 

Acetone 

Mass 
collected, pg 

10.6 

1.4 

5.2 

19.1 

1.3 

4.1 

11.6 

<1.0 

<1.0 

3.7, 2.5, 1.4 

12, <1.0, <1.0 

1.4, <1.0, 2.5 

Calculated 
concn,* pg/Nm3 

6.5 

0.3 

3.0 

14.5 

0.3 

2.3 

8.4 

<1.0 

<1.0 

— 

— 

— 

'Corrected for average blanks — 2.5 pg for formaldehyde, 1.0 pg for 
acetaldehyde (estimated value), and 1.5 pg/for acetone. 
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6.1.3.5 Volatile Organic Compounds 

Presentation of the data from experiments on volatile organic compounds is 
deferred to Appendix D. These data are not credible, for reasons discussed in the 
Appendix. Briefly stated, the hydrocarbons found are believed to be unlikely 
components of the gas streams at Bailly — certainly unlikely at the concentrations that 
are apparent from the analytical data. The anomalous high concentrations are 
believed due to generation of the compounds from organic constituents in a heating 
tape located within the annulus of the sampling probes. 

6.1.3.6 Semi-Volatile Organic Compounds 

This class of compounds was sampled at all three duct locations adjacent to 
the ESPs. In common with all the other organics, however, sampling was limited to 
just one day, September 6,1993. 

The samples from the Modified Method 5 sampling train — both front half 
(principally the filter) and the back half (principally the XAD sorbent) — were examined 
particularly for evidence of polycyclic aromatic hydrocarbons (PAHs). There are 16 of 
these compounds, listed below first in Column 1 and then in Column 2 in order of 
increasing retention time during analysis by gas chromatography: 

Naphthalene Benzo(a)anthracene 
Acenaphthalene Chrysene 
Acenaphthene Benzo(b)fluoranthene 
Fluorene Benzo(k)fluoranthene 
Phenanthrene Benzo(a)pyrene 
Anthracene lndeno(1,2,3-cd)pyrene 
Fluroanthene Dibenzo(a,h)anthracene 
Pyrene Benzo(g,h,i)perylene 

The absence of these compounds in samples from each sampling location is a 
plausible indication of their absence in the duct, since each compound was detected 
in blind audit samples prepared by RTI. The amounts in the audit spikes 
corresponded to levels corresponding to concentrations as low as 0.1 pg/Nm3 in the 
flue gas (see Table 6-20). 

There were certain compounds detected other than those listed above. They 
can be identified as artifacts, however, rather than as presumed components of the 
flue gas. Generally, they are residues of impurities in the solvents used for sample 
work-up or phthalate esters introduced from contaminated laboratory apparatus. 

6.1.3.7 Dioxins and Furans 

This class of compounds was sampled from the outlet of the Unit 7 ESP but 
not from either duct adjacent to the Unit 8 ESP. Because only one sampling day was 
involved (September 6,1993), there are only two samples to be discussed — one 
from the front half of the sampling train and one from the back half: 
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Front half (particulate) — No compound having the characteristics of 
any dioxin or furan with chlorine substituents at the 2, 3, 7, and 8 
positions was detected. These are the compounds with particular 
toxicity. Likewise, no compound with four, five, six, seven, or eight 
chlorine constituents REGARDLESS of ring location was detected. 

Back half (vapor) — Several compounds were detected, but the 
significance of detection is ambiguous. All but one of the compounds 
was detected in an amount BELOW the routine level used for confirmed 
detection (the lowest amount used for calibration of the analytical 
procedure). The results are listed in Table 6-43 beside the normal 
reporting level (all data are in picograms). Formally speaking, only one 
specific compound can be reported present; this is the 1,2,3,4,6,7,8-
substituted furan. Also, with substituent locations ignored, only two 
groups of compounds can be reported present; these are the tetra-
substituted dioxins and the hexa-substituted furans. The improbably of 
finding dioxins and furans in the vapor state when none was found in 
the particulate state essentially eliminates any creditability of compound 
detection in the vapor state. 
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Table 6-43 
Dioxins and Furans Identified 

as Vapor-Phase Fractions at the 
Outlet of the Unit 7 ESP 

Compounds with 2,3,7,8-Substitution 
Substituent 

group 

Tetra 

Penta 

Hexa 

Hepta 

Octa 

Individual 
compound 

None 

1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 

1,23,4,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 

1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 

OCDF 
OCDD 

Amount 
found, pg 

2 
6 

20 
7 

40 

218 
51 

184 
123 

Reporting 
level pg 

20 
20 

100 
100 

100 
100 
100 

100 
100 

200 
200 

All Compounds 

Substituent 
group 

Tetra 

Penta 

Hexa 

Hepta 

Octa 

Compound 
type 

Furans 
Dioxins 

Furans 
Dioxins 

Furans 
Dioxins 

Furans 
Dioxins 

Furans 
Dioxins 

Amount 
found, pg 

18 
42 

22 
15 

139 
69 

22 
68 

184 
123 

Reporting 
level pg 

20 
20 

100 
100 

100 
100 

100 
100 

200 
200 
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6.2 Scrubber 

6.2.1 Solids 

Tables 6-44 and 6-45 give the concentrations of metals and anions in the two 
solids associated with the scrubber: 1) the limestone feed and 2) the gypsum product. 
The analyses of these materials required certain auxiliary procedures to correct for 
obvious errors encountered by the ordinary procedures cited previously in this report: 

• The calcium concentrations averaging 38.1% for the limestone 
were obtained by dissolving the material in hydrochloric acid and 
determining calcium by flame injection AAS. The results -
originally obtained, by sample digestion with the mixed acids in 
the microwave oven and subsequent analysis by ICP, averaged 
47.4%, which is clearly higher than expected. The formula value 
forCaCO3is40.1%. 

• All four of the major metals in the gypsum were redetermined by 
sample digestion according to ASTM method and solution 
analysis by flame injection AAS. The average result for calcium 
by this method was .25.2%, in reasonable agreement with the 
formula value of 23.3% for CaS04« 2H20. Owing to incomplete 
dissolution of the samples in the microwave procedure, ICP 
yielded values below 10%. ._ . _ 

In addition to calcium, two other components of these two solids can be 
checked by the analyses performed. One of these is carbon in limestone. The data 
from CHN analyses are presented in Table 6-46. For limestone, the carbon 
concentration is 12.1%, in satisfactory agreement with the formula value of 12.0% for 
CaC03. The other constituent that can be checked is sulfate in gypsum. The average 
result is 56.8%; the formula value is 55.8%. 

The anions listed in the analytical tables are the four species customarily 
determined in the Bailly samples. Sulfite was another species determined in the 
gypsum because of the uncertainty that oxidation of sulfite to sulfate would be 
complete. The analytical results showed that the sulfite concentration in the gypsum 
was negligible; whereas the sulfate concentration was approximately 56%, the sulfite 
concentration was about 0.5%. This sulfite level was not established clearly; the 
actual sulfite level may have been less than that stated. 

The average concentration of carbon in the gypsum was 0.34%. If this is 
assumed to be a residue of carbonate from the original limestone, the apparent 
residue of limestone is about 3% by weight in the gypsum. The slight excess of 
sulfate over that calculated from the formula for gypsum, however, suggests that there 
cannot be this much residual limestone present. Hydrogen found in the gypsum may 
be explained as a component of the water of hydration. Nitrogen is not significant in 
either limestone or gypsum. 
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The activities of radionuclides in the limestone and gypsum are shown in 
Table 6-47. The activities are generally too low to be significant. 

The average concentration of mercury in the gypsum, 0.25 pg/g, is of particular 
interest because gypsum seems to be the primary form of disposal of mercury 
removed from the flue gas in the scrubber. As later data will show, the mercury 
removed in the scrubber represents about 50% of the mercury in the flue gas at the 
scrubber inlet or about 33% of the mercury supplied by the coal The comparative 
levels of mercury in the coal and gypsum and their relative flow rates indicate that the 
gypsum contains about 33% of the mercury from the coal. Thus, the loss of mercury 
to the scrubber is balanced by the appearance of mercury in the gypsum. 

As indicated later by data on material balance (Table 7-23), closures for the 
AFGD system based on the trace metal concentrations in Tables 6-44 and 6-45 were 
quite unsatisfactory in some instances. Some of the poor closures are illusory, in the 
sense that they depend on assumed concentrations that were set at one-half of the 
detection limits. Most of the poor closures seemed attributable to doubtful results for 
the limestone and gypsum. Thus, in an effort to obtain improved closures, composites 
of the limestone and the gypsum for the three test days (9/3, 9/4, and 9/5) were 
submitted to Galbraith Laboratories for independent analyses by ICP and related AAS 
methods. The results from Galbraith are listed below: 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Limestone 

<1.0 
1.5 
1.0 

<1.0 
5.9 

<1.0 
<1.0 
<1.0 

1.2 
1.2 

45.9 
<0.01 
<1.0 

1.7 
<2.4 

2.4 

Gypsum 

<1.0 
<1.0 

1.0 
<1.0 
19.1 
<1.0 

1.0 
<1.0 
<1.0 

1.0 
5.1 
0.20 

<1.0 
1.2 
3.9 
2.0 

Boron is one of the metals for which major differences exist between the analytical 
results above and those in Tables 6.44 and 6.45. Other metals have less obvious 
differences, but the effects on closures are still dramatic. 
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Table 6-44 
Metal and Anion Concentrations in the Limestone 

(Data are in /tg/g) 

Trace metals 

Antimony 
Arsenic 

Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals 
Aluminum 
Calcium* 
Iron 
Magnesium 
Titanium 

Anions 
Fluoride 
Chloride 
Sulfate 
Phosphate 

9/3/93 

1.87 
0.292 

1.30 
<0.008 
145 
<0.005 

0.563 
0.390 
2.23 

<0.125 
71.2 

<0.002 
0.785 
2.63 

<0.10 
3.62 

4160 
380000 

811 
3570 

13.3 

<400 
967 

4470 
<iooo 

9/4/93 

0.642 
0.260 

1.48 
<0.008 
105 
<0.005 

0.636 
0.302 
2.33 

<0.125 
67.9 
<0.002 

0.198 
2.46 

<0.10 
3.64 

4150 
380000 

751 
3460 

15.4 

<400 
460 

1870 
<1000 

9/5/93 

0.456 
0.327 
1.36 

<0.008 

138 
0.097 
0.613 
0.149 
2.26 

<0.125 
69.1 
<0.002 

0.104 
2.60 

<0.10 
3.64 

3050 
382000 

735 
3430 

14.7 

<400 
2030 
9200 

<1000 

Average 

0.989 
0.293 

138 

<0.008 
129 
<0.097 

0.604 
0.280 
2.27 

<0.125 
69.4 
<0.002 

0.362 
2.56 

<0.10 
3.63 

... 

3790 
381000 

766 
3490 

14.5 

<400 
1150 
5180 

<1000 

StoLdev. 

0.768 
0.034 
0.095 

21 

0.037 
0.122 
0.05 

1.71 

0.369 
0.091 

0.01 

638 
1150 

40 
72 

1.1 

800 
3720 

. . 

The true value is 401,000 /ig/g. 
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Table 6-45 
Metal and Anion Concentrations in Gypsum 

(Data are in pg/g) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 
Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium" 

Iron 

Magnesium 

Titanium 

Anions 

Fluoride 
Chloride 

Sulfate' 

Phosphate 

9/3/93 

0.29 

1.60 
1.38 

0.41 

387 

<0.020 
80.2 

<0.30 
0.95 

<0.50 

7.43 

0.24 

12.5 

32.0 

4.14 

2.36 

4500 

284000 

615 

988 

24.2 

600 
1300 

563000 

<1000 

9/4/93 

0.33 

1.71 
1.19 

0.41 

408 

<0.020 
13.9 

<0.30 

0.18 

<0.50 

5.38 

0.25 
1.8 

7.3 

3.98 

1.92 

5500 

281000 

716 

976. 

28.3 

600 
134 

568000 

<1000 

9/5/93 

0.78 

1.60 
0.99 

0.40 

287 

<0.020 
1Z6 

<0.30 
0.17 

<0.50 

5.35 

0.25 
2.0 

12.2 

4.42 

2.06 

6700 

290000 

805 

870 

42.6 

800 
504 

572000 

<1000 

Average 

0.47 

1.64 

1.18 

0.41 

361 

<0.020 
35.6 

<0.30 

0.43 

<0.50 

6.05 

0.25 
5.4 

17.2 

4.18 

2.11 

5600 

285000 

712 

945 

31.7 

670 
650 

568000 

<1000 

StiLdev. 

0.27 

0.06 

0.19 

0.01 

65 
— 

38.7 
— 

0.45 

1.19 

0.01 
6.1 

13.1 

0.22 

0.22 

1100 

4600 

95 

65 

9.7 

120 
600 

4500 
— 

The true values for CaS04.2H20 are: Calcium, 232000; sulfate, 558000 /ig/g. 
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Table 6-46 
Carbon/Hydrogen/N'itrogen Analysis 

of Umestone and Gypsum 

Limestone 

Carbon % 

Hydrogen % 

Nitrogen % 

Gypsum 

Carbon % 

Hydrogen % 

Nitrogen % 

9/3193 

12.09 

<0.1 

<0.1 

0.26 

0.88 

<0.1 

9/4/93 

12.10 

<0.1 

<0.1 

0.34 

1.01 

<0.1 

9/5/93 

12.12 

<0.1 

<0.1 

0.42 

1.19 

<0.1 

Avg. 

12.10 

<0.1 

<0.1 

0.34 

1.03 

<0.1 

Stddev. 

0.02 

— 

— 

0.08 

0.16 

— 
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. Table 6-47 Activities of Radionuclides" 
in the Limestone and Gypsum 

(All data in pCi/g) 

Limestone 

Lead 210 

Polonium 210 

Radium 226 

228 

Thorium 228 

230 

232 

Uranium 234 

235 

238 

Total 

Gypsum 

Lead 210 

Polonium 210 

Radium 226 

228 

Thorium 228 

230 

232 

Uranium 234 

235 

238 

Total 

9/3/93 

Activity 

1.7 

0.9 

1.5 

0.1 

0.2 . 

13 

ND 

1.2 

0.1 

1.3 

1.7 

1.2 

0.5 

0.1 

0.7 

0.2 

0.8 

0.2 

1.1 

0.1 

0.9 

0.8 

Error 

0.8 

0.4 

0.6 

1.4 

0.1 

0.3 

0.1-

0.4 

0.2 

0.5 

0.7 

0.3 

0.4 

1.7 

0.1 

0.3 

0.1 

0.4 

0.1 

0.3 

LLD 

1.1 

0.4 

0.6 

2.4 

0.2 

0.4 

0.1 

0.2 

0.2 

0.1 

1.1 

0.3 

0.6 

2.8 

0.2 

0.4 

0.2 

0.2 

0.1 

0.2 

9/4/93 

Activity 

1.4 

1.1 

0.9 

0.8 

0.1 

1.2 

0.1 

0.5 

0.1 

1.2 

1.7 

1.4 

0.7 

0.6 

1.4 

0.1 

0.7 

0.1 

0.7 

0.1 

0.4 

0.8 

Error 

0.7 

0.4 

0.5 

1.5 

0.1 

03 

0.1 

0.3 

0.1 

0.5 

0.7 

0.3 

0.5 

1.5 

0.1 

0.3 

0.1 

0.3 

0.1 

0.2 

LLD 

1.1 

0.3 

0.6 

2.4 

0.2 

03 

0.1 

- 0.2 

03 

0.3 

1.1 

0.4 

0.6 

2.4 

0.2 

0.4 

0.2 

0.3 

0.2 

0.2 

9/5/93 

Activity 

1.8 

0.9 

1.0 

5.5 

0.1 

1.5 

0.2 

- 0.4 

ND 

0.8 

1.9 

1.0 

0.5 

03 

0.8 

0.2 

0.9 

0.2 

0.6 

0.1 

0.5 

1.0 

Error 

0.8 

0.4 

0.5 

1.7 

0.1 

03 

0.1 

0.2 

0.1 

0.3 

0.7 

0.4 

0.4 

1.4 

0.1 

0.3 

0.1 

0.3 

0.1 

0.2 

LLD 

1.1 

0.2 

0.6 

2.4 

0.2 

03 

0.1 

03 

0.2 

03 

1.1 

0.4 

0.6 

2.4 

0.2 

0.4 

0.2 

03 

0.2 

0.2 

"See footnote on Table 6-4, page 6-7, for definitions of terms. 
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6.2.2 Water Streams 

There are four aqueous streams associated with the.scrubber: 

Makeup water 

Absorber recirculating pump slurry 

Bleed pump slurry 

Waste water 

The first and last of the streams listed above contained negligible amounts of 
suspended solids; thus, they were analyzed only for dissolved metals and anions. 
The two slurries contained 22-23% solids by weight. The solids and aqueous phases 
of each were separated and analyzed for metals and anions; the compositions of the 
composites were then calculated. All of these data are presented in Tables 6-48 
through 6.55. 

The solids in the slurries were expected to be essentially gypsum. This 
expectation was satisfied by the measured concentrations of calcium and sulfate, 
which were essentially the same as for the gypsum product (Table 6-45). The mercury 
concentrations in all three materials were nearly the same, as they should have been; 
the range was 0.25-0.30 pg/g. Sulfite was a negligible component of the slurry solids, 
just as it was in the gypsum product. 

Table 6-56 gives the measured concentrations of carbonyl compounds in the 
water streams. The concentrations in the makeup water are about the same as those 
in the condenser inlet water for the boiler but substantially higher than those in the 
makeup water for the boiler. 

The concentrations in the slurries and the waste water are higher than those of the 
scrubber makeup water. 

Concentrations of volatile and semivolatile organic compounds were also 
measured in the water. The results were similar to the results for water streams at the 
boiler. In summary, the results were variable and logically attributed to artifacts, such 
as contaminants introduced inadvertently. 
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Table 6-48 
Daily Metal and Anion Concentrations 

in Scrubber Makeup Water 
(Data in /xg/ml.) 

Trace metals 

Antimony 

Arsenic 

Barium 
Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 
Calcium 

Iron 
Magnesium 

Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

<0.0006 

<0.0003 

0.0162 
<0.0005 

<0.0625 

0.0009 

<0.006 

<0.002 

0.0057 
<0.005 

0.0027 

0.00009 
<0.006 

<0.010 

<0.0006 

<0.003 

<0.10 
17.7 

<0.10 

10.94 

<0.10 

<0.4 

11.32 

23.36 

<0.50 

9/4/93 

<0.0006 

<0.0003 

0.0194 
<0.0005 

<0.0625 

0.0010 

<0.006 

<0.002 

0.0058 

<0.005 

<0.0125 

0.00011 
0.0660 
0.0053 

<0.0006 

<0.003 

<0.10 

17.4 

<0.10 
11.35 

<0.10 

<0.4 

12.14 

24.30 

<0.50 

9/5/93 

<0.0006 

<0.0003 

0.0189 
<0.0005 

<0.0625 

0.0018 

<0.006 

0.0037 

0.0046 

<0.005 

<0.0125 

0.00009 
<0.006 

<0.010 

0.0032 

<0.003 

<0.10 
18.0 

<0.10 

11.28 

<0.10 

<0.4 

12.13 

24.38 

<0.50 
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Table 6-49 
Daily Metal and Anion Concentrations in the Liquid Phase 

of the Absorber Recirculating Pump Slurry 
(Data in /ig/mL) 

Trace metals 

Antimony 
Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 
Mercury 

Molybdenum 
Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 
Magnesium 

Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

0.0070 

0.0061 

0.207 

0.00085 

974 
0.0483 

<0.006 

0.0905 

0.0090 

0.0059 

52.9 
0.00018 
0.138 
0.884 

0.304 

<0.003 

0.146 

1904 

<0.10 
2370 

<0.10 

15.2 

6047 

2270 

<25.0 

9/4/93 

0.018 

0.0062 

0.256 
0.0006 

1001 
0.0513 

0.0558 

0.0917 

0.0102 

<0.005 

56.0 
0.00013 
0.165 

0.876 

0.378 

<0.003 

0.222 

2042 

<0.10 
2281 

<0.10 

15.2 

6010 

2216 

<25.0 

9/5/93 

0.0058 

0.0062 

0.240 

<0.0005 

1059. 
0.0050 

0.0061 

0.0961 

0.0082 

<0.005 

59.9 
0.00032 
0.192 
0.946 

0371 

0.0056 

<0.10 

1746 

<0.10 
2305 

<0.10 

12.1 

6716 

2122 

<25.0 
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Table 6-50 
Daily Metal and Anton Concentrations in 

the liquid Phase of the Bleed Pump Slurry 
(Data in jig/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 
Beryllium 

Boron 
Cadmium 
Chromium 

Cobalt 

Copper 

Lead 

Manganese 
Mercury 

Molybdenum 
Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 
Calcium 

Iron 

Magnesium 

Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

0.005 

0.0066 

0.2261 
0.00053 

1024 
0.0438 

<0.006 

0.1072 

0.0126 

<0.005 

59.9 
0.00035 

0.144 
0.9242 

0.355 

<0.003 

0.156 
2124 

0.243 

2339 

<0.10 

14.0 

6018 

2226 

<25.0 

9/4/93 

0.0048 

0.0062 

0.2329 
<0.0005 

1033 
0.0444 

0.0042 

0.0911 

0.0124 

<0.005 

57.0 

0.00020 

0.140 

0.8922 

0.354 

0.0047 

<0.10 
2081 

<0.10 

2259 

<0.10 

14.2 

6238 

2189 

<25.0 

9/5/93 

0.0044 

0.0068 

0.2604 
<0.0005 

1062 
0.0449 

<0.006 

0.1006 

0.0133 

<0.005 

60.0 
0.00029 

0.174 

0.9152 

0.461 

0.0072 

<0.10 
2248 

0.236 

2233 

<0.10 

11.7 

6707 

1682 

<25.0 
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Table 6-51 
Daily Metal and Anion Concentrations 

in the Scrubber Waste Water 
(Data in jxg/mL) 

Trace metals 

Antimony 
Arsenic 

Barium 
Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 
Manganese 
Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 
Calcium 

Iron 
Magnesium 

Titanium 

Anions 
Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

0.0063 
0.013 

0.204 

<0.0005 

58.8 

0.039 

0.0082 

0.0657 

0.0086 
<0.005 
403 

0.00034 

0.121 

0.697 

0.283 

0.0095 

0.225 
1746 

0.193 
1304 

<0.10 

16.6 

4706 

2292 

<10.0 

9/4/93 

0.0053 
0.011 

0.257 

<0.0005 

865 

0.0386 

<0.006 

0.0840 

0.0089 
<0.005 
42.5 
0.00042 

0.1177 

0.7359 

0.296 
0.0126 

0.185 
2010 

0.121 
1521 

<0.10 

16.0 

4878 

2300 

<10.0 

9/5/93 

0.0069 
0.010 

0.1614 

<0.0005 

891 

0.0325 

<0.006 

0.0939 
0.0077 

. <0.005 

44.8 
0.00026 

0.1233 

0.7767 

0.345 

0.0142 

0.229 
2192 

0.220 

1579 

<0.10 

15.8 

5165 

2234 

<10.0 
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Table 6-52 Average Metal and Anion Concentrations 
in Water Streams Associated wiith the Scrubber 

(Data in pg/mL) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Anions 

F " 

c i -

SO/2 

PO/3 

Makeup 

<0.0006 

<0.0003 

0.0182 

<0.0005 

<0.062 

0.0012 

<0.0061 

<0.002" 

0.0054 

<0.0005 

<0.012" 

0.0001 

<0.006" 

<0.010" 

<0.0006" 

<0.003 

<0.10 

17.7 

<0.10 

11.19 

<0.010 

<0.40 

11.9 

24.0 

<0.50 

ARP slurry 

0.0103 

0.0062 

0.2343 

0.0007" 

101 

0.0349 

0.031" 

0.0928 

0.0091 

<0.0005" 

56.3 

0.0002 

0.1650 

0.9020 

03510 

<0.003" 

0.184" 

1900 

<0.10 

2320 

<0.10 

14.2 

6260 

2200 

<0.50 

BP slurry 

0.0048 

0.0065 

0.2398 

<0.0005" 

1040 

0.0444 

<0.006" 

0.0996 

0.0128 

<0.0005 ' 

59.0 

0.0003 

0.1527 

0.9105 

0.3900 

0.0040 

<0.10" 

2150 

0.240" 

2240 

<0.10 

133 

6320 

2030 

<0.50 

Wastewater 

0.0062 

0.0113 

0.2075 

<0.0005 

605 

0.0367 

<0.006" 

0.0812 

0.0084 

<0.0005 

42.5 

0.0003 

0.1207 

0.7365 

0.3080 

0.0121 

0.2130 

1980 

0.178 

1470 

<0.10 

16.1 

4920 

2280 

<0.50 

"Based on two daily values, not three. 
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Table 6-53 
Metal and Anion Concentrations in Solids from 

the Absorber Recirculating Pump Slurry 
(Data are in /xg/g) 

Trace metals 

Antimony 
Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 
Iron 
Magnesium 

Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

037 

1.26 

1.72 
<0.03 

124 

<0.02 

0.778 

<0.30 

0.62 

<0.50 
6.95 
0.25 

<0.50 
1.79 

4.68 

2.50 

764 

278000 

716 
1050 

36.5 

600 

<100 

547,000 

<1000 

9/4/93. 

0.27 

0.51 

2.95 

<0.03 

135 

<0.02 

1.496 

<0.30 

1.40 

<0.50 

15.00 
- - 0.27 

134 

3.05 

7.06 

5.14 

695 

282000 

826 
1220 

72.0 

800 

<100 

544,000 

<1000 

9/5/93 

0.29 

0.60 

3.07 

<0.03-

139 

<0.02 

0.504 

<0.30 
1.00 

<0.50 

11.69 

033 

. <0.50 

2.75 

8.89 

4.17 

914 
289000 

1160 
1720 

32.2 

1000 

<100 

543,000 

<1000 

. Average . 

0.31 

0.79 

2.58 

<0.03 

133 

<0.02 

0.926 

<0.3 

1.01 
<0.50 

11.21 
0.28 

<1.34 

2.53 

6.88 

3.94 

790 
283000 

901 
1330 

46.9 

800 

<100 

545,000 

<1000 

Stddev. 

0.05 

0.41 

0.75 
. . 

8 

0.51 
_ 

0.39 

4.05 

0.04 
. . 

0.66 

2.11 

134 

112 

5600 
231 
348 

21.9 

200 
~ 

2100 

-
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Table 6-54 
Metal and Anion (Concentrations in Solids from the Bleed Pump Slurry 

(Data are in /ig/9) 

Trace metals 

Antimony 
Arsenic 

Barium 

Beryllium 
Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 
Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 
Iron 

Magnesium 
Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

9/3/93 

0.31 

0.92 
2.47 

<0.03 
117 

<0.02 
1.44 

<030 

1.21 

<0.50 

8.68 

0.27 

<0.50 

2.07 
5.43 

3.34 

442 

284000 

721 

1060 

40.8 

600 

158 

526,000 

<1000 

9/4/93 

0.25 

0.46 
1.94 

<0.03 

129 

<0.02 

1.11 

<030 
0.65 

<0.50 

8.06 

0.25 
<0.50 

1.95 
4.82 

2.78 

738 

278000 
820 

1150 
30.2 

600 

<100 

531,000 

<1000 

9/5/93 

0.37 

0.59 

3.09 

<0.03 

137 

<0.02 

1.91 

0.304 

1.24 

<0.50 

11.46 

037 

<0.50 
3.07 

9.34 

4.45 

755 

284000 

879 

1860 

37.9 

1000 

598 

545,000 

<1000 

Average 

0.31 

0.66 
2.50 

<0.03 
128 

<0.02 

1.49 

<030 

1.04 

<0.50 

9.40 

0.30 

<0.50 
2.36 

6.53 

3.53 

645 

282000 

807 

1360 

36.3 

730 

<285 

534,000 

<1000 

SttLdev. 

0.06 

0.24 

0.57 
.. 

10.07 
.. 

0.40 
— 

033 
— 

1.81 

0.06 
.. 

0.62 
2.45 

0.85 

176 

3465 
80 

440 
5.5 

230 
.. 

9800 

— 
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Table 6-55 
Composite Concentrations of Metals and Anions in the 
Absorber Recirculating Pump and Bleed Pump Slurries* 

(Data in jtg/g) 

Trace metals 
Antimony 

Arsenic 

Barium 

Beryllium - -

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 
Manganese 

Mercury 
Molybdenum 

Nickel 
Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 
Magnesium 
Titanium 

Anions 

Fluoride 

Chloride 

Sulfate 

Phosphate 

ARP slurry 

0.0776 

0.181 

0.757 

- <0.0071 

815 

<0.032 

0.222 

<0.14 

0.231 

<0.11 
46.2 

0.0630 

0.128 

1.26 

1.81 

0.880 

1030 

64600 
201 

2100 
10.5 

189 

4860 

123000 

<220 

BP slurry 

0.0786 

0.165 

0.790 

<0.0O77 

817 

0.038 

0.363 

0.0753 

0.262 

<0.12 
46.9 

0.0724 

<0.237 

1.26 
189 

0.863 

1070 

70400 

197 

2050 
8.85 

189 

6320 

132000 

<240 

"Calculated from proportions of solids and liquid and average 
concentrations in each: ARP slurry, 22.3% solids and 77.7% liquid; 
BP slurry, 24.4% solids and 75.6% liquid. 
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Table 6-56 
Carbonyl Compounds 

in Water Streams Associated with the Scrubber 
(September 6,1993) 

Stream 

Makeup 

Formaldehyde 

Acetaldehyde 

Acetone 

Absorber recirculating 
pump slurry 

Formaldehyde 

Acetaldehyde 

Acetone - -

Bleed pump slurry 

Formaldehyde 

Acetaldehyde 

Acetone 

Waste water 

Formaldehyde 

Acetaldehyde 

Acetone 

Blanks 

Formaldehyde 

Acetaldehyde 

Acetone 

Concn, pg/L 

116 

<5 

31 

371 

46 

87 

185 

65 

26 

198 

23 

99 

14-57" 

<5 

<5 

"Range of values. 
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6.3 Stack Gas Stream 

6.3.1 Metals 

Metal concentrations in the stack are given in Tables 6-57 through 6-60. 
Attention may be focused on the last two of these tables, which give average 
concentrations for the three days of testing. Table 6-60 presents the averages in 
pg/Nm3; Table 6-61 gives the averages in pg/g where, as in similar tables earlier, the 
numerator counts both particulate and vaporous forms of the metals and the 
denominator counts only the total particulate matter. 

Mercury concentrations based on sampling with solid sorbents are presented 
separately in Table 6-62. These data for mercury are believed to be more reliable than 
the data for this element in the preceding tables, which were based on samples from 
Method 29. Table 6-62 includes the results of calculations to show the degree of 
mercury removal in the scrubber. The average in three days of sampling was about 
50% of that entering the scrubber from the combination of ducts leaving the Units 7 
and 8 ESPs. Apparently, the mercury removed was mainly that occurring in the 
divalent form; this is logical, since divalent mercury, especially in the form of HgCI2, is 
readily dissolved in water, whereas elemental mercury is not. 

Nearly all of the metals concentrations expressed in pg/Nm3 are lower than the 
corresponding values at either ESP outlet. This fact, of course, implies some degree 
of removal of all metals in the scrubber. The exceptions are intermediate 
concentrations for antimony, manganese, and selenium for the stack; these exceptions 
are believed to be due to spurious data at one of the three locations of concern. The 
spray-chamber type of scrubber at Bailly is not expected to be highly efficient for 
particulate removal; nevertheless, it is not likely to vary in effectiveness for different 
metals except through discriminating between the forms in the particulate matter and 
the vapor phase. 

Approximate values of the fractional penetrations of the scrubber efficiencies 
may be calculated by dividing the stack concentrations of individual metals by the 
average ESP outlet concentrations, where the average ESP outlet value is two-thirds of 
the Unit 8 outlet concentration plus one-third of the Unit 7 outlet concentration. (Unit 8 
has approximately twice the gas flow of Unit 7.) The discrimination between an 
element that is present mainly in the particulate matter (barium) and one present 
mainly as vapor (boron) can thus be illustrated: 

Barium - Penetration = 1.43/[(0.667(2.10) + 0.333(0.416)] = 0.40 
Efficiency = 60% 

Boron - Penetration = 1230/(0.667(13600) + 0.333(13300)] = 0.091 
Efficiency = 90.9% 

For mercury (utilizing the data from Brooks Rand in Table 6-62), the efficiency 
is about 50%. The implied reason for limited efficiency is that only part of the mercury 
is oxidized (divalent) and thus soluble in the aqueous phase of the scrubber. 
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For selenium, there is an anomaly: the calculated efficiency is negative; the 
stack concentration is 1.14 times the average ESP outlet concentration. The daily 
average selenium concentrations (pg/Nm3) in the three locations of concern are as 
follows: 

Unit 8 outlet 

Unit 7 outlet 

Particulate 

1.82 

72 

Vapor 

169 

274 

Total 

171 

347 

Stack 131 130 261 

The stack particulate concentration is, in a sense, "impossible;" it is higher than either 
ESP outlet concentration. The lower gas temperature in the stack, however, makes 
conversion of vapor to particulate likely, and this tentative effort to find the flawed item 
of data may be misleading. 
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6.3.2 Anions and Acid Gases 

Data on these species for the gas phase in the stack appear in Table 6-63. 
They reveal sharp reductions in the concentrations of HF, HCI, and S02 from the levels 
seen at the outlets of the ESPs. if a composite concentration of each of these gases 
at the inlet of the ESP is calculated (the average of twice the Unit 8 outlet value and 
one times the Unit 7 ESP, since the gas flows are essentially in a 2:1 ratio), the data in 
Table 6-63 lead to calculated acid gas removals in the scrubber as follows: 

Gas Removal. % 

HF 96 

HCI 99 

S02 93 

Phosphate was not measurable in the stack gas. This is not a result of any 
significance, since phosphate was never found as the constituent of the gas phase in 
the preceding ducts. 

Sulfate was measured in the particulate phase of the stack gas. The results 
were as follows: 

Date SO;2. % 

Sept. 3 72.6 

Sept. 4 75.6 

Sept. 5 73.6 

These data suggest that only about 25% of the particulate matter in the stack was fly 
ash from the two boilers and that 75% was sulfate entrained from the scrubber. A 
tentative conclusion, to be moderated somewhat in a later paragraph, embraces the 
following concepts: 

• Calcium represents, on the average, 1.1 % of the stack particulate. 
Some of this is in the ash; the balance may be considered to be 
gypsum from the scrubber. The gypsum content of the stack 
particulate cannot exceed 4.7% (the mole formula of gypsum 
weighs 172 g; that of calcium is 40 g and the ratio is 4.3). 

• The average concentration of stack particulate was 0.0543 g/Nm3. 
If 75% of this were sulfate from condensed sulfuric acid vapor, the 
original concentration of sulfuric acid, or S03, would be 10 ppmv, 
a level that is easily consistent with the composition of 
combustion gas from a coal containing 3% sulfur. Certainly, if the 
gas preceding the scrubber contained 10 ppmv sulfuric acid, the 
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cooler gas at the outlet would necessarily contain that 
concentration as the condensate, probably in the form of fine 
aerosol particles. 

Thus, the tentative argument that 75% of the mass of the stack particulate is a 
contribution from the scrubber can be supported to a minor degree in terms of 
entrained gypsum but entirely in terms of condensed sulfuric acid vapor. This 
conclusion must be tempered, however, for two reasons: 

• The particulate matter at the outlet of the Unit 7 ESP contained, 
for no evident reason, about 50% sulfate, as indicated previously 
in Section 6.1.3.2. Thus, not all of the sulfate in the stack can be 
traced to the scrubber. 

• The variability of the observed concentrations of stack particulate 
matter undermines confidence in the conclusion above that is 
based on the average stack concentration of particulate matter. 
On successive days, the concentrations were 0.0270, 0.0543, and 
0.0815 g/Nm3, of which 75% would correspond to sulfuric acid 
concentrations of 5,10,15 ppmv. It is not possible to say why 
variable concentrations of sulfuric acid might be expected, unless 
the trend toward higher particulate concentrations is a result of 
decreasing rates of ammonia injection. 
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6.3.3 Ammonia and Hydrogen Cyanide 

These gases were measured only on September 6. Their observed 
concentrations in the stack were as follows: 

Ammonia 20.2 pg/Nm3, equivalent to 
0.029 ppmv of NH3 

Hydrogen cyanide 15.6 pg/Nm3, equivalent to 
0.014 ppmv as HCN 

The concentration of NH3 is not consistent with both of the ESP outlet 
concentrations, which were <0.007 ppmv in Unit 8 and 0.030 ppmv in Unit 7. 
Although NH3 is a basic gas and might be expected to pass through a limestone 
scrubber without being absorbed, NH3 is soluble at the pH levels observed in the 
waste water (around pH 6.9). 

The concentration of HCN above is less than the values at the ESP outlets — 
0.27 ppmv in Unit 8 and 0.36 ppmv in Unit 7. Logically, HCN should be removed in a 
limestone scrubber, but with a scrubber pH of 6.9 the removal may be inefficient, as 
the data suggest. 

The particulate in the stack, as well as the flue gas, was analyzed for ammonia. 
This, however, was done on September 3, 4, and 5, prior to the determination in the 
gas phase, when there was the expectation initially that ammonia was being injected 
from the conditioning system. The ammonia concentrations in the solid on the three 
successive dates were 2.2,1.1, and 0.27%, corresponding to gas-phase 
concentrations of 0.84, 0.84, and 0.31 ppmv. The trend was downward, during the 
period when ammonia injection was terminated. 
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6.3.4 Organic Compounds 

The findings with respect to organic compounds, each class being sampled 
only on September 6, are as follows: 

• The data for carbonyl compounds are given in Table 6-64. 

• The data for volatile organics in the stack, as in the preceding 
ducts, are believed to be erroneous, as discussed in Appendix D. 

• No semi-volatile compound believed to be an authentic 
component of the gas stream was identified. Those compounds 
that were detected were similar to those detected in the 
preceding ducts and were regarded similarly as artifacts. 

• A few dioxins and furans were detected in particulate fractions of 
samples from the stack. The names of the detected compounds 
with 2,3,7,8 substitution, their apparent concentrations, and (in 
parentheses) the lowest concentrations believed to be reliably 
identifiable are listed below: 

Compound 

1,2,3,4,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,6,7,8-HpCDD 
OCDD 

Concn, pg/Nm 

2 (23) 
3 (23) 

13 (23) 
4 (23) 
7 (45) 

The corresponding results for all compounds with a given number of 
constituents were as follows: 

TCDF 1 (4.5) 
HxCDF 14 (23) 
HxCDD 7 (23) 
HpCDF 22 (23) 
HpCDD 8 (23) 
OCDD 7 (45) 
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Table 6-57 
Metal Concentrations in the Gas Stream at the Stack 

(September 3,1993) 
(Data in pg/Nm3) 

(All data here by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury" 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

0.02 

3.50 

1.89 

0.14 

<0.2 

0.63 

4.13 

0.11 

2.74 

3.05 

2.97 

<0.01 

4.80 

1.90 

131 

4.64 

154 

570 

330 

112 

24.4 

Vapor 

1.01 

1.68 

<0.20 

<0.01 

944 

0.16 

0.27 

<0.10 

1.32 

0.47 

<0.40 

0.14/3.14 

<0.20 

0.17 

43.0 

0.03 

6.41 

14.1 

27.5 

2.20 

<0.2 

Total 

1.04 

5.18 

1.99 

0.14 

944 

0.79 

4.40 

0.16 

4.06 

3.52 

3.17 

3.28 

4.90 

2.07 

174 

4.67 

161 

584 

358 

114 

24.5 

"The column for vapor gives separate data from peroxide 
and permanganate impingers. 
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Table 6-58 
Metal Concentrations in the Gas Stream at the Stack 

(September 4,1993) 
(Data in pg/Nm3) 

(All data here by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury" 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<0.05 

0.40 

1.26 

0.07 

<0.2 

0.32 

3.17 

0.09 

0.84 

1.53 

3.19 

0.01 

4.12 

1.16 

69.9 

3.53 

130 

593 

256 

107 

20.6 

Vapor 

0.07 

0.17 

<0.20 

<0.01 

1150 

0.06 

0.14 

<0.10 

0.33 

<0.25 

<0.40 

0.16/2.37 

<0.20 

1.72 

124 

0.08 

5.42 

6.33 

27.0 

1.11 

0.72 

Total 

0.09 

0.57 

136 

0.07 

1150 

0.38 

3.31 

0.09 

1.17 

1.65 

3.19 

2.54 

4.22 

2.88 

193 

3.61 

136 

600 

283 

108 

21.3 

"The column for vapor gives separate data from peroxide 
and permanganate impingers. 
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Table 6-59 
Metal Concentrations in the Gas Stream at 

the Stack (September 5,1993) 
(Data in pg/Nm3) 

(All data here by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper " -

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<0.05 

0.40 

1.97 

<0.10 

<0.2 

0.28 

3.25 

0.09 

1.10 

1.09 

2.68 

0.01 

4.63 

1.84 

191 

2.84 

114 

651 

202 

122 

17.8 

Vapor 
-• 

0.01 

- <0.05 

<0.20 

<0.10 -

1600 

0.26 

0.13 

<0.10 

0.67 

0.25 

<0.40 

0.13/2.43 

<0.20 

1.40 

223 

<0.10 

10.7 

3.45 

2.48 

<0.2 

Total 

0.03 

0.42 

2.07 

- <0.10 

1600 

. 0.54 

3.38 

0.14 

1.77 

1.34 

2.88 

2.57 

4.73 

3.24 

415 

2.89 

114 

661 

206 

124 

17.9 

"The column for vapor gives separate data from peroxide 
and permanganate impingers. 
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Table 6-60 
Average Metal Concentrations in the Gas Stream at the Stack* 

(Data in pg/Nm3; with standard deviations) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<0.05 

1.43 ± 1.79 

1.71 ± 0.39 

<0.09 

<0.2 

0.41 ± 0.193 

3.52 ± 0.53 

0.099 ± 0.011 

1.56 ± 1.03 

1.89 ± 1.03 

3.96 ± 0.22 

0.010 ± 0.006 

4.51 ± 0.35 

1.63 ± 0.41 

131 ± 61 

3.79 ± 0.90 

133 ± 20 

605 ±41 

263 ±64 

114 ±7 

20.9 ± 3.3 

Vapor 

0.36 ± 0.56 

<0.62 

<0.20 

<0.10 

1230 ± 340 

0.16 ± 0.10 

0.18 ± 0.07 

<0.10 

0.77 ± 0.50 

0.24 ± 0.24 

<0.40 

2.79 ± 0.43 

<0.20 

1.28 ± 0.82 

130 ±90 

<0.05 

<8 

10.4 ± 3.9 

19.3 ± 13.7 

1.93 ± 0.72 

<0.4 

Total 

0.38 ± 0.56 

1.43 ± 1.79 

1.71 ± 0.39 

<0.10 

1230 ± 340 

0.57 ± 0.21 

3.70 ± 0.61 

<0.10 

2.33 ± 1.52 

-2.13 ± 1.21 

-4.16 ± 0.22 

2.80 ± 0.42 

4.61 ± 0.35 

2.92 ± 0.61 

261 ± 134 

3.81 ± 0.90 

137 ± 20 

615 ± 41 

282 ±76 

116 ± 8 

21.0 ± 3.3 

"Based on data in Tables 6-57,6-58, and 6-59. 
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Table 6-61 
Ratios of Metal Concentrations in the Gas Si 

at the Stack to the Total Concentration of Entrain 
(Data in pg/g; averages of daily results' 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt . 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

<0.8 

47 

16 

<2.6 

<5 

10.9 

83.7 

- 34.7 

43.5 

13.8 

67.2 

<0.2 

103 

29.0 

2830 

90.6 

3160 

10900 

6470 

2540 

500 

Vapor 

13 

<22 

<5 

<2.3 

25,300 

3.4 

4.7" 

<2.3 -

21.1 

<8.4 

<4.5 

66.5 

<3 

18.4 

2200 

<1.3 

<153 

169 

180 

44 

<5 

Team 
ed Solids" 

Total 

13 

58 

18 

<5 

25,300 

14.3 

88.4 

35.8 -

64.6 

18.0 . 

69.4 

66.6 

104 

47.4 

5030 

91.2 

3240 

11,100 

6650 

2580 

500 

'Calculated by dividing the individual concentrations in Tables 6-57, 6-58, 
6-59 by the appropriate total particulate concentration. The three daily 
concentrations of total particulate were, in succession, 0.0270, 0.0543, and 
0.0815 g/Nm3. 
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Table 6-62 
Concentrations of Mercury Vapor 

Based on Sampling with Solid Sorbents 
at the Stack 

Date 

Concn, pg/Nm3 

HgfTJ) Hg(0) Total 
Percent 
oxidized* 

Data from the stack 

9/3/93 

9/4/93 

9/5/93 

— 

0.09 

0.08 

— 

3.50 

3.42 

3.48 

3.59 

3.50 

— 

2.5 

2.3 

Calculated data for the scrubber inlet 

9/3/93 

9/4/93 

9/5/93 

— 

3.84 

4.99 

— 

3.84 

1.78 

9.18 

7.68 

6.77 

— 

50.0 

73.7 

Calculated removals of the scrubber 

9/3/93 

9/4/93 

9/5/93 

— 

3.75 

4.91 

— 

0.34 

-1.64 

5.70 

4.09 

3.27 

(62.1%)* 

(53.3%)* 

(48.3%)" 

"The last three lines show instead the percentage of total mercury 
removed in scrubber. 
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Table 6 ^ 3 
Acid Gas Concentrations at the Stack 

Data in pg/Nm3 

Fluoride 

Chloride 

Sulfate 

Phosphate 

Data in ppmv 

HF 

HCI 

so2 

H3PQ4 

9/3/93 

<487 

1480 

646000 

<3000 

<0.62 

1.0 

162 - -

<0.8 

9/4/93 

<556 

1220 

848000 

<3000 

<0.70 

0.8 

212 

<0.8 

9/5/93 

<444 

1440 

904000 

<2300 

<0.56 

1.0 

226 

<0.6 

Avg 

<556 

1380 

800000 

<3000 

<0.70 

0.9 

200 

<0.8 

StcLdev. 

— 

140 

140000 

— 

— 

0.1 

34 

— 
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Table 6-64 
Carbonyl Compounds in the Stack 

(September 6,1S93) 

Stream 

Formaldehyde 

Acetaldehyde 

Acetone 

Mass 
collected, pg 

13.2 

<1.0 

10.0 

Calculated 
concn, pg/Nm3 

15.0 

<1.2 

11.4 
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7.0 DATA ANALYSIS AND INTERPRETATION 

7.1 Material Balances 

The mass flow rates presented previously as Tables 4-8 through 4-10 were 
used to calculate material balances for the major metals and trace metal species 
around each of the system defined in Section 3.2. The measured concentrations of 
the metals for each day were used with that day's flows to calculate a material balance 
for each day of the inorganic testing. If the concentration was below the detection 
limit, the detection limit was divided by two and that concentration was used for the 
material balance. Since this procedure inevitably leads to extreme imbalances, the 
mass flows derived from non-detectable concentrations are identified in the mass 
balances with italics, if a multi-phase flow has one component with a non-detectable 
concentration and it is more than 20% of the total mass flow, then the total flow is 
identified with italics also. Closures in which one flow is a non-detect and is more 
than 20% of the summed input or output are also presented in italics. Using this 
procedure, it is easy to see whether an extreme imbalance is the result of non-
detectable concentrations. 

Appendix E provides an annotated example calculation for trace metal material 
balances, using cobalt as an example. 

7.1.1 Major Element Balances 

Five metals, iron (Fe), aluminum (Al)."titanium (Ti), calcium (Ca), and 
magnesium (Mg), were chosen as tracers to evaluate the overall material balance 
procedures. These metals are refractory and should serve as a tracer for ash flows. 
The mass balances are presented as Tables 7-1 through 7-5. The material balances 
were calculated for each day, and the average flows for the three days of testing are 
shown in the tables. The average of the closures for each day is calculated and 
shown along with the closure of the average flows. (Closure is defined as the sum of 
the output mass flows divided by the sum of the input flows, expressed as a 
percentage.) Tables 7-1A through 7-5A list the sample standard deviations for the 
mass flows and the daily closures. The mass balance closures are summarized in 
Table 7-23, with the variability as sample standard deviation summarized in 
Table 7-23A. 

The closures for the major metals for the boiler system overall are good, with 
numbers ranging from 101% for iron to 111% for calcium. This result, along with the 
good closures for the subunits in the boiler system, indicate that the total flow rates 
are reliable. The condenser closures range from 70% for aluminum (non-detect) to 
137% for calcium. However, the closures for the AFGD system are poorer, with a 
range of 92% for magnesium to 196% for aluminum. The closures for only iron, 
calcium, and magnesium lie within the 80 to 120% range. 
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7.12. Trace Metal Balances 

Mass balances were calculated for each day of testing for each of 16 trace 
metal species. These balances are presented as Tables 7-6 through 7-22, which 
includes two balances for mercury. The mass balance closures (average of three daily 
closures) are summarized in Table 7-23, with the variability as sample standard 
deviation summarized in Table 7-23A. Alternate values of mass balance closures for 
the AFGD system are given in Table 7-23B. The two sets of numbers compare 
closures calculated from the SRI data on average daily metal concentrations in 
limestone and gypsum and closures calculated from the Galbraith data on metal 
concentrations in composites of the three daily limestone and gypsum samples (see 
Section 6.2.1). 

The trace metal balances for the boiler system are typical for this type of 
testing, with overall good results for some elements and poor results for others. The 
average closures range from 29% for mercury to 256% for selenium. Of the 
17 balances (16 elements with a second mercury balance), five lie within an 80 to 
120 percent range, and 13 lie within a 60 to 140 percent range. For the overall 
balances, non-detectable concentrations do not affect these balances using the 20% 
criterion mentioned above. The worst balances are calculated for the elements that 
typically give poor results: 256% for selenium, 141% for lead, 29% and 55% for 
mercury, and 64% for cadmium. The poor mercuiy results are from a coal 
concentration that appears to be too high (by 2x) as compared to the consistent flue 
gas measurements. Table 7-18, which shows the balance for mercury using Brooks 
Rand as the analytical subcontractor, presents data from the measurement of mercury 
contamination in the ambient air. The mass flow of mercury in the combustion air is 
about 1% of the mercury contained in the coal and about 2% of the mercury found in 
the flue gas. 

It is usually not possible to attribute poor closures to specific analytical data 
that are in error. Nevertheless, certain useful suggestions can be offered; as follows: 

• The poor closures for antimony in the Unit 8 boiler and the Unit 
8 ESP would be overcome to significant degrees if the fly ash 
between the boiler and ESP contained more of this element than 
reported. Raising the antimony concentration in the fly ash 
would raise the closure at the boiler and lower the closure at the 
ESP. 

• The poor closures for lead at the same two locations would be 
improved if the fly ash could be shown to contain less of the 
element then reported (just the opposite from the shift 
hypothesized for antimony). 

• The poor closures of selenium at the same two locations would 
be improved if the fly ash concentration of this element were 
lowered. 
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• The poor closure for cadmium at the condenser may be 
regarded as largely an illusion that stems from limitations in 
analytical sensitivity. For three days at the condenser inlet, the 
results reported are all less than 0.0003 pg/mL For the three 
days at the condenser outlet, one result is <0.0003 pg/ml and 
the other two are 0.0008 and 0.0012 pg/mL In the judgment of 
the SRI staff, the data do not justify computation of a closure. 
However, following instructions on data treatment, one lists 
0.00015, 0.0008, and 0.0016). The ratio of outlet to inlet is 5.67, 
or the recovery is reported as 567%. As a matter of fact, of 
course, there may have been contamination from an 
unrecognized source in the real system, or there may have been 
contamination in handling of the outlet samples. 

The trace metal balances for the AFGD system, as summarized in Table 7-22B, 
are disappointing, with a range of 24% for cadmium to 2750% for chromium. Of the 
17 balances, only 5 lie within an 80 to 120% range and 7 within a 60 to 140% band. 
The AFGD mass balances are dominated by the comparison of trace metal 
concentrations in the limestone to that in the gypsum. 

Some of the poorest closures for the AFGD system were improved by use of 
the Galbraith data, as revealed in Table 7-23B. Notably improved closures occurred 
for arsenic, beryllium, cadmium, chromium, molybdenum, and nickel when the 
Galbraith data were used. Only two of the closures — for cobalt and manganese — 
were degraded by the substitute data. 
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Table 7-1 
Bailly Mass Balance for Iron 

Average of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Liquid, 
g/s 

Gas, 
g/s 

Total, | 
g/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

524 

173 
315 

0.000208 
0.152 

f Daily Closures, % 
Closure of Average Flows, % 

524 

0.000208 
173 
315 
93.3 
93.1 

UNIT 8 ESP 
In 

Out 

Average o1 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

173 
175 

0.183 

0.152 

0.0362 
f Daily Closures, % 

Closure of Average Flows, % 

173 
175 

0.219 
101 
101 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

0.573 
0.573 

f Daily Closures, % 
Closure of Average Flows, % 

0.573 
0.573 

100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

315 

315 
0.00230 
0.00381 

f Daily Closures, % 
Closure of Average Flows, % 

315 
0.00230 

315 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

524 

315 
175 

0.183 

0.000208 
0.00230 
0.00381 

0.0362 
f Daily Closures, % 

Closure of Average Flows, % 

524 

0.000208 
0.00230 

315 
175 

0.219 
93.6 
93.4 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-1 (Continued) 
Bailly Mass Balance for Iron 

Average of 9/3, 9/4.9/5/93 

> Process 
Stream 

Solid, 
g/s 

Liquid. 
g/s 

Gas, 
g/s 

Total, 
g/s 

FLUE GAS MIXING 
In 

Out 
Average al 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

1.13 
0.183 
1.31 

0.0224 
0.0362 
0.0587 

F Daily Closures, % 
Closure of Average Flows, % 

1.15 
0.219 
1.37 
100 
100 | 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Limestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

1.31 
5.19 

0.124 
6.45 

0.00432 

0.00167 

0.0587 

0.00915 

F Daily Closures, % 
Closure of Average Flows, % 

1.37 
5.19 

0.00432 

0.133 
6.45 

0.00167 
101 
100 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-1A 
Bailly Mass Balance for Iron 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Solid, 
g/s 

46.0 

7.41 
22.3 

Liquid, 
g/s 

0.00 

Gas, 
g/s 

0.111 

Std Dev of Daily Closures, % 

Total, | 
g/s 

46.0 

0.00 
7.30 
22.3 
3.48 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

7.41 
11.0 

0.0861 

0.111 

0.0125 
Std Dev of Daily Closures, % 

7.30 
11.0 

0.0839 
6.44 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.00814 
0.00814 

Std Dev of Daily Closures, % 

0.00814 
0.00814 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

22.3 

22.3 
0.00161 
0.00418 

Std Dev of Daily Closures, % 

22.3 
0.00161 

22.3 
0.00169 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

46.0 

22.3 
11.0 

0.0861 

0.00 
0.00161 
0.00418 

0.0125 
Std Dev of Daily Closures, % 

46.0 

0.00 
0.00161 

22.3 
11.0 

0.0839 
3.31 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-1A (Continued) 
Bailly Mass Balance for Iron 

Std Dev of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Liquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

0.260 
0.0861 
0.334 

0.00693 
0.0125 
0.0176 

0.267 | 
0.0839 
0.343 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Limestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater' 

0.334 
0.286 

0.0299 
0.853 

0.0000844 

0.000516 

0.0176 

0.00651 

Std Dev of Daily Closures, % 
. 

0.343 
0.286 

0.0000844 

0.0356 
0.853 

0.000516 
19.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-2 
Bailly Mass Balance for Aluminum 

Average of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Liquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

416 

130 
269 

0.000208 
0.193 

F Daily Closures, % 
Closure of Average Flows, % 

416 

0.000208 
131 
269 
96.2 
96.1 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

130 
132 

0.102 

0.193 

0.0849 
F Daily Closures, % 

Closure of Average Flows, % 

131 
132 

0.187 
101 
101 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

0.573 
0.398 

F Daily Closures, % 
Closure of Average Flows, % 

0.573 
0.398 
70.0 
69.5 

BOTTOM ASH SLUICE 
In 

Out 
Average o1 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

269 

269 
0.00136 
0.00316 

F Daily Closures, % 
Closure of Average Flows, % 

269 
0.00136 

269 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average 01 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

416 

269 
132 

0.102 

0.000208 
0.00136 
0.00316 

0.0849 
f Daily Closures, % 

Closure of Average Flows, % 

416 

0.000208 
0.00136 

269 
132 

0.187 
96.5 
96.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-2 (Continued) 
Bailly Mass Balance for Aluminum 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, | 
g/s 1 

FLUE GAS MIXING [ 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.784 
0.102 
0.886 

0.0440 
0.0849 
0.129 

F Daily Closures, % 
Closure of Average Flows, % 

0.828 
0.187 
1.01 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Limestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.886 
25.6 

~ " 0.0627 
50.4 

0.00432 

0.00199 

0.129 

0.00187 

F Daily Closures, % 
Closure of Average Flows, % 

1.01 
25.6 

0.00432 

0.0646 
50.4 

0.00199 
197 
189 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-2A 
Bailly Mass Balance for Aluminum 

Std Dev of 9/3, 9/4, 9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, H 
g/s I 

UNIT 8 BOILER N 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

23.8 

1.45 
20.4 

0.00 
0.118 

Std Dev of Daily Closures, % 

23.8 | 

0.00 \ 
1.34 
20.4 
1.96 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

1.45 
11.1 

0.0481 

0.118 

0.0160 
Std Dev of Daily Closures, % 

1.34 
11.1 

0.0353 
8.29 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.00814 
0.294 

Std Dev of Daily Closures, % 

0.00814 
0.294 
52.0 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

20.4 

20.4 
0.0000794 

0.00304 
Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

20.4 
0.0000794 

20.4 
0.00126 

OVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

23.8 

20.4 
11.1 

0.0481 

0.00 
0.0000794 

0.00304 

0.0160 
Std Dev of Daily Closures, % 

23.8 

0.00 
0.0000794 

20.4 
11.1 

0.0353 
3.68 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-2A (Continued) 
Bailly Mass Balance for Aluminum 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
g/s 

0.374 
0.0481 
0.418 

Uquid, 
g/s 

Gas, 
g/s 

0.00196 
0.0160 
0.0154 

Std Dev of Daily Closures, % 

Total, 
- g/s 

0.373 
0.0353 
0.408 
0.00 

-

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas -
Gypsum 
Wastewater 

0.418 
4.02 

0.00931 
9.95 

0.0000844 

0.000306 

0.0154 

0.00163 

Std Dev of Daily Closures, % 

0.408 
4.02 

0.0000844 

0.0108 
9.95 

0.000306 
73.0 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-3 
Bailly Mass Balance for Titanium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, | 
g/s I 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

22.9 

9.58 
13.2 

0.000208 
0.0122 

F Daily Closures, % 
Closure of Average Flows, % 

22.9 | 

0.000208 
9.59 
13.2 
99.7 
99.6 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

9.58 
9.70 

0.0110 

0.0122 

0.00353 
F Daily Closures, % 

Closure of Average Flows, % 

9.59 
9.70 

0.0146 
101 
101 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

0.573 
0.573 

-

F Daily Closures, % 
Closure of Average Flows, % 

0.573 
0.573 

100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

13.2 

13.2 
0.00136 
0.00136 

F Daily Closures, % 
Closure of Average Flows, % 

13.2 
0.00136 

13.2 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

22.9 

13.2 
9.70 

0.0110 

0.000208 
0.00136 
0.00136 

0.00353 
f Daily Closures, % 

Closure of Average Flows, % 

22.9 

0.000208 
0.00136 

13.2 
9.70 

0.0146 
100 
100 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-3 (Continued) 
Bailly Mass Balance for Titanium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 1 
g/s 1 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0636 
0.0110 
0.0746 

0.00190 
0.00353 
0.00543 

F Daily Closures, % 
Closure of Average Flows, % 

0.0655 | 
0.0146 
0.0801 

100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o1 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0746 
0.0981 

0.00990 
0.287 

0.00432 

0.000466 

0.00543 

0.000146 

F Daily Closures, % 
Closure of Average Flows, % 

0.0801 
0.0981 
0.00432 

0.0100 
0.287 

0.000466 
163 
163 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-3A 
Bailly Mass Balance for Titanium 

Std Dev of 9/3. 9/4.9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, | 
g/s I 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

1.07 

0.121 
0.571 

0.00 
0.00898 

Std Dev of Daily Closures, % 

1.07 1 

0.00 
0.122 
0.571 

1.71 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.121 
0.848 

0.00297 

0.00898 

0.000931 
Std Dev of Daily Closures, % 

0.122 
0.848 

0.00208 
7.50 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.00814 
0.00814 

Std Dev of Daily Closures, % 

0.00814 
0.00814 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.571 

0.571 
0.0000794 
0.0000794 

Std Dev of Daily Closures, % 

0.571 
0.0000794 

0.571 
0.00 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1.07 

0.571 
0.848 

0.00297 

0.00 
0.0000794 
0.0000794 

0.000931 
Std Dev of Daily Closures, % 

1.07 

0.00 
0.0000794 

0.571 
0.848 

0.00208 
. 1.93 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-3A (Continued) 
Bailly Mass Balance for Titanium 

Std Dev of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.00979 
0.00297 
0.0116 

0.0000703 
0.000931 
0.000861 

Std Dev of Daily Closures, % 

0.00980 
0.00208 
0.0112 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0116 
0.00655 

0.00153 
0.0878 

0.0000844 

0.0000261 

0.000861 

0.000171 

Std Dev of Daily Closures, % 

0.0112 
0.00655 

0.0000844 

0.00154 
0.0878 

0.0000261 
46.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-4 
Bailly Mass Balance for Calcium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total. 
g/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

126 

25.5 
102 

0.00235 
0.684 

F Daily Closures, % 
Closure of Average Flows, % 

126 

0.00235 
26.2 
102 
105 
101 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

25.5 
30.3 

0.0805 

0.684 

0.505 
F Daily Closures, % 

Closure of Average Flows, % 

26.2 
30.3 

0.586 
118 
118 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

230 
316 

F Daily Closures, % 
Closure of Average Flows, % 

230 
316 
137 
137 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

102 

102 
0.748 
0.791 

F Daily Closures, % 
Closure of Average Flows, % 
BOILER C 

In 

Out 

Average o 

102 
0.748 

103 
100 
100 

VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

126 

102 
30.3 

0.0805 

0.00235 
0.748 
0.791 

0.505 
f Daily Closures, % 

Closure of Average Flows, % 

126 

0.00235 
0.748 

103 
30.3 

0.586 
109 
105 

Italics indicate numbers derived from non-detectable concentrations. 

7-16 



Table 7-4 (Continued) 
Bailly Mass Balance for Calcium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.139 
0.0805 
0.220 

0.347 
0.505 
0.852 

F Daily Closures, % 
Closure of Average Flows, % 

0.486 
0.586 
1.07 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.220 
- 2580 

0.286 
2580 

1.53 

18.4 

0.852 

0.00490 

F Daily Closures, % 
Closure of Average Flows, % 

1.07 
2580 
1.53 

0.291 
2580 
18.4 
101 
101 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-4A 
Bailly Mass Balance for Calcium 

Std Dev of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 1 
g/s I 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

27.2 

1.07 
11.1 

0.00370 
0.0597 

Std Dev of Daily Closures, % 

27.2 | 

0.00370 
1.12 
11.1 
24.6 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

1.07 
4.48 

0.0978 

0.0597 

0.401 
Std Dev of Daily Closures, % 

1.12 
4.48 

0.305 
18.8 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

5.39 
124 

Std Dev of Daily Closures, % 

5.39 
124 

50.9 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

11.1 

11.1 
0.135 
0.122 

Std Dev of Daily Closures, % 

11.1 
0.135 

11.2 
0.0846 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

27.2 

11.1 
4.48 

0.0978 

0.00370 
0.135 
0.122 

0.401 
Std Dev of Daily Closures, % 

27.2 

0.00370 
0.135 

11.2 
4.48 

0.305 
25.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-4A (Continued) 
Bailly Mass Balance for Calcium 

Std Dev of 9/3.9/4.9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, I 
g/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0247 
0.0978 
0.0901 

0.0550 
0.401 . 
0.453 

Std Dev of Daily Closures, % 

0.0663 | 
0.305 
0.371 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0901 
53.0 

0.0198 
53.0 

0.0280 

1.48 

0.453 

0.00181 

Std Dev of Daily Closures, % 

0.371 
53.0 

0.0280 

0.0193 
53.0 
1.48 

0.0356 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5 
Bailly Mass Balance for Magnesium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

UNIT 8 BOILER J 
In 

Out 

Average o1 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

27.4 

8.55 
18.6 

0.000688 
0.0287 

F Daily Closures, % 
Closure of Average Flows, % 

27.4 | 

0.000688 
8.58 
18.6 
99.2 
99.0 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

8.55 
9.40 

0.00810 

0.0287 

0.0220 
F Daily Closures, % 

Closure of Average Flows, % 

8.58 
9.40 

0.0301 
110 
110 

CONDENSER 
In 

Out 
Average o1 

Inlet Water 
Outlet Water 

129 
128 

F Daily Closures, % 
Closure of Average Flows, % 

129 
128 

99.6 
99.4 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

18.6 

18.6 
0.281 
0.287 

F Daily Closures, % 
Closure of Average Flows, % 
BOILER C 

In 

Out 

Average o 

18.6 
0.281 

18.9 
100 
100 

VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

27.4 

18.6 
9.40 

0.00810 

0.000688 
0.281 
0.287 

0.0220 
f Daily Closures, % 

Closure of Average Flows, % 

27.4 

0.000688 
0.281 

18.9 
9.40 

0.0301 
102 
102 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5 (Continued) 
Bailly Mass Balance for Magnesium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, I 
g/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0435 
0.00810 
0.0516 

0.0113 
0.0220 
0.0333 

F Daily Closures, % 
Closure of Average Flows, % 

0.0548 
0.0301 
0.0849 

100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0516 
23.6 

0.0537 
8.56 

0.967 

13.6 

0.0333 

0.000911 

F Daily Closures, % 
Closure of Average Flows, % 

0.0849 
23.6 

0.967 

0.0547 
8.56 
13.6 
90.1 
90.1 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5A 
Bailly Mass Balance for Magnesium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
g/s 

Uquid, 
g/s 

Gas, 
g/s 

Total, 
g/s 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

2.75 

0.191 
2.09 

0.000832 
0.00789 

Std Dev of Daily Closures, % 

2.75 | 

0.000832 
0.199 1 
2.09 
4.65 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.191 
0.176 

0.00146 

0.00789 

0.00551 
Std Dev of Daily Closures, % 

-

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

4.71 
4.70 

Std Dev of Daily Closures, % 

0.199 
0.176 

0.00406 
4.43 

-

4.71 
4.70 
7.34 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

2.09 

2.09 
0.0196 
0.0233 

Std Dev of Daily Closures, % 

2.09 
0.0196 

2.10 
0.0259 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

2.75 

2.09 
0.176 

0.00146 

0.000832 
0.0196 
0.0233 

0.00551 
Std Dev of Daily Closures, % 

2.75 

0.000832 
0.0196 

2.10 
0.176 

0.00406 
4.90 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-5A (Continued) 
Bailly Mass Balance for Magnesium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
g/s 

0.00657 
0.00146 
0.00641 

Uquid, 
g/s 

Gas, 
g/s 

0.00134 
0.00551 
0.00620 

Std Dev of Daily Closures, % 

Total, 
g/s 

0.00546 
0.00406 
0.00741 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.00641 
0.648 

0.00338 
0.582 

0.0371 

0.789 

0.00620 

0.000337 

Std Dev of Daily Closures, % 
- - — 

0.00741 
0.648 

0.0371 

0.00366 
0.582 
0.789 
3.07 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-6 
Bailly Mass Balance for Antimony 

Average of 9/3.9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas. 
mg/s 

Total, | 
mg/s | 

UNIT 8 BOILER II 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

25.2 

11.3 
5.31 

0.00125 
0.233 

F Daily Closures, % 
Closure of Average Flows, % 

25.2 | 

0.00125 
11.5 
5.31 
66.7 
66.8 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

11.3 
37.6 

0.0309 

0.233 

0.0435 
F Daily Closures, % 

Closure of Average Flows, % 

11.5 
37.6 

0.0744 
375 
326 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

3.44 
3.44 -

F Daily Closures, % 
Closure of Average Flows, % 

3.44 
3.44 
100 
100 

BOTTOM ASH SLUICE 
in 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

5.31 

5.31 
0.246 
0.595 

F Daily Closures, % 
Closure of Average Flows, % 

5.31 
0.246 

5.91 
107 
106 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

25.2 

5.31 
37.6 

0.0309 

0.00125 
0.246 
0.595 

0.0435. 
f Daily Closures, % 

Closure of Average Flows, % 

25.2 

0.00125 
0.246 

5.91 
37.6 

0.0744 
169 
171 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-6 (Continued) 
Bailly Mass Balance for Antimony 

Average of 9/3,9/4,9/5/93 

Process 
i Stream 

Solid, 
mg/s 

Uquid. 
mg/s 

Gas, 
mg/s -„, 

Total, I 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0619 
0.0309 
0.0928 

0:0108 
0.0435 
0.0543 

F Daily Closures, % 
Closure of Average Flows, % 

0.0727 
0.0744 
0.147 

100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0928 
6.71 

0.0110 
4.23 

0.0259 

0.0576 

0.0543 

0.171 

F Daily Closures, % 
Closure of Average Flows, % — 

0.147 
6.71 

0.0259 

0.182 
4.23 

0.0576 
103 

64.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-6A 
Bailly Mass Balance for Antimony 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s | 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

1.48 

5.58 
1.04 

0.00 
0.222 

Std Dev of Daily Closures, % 

1.48 | 

0.00 \ 
5.79 
1.04 
26.4 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

5.58 
15.1 

0.00166 

0.222 

0.0376 
Std Dev of Daily Closures, % 

5.79 
15.1 

0.0392 
206 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.0488 
0.0488 

Std Dev of Daily Closures, % 

0.0488 
0.0488 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

1.04 

1.04 
0.0810 
0.194 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

1.04 
0.0810 
0.850 
3.09 

IVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1.48 

1.04 
15.1 

0.00166 

0.00 
0.0810 
0.194 

0.0376 
Std Dev of Daily Closures, % 

1.48 

0.00 
0.0810 
0.850 

15.1 
0.0392 

48.3 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-6A (Continued) 
Bailly Mass Balance for Antimony 

Std Dev of 9/3, 9/4, 9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
mg/s 

0.0188 
0.00166 
0.0204 

Uquid, 
mg/s 

Gas, 
mg/s 

i 

0.0116 
0.0376 
0.0419 

Std Dev of Daily Closures, % 

Total, I 
mg/s 

0.0276 
0.0392 
0.0621 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.0204 
5.24 

0.00143 
2.47 

0.000507 

0.00908 

0.0419 

0.263 

_ 

0.0621 
5.24 

0.000507 

0.262 
2.47 

0.00908 
98.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-7 
Bailly Mass Balance for Arsenic 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total. 1 
mg/s I 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Wafer 
Flue Gas 
Bottom Ash 

110 

68.7 
0.954 

0.000625 
0.675 

F Daily Closures, % 
Closure of Average Flows, % 

110 

0.000625 
69.4 J 

0.954 
69.7 
63.7 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

68.7 
90.9 

0.215 

0.675 

0.434 
F Daily Closures, % 

Closure of Average Flows, % 

69.4 
90.9 

0.648 
132 
132 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

1.72 
1.72 

F Daily Closures, % 
Closure of Average Flows, % 

1.72 
1.72 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.954 

0.954 
0.391 

1.04 
F Daily Closures, % 

Closure of Average Flows, % 

0.954 
0.391 

1.99 
158 
148 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

110 

0.954 
90.9 

0.215 

0.000625 
0.391 

1.04 

0.434 
f Daily Closures, % 

Closure of Average Flows, % 

110 

0.000625 
0.391 

1.99 
90.9 

0.648 
91.9 
84.4 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-7 (Continued) 
Bailly Mass Balance for Arsenic 

Average of 9/3,9/4.9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.752 
0.215 
0.967 

0.331 
0.434 
0.765 

F Daily Closures, % 
Closure of Average Flows, % 

1.08 
0.648 
1.73 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.967 
1.99 

0.675 
14.8 

0.0130 

0.106 

0.765 

0.294 

F Daily Closures, % 
Closure of Average Flows, % 

1.73 
1.99 

0.0130 

0.969 
14.8 

0.106 
436 
426 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-7A 
Bailly Mass Balance for Arsenic 

Std Dev of 9/3.9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

42.5 

2.70 
0.403 

0.00 
0.316 

Std Dev of Daily Closures, % 

42.5 

0.00 
2.41 

0.403 
23.3 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

2.70 
2.45 

0.0338 

0.316 

0.132 
Std Dev of Daily Closures, % 

2.41 
2.45 

0.0982 
3.48 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.0244 
0.0244 

Std Dev of Daily Closures, % 

0.0244 
0.0244 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.403 

0.403 
0.0255 
0.432 

Std Dev of Daily Closures, % 

0.403 
0.0255 

0.251 
53.5 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

42.5 

0.403 
2.45 

0.0338 

0.00 
0.0255 
0.432 

0.132 
Std Dev of Daily Closures, % 

42.5 

0.00 
0.0255 

0.251 
2.45 

0.0982 
29.3 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-7A (Continued) 
Bailly Mass Balance for Arsenic 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.505 
0.0338 
0.538 

0.374 
0.132 
0.249 

Std Dev of Daily Closures, % 

0.879 
0.0982 
0.785 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.538 
0.262 

0.840 
0.478 

0.000253 

0.0199 

0.249 

0.430 

Std Dev of Daily Closures, % 

0.785 
0.262 

0.000253 

1.27 
0.478 

0.0199 
74.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-8 
Bailly Mass Balance for Barium 

Average of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s | 

UNIT 8 BOILER 
in 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

1640 

519 
1080 

0.0140 
0.954 

F Daily Closures, % 
Closure of Average Flows, % 

1640 

0.0140 
520 

1080 
97.4 
97.6 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

519 
692 

0.969 

0.954 

0.781 
F Daily Closures, % 

Closure of Average Flows, % 

520 
692 
1.75 
136 
133 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

204 
210 

F Daily Closures, % 
Closure of Average Flows, % 

204 
210 
103 
103 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

1080 

1080 
0.732 
0.556 

F Daily Closures, % 
Closure of Average Flows, % 
BOILER C 

In 

Out 

Average o 

1080 
0.732 
1080 
100.0 
100.0 

IVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1640 

1080 
692 

0.969 

0.0140 
0.732 
0.556 

0.781 
f Daily Closures, % 

Closure of Average Flows, % 

1640 

0.0140 
0.732 
1080 
692 
1.75 
108 
108 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-8 (Continued) 
Bailly Mass Balance for Barium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

3.56 
0.969 
4.53 

0.405, 
0.78f 

1.19 
F Daily Closures, % 

Closure of Average Flows, % 

3.97 | 
1.75 
5.72 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

4.53 
9.35 

0.806 
10.8 

1.57 

1.93 

1.19 

0.0473 

F Daily Closures, % . . . 
Closure of Average Flows, % 

5.72 
9.35 
1.57 

. 0.854 
_ , . 10.8 

1.93 
81.6 
81.3 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-8A 
Bailly Mass Balance for Barium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER B 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

89.9 

70.7 
95.3 

0.00264 
0.226 

Std Dev of Daily Closures, % 

89.9 | 

0.00264 
70.9 
95.3 
5.81 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

70.7 
112 

0.398 

0.226 

0.178 
Std Dev of Daily Closures, % 

70.9 
112 

0.287 
38.6 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

7.19 
6.34 

Std Dev of Daily Closures, % 

7.19 
6.34 
6.65 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

95.3 

95.3 
0.102 
0.230 

Std Dev of Daily Closures, % 

95.3 
0.102 
95.1 

0.0238 

BOILER OVERALL BALANCE 
In 

Out 

Std Dev oi 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

89.9 

95.3 
112 

0.398 

0.00264 
0.102 
0.230 

0.178 
Daily Closures, % 

89.9 

0.00264 
0.102 

95.1 
112 

0.287 
5.13 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-8A (Continued) 
Bailly Mass Balance for Barium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.724 
0.398 
0.935 

0.0332 
0.178 
0.208 

Std Dev of Daily Closures, % 

0.723 
0.287 
0.935 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum . . 
Wastewater. . . 

0.935 
0.496 

0.179 
1.79 

0.176 

0.410 

0.208 

0.000393 

Std Dev of Daily Closures, % 

0.935 
0.496 
0.176 

0.178 
1.79 

0.410 
14.2 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-9 
Bailly Mass Balance for Beryllium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER 1 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

67.3 

26.6 
24.1 

0.00104 
0.237 

F Daily Closures, % 
Closure of Average Flows, % 

67.3 | 

0.00104 
26.8 
24.1 
77.1 
75.7 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

26.6 
28.5 

0.0221 

0.237 

0.00309 
F Daily Closures, % 

Closure of Average Flows, % 

26.8 
28.5 

0.0252 
107 
106 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

2.86 
2.86 

F Daily Closures, % 
Closure of Average Flows, % 

2.86 
2.86 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

24.1 

24.1 
0.00682 
0.00934 

F Daily Closures, % 
Closure of Average Flows, % 

24.1 
0.00682 

24.1 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

67.3 

24.1 
28.5 

0.0221 

0.00104 
0.00682 
0.00934 

0.00309 
F Daily Closures, % 

Closure of Average Flows, % 

67.3 

0.00104 
0.00682 

24.1 
28.5 

0.0252 
80.0 
78.2 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-9 (Continued) 
Bailly Mass Balance for Beryllium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
mg/s 

0.230 
0.0221 
0.252 

Uquid, 
mg/s 

Gas, 
mg/s 

0.00167. 
0.00309 
0.00475 

F Daily Closures, % 
Closure of Average Flows, % 

Total, 
mg/s 

0.232 
0.0252 
0.257 

100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.252 
0.0271 

0.0409 
3.68 

0.0216 

. 0.00233 

0.00475 

0.00944 

F Daily Closures, % 
Closure of Average Flows, % 

0.257 
0.0271 
0.0216 

0.0504 
3.68 

0.00233 
1260 
1220 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-9A 
Bailly Mass Balance for Beryllium 

Std Dev of 9/3,9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s | 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

11.8 

2.08 
2.23 

0.00 
0.291 

Std Dev of Daily Closures, % 

11.8 

0.00 
2.37 
2.23 
12.1 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

2.08 
0.630 

0.0167 

0.291 

0.000166 
Std Dev of Daily Closures, % 

2.37 
0.630 

0.0166 
7.13 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.0407 
0.0407 

Std Dev of Daily Closures", % 

0.0407 
0.0407 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

2.23 

2.23 
0.000397 
0.00473 

Std Dev of Daily Closures, % 

2.23 
0.000397 

2.23 
0.0178 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

11.8 

2.23 
0.630 

0.0167 

0.00 
0.000397 
0.00473 

0.000166 
Std Dev of Daily Closures, % 

11.8 

0.00 
0.000397 

2.23 
0.630 

0.0166 
14.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-9A (Continued) 
Bailly Mass Balance for Beryllium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s 1 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.0680 
0.0167 
0.0710 

0.0000583 
0.000166. 
0.000210 

Std Dev of Daily Closures, % 

0.0681 | 
0.0166 
0.0711 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0710 
0.000492 

0.0221 
0.0518 

0.000422 

0.000131 

0.000210 

0.0123 

Std Dev of Daily Closures, % 
- - ■ -

0.0711 
0.000492 
0.000422 

0.0164 
0.0518 

0.000131 
241 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-10 
Bailly Mass Balance for Boron 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER | 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

7880 

714 
422 

85.4 
4000 

F Daily Closures, % 
Closure of Average Flows, % 

7880 I 

85.4 I 
4720 I 
422 
65.1 
64.5 

UNIT 8 ESP 
in 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

714 
1450 

0.0309 

4000 

4180 
F Daily Closures, % 

Closure of Average Flows, % 

4720 
1450 
4180 

122 
119 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

106000 
358 

F Daily Closures, % 
Closure of Average Flows, % 

106000 
358 

0.348 
0.338 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

422 

422 
0.853 
0.853 

F Daily Closures, % 
Closure of Average Flows, % 

422 
0.853 

423 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

7880 

422 
1450 

0.0309 

85.4 
0.853 
0.853 

4180 
f Daily Closures, % 

Closure of Average Flows, % 

7880 

85.4 
0.853 

423 
1450 
4180 
76.3 
76.1 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-10 (Continued) 
Bailly Mass Balance for Boron 

Average of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

8.44 
0.0309 

8.48 

2200 
4180 
6380 

F Daily Closures, % 
Closure of Average Flows, % 

2200 
4180 
6390 

100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

8.48 
879 

0.0473 
3270 

2.70 

5480 

6380 

582 

F Daily Closures, % 
Closure of Average Flows, % 

6390 
879 
2.70 

582 
3270 
5480 

126 
128 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-1OA 
Bailly Mass Balance for Boron 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

652 

591 
63.3 

30.9 
330 

Std Dev of Daily Closures, % 

652 

30.9 
815 
63.3 I 
13.5 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

591 
147 

0.00166 

330 

423 
Std Dev of Daily Closures, % 

815 
147 
423 

22.6 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

22100 
5.09 

Std Dev of Daily Closures, % 

22100 
5.09 

0.0667 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

63.3 

63.3 
0.0497 
0.0497 

Std Dev of Daily Closures, % 

63.3 
0.0497 

63.4 
0.00 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

652 

63.3 
147 

0.00166 

30.9 
0.0497 
0.0497 

423 
Std Dev of Daily Closures, % 

652 

30.9 
0.0497 

63.4 
147 
423 
3.43 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-1 OA (Continued) 
Bailly Mass Balance for Boron 

Std Dev of 9/3,9/4. 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

2.32 
.0.00166 

2.32 

275 
423 
662 

Std Dev of Daily Closures, % 

273 | 
423 
660 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

2.32 
157 

0.000393 
577 

0.0528 

4250 

662 

158 

Std Dev of Daily Closures, % 

660 
157 

0.0528 

158 
577 

4250 
50.4 

-

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-11 
Bailly Mass Balance for Cadmium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s I 

UNIT 8 BOILER | 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

104 

43.4 
19.6 

0.000625 
0.608 

F Daily Closures, % 
Closure of Average Flows, % 

104 [ 

0.000625 
44.0 
19.6 
64.4 
61.2 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

43.4 
49.0 

0.718 

0.608 

0.461 
F Daily Closures, % 

Closure of Average Flows, % 

44.0 
49.0 
1.18 
115 
114 

CONDENSER 
In 

Out 
Average o1 

Inlet Water 
Outlet Water 

1.72 
9.67 

F Daily Closures, % 
Closure of Average Flows, % 

1.72 
9.67 
567 
563 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

19.6 

19.6 
0.0240 
0.0192 

F Daily Closures, % 
Closure of Average Flows, % 

19.6 
0.0240 

19.6 
100 

100.0 
BOILER OVERALL BALANCE 

In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

104 

19.6 
49.0 

0.718 

0.000625 
0.0240 
0.0192 

0.461 
F Daily Closures, % 

Closure of Average Flows, % 

104 

0.000625 
0.0240 

19.6 
49.0 
1.18 
71.3 
67.1 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-11 (Continued) 
Bailly Mass Balance for Cadmium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, . 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING \ 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 
F Daily Closures, % 

1.09 
0.718 
1.81 

0.492 
0.46! 
0.953 

Closure of Average Flows, % 

1.59 j 
1.18 
2.76 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 
F Daily Closures, % 

1.81 
0.234 

0.194 
0.0906 

. 0.107 

0.342 

0.953 

0.0755 

Closure of Average Flows, % 

2.76 
0.234 
0.107 

0.269 
0.0906 
0.342 
23.6 
22.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-11A 
Bailly Mass Balance for Cadmium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

33.3 

8.24 
13.4 

0.00 
0.543 

Std Dev of Daily Closures, % 

33.3 | 

0.00 
8.78 
13.4 
29.5 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

8.24 
9.90 

0.590 

0.543 

0.213 
Std Dev of Daily Closures, % 

8.78 
9.90 

0.798 
8.49 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.0244 
8.22 

Std Dev of Daily Closures, % 

0.0244 
8.22 
484 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

13.4 

13.4 
0.0214 
0.0162 

Std Dev of Daily Closures, % 

13.4 
0.0214 

13.4 
0.504 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup'Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

33.3 

13.4 
9.90 

0.590 

0.00 
0.0214 
0.0162 

0.213 
Std Dev of Daily Closures, % 

33.3 

0.00 
0.0214 

13.4 
9.90 

0.798 
31.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-11A (Continued) 
Bailly Mass Balance for Cadmium 

Std Dev of 9/3, 9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.432 
. 0.590 

0.970 

0.153 
0.213 
0.363 

Std Dev of Daily Closures, % 

0.508 j 
0.798 

1.28 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.970 
0.376 

0.0893 
0.000604 

0.0427 

0.0441 

0.363 

. 0.0470 

Std Dev of Daily Closures, % . 

1.28 
0.376 

0.0427 

0.0957 
. 0.000604 

0.0441 
4.34 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-12 
Bailly Mass Balance for Chromium 

Average of 9/3. 9/4. 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

1640 

558 
692 

0.0125 
1.22 

F Daily Closures, % 
Closure of Average Flows, % 

1640 | 

0.0125 
559 
692 

78.9 
76.3 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

558 
584 
1.41 

1.22 

0.977 
F Daily Closures, % 

Closure of Average Flows, % 

559 
584 

2.39 
105 
105 

CONDENSER 
In 1 Inlet Water 

Out 1 Outlet Water 
34.4 
34.4 

Average of Daily Closures, % 
Closure of Average Flows, % 

34.4 
34.4 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

692 

692 
0.0819 
0.0819 

f Daily Closures, % 
Closure of Average Flows, % 

692 
0.0819 

692 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1640 

692 
584 
1.41 

0.0125 
0.0819 
0.0819 

0.977 
F Daily Closures, % 

Closure of Average Flows, % 

1640 

0.0125 
0.0819 

692 
584 

2.39 
80.7 
78.0 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-12 (Continued) 
Bailly Mass Balance for Chromium 

Average of 9/3,, 9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 5 

Total, | 
mg/s | 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

4.20 
1.41 
5.61 

0.446 
0.977 
1.42 

F Daily Closures, % 
Closure of Average Flows, % 

4.65 | 
2.39 
7.04 
100 
100 | 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum. . 
Wastewater 

5.61 
4.10 

1.66 
323 

0.259 

0.0451 

1.42 

0.0850 

F Daily Closures, % 
Closure of Average Flows, % 

7.04 
4.10 

0.259 

1.75 
323 

0.0451 
2750 
2850 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-12A 
Bailly Mass Balance for Chromium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

UNIT 8 BOILER I 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

501 

58.5 
141 

0.00 
0.631 

Std Dev of Daily Closures, % 

501 | 

0.00 
59.0 
141 

14.8 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

58.5 
71.7 

0.165 
• 

0.631 

0.126 
Std Dev of Daily Closures, % 

59.0 
71.7 

0.129 
5.97 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.488 
0.488 

Std Dev of Daily Closures, % 

0.488 
0.488 
0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

141 

141 
0.00477 
0.00477 

Std Dev of Daily Closures, % 

141 
0.00477 

141 
0.00 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

501 

141 
71.7 

0.165 

0.00 
0.00477 
0.00477 

0.126 
Std Dev of Daily Closures, % 

501 

0.00 
0.00477 

141 
71.7 

0.129 
16.4 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-12A (Continued) 
Bailly Mass Balance for Chromium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

1.19 
0.165 

1.15 

0.0483 
0.126 
0.122 

- -

1.16 
0.129 
1.23 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater. - -

Std Dev of Daily Closures, % 

1.15 
0.228 

0.241 
353 

0.00507 

0.0312 
-

-0.122 

. 0.0363 

. 

-

1.23 
0.228 

0.00507 

0.277 
-353 

0.0312 
2840 

-

Italics indicate numbers derived from non-detectable concentrations.— 
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Table 7-13 
Bailly Mass Balance for Cobalt 

Average of 9/3, 9/4, 9/5/9(3 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER | 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

98.1 

51.8 
60.8 

0.00416 
0.0577 

F Daily Closures, % 
Closure of Average Flows, % 

98.1 | 

0.00416 
51.9 
60.8 
116 
115 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

51.8 
65.8 

0.0309 

0.0577 

0.0459 
F Daily Closures, % 

Closure of Average Flows, % 

51.9 
65.8 

0.0768 
127 
127 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

26.6 
11.5 

F Daily Closures, % 
Closure of Average Flows, % 

26.6 
11.5 
73.3 
43.1 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

60.8 

60.8 
0.0273 
0.0776 

F Daily Closures, % 
Closure of Average Flows, % 

60.8 
0.0273 

60.9 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

98.1 

60.8 
65.8 

0.0309 

0.00416 
0.0273 
0.0776 

0.0459 
f Daily Closures, % 

Closure of Average Flows, % 

98.1 

0.00416 
0.0273 

60.9 
65.8 

0.0768 
130 
129 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-13 (Continued) 
Bailly Mass Balance for Cobalt 

Average of 9/3,9/4,9/5/93 

Process 
_* Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average o1 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.333 
0.0309 
0.363 

0.0190 
0.0459 
0.0649 

F Daily Closures, % 
Closure of Average Flows, % 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.363 
1.90 

0.0457 
1.36 

0.164 

0.752 

0.0649 

0.0236 

F Daily Closures, % 
Closure of Average Flows, % 

0.352 
0.0768 
0.428 

100 
100 

0.428 
1.90 

0.164 

0.0693 
1.36 

0.752 
94.1 
87.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-13A 
Bailly Mass Balance for Cobalt 

Std Dev of 9/3,9/4, 9/5/93 

Process 
Stream 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Solid, 
mg/s 

10.4 

5.09 
3.54 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

0.00 
0.0520 

Std Dev of Daily Closures, % 

10.4 

0.00 I 
5.14 J 
3.54 
10.6 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

Std Dev of Daily Closures, % 

5.09 
11.5 

0.00166 
-

0.0520 

0.0326 
. . 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

-
-

5.14 
11.5 

0.0337 
11.6 

26.1 
0.163 

Std Dev of Daily Closures, % 

26.1 
0.163 
46.2 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

3.54 

3.54 
0.00159 
0.0886 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

Std Dev oi 

3.54 
0.00159 

3.58 
0.139 

>VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

10.4 

3.54 
11.5 

0.00166 

0.00 
0.00159 
0.0886 

0.0326 
Daily Closures, % 

10.4 

0.00 
0.00159 

3.58 
11.5 

0.0337 
5.30 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-13A (Continued) 
Bailly Mass Balance for Cobalt 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
mg/s 

0.113 
0.00166 

0.113 

Uquid, 
mg/s 

Gas, 
mg/s 

-iP: 

0.00453 
0.0326 
0.0306 

Std Dev of Daily Closures, % 

Total, 1 
mg/s 

K 

0.117 
0.0337 
0.111 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.113 
0.820 

0.00519 
0.00906 

0.135 

0.105 

0.0306 

0.000196 

Std Dev of Daily Closures, % 

0.111 
0.820 
0.135 

0.00506 
0.00906 

0.105 
32.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-14 
Bailly Mass Balance for Copper 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s I 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

369 

258 
132 

0.0139 
0.476 

f Daily Closures, % 
Closure of Average Flows, % 

369 | 

0.0139 
258 
132 
107 
106 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

258 
309 

0.518 

0.476 

0.519 
F Daily Closures, % 

Closure of Average Flows, % 

258 
309 
1.04 
122 
120 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

59.6 
74.1 

F Daily Closures, % 
Closure of Average Flows, % 

59.6 
74.1 
130 
124 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

132 

132 
0.210 
0.159 

F Daily Closures, % 
Closure of Average Flows, % 

132 
0.210 

132 
100.0 
100.0 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

369 

132 
309 

0.518 

0.0139 
0.210 
0.159 

0.519 
f Daily Closures, % 

Closure of Average Flows, % 

369 

0.0139 
0.210 

132 
309 
1.04 
120 
120 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-14 (Continued) 
Bailly Mass Balance for Copper 

Average of 9/3,9/4.9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
mg/s 

2.23 
0.518 
2.75 

Uquid, 
mg/s 

Gas, 
mg/s 

0.285 
0.519 
0.804 

F Daily Closures, % 
Closure of Average Flows, % 

Total, 
mg/s 

-
2.52 
1.04 
3.56 
100 
100 | 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o1 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

2.75 
15.4 

0.736 
3.94 

0.464 

0.0783 

0.804 

" 0.365 

F Daily Closures, % 
Closure of Average Flows, % 

3.56 
15.4 

0.464 

1.10 
3.94 

0.0783 
26.4 
26.3 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-14A 
Bailly Mass Balance for Copper 

Std Dev of 9/3. 9/4.9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

33.8 

46.1 
26.7 

0.00307 
0.334 

Std Dev of Daily Closures, % 

33.8 

0.00307 
46.4 
26.7 
24.3 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

46.1 
18.3 

0.203 

0.334 

0.415 
Std Dev of Daily Closures, % 

46.4 
18.3 

0.353 
19.6 

CONDENSER 
in 

Out 
Inlet Water 
Outlet Water 

7.42 
39.2 

Std Dev of Daily Closures, % 

7.42 
39.2 
78.0 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

26.7 

26.7 
0.0113 
0.0882 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

26.7 
0.0113 

26.6 
0.0647 

>VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

33.8 

26.7 
18.3 

0.203 

0.00307 
0.0113 
0.0882 

0.415 
Std Dev of Daily Closures, % 

33.8 

0.00307 
0.0113 

26.6 
18.3 

0.353 
16.2 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-14A (Continued) 
Bailly Mass Balance for Copper 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s | 

FLUE GAS MIXING | 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.470 
0.203 
0.546 

0.155 
0.415 
0.551 

Std Dev of Daily Closures, % 
• 

0.400 
0.353 

0.0806 
0.00 

I 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air -
Stack Flue Gas 
Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.546 
0.208 

0.481 
4.08 

0.0591 

0.00731 
-

0.551 

0.235 

0.0806 
0.208 

0.0591 

0.713 
4.08 

0.00731 
24.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-15 
Bailly Mass Balance for Lead 

Average of 9/3,9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER B 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

298 

392 
15.2 

0.0104 
0.417 

F Daily Closures, % 
Closure of Average Flows, % 

298 | 

0.0104 
392 
15.2 
141 
137 

UNIT 8 ESP 
In 

Out 

Average o1 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

392 
424 
1.19 

0.417 

0.212 
F Daily Closures, % 

Closure of Average Flows, % 

392 
424 
1.40 
110 
108 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

28.6 
28.6 

F Daily Closures, % 
Closure of Average Flows, % 

28.6 
28.6 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

15.2 

15.2 
0.0682 
0.0975 

F Daily Closures, % 
Closure of Average Flows, % 

15.2 
0.0682 

15.3 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

298 

15.2 
424 
1.19 

0.0104 
0.0682 
0.0975 

0.212 
f Daily Closures, % 

Closure of Average Flows, % 

298 

0.0104 
0.0682 

15.3 
424 
1.40 
151 
148 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-15 (Continued) 
Bailly Mass Balance for Lead 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s | 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

3.86 
1.19 
5.05 

0.0710 
0.212 
0.283 

F Daily Closures, % 
Closure of Average Flows, % 

3.93 
1.40 
5.33 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

5.05 
0.424 

0.893 
2.26' 

0.216 

0.0233 

0.283 

0.133 

F Daily Closures, % 
Closure of Average Flows, % 

5.33 
0.424 
0.216 

1.03 
2.26 

0.0233 
56.8 
55.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-15A 
Bailly Mass Balance for Lead 

Std Dev of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, B 
mg/s J 

UNIT 8 BOILER 8 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

46.2 

60.3 
2.63 

0.00 
0.350 

Std Dev of Daily Closures. % 

46.2 U 

0.00 \ 
60.3 
2.63 
44.8 i 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

60.3 
23.0 
1.00 

0.350 

0.0547 
Std Dev of Daily Closures, % 

60.3 
23.0 

0.950 
10.7 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.407 
0.407 

Std Dev of Daily Closures, % 

0.407 
0.407 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

2.63 

2.63 
0.00397 
0.0477 

Std Dev of Daily Closures, % 

2.63 
0.00397 

2.63 
0.335 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

46.2 

2.63 
23.0 
1.00 

0.00 
0.00397 
0.0477 

0.0547 
Std Dev of Daily Closures, % 

46.2 

0.00 
0.00397 

2.63 
23.0 

0.950 
33.2 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-15A (Continued) 
Bailly Mass Balance for Lead 

Std Dev of 9/3. 9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.881 
1.00 
1.76 

0.0522 
0.0547,, 
0.0406 

Std Dev of Daily Closures, % 

0.933 t 
0.950 

1.76 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

1.76 
0.00768 

0.480 
0.0151 

0.00422 

0.00131 

0.0406 

0.0816 

Std Dev of Daily Closures, % 

1.76 
0.00768 
0.00422 

0.550 
0.0151 

0.00131 
7.03 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-16 
Bailly Mass Balance for Manganese 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Wafer 
Flue Gas 
Bottom Ash 

1130 

322 
860 

0.0260 
0.445 

F Daily Closures, % 
Closure of Average Flows, % 

1130 

0.0260 
323 I 
860 
105 
105 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

322 
355 

0.221 

0.445 

0.176 
F Daily Closures, % 

Closure of Average Flows, % 

323 
355 

0.397 
111 
110 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
.Outlet Water 

71.6 
24.5 

F Daily Closures, % 
Closure of Average Flows, % 

71.6 
24.5 
34.2 
34.3 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

860 

860 
0.189 
0.123 

F Daily Closures, % 
Closure of Average Flows, % 
BOILER C 

In 

Out 

Average o 

860 
0.189 

860 
100.0 
100.0 

VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1130 

860 
355 

0.221 

0.0260 
0.189 
0.123 

0.176 
f Daily Closures, % 

Closure of Average Flows, % 

1130 

0.0260 
0.189 

860 
355 

0.397 
108 
108 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-16 (Continued) 
Bailly Mass Balance for Manganese 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s 1 

FLUE GAS MIXING I 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

1.46 
0.221 
1.68 

0.0666 
0.176. 
0.243 

F Daily Closures, % 
Closure of Average Flows, % 

1.53 | 
0.397 
1.92 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

1.68 
471 

1.39 
54.9 

0.440 

396 

0.243 

0.0946 

F Daily Closures, % 
Closure of Average Flows, % 

1.92 
471 

0.440 

1.49 
54.9 
396 
95.5 
95.6 

Italics indicate numbers derived from non-detectable concentrations.. 
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Table 7-16A 
Bailly Mass Balance for Manganese 

Std Dev of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER | 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

10.8 

31.2 
59.2 

0.00 
0.584 

Std Dev of Daily Closures, % 

10.8 1 

0.00 
31.2 I 
59.2 I 
6.51 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

31.2 
15.4 

0.161 

0.584 

0.0934 
Std Dev of Daily Closures, % 

31.2 
15.4 

0.118 
15.9 

CONDENSER 
in 

Out 
Inlet Water 
Outlet Water 

1.02 
8.95 

Std Dev of Daily Closures, % 

1.02 
8.95 
12.1 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

59.2 

59.2 
0.0321 
0.0435 

Std Dev of Daily Closures, % 

59.2 
0.0321 

59.2 
0.00899 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

10.8 

59.2 
15.4 

0.161 

0.00 
0.0321 
0.0435 

0.0934 
Std Dev of Daily Closures, % 

10.8 

0.00 
0.0321 

59.2 
15.4 

0.118 
3.97 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-16A (Continued) 
Bailly Mass Balance for Manganese 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.357 
0.161 
0.380 

0.00233 
0.0934. 
0.0956 

Std Dev of Daily Closures, % 

0.359 | 
0.118 
0.432 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.380 
"17.2 

0.129 
11.1 

0.183 

16.7 

0.0956 

0.000786 

Std Dev of Daily Closures, % 

0.432 
17.2 

0.183 

0.130 
11.1 
16.7 
1.05 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-17 
Bailly Mass Balance for Mercury 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s | 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

4.09 

0.0726 
0.00370 

0.000833 
1.07 

F Daily Closures, % 
Closure of Average Flows, % 

4.09 1 

0.000833 
1.14 

0.00370 
29.2 
28.0 

UNIT 8 ESP 
In 

Out 

Average o1 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.0726 
0.00887 
0.00941 

1.07 

1.23 
F Daily Closures, % 

Closure of Average Flows, % 

1.14 
0.00887 

1.24 
116 
110 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

1.56 
1.64 

F Daily Closures, % 
Closure of Average Flows, % 

1.56 
1.64 
119 
105 

BOTTOM ASH SLUICE 
In 

Out 
Average o1 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.00370 

0.00370 
0.00483 
0.00463 

F Daily Closures, % 
Closure of Average Flows, % 

0.00370 
0.00483 
0.00833 

102 
97.7 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

4.09 

0.00370 
0.00887 
0.00941 

0.000833 
0.00483 
0.00463 

1.23 
F Daily Closures, % 

Closure of Average Flows, % 

4.09 

0.000833 
0.00483 
0.00833 
0.00887 

1.24 
31.3 
30.8 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-17 (Continued) 
Bailly Mass Balance for Mercury 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average o 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.00883 
0.00941 
0.0182 

0.690 
1.23 
1.92 

F Daily Closures, % 
Closure of Average Flows, % 

0.699 
1.24 
1.94 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.0182 
0.00678 

0.00395 
2.23 

0.00836 

0.00316 

1.92 

1.32 

F Daily Closures, % 
Closure of Average Flows, % 

1.94 
0.00678 
0.00836 

1.32 
2.23 

0.00316 
182 
182 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-17A 
Bailly Mass Balance for Mercury 

Std Dev of 9/3, 9/4. 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s I 

UNIT 8 BOILER \ 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

0.535 

0.0101 
0.00182 

0.000314 
0.345 

Std Dev of Daily Closures, % 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.0101 
0.00231 
0.00842 

0.535 | 

0.000314 
0.355 

0.00182 
13.4 

0.345 

0.0930 
Std Dev of Daily Closures, % 

0.355 
0.00231 
0.0984 

32.2 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

Std Dev of Daily Closures, % 

0.458 
1.32 

0.458 
1.32 
92.8 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.00182 

0.00182 
0.00201 

0.0000312 
Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

0.00182 
0.00201 
0.00183 

26.2 

IVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

0.535 

0.00182 
0.00231 
0.00842 

0.000314 
0.00201 

0.0000312 

0.0930 
Std Dev of Daily Closures, % 

0.535 

0.000314 
0.00201 
0.00183 
0.00231 
0.0984 

6.07 

Italics indicate numbers derived from non-detectable concentrations. 

7-70 
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Table 7-17A (Continued) 
Bailly Mass Balance for Mercury 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s I 

FLUE GAS MIXING f 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.00409 
0.00842 
0.00669 

. 0.101 
0.0930 
0.0327 

Std Dev of Daily Closures, % 

0.0986 
0.0984 
0.0354 

0.00 

OVERALL AFGD SYSTEM BALANCE | 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Std Dev of Daily Closures, % 

0.00669 
0.000123 

0.00138 
0.0433 

. -0.00115 

0.000698 

0.0327. 

0.192 

- 0.0354 I 
0.000123 
.0.00115 

0.191 
0.0433 

0.000698 
. 4.86 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-18 
Bailly Mass Balance for Mercury (B-R) 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

3.89 

0.00370 

0.000833 
0.0481 

2.18 

F Daily Closures, % 
Closure of Average Flows, % 

3.89 1 
0.0481 

0.000833 
2.18 

0.00370 
54.8 
55.4 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.00887 
2.18 

2.57 
F Daily Closures, % 

Closure of Average Flows, % 

2.18 
0.00887 

2.57 
120 
118 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

1.56 
1.64 

F Daily Closures, % 
Closure of Average Flows, % 

1.56 
1.64 
119 
105 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.00370 

0.00370 
0.00483 
0.00463 

F Daily Closures, % 
Closure of Average Flows, % 

0.00370 
0.00483 
0.00833 

102 
97.7 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

3.89 

0.00370 
0.00887 

0.000833 
0.00483 
0.00463 

0.0481 

2.57 
f Daily Closures, % 

Closure of Average Flows, % 

3.89 
0.0481 

0.000833 
0.00483 
0.00833 
0.00887 

2.57 
65.2 
65.5 

Italics indicate numbers derived from non-detectable concentrations. 
Bold entries show the Brooks-Rand mercury data. 

7-72 
i 



Table 7-18 (Continued) 
Bailly Mass Balance for Mercury (B-R) 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Liquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average o1 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

1.27 
2.57 
3.84 

F Daily Closures, % 
Closure of Average Flows, % 

1.27 
2.57 
3.84 
100 
100 I 

OVERALL AFGD SYSTEM BALANCE I 
In 

Out 

Average o 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.00678 

2.23 

0.00836 

0.00316 

3.84 

1.52 

F Daily Closures, % 
Closure of Average Flows, % 

3.84 
0.00678 
0.00836 

1.52 
2.23 

0.00316 
99.7 
97.6 

Italics indicate numbers derived from non-detectable concentrations. 
Bold entries show the Brooks-Rand mercury data. 
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Table 7-18A 
Bailly Mass Balance for Mercury (B-R) 

Std Dev of 9/3,9/4.9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s | 

UNIT 8 BOILER I 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

0.589 

0.00182 

0.000314 
0.00214 

0.614 

Std Dev of Daily Closures, % 

0.589 | 
0.00214 

0.000314 
0.614 

0.00182 
7.94 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

0.00231 
0.614 

0.560 
Std Dev of Daily Closures, % 

0.614 
0.00231 

0.560 
7.37 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.458 
1.32 

Std Dev of Daily Closures, % 

0.458 
1.32 
92.8 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.00182 

0.00182 
0.00201 

0.0000312 
Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

0.00182 
0.00201 
0.00183 

26.2 

>VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

0.589 

0.00182 
0.00231 

0.000314 
0.00201 

0.0000312 

0.00214 

0.560 
Std Dev of Daily Closures, % 

0.589 
0.00214 

0.000314 
0.00201 
0.00183 

0.00231 
0.560 

5.46 

Italics indicate numbers derived from non-detectable concentrations. 
Bold entries show the Brooks-Rand mercury data. 

7-74 



Table 7-18A (Continued) 
Bailly Mass Balance for Mercury (B-R) 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

FLUE GAS MIXING I 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.240 
0.560 
0.786 

Std Dev of Daily Closures, % 

0.240 | 
0.560 
0.786 

0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone. 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum . 
Wastewater 

0.000123 

0.0433 

0.00115 

0.000698 

0.786 

0.272 

Std Dev of Daily Closures, % 

0.786 
0.000123 
0.00115 

0.272 
0.0433 

0.000698 
17.3 

Italics indicate numbers derived from non-detectable concentrations. 
Bold entries show the Brooks-Rand mercury data. 
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Table 7-19 
Bailly Mass Balance for Molybdenum 

Average of 9/3, 9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

283 

205 
1.12 

0.0125 
0.293 

F Daily Closures, % 
Closure of Average Flows, % 

283 

0.0125 
205 
1.12 
78.8 
72.9 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

205 
217 
1.41 

0.293 

0.0618 
F Daily Closures, % 

Closure of Average Flows, % 

205 
217 
1.47 
108 
106 

CONDENSER 
In 

Out 
Average o 

Inlet Water 
Outlet Water 

34.4 
34.4 

F Daily Closures, % 
Closure of Average Flows, % 

34.4 
34.4 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average o 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

1.12 

1.12 
0.133 
0.187 

F Daily Closures, % 
Closure of Average Flows, % 

1.12 
0.133 
1.30 
102 
104 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

283 

1.12 
217 
1.41 

0.0125 
0.133 
0.187 

0.0618 
f Daily Closures, % 

Closure of Average Flows, % 

283 

0.0125 
0.133 
1.30 
217 
1.47 
85.3 
77.5 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-19 (Continued) 
Bailly Mass Balance for Molybdenum 

Average of 9/3.9/4,9/5/93 

Process 
Stream 

Solid. 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

2.79 
1.41 
4.20 

0.0333 
0.0618 
0.0951 

F Daily Closures. % 
Closure of Average Flows, % 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

4.20 
2.46 

2.14 
61.8 

2.11 

1.12 

0.0951 

0.0473 

F Daily Closures, % 
Closure of Average Flows, % 

2.82 
1.47 
4.29 
100 
100 

4.29 
2.46 
111 

2.18 
61.8 
1.12 
795 
735 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-19A 
Bailly Mass Balance for Molybdenum 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

139 

47.6 
0.749 

0.00 
0.359 

Std Dev of Daily Closures, % 

139 | 

0.00 
48.0 

0.749 
21.0 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

47.6 
30.5 

0.123 

0.359 

0.00333 
Std Dev of Daily Closures, % 

48.0 
30.5 

0.125 
15.4 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.488 
0.488 

Std Dev of Daily Closures, % 

0.488 
0.488 
0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.749 

0.749 
0.0884 
0.182 

Std Dev of Daily Closures, % 

0.749 
0.0884 
0.931 
4.22 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

139 

0.749 
30.5 

0.123 

0.00 
0.0884 
0.182 

0.00333 
Std Dev of Daily Closures, % 

139 

0.00 
0.0884 
0.931 
30.5 

0.125 
24.0 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-19A (Continued) 
Bailly Mass Balance for Molybdenum 

Std Dev of 9/3, 9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.374 
0.123 
0.483 

0.00117, 
0.00333 
0.00420 

Std Dev of Daily Closures, % 

0.374 I 
0.125 
0.487 
0.00 

| 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas _ 
Gypsum 
Wastewater 

0.483 
2.52 

_ 0.150 
49.2 

3.21 

0.0760 

0.00420 

0.000393 

Std Dev of Daily Closures, % 

0.487 
2.52 
3.21 

0.150 
49.2 

0.0760 
543 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-20 
Bailly Mass Balance for Nickel 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

UNIT 8 BOILER ( 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

906 

330 
273 

0.0208 
1.30 

F Daily Closures, % 
Closure of Average Flows, % 

906 1 

0.0208 
331 
273 
72.3 
66.7 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

330 
349 

0.792 

1.30 

1.13 
F Daily Closures, % 

Closure of Average Flows, % 

331 
349 
1.93 
106 
106 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

57.3 
73.6 

F Daily Closures, % 
Closure of Average Flows, % 

57.3 
73.6 
128 
128 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

273 

273 
0.136 
0.442 

F Daily Closures, % 
Closure of Average Flows, % 

273 
0.136 

274 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

906 

273 
349 

0.792 

0.0208 
0.136 
0.442 

1.13 
F Daily Closures, % 

Closure of Average Flows, % 

906 

0.0208 
0.136 

274 
349 
1.93 
74.9 
68.9 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-20 (Continued) 
Bailly Mass Balance for Nickel 

Average of 9/3,9/4.9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total. 
mg/s 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

1.05 
0.792 

1.85 

0.300 
1.13 
1.43 

F Daily Closures, % 
Closure of Average Flows, % 

1.35 
1.93 
3.28 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

1.85 
17.4 

0.771 
156 

0.441 

6.85 

1.43 

0.520 

F Daily Closures, % 
Closure of Average Flows, % 

3.28 
17.4 

0.441 

1.29 
156 

6.85 
750 
777 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-20A 
Bailly Mass Balance for Nickel 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s I 

UNIT 8 BOILER I 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

396 

51.6 
30.3 

0.00 
1.42 

Std Dev of Daily Closures. % 

396 1 

0.00 1 
51.3 I 
30.3 | 
19.9 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

51.6 
48.8 

0.213 

1.42 

0.911 
Std Dev of Daily Closures, % 

51.3 
48.8 

0.796 
1.94 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.814 
29.0 

Std Dev of Daily Closures, % 

0.814 
29.0 
48.5 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

30.3 

30.3 
0.00794 
0.0588 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

30.3 
0.00794 

30.4 
0.00934 

IVERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

396 

30.3 
48.8 

0.213 

0.00 
0.00794 
0.0588 

0.911 
Std Dev of Daily Closures, % 

396 

0.00 
0.00794 

30.4 
48.8 

0.796 
21.3 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-20A (Continued) 
Bailly Mass Balance for Nickel 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, I 
mg/s | 

FLUE GAS MIXING ( 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.696 
0.213 
0.808 

0.0896 
0.911 
0.825 

Std Dev of Daily Closures, % 
- — -

0.682 
0.796 
1.29 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water- -
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.808 
0.897 

0.189 
120 

- 0.0230 

0.293 

0.825 

0.390 

Std Dev of Daily Closures, % 

1.29 
0.897 

■ -0.0230 

0.287 
120 

0.293 
490 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-21 
Bailly Mass Balance for Selenium 

Average of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s | 

UNIT 8 BOILER I 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

51.3 

48.3 
0.817 

0.0142 
62.2 

f Daily Closures, % 
Closure of Average Flows, % 

51.3 I 

0.0142 I 
110 [ 

0.817 
256 
217 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

48.3 
11.7 

0.567 

62.2 

52.2 
F Daily Closures, % 

Closure of Average Flows, % 

110 
11.7 
52.7 
58.5 
58.3 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

3.44 
3.44 

F Daily Closures, % 
Closure of Average Flows, % 

3.44 
3.44 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.817 

0.817 
0.188 
0.259 

F Daily Closures, % 
Closure of Average Flows, % 

0.817 
0.188 

1.08 
115 
107 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

51.3 

0.817 
11.7 

0.567 

0.0142 
0.188 
0.259 

52.2 
F Daily Closures, % 

Closure of Average Flows, % 

51.3 

0.0142 
0.188 

1.08 
11.7 
52.7 
149 
127 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-21 (Continued) 
Bailly Mass Balance for Selenium 

Average of 9/3,9/4.9/5/93 < 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s I 

FLUE GAS MIXING f 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

11.9 
0.567 

12.4 

45.0 
52.2 
97.2 

F Daily Closures, % 
Closure of Average Flows, % 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

12.4 
0.339 

61.7 
37.9 

0.109 

2.86 

97.2 

61.5 

F Daily Closures, % 
Closure of Average Flows, % 

56.9 | 
52.7 
110 
100 
100 

110 
0.339 
0.109 

123 
37.9 
2.86 
161 
149 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-21A 
Bailly Mass Balance for Selenium 

Std Dev of 9/3,9/4, 9/5/93 

Process 
Stream 

UNIT 8 BOILER 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Solid, 
mg/s 

32.4 

7.50 
0.416 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

I 

0.0125 
19.4 

Std Dev of Daily Closures, % 

32.4 

0.0125 
18.5 

0.416 
92.5 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

7.50 
1.83 

0.164 

19.4 

15.8 
Std Dev of Daily Closures, % 

18.5 
1.83 
15.7 
11.3 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.0488 
0.0488 

Std Dev of Daily Closures, % 

0.0488 
0.0488 

0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

0.416 

0.416 
0.0768 

0.167 
Std Dev of Daily Closures, % 

0.416 
0.0768 
0.385 
31.5 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

32.4 

0.416 
1.83 

0.164 

0.0125 
0.0768 
0.167 

15.8 
Std Dev of Daily Closures, % 

32.4 

0.0125 
0.0768 
0.385 

1.83 
15.7 
61.4 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-21A (Continued) 
Bailly Mass Balance for Selenium 

Std Dev of 9/3.9/4,9/5/93 

Process 
Stream 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Solid, 
mg/s 

10.1 
0.164 
10.0 

Uquid. 
mg/s 

Gas. 
mg/s 

28.8 
15.8 
38.0 

Std Dev of Daily Closures, % 

Total, 
mg/s 

31.9 
15.7 
44.0 
0.00 

| 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

10.0 
0.00614 

28.4 
2.17 

0.145 

0.271 

38.0 

42.5 

Std Dev of Daily Closures, % 

44.0 
0.00614 

0.145 

62.7 
2.17 

0.271 
62.1 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-22 
Bailly Mass Balance for Vanadium 

Average of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 
mg/s 

UNIT 8 BOILER 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

1860 

699 
869 

0.00625 
0.775 

' Daily Closures, % 
Closure of Average Flows, % 

1860 

0.00625 
700 
869 
86.2 
84.5 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

699 
833 
1.20 

0.775 

0.0512 
F Daily Closures, % 

Closure of Average Flows, % 

700 
833 
1.25 
120 
119 

CONDENSER 
In 

Out 
Average oi 

Inlet Water 
Outlet Water 

17.2 
17.2 

F Daily Closures, % 
Closure of Average Flows, % 

17.2 
17.2 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

869 

869 
0.0409 
0.0409 

F Daily Closures, % 
Closure of Average Flows, % 

869 
0.0409 

869 
100 
100 

BOILER OVERALL BALANCE 
In 

Out 

Average o 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

1860 

869 
833 
1.20 

0.00625 
0.0409 
0.0409 

0.0512 
F Daily Closures, % 

Closure of Average Flows, % 

1860 

0.00625 
0.0409 

869 
833 
1.25 
93.5 
91.7 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-22 (Continued) 
Bailly Mass Balance for Vanadium 

Average of 9/3.9/4, 9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s •. 

Total, I 
mg/s | 

FLUE GAS MIXING 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

6.30 
1.20 
7.50 

0.0418 
0.0512 
0.0930 

F Daily Closures, % 
Closure of Average Flows, % 

6.34 
1.25 
7.59 
100 
100 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average o1 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

7.50 
24.6 

1.73 
19.2 

0.130 

0.112 

0.0930 

0.0253 

F Daily Closures, % 
Closure of Average Flows, % 

7.59 
24.6 

0.130 

1.76 
19.2 

0.112 
64.9 
65.0 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-22A 
Bailly Mass Balance for Vanadium 

Std Dev of 9/3,9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s | 

UNIT 8 BOILER \ 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

317 

80.5 
116 

0.00 
0.753 

Std Dev of Daily Closures, % 

317 | 

0.00 
81.3 
116 
18.4 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

80.5 
23.5 

0.224 

0.753 

0.0227 
Std Dev of Daily Closures, % 

81.3 
23.5 

0.224 
11.6 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

0.244 
0.244 

Std Dev of Daily Closures, % 

0.244 
0.244 
0.00 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

116 

116 
0.00238 
0.00238 

Std Dev of Daily Closures, % 

BOILER C 
In 

Out 

116 
0.00238 

116 
0.00 

>VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

317 

116 
23.5 

0.224 

0.00 
0.00238 
0.00238 

0.0227 
Std Dev of Daily Closures, % 

317 

0.00 
0.00238 

116 
23.5 

0.224 
17.6 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-22A (Continued) 
Bailly Mass Balance for Vanadium 

Std Dev of 9/3.9/4,9/5/93 

Process 
Stream 

Solid, 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total. 
mg/s 

FLUE GAS MIXING 
In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

1.08 
0.224 
0.998 

0.0321 
0.0227 
0.0140 

Std Dev of Daily Closures, % 

1.11 
0.224 
1.01 
0.00 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.998 
0.440 

0.422 
2.15 

0.00253 

0.0181 

0.0140 

0.0121 

Std Dev of Daily Closures, % 

1.01 
0.440 

0.00253 

0.417 
2.15 

0.0181 
5.33 

Italics indicate numbers derived from non-detectable concentrations. 
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Table 7-23 
Bally Average Mass Balance Closures 

Element 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Mercury (BR) 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Symbol 
Sb 
As 
Ba 
Be 
B 
Cd 
Cr 
Co 
Cu 
Pb 
Mn 
Hg 
Hg 
Mo 
Ni 
Se 
V 

Unit 8 
Boiler 

66.7 
69.7 
97.4 
77.1 
65.1 
64.4 
78.9 
116 
107 
141 
105 

29.2 
54.8 
78.8 
72.3 
256 
86.2 

Unit 8 
ESP 

375 
132 
136 
107 
122 
115 
105 
127 
122 
110 
111 
116 
120 
108 
106 

58.5 
120 

Bottom 
Ash Sluice 

107 
158 

100.0-
100 
100 
100 
100 
100 

100.0 
100 

100.0 
102 
102 
102 
100 
115 
100 

Iron 
Aluminum 
Titanium 
Calcium 
Magnesium 

Fe 
Al 
Ti 
Ca 
Mg 

93.3 
96.2 
99.7 
105 

99.2 

101 
101 
101 
118 
110 

100 
100 
100 
100 
100 

Total 
Ash 
Carbon 

90.3 
101 

98.8 

120 
100 
104 

100 
100 
100 

U8 Boiler 
Overall 

169 
91.9 
108 

80.0 
76.3 
71.3 
80.7 
130 
120 
151 
108 

31.3 
65.2 
85.3 
74.9 
149 

93.5 

93.6 
96.5 
100 
109 
102 

100 
101 
103 

Condenser 
100 
100 
103 
100 

0.348 
567 
100 
73.3 
130 
100 

34.2 
119 
119 
100 
128 
100 
100 

Flue Gas 
Mixing 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
70.0 
100 
137 

99.6 

100 
100 
100 
100 
100 

100 
NA 
NA 

100.0 
100 
100 

AFGD 
Overall 

103 
436 
81.6 
1260 
126 

23.6 
2750 
94.1 
26.4 
56.8 
95.5 
182 

99.7 
795 
750 
161 

64.8 

101 
197 
163 
101 

90.1 

95.1 
120 

98.4 

Italics represent numbers heavily influenced by non-detectable concentrations. 



Table 7-23A 
Bally Std Dev of Daily Mass Balance Closures 

Element 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Mercury (BR) 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Symbol 
Sb 
As 
Ba 
Be 
B 
Cd 
Cr 
Co 
Cu 
Pb 
Mn 
Hg 
Hg 
Mo 
Ni 
Se 
V 

Unit 8 
Boiler 

26.4 
23.3 
5.81 
12.1 
13.5 
29.5 
14.8 
10.6 
24.3 
44.8 
6.51 
13.4 
7.94 
21.0 
19.9 
92.5 
18.4 

Unit 8 
ESP 

206 
3.48 
38.6 
7.13 
22.6 
8.49 
5.97 
11.6 
19.6 
10.7 
15.9 
32.2 
7.37 
15.4 
1.94 
11.3 
11.6 

Bottom 
Ash Sluice 

3.09 
53.5 

0.0238 
0.0178 

0.00 
0.504 
0.00 

0.139 
0.0647 
0.335 

0.00899 
26.2 
26.2 
4.22 

0.00934 
31.5 
0.00 

Iron 
Aluminum 
Titanium 
Calcium 
Magnesium 

Fe 
Al 
Ti 
Ca 
Mg 

3.48 
1.96 
1.71 
24.6 
4.65 

6.44 
8.29 
7.50 
18.8 
4.43 

0.00169 
0.00126 

0.00 
0.0846 
0.0259 

Total 
Ash 
Carbon 

3.71 
1.04 
2.38 

7.36 
0.00 
4.80 

0.00 
0.00 
0.00 

U8 Boiler 
Overall 

48.3 
29.3 
5.13 
14.9 
3.43 
31.6 
16.4 
5.30 
16.2 
33.2 
3.97 
6.07 
5.46 
24.0 
21.3 
61.4 
17.6 

3.31 
3.68 
1.93 
25.5 
4.90 

0.0834 
1.04 
2.32 

Condenser 
0.00 
0.00 
6.65 
0.00 

0.0667 
484 
0.00 
46.2 
78.0 
0.00 
12.1 
92.8 
92.8 
0.00 
48.5 
0.00 
0.00 

Flue Gas 
Mixing 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
52.0 
0.00 
50.9 
7.34 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
NA 
NA 

0.00 
0.00 
0.00 

AFGD 
Overall 

98.6 
74.9 
14.2 
241 
50.4 
4.34 

2840 
32.9 
24.9 
7.03 
1.05 
4.86 
17.3 
543 
490 

62.1 
5.33 

19.6 
73.0 
46.9 

0.0356 
3.07 

2.08 
1.61 
2.81 

Italics represent numbers heavily influenced by non-detectable concentrations. 



Table 7-23B 
AFGD Closures from Two Data Sources 

Elements 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Closure % 

SRI analysis' 

65 

426 

81 

1220 

128 

67 

— . 2850 

88 

26 

56 

96 

182 

735 

777 

149 

65 

Galbraith analysis 

134 

47 

86 

123 

91 

90 

98 

135 

47 

73 

142 

132 

50 

125 

135 

82 

"Data from the last line of entries in Tables 7-6 through 7-22, which are 
based on averages of daily flows. (They are not the averages of closures for 
each three days, which are found in Table 7-23.) 

bData equivalent to those in the second column, except that flows of 
limestone and are based on the results at Galbraith (see page 6-64). 
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7.2 Efficiencies of Removal of Trace Species 

There are two direct ways for expressing the efficiency of removal of trace 
species from the Bailly investigation: 

• Removal within the Unit 8 ESP. This is based on the direct 
comparison of concentrations expressed in ug/Nm3 or ppmv v 
(either at constant, 3% 02) at the inlet and the outlet of the ESP. 

• Removal within the scrubber. This is based on a comparison of 
a weighted average of the concentrations at the outlets of the 
Units 7 and 8 ESPs and the stack. Weighting takes into account 
the relative gas volume fraction and the species concentrations 
in the two outlet ducts. The volume fraction for Unit 7 is 
approximately 0.33 and that for Unit 8 is approximately 0.67. It 
will be understood that the removal of fly ash in the scrubber 
may not be equal to the net removal of particulate matter, 
because the entrainment of scrubber solids, such as gypsum, 
and the condensation of sulfuric acid vapor within the scrubber 
will make the net removal less than the removal of incoming fly 
ash. 

It is also possible to compute an approximate efficiency of ash removal across 
the Unit 7 ESP. The two units burned the same coal and have the same type of 
boiler. The uncertainty about Unit 7 is the carryover of coal ash to fly ash at the ESP 
inlet. It seems reasonable to use the inlet concentration observed at Unit 8 as the 
value at Unit 7. Even if the actual concentration of inlet ash in Unit 7 were just 75% of 
that at Unit 8, the error in the ESP efficiency would not change proportionally. If, for 
example, the removal efficiency were stated to be 99.00% with an inlet concentration 
of 4.0 g/Nm3, the efficiency would change only to 98.67% if the inlet concentration 
were corrected to 3.0. 

7.2.1 Metals 

The efficiencies of removal of metals across the two ESPs and the scrubber are 
listed in Tables 7-24, 7-25, and 7-26. The value for the Unit 7 ESP is based on an 
assumed equality of metal concentrations at the inlet of two ESPs each sampling day. 
The efficiencies were calculated from the blank-corrected data with no effort to mask 
irregularities. The anomalies thus entered in the table are commented on in the 
following paragraphs. 

The equation used to calculate efficiencies of the two ESPs is of the following 
simple form: 

Efficiency = 100[1 - (ESP outlet concn.)/(ESP inlet concn.)] 
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Table 7-24 
Efficiencies of Metal Removal in the Unit 8 ESP 

(Data in %) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cobalt 

Chromium 

Copper 

Lead 

Manganese 

Mercury1 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

9f3/93 

99.86 

98.64 

99.60 

99.90 

36.86 

94.81 

99.59 

99.97 

99.72 

99.43 

99.74 

25.72 
0.97 

99.26 

99.15 

69.88 

99.82 

99.85 

97.46 

99.85 

99.72 

99.84 

9/4/93 

100.23 

98.26 

99.72 

99.88 

-5.04 

98.05 

99.57 

100.33 

99.49 

99.70 

99.88 

-5.50 
-18.62 

99.37 

99.55 

44.36 

99.79 

99.88 

97.51 

99.90 

99.68 

99.86 

9/5/93 

99.83 

98.33 

99.77 

100.00 

26.49 

99.14 

99.70 

100.10 

99.72 

99.90 

99.92 

-20.34 
2.36 

99.51 

99.66 

58.95 

99.88 

99.90 

97.51 

99.92 

99.68 

99.89 

Average 

99.97 

98.41 

99.70 

99.92 

19.43 

97.33 

99.62 

100.14 

99.64 

99.68 

99.85 

-0.04 
-5.10 

99.38 

99.45 

57.73 

99.83 

99.87 

97.50 

99.89 

99.69 

99.87 

StcLdev. 

0.22 

0.20 

0.09 

0.07 

21.83 

2.25 

0.07 

0.18 

0.13 

0.24 

0.09 

23.52 
11.73 

0.13 

0.27 

12.81 

0.05 

0.03 

0.03 

0.04 

0.02 

0.02 

"The second line is based on data from the solid traps, which purportedly measure only 
vapor and thus should not show any ESP effect. 
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Table 7-25 
Efficiencies of Metal Removal in the Unit 7 ESP 

(Data in %) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cobalt 

Chromium 

Copper 

Lead 

Manganese 

Mercury1 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

9/3/93 

97.82 

90.43 

98.51 

97.99 

41.79 

90.20 

98.05 

98.32 

97.76 

97.76 

99.00 

28.47 
13.63 

97.16 

98.45 

60.62 

98.00 

98.46 

97.42 

98.72 

98.88 

98.72 

9/4/93 

99.33 

97.01 

98.94 

98.88 

-7.67 

95.34 

98.45 

99.30 

98.55 

98.81 

99.42 

-35.90 
0.91 

97.95 

98.80 

-57.68 

98.72 

99.28 

96.62 

99.11 

99.04 

99.03 

9/5/93 

99.34 

97.72 

98.80 

98.86 

28.27 

95.80 

98.38 

99.28 

98.76 

98.44 

99.26 

-9.72 
10.11 

98.07 

98.64 

32.21 

98.74 

99.18 

96.90 

98.95 

98.96 

98.92 

Average 

98.83 

95.05 

98.75 

98.58 

20.80 

93.78 

98.29 

98.97 

98.36 

98.34 

99.22 

-5.72 
8.22 

97.72 

98.63 

11.71 

98.49 

98.97 

96.98 

98.93 

98.96 

98.89 

StxLdev. 

0.88 

4.02 

0.22 

0.51 

25.57 

3.11 

0.21 

0.56 

0.53 

0.53 

0.22 

32.38 
6.57 

0.49 

0.17 

61.77 

0.42 

0.45 

0.41 

0.20 

0.08 

0.16 
aThe second line is based on data from the solid traps, which purportedly measure only 
vapor and thus should not show any ESP effect. 
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Table 7-26 
Efficiencies of Metal Removal in the Scrubber 

(Data in %) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Cobalt 

Chromium 

Copper 

Lead 

Manganese 

Mercury* 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

9/3/93 

-335.83 

10.75 

88.11 

81.51 

92.55 

91.60 

78.13 

99.59 

49.20 

78.20 

69.88 

25.10 
60.50 

47.88 

82.61 

-29.65 

75.27 

95.07 

77.20 

90.70 

38.51 

87.99 

9/4/93 

42.58 

78.39 

90.61 

84.60 

91.41 

90.94 

76.92 

-21.40 

83.75 

84.01 

42.43 

34.92 
53.01 

45.77 

58.71 

34.63 

73.55 

90.89 

74.65 

87.19 

31.38 

85.06 

9/5/93 

120.76 

85.64 

88.82 

100.00 

89.53 

87.90 

82.83 

104.76 

77.39 

84.85 

75.03 

39.10 
44.53 

56.09 

69.70 

-52.01 

81.95 

94.54 

78.43 

92.90 

40.33 

89.95 

Average 

-57.50 

58.26 

89.18 

88.70 

91.16 

90.15 

79.30 

60.98 

70.11 

82.35 

62.45 

33.04 
52.68 

49.92 

70.34 

-15.68 

76.92 

93.50 

76.76 

90.26 

36.74 

87.67 

StcLdev. 

244.24 

41.31 

1.29 

9.91 

1.52 

1.97 

3.12 

71.41 

18.39 

3.62 

17.35 

7.19 
7.99 

5.45 

11.96 

44.99 

4.44 

2.28 

1.93 

2.88 

4.73 

2.46 

•The second line is based on data from the solid traps, and it presumed to show the 
scrubber effect more accurately. 
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The equation for the scrubber is more complex; it includes the measured flow rate of 
gas at each location: 

Efficiency = 100C8F,/[C7F7 + C8Fe] 

where the C and F terms designate concentration and flow rate, 
respectively; the subscripts S, 7, and 8 indicate stack, Unit 7 outlet, and 
Unit 8 outlet. 

Table 7-24 for the Unit 8 ESP shows four values that exceed 100%, three for 
daily values and one for an average. These are the results of relatively large errors in 
small numbers that make the outlet concentration negative (that is, the blank 
correction exceeds the value corrected). The consequence of this anomaly is that the 
efficiency is not defined; certainly, a conservative conclusion is that the efficiency is 
very close to 100%. There are three daily efficiencies and one average that are 
negative, signifying that the outlet concentration was higher than the inlet 
concentration as the result of errors in sampling or analysis. Not surprisingly, all of 
these anomalies are for elements that are largely in the vapor state and not well 
controlled in an ESP; the anomalies are for boron and mercury. 

The data in Table 7-24 are based on Method 29. The results for mercury 
based on sampling with solid traps (Table 6-36) are also negative (- 5%). 

The following is a summary of the averages of the efficiencies for the Unit 8 
ESP (Table 7-24): 

Efficiency range. % Elements 

<20 B, Hg 
20-60 "" ' Se 
60-98 Cd, Ca -
98-99 As 

99.0-99.9 Ba, Co, Cu, Pb, Mn, Mo, 
Ni, V, Al, Fe, Mg, Ti 

>99.9 Sb, Be, Cr 

Table 7-25 for Unit 7 ESP has the anomaly of negative efficiencies. 
Classification of the individual elements gives the following: 

Efficiency range. % Elements 

<20 Hg, Se 
20-60 B 
60-98 As, Cd, Mo, Ca 
98-99 Sb, Ba, Be, Co, Cr, Cu, 

Pb, Ni, V, Al, Fe, Mg, Ti 
>99 Mn 
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Generally, the efficiencies in Unit 7 ESP are shifted to lower values from those seen in 
Unit 8 ESP. This shift follows that of total particulate removal efficiency: 98.7% for 
Unit 7 and 99.8% for Unit 8 (assuming the same inlet concentration at both ESPs). 

The data in Table 7-26 suffer severely from the anomalies due to large relative 
errors in small numbers. Some of the conclusions that can nevertheless be drawn 
from these data are as follows: 

• The average efficiency of removal of boron (largely in the vapor 
state and subject to absorption in the aqueous spray droplets in 
the scrubber) is 91 % — one of the highest values, but not 
significantly different from efficiencies of removal of metals in the 
particulate state (barium and beryllium, for example). 

• The average efficiency for mercury is listed as 33%. The data 
based on sampling with solid traps indicate that the value is 
nearer 50% (Table 6-62). The extent of mercury removal is 
believed to be controlled by the fraction in the oxidized (divalent) 
state. 

• The efficiency for the third volatile metal, selenium, is not 
defined. The difficulty with this metal was previously discussed 
in Section 6.3. 

• The efficiency for antimony is not defined. 

• The efficiencies of the remaining metals can be classified by 
range, but the uncertainties of some of the data are clearly very 
large. An effort to interpret all of the differences on a rational 
basis can hardly be worthwhile. Nevertheless, the classification 
(including all metals except the two not defined) is as follows: 

Efficiency range. % Elements 

<50 Hg, Mo, Mg 
50-80 As, Co, Cr, Cu, 

Mn, Ni, V, Ca 
80-90 Ba, Be, Pb, Ti 
>90 B, Cd, Al, Fe 

7.2.2 Anions and Acid Gases 

Anions that are components of particulate matter are probably removed by the 
ESPs and scrubber about to the same degree as the particulate matter itself. This 
report contains very little data to support this assumption; whether it is precisely 
correct is of little consequence, however, because of the compelling evidence that 
except for phosphate the anions occur mainly in the gas phase as acid gases. 
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The control of the acid gases HF, HCI, and S02 in the ESPs is negligible (see 
Table 6-35). The control in the scrubber is very effective, on the other hand. The 
following data were previously given in Section 6.3.2: 

Gas 

HF 

HCI 

S02 

7.2.3 Organic Compounds 

Removal in scrubber. % 

96 

99 

93 

The data for organic compounds are not sufficiently definitive to justify any 
conclusion about their removal in either the ESPs or the scrubber." 

7.3 Emission Factors 

Emission factors were calculated from three items of information: 

• Concentration of the species in the stack ((ig/Nm3) 

• Flue gas production per unit mass of coal (Table 6-2 shows that the volume 
is, on the average, 0.008204 Nm3 per gram of coal burned). 

• Calorific value of the coal (Table 6-1 shows that the average value is 25809 
J per gram of coal). 

The emission factor for the unit concentration in the stack (1.0 u.g/Nm3) is thus 
calculated as follows: 

1.0 -jig/Nm3 x 0.008204 NnrrVg x 1 g/25809 g/J = 0.318 x 10"6 (xg/J 

or 

1.0 |ig/Nm3 = 0.318 g/1012 J = 0.739 lb/1012 Btu 

The product of the second two terms in the above equation gives the value 
0.318 x 10"6 m3/J. This value can be compared with the value based on coal feed 
rates and gas flow rate in the stack. The daily values are as follows: 

September 3 0.320 x 10"6 Nm3/J 

September 4 0.316 x 10* Nm3/J 

September 5 0.320 x 10"6 Nm3/J 
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Thus, the calculated volume of flue gas gives essentially the same ratio of gas volume 
to thermal energy as the recorded rate of coal consumption and the measured rate of 
gas flow in the stack. 

As an example, mercury has an average stack concentration of 3.52 u.g/Nm3. 
Hence, the emission factor of this metal is 1.12 g/1012 J or 2.60 lb/1012 Btu. (This 
result is based on the analysis at Brooks Rand.) 

The emission factors of the metals and anionic substances are given in 
Table 7-27. The uncertainty range given for each is the 95% confidence interval. This 
range is derived by use of the theory of error propagation (11). The uncertainty 
analysis is discussed in Appendix F. 
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Table 7-27 
Emission Factors* Calculated from Stack (Doncerrtratibns 

(Uncertainty, 95% confidence limits) 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercuryb 

Molybdenum 
Nickel 
Selenium 
Vanadium 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 
Fluoride 
Chloride 
SO, 

g /HFj 

0.121 ± 0.442 
0.455 ± 1.41 
0.544 ± 0.309 

<0.03 
391 ± 269 

0.181 ± 0.166 
1.18 ± 0.48 

<0.03 
0.741 ± 1.20 

0.677 ± 0.956 
1.32 ± 0.18 

0.890 ± 0.334 
1.12 ± 0.07 
1.47 ± 0.28 

0.928 ± 0.483 
83.0 ± 106 
1.21 ± 0.71 
43.6 ± 15.9 

196 ±33 
89.6 ± 60.1 
36.9 ± 6.5 
6.68 ± 2.62 

<180 
440 ±112 

170000 ± 74000 

Ib/HFBtu 

0.281 ± 1.03 
1.06 ± 3.28 
1.26 ± 0.716 

<0.07 
909 ±625 

0.421 ± 0.386 
2.73 ± 1.11 

<0.07 
1.72 ± 2.79 
1.57 ± 2.22 
3.07 ± 0.42 
2.07 ± 0.78 
2.60 ± 0.16 
3.41 ± 0.65 
2.16 ± 1.07 
193 ± 246 

2.81 ± 1.65 
101 ± 37 
454 ± 76 

208 ± 140 
85.7 ± 15.0 
15.5 ± 6.08 

<420 
1020 ± 260 

395000 ± 172000 
•Based on stack concentration of analyte (|ig/Nm3), calculated volume 
of flue gas from unit mass of coal (Nm3/g), and calorific value of coal 
£/g)-
■The first value for mercury is based on samples from Method 29. 
The second is based on sampling with solid traps. 
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8.0 SPECIAL TOPICS 

8.1 Particulate and Vapor Phase Partitioning 

The partitioning of a metal between the particulate and vapor phases can, in 
general, be a continuous process as the gas progresses from the boiler to the much 
lower temperatures at the stack. A gradual shift from the vapor state to the particulate 
state as the temperature decreases can be expected for two reasons: 1) the vapor 
pressure of any given species of a metal falls as the temperature falls, and thus 
condensation or adsorption ensues; 2) the chemical state of the metal will change, 
typically toward greater molecular complexity, and thus the tendency to change from 
the vapor state to the particulate state will be enhanced. An example of a metal 
shifting in species is mercury, which is most stable at the high temperatures in the 
boiler as the element (a highly volatile species, even at ambient temperature) but 
becomes increasingly more stable and less volatile as the compounds HgO and HgCI2 
at lower temperatures. 

A comparison of trace metal concentrations in bottom ash and fly ash gives an 
indication of how partitioning between solid and gas occurs in the boiler. Table 6-8 in 
an earlier section of this report presented data making that comparison possible. The 
conclusions were as follows: 

Antimony, arsenic, beryllium, boron, cadmium, copper, 
lead, molybdenum, mercury, and selenium were present 
at higher concentrations in the ESP ash than in the 
bottom ash, as the presumed consequence of volatility at 
boiler temperatures, causing exit from the boiler in the 
gas phase but partial transfer to the particulate phase 
before the gas stream reached the ESP. 

Boron, mercury, and selenium were poorly recovered in 
the ESP ash, as the presumed occurrence in the gas 
phase even at the ESP temperature (about 150 °C). 

A comparison of the specific metal concentrations in the ducts adjacent to the 
ESPs was given earlier, in Table 6-37. This table confirms the predominance of boron, 
mercury, and selenium in the vapor state and indicates that many or most of the other 
metals were in the vapor state at high temperatures upstream from the ESPs, because 
their concentrations in the units -ag/Nm3 increase sharply as particle size decreases. 

A further comparison can be made by inspecting the data in the stack 
(Table 6-61). Here the trends toward increasing specific concentration with decreasing 
particle size break down because each of the volatile metals is appreciably absorbed 
in the scrubber. 
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8.2 Plume Simulation Dilution Sampling 

8.2.1 SRI Condensibles Air Dilution Train 

Sampling both without dilution and with dilution was performed at the Unit 7 
ESP outlet. Sampling with dilution lowers both the flue gas concentrations and the 
gas temperature, thus simulating the two important changes that occur in the plume 
as stack gas emerges into the atmosphere. These processes will cause condensation 
of certain vaporous substances or, alternatively, may cause adsorption of these 
substances on pre-existing particulate matter. The net effect, whether there is 
homogeneous or heterogeneous condensation, is the transfer of vapors to particulate 
of small particle size. 

Sulfuric acid vapor is the primary condensible substance in flue gas other than 
water vapor. If flue gas exits a stack at a typical temperature, 150 °C, it may contain 
up to 75 ppm of H2S04 vapor; when the gas is cooled, however, the vapor will 
essentially disappear and the corresponding amount of acid will be found as a fine 
aerosol mist. There is also evidence that certain metal vapors will condense and be 
concentrated on small aerosol particles. This has been demonstrated for As and Se, 
for example, with a dilution sampler of the type to be described in the following 
paragraphs. Certainly, this increase of metal concentrations on fine particulate matter 
in the plume from a stack is to be expected; there is compelling evidence that this 
phenomenon occurs before the gases reach the exit from the stack, while the flue gas 
is being cooled on passage from the boiler to the base of the stack. A continuation 
and amplification of the process in the plume must occur. The corresponding 
condensation of certain organic matter is to be expected also. 

During the last 15 years, SRI developed several sampling trains incorporating 
dilution and cooling for purposes similar to those of present concern. The most 
recent dilution train was developed for widespread measurement of condensibles; it is 
called the CADT (Condensibles Air Dilution Train). It is illustrated in Figure 8-1. It was 
designed and built for EPA under the scenario that in-stack total particulate matter (or 
PM10) is a material separate from condensibles. For condensibles measurement with 
the CADT, process gas is conveyed to the dilution chamber through an in-stack filter, 
Method 5 probe, and heated sample flow-measuring orifice. Process gas is diluted in 
rapid mixing with filtered, cooled ambient air to obtain a final gas mixture near 20 °C. 
A residence time of 2 to 3 sec, sufficient for condensation, is provided prior to 
collection of condensed particulate matter on a quartz filter, 150 mm in diameter. 
Tests indicated that condensation on walls of the dilution chamber is low (<10%). 
The criteria of practical operation and precise measurements, which are needed for 
formal emission measurement methodology, were of primary concern in design of the 
CADT. Although losses of particulate passing through the CADT have not been 
specifically measured, it is believed that particles smaller than 5 urn would reach the 
condensibles filter with high efficiency and that this size fraction is the more important. 
Details of CADT operation are given in the following paragraphs. 
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Figure 8-1. Schematic of Condensibles Air Dilution Train 



Description and operation of the CADT 

The condensible air dilution train is illustrated in Figure 8-1. The portion of the 
sampling train from the nozzle up to and including the Method 5 filter is identical to 
the Method 5 train. The in-stack portion may be replaced by probes specified for 
Method 17 or the Constant Sampling Rate (CSR) approach for PM10. Sample flow and 
dilution air flow are established by the pump at the exhaust end of the CADT and 
regulated with valves in the dilution air inlet and the exhaust branches. Sample gas is 
passed to the sample orifice meter through a heated glass tube. The sample orifice 
meter is located at the apex of the perforated diluter cone where dilution gas is 
injected to rapidly mix with the sample gas. The diluted sample then passes through 
the mixing zone to the filter for condensibles where condensed particulate matter is 
collected. Gas passing this filter then passes through the total flow orifice meter and 
flow control valves before being exhausted through the pump. 

The sample orifice meter, diluter cone, the housing of the cone, and all internal 
surfaces downstream to the diluter exit are coated with Teflon. The sample orifice 
meter is fabricated from stainless steel, and all components of the diluter are 
fabricated from aluminum. The overall weight of the diluter cylinder is about 15 kg, its 
length is 85 cm, and the outside diameter, including flanges and insulation, is 23 cm. 

The dilution air consists of ambient air conditioned by cooling in an ice bath 
condenser, passing through a column of silica gel, passing through a bed of activated 
charcoal, and being filtered through an absolute filter. The temperature of the dilution 
air must be controlled at less than 20 °C to obtain the desired temperature of the total 
diluted gas (sample gas and dilution air). Insulation of the dilution air conduit serves 
to prevent overheating of the dilution air during warm weather. A heater is included on 
the dilution air conduit to warm the dilution air in cold weather. The purpose of the 
bypass around the dilution air filter in the illustration is to permit passage of a small 
fraction of particles from the ambient air to pass into the diluter if needed as 
condensation nuclei. 

Dilution factor and flow rates 

While the dilution approach is attractive conceptually because it simulates a 
source/ambient interface more nearly than other approaches, its major procedural 
advantage is that sufficient dilution prevents condensation of large quantities of water 
vapor from the stack gas. For a specified sampling rate, the amount of dilution is 
limited by sizes and costs of the train components that are reasonable. The gas flow 
rate of the cyclone identified for PM10 measurements is limited to about 0.5 scfm to 
obtain a particle cut size at 10 um, and limiting the sampling rate with a Method 5 train 
to less than about 0.5 scfm is reasonable. Pumps with a loaded capacity of 10 scfm 
(which is about 20 times the PM10 flow rate value) are practical for source sampling. 
These factors led to selection of 20 for the maximum volume dilution factor. This 
dilution factor is high enough to avoid condensation of water for moisture contents up 
to 35%, higher than moisture contents of most sources including many with wet 
scrubbers. At Bailly we selected a target dilution factor of 10, giving sample and total 
diluted gas flow rates for the CADT of 0.5 and 5 scfm, respectively. This dilution factor 
was selected to maximize the detection limits for the analytes without severely 
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compromising the effect of dilution cooling on condensation or causing problems from 
the condensation of moisture. 

Dilution and mixing zone 

The geometry of the diluter cone is a 50% scale-up of one used extensively to 
extract flue gas for measurement of size distribution. The 82 dilution air jets are 
designed for high, small-scale turbulence and low net swirl to produce a flat velocity 
distribution at the cone exit. The length of the cone is 23 cm, and its exit diameter is 
15.2 cm. The inside diameter of the mixing zone is 15.2 cm, and its length is 48.9 cm. 
The primary criterion for selecting these dimensions was to provide residence time in 
the range 1.5 to 2 sec, previously recommended by the literature survey performed by 
McCain and Williamson of our staff (12), at a total diluted gas flow rate of 10 scfm. 

Sample orifice meter (sample gas flow rate and volume) 

The sample gas temperature from the probe up to and including the orifice 
disc of the sample orifice meter is maintained at 120 °C to prevent condensation of 
moisture in the sample gas. The orifice meter serves the same purpose as that used 
in Method 5, the monitoring of sample flow rate required to maintain isokinetic 
sampling. In addition, it serves the purpose of the dry gas meter in Method 5; the 
total sample gas volume is measured at this point, before dilution of the sample. 
Calibration of the orifice meter is performed in the same manner as in Method 5 (with 
a wet test meter installed upstream of the orifice meter and a leak check to verify that 
gas flow through the wet test meter and orifice meter is the same). Sample gas 
volume is measured in the CADT through digital electronic integration of the signal 
from a differential pressure transducer across the orifice. 

8.2.2 Plume Simulation Dilution Sampling at Bailly 

The CADT was operated to collect samples at the outlet of the Unit 7 ESP each 
day. Particles larger than about 8 -jm were removed by means of a cyclone mounted 
at the inlet end of the probe to minimize/prevent possible fouling of the sample 
flow-metering orifice. Multiple gas trains were used behind the filter for parallel 
sampling each day. Two of the trains were identical — for metals on the days of 
inorganic sampling and for semi-volatile organics and dioxins/furans on the one day of 
organic sampling. The third sampler on the inorganics days consisted of solid 
sorbents for mercury, and the fourth collected acid gases. There were only two gas 
samples on the organics day, for the purpose already indicated. 

Several sample components were recovered each day. Different types of 
analytes were determined on the basis of the following components: 

• Metals. The quantity in the particulate fraction was a composite 
of the amounts found in three fractions: 1) probe rinse, 2) filter, 
and 3) dilution chamber rinse. The combined amounts in the 
three fractions were assumed to be all of the particulate matter in 
the total gas volume. The original concentration of each metal in 
the duct was calculated by correcting the total gas volume 
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through the three sampling elements first for the dilution factor 
and then for the actual 02 level in the duct. Thus, the 
concentration was expressed in -ig/Nm3. 

The quantities of each vapor collected in the two impinger trains 
were consolidated and expressed as an original duct 
concentration by using the combined sample volumes, corrected 
as described above. 

• Calculation of duct concentrations of the acid gases was based 
only on the amounts collected in the impinger train. 

• Calculation of mercury vapor in the duct was based on the 
amounts in the solid traps behind the filter. 

• Organic compounds were pooled and expressed as duct 
concentrations as described for metals. 

The approximate dilution factor in the collection of all the samples was 10:1. 
The gas volume from the duct was approximately 5 m3; the total including dilution air 
was thus about 50 m3. The gas was cooled in the dilution chamber to approximately 
20-25 °C in each experiment. 

8.2.3 Analytical Results for Diluter Samples 

The main question to be considered is whether simulated plume dilution 
changed the distribution of trace substances between the particulate and vapor states. 
One other question that potentially can be addressed is whether dilution changed the 
distribution of mercury in different species. 

Certain types of species were sampled at the stack with and without the diluter. 
Those sampled both ways were trace metals at large (Method 29), mercury with 
iodated carbon traps, acid gases, semi-volatile organics, and dioxins and furans. 
Those not sampled with dilution were ammonia, hydrogen cyanide, aldehydes, and 
volatile organics. 

8.2.3.1 Trace Metals 

Tables 8-1, 8-2, and 8-3 present the results of daily measurements of trace 
metals at the stack with the simulated plume diluter used in a modification of 
Method 29. The data presented for dilution sampling have been corrected for dilution 
to show the original duct concentrations. The data from previous tables that give the 
concentrations observed with direct sampling (that is, without dilution) are also 
included in these tables. Thus, concentrations in each state (particulate or vapor) and 
as the total can be compared. 

Consider first the question of whether the three volatile metals give evidence of 
condensing with cooling and dilution. The question has to be answered by 
considering not the total concentrations but the proportions of particulate and vapor 
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concentrations. (The lack of agreement between total concentrations with and without 
dilution makes the comparison of total concentrations of little use.) For boron, there 
was strong evidence of vapor condensation or adsorption on particulate matter; 
without dilution, over 99% of the boron was in the vapor state, whereas with dilution 
only 33% was in the vapor state. For mercury, dilution reduced the vapor percentage 
from a value in excess of 99% to just 39%. For selenium, the reduction in percent 
vapor was from 80% to 14%. The percentages cited are averages from three days of 
sampling; there is considerable spread in the individual values, but even so the data 
are consistent from day to day in showing the effects described. 

The data from mercury vapor sampling with solid traps permits consideration of 
the question of the effect of cooling and dilution on the proportions of mercury in the 
divalent and elemental species. The vapor data (concentrations'in jig/Nm3) are 
presented below in a summary that includes particulate data from Tables 8-1, 8-2, and 
8-3: - -

Sept. 3 Sept. 4 Sept. 5 

Direct sampling 
Particulate 
Vapor 

Hg(H) 
Hg(0) 

Total 

Dilution sampling 
Particulate 
Vapor 
Hg(H) 
Hg(0) 

0.03 

—. . 

8.84 

2.97 

-

0.05 

4.91 
2.73 

7.69 

4.72 

2.41 
2.79 

0.08 

4.88 . . 
1.43 

6.39 

7.78 

2.79 
2.29 

Total 11.91 9.98 12.86 

Percentages of vapor in the divalent state on the two days when vapor speciation was 
accomplished were 64 and 77% with direct sampling or 46 and 55% with dilution 
sampling. Thus, for the vapor alone, there was a minor shift from the divalent state to 
the elemental state. The appropriate interpretation of the data is made indefinite, 
however, by the lack of agreement between the total concentrations with and without 
dilution. Perhaps the most reasonable interpretation is to point to the large increase in 
the particulate mercury with dilution as a consequence of a net shift toward the 
divalent state rather than the elemental state. If, as seems reasonable, the total 
concentration of divalent mercury is taken to be the sum of the particulate mercury 
and the divalent mercury in the vapor state, the percentages in the divalent state are 
64 and 68% with direct sampling and 71 and 78% with dilution sampling. 
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8.2.3.2 Acid Gases 

Table 8-4 compares the observed concentrations of the acid gases HF, HCI, 
and S02 (in ppmv at 3% 02 for the duct, before dilution). 

The data indicate that the only likely effect of dilution and sampling was a 
reduction in the concentration of HCI. The average HCI concentration decreased from 
72.2 ppmv with direct sampling to 53.4 ppmv with dilution sampling. The question to 
be considered is whether the loss of HCI was due to condensation or adsorption. 
This question can be considered by attempting to assign a value to the dew point of a 
gaseous mixture of HCI and water vapor: would 75 ppmv of HCI and 9% water vapor 
(the approximate concentrations in the duct) reach the dew point on being diluted 
1:10 and cooled to 20-25 °C, with air containing about 1% water vapor (dew point 
40 ° F)? Unpublished work by the author does not address this question specifically, 
but it indicates that the answer is very likely no. The loss of HCI, therefore, is more 
likely due to adsorption. 

8.2.3.3 Organic Compounds 

No clear-cut effect on either semi-volatile compounds or dioxins and furans 
could be detected. The possible presence of semi-volatiles was obscured by 
contaminants, as elsewhere in the system. The dioxins and furans were reduced to 
even lower concentrations than those present in the duct; they were undetectable after 
dilution. 
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Table 8-1 
Metal Concentrations in the Gas Stream at the Outlet of 

the Unit 7 ESP from Dilution Sampling (September 3,1993) 
(Comparison with undiluted metals 

at the same location; data in -ag/Nm3) 
(All data by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury" 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

w/Diln (w/b Diln) 

0.87 (0.43) 

25.4 (7.72) 

46.3 (22.2) 

1.79 (1.77) 

12010 (62.3) 

6.03 (8.84) 

36.8 (29.9) 

6.85 (2.66) 

18.6 (15.5) 

23.8 (28.2) 

11.6 (10.2) 

2.97 (0.03) 

20.9 (16.3) 

16.7 (8.68) 

165 (11.5) 

42.7 (43.2) 

4080 (7010) 

980 (744) 

6180 (8120) 

234 (277) 

356 (425) 

Vapor 

w/Diln (w/b Dim) 

<0.04 (0.14) 

3.07 (4.41) 

3.83 (2.13) 

- -<0;02 (<0.02) -

6530 (10900) 

0.05 (3.64) 

2.43 (2.26) 

0.47 (0.14) 

3.16 (1.64) 

<0.10 (0.76) 

<0.80 (<0.80) 

0.64/3.09 (0.83/3.08) 

<0.40 (<0.40) 

0.76 (1.18) 

46.5 (135) 

0.28 (0.45) 

260 (249) 

1840 (1640) 

160 (166) 

64.3 (57.2) 

10.9 (11.3) 

Total 

w/Diln (w/b Diln) 

0.89 (0.56) 

28.4 (12.1). .. 

50.2 (24.3) 

- - 1.80 (1.78) 

18540 (11000) -

6.08 (12.5) 

39.2 (32.1) 

7.32 (2.80) 

21.8 (17.1) 

23.8 (29.0) 

12.0 (11.0) 

6.70(3.94) 

21.1 (16.5) 

17.5 (9.86) 

212 (146) 

42.9 (43.7) 

4340 (7260) 

2820 (2380) 

6340 (8280) 

298 (334) 

367 (436) 

The column for vapor gives separate data from peroxide and permanganate 
impingers. 
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Table 8-2 
Metal Concentrations in the Gas Stream at the 

Outiet of the Unit 7 ESP from Dilution Sampling (September 4,1993) 
(Comparison with undiluted metals 

at the same location; data in -ig/Nm3) 
(All data here by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury8 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

w/Diln (w/o Diln) 

0.68 (0.25) 

15.3 (3.07) 

52.4 (17.0) 

1.22 (1.08) 

13508 (38.0) 

3.13 (4.11) 

30.4 (17.8) 

2.27 (1.52) 

17.4 (10.8) 

17.47 (20.1) 

14.4 (6.61) 

4.72 (0.05) 

22.0 (14.9) 

11.4 (1.56) 

473 (71.0) 

35.6 (33.1) 

3480 (3190) 

760 (754) 

5170 (5500) 

180 (223) 

286 (334) 

Vapor 

w/Dfln (w/o Diln) 

<0.04 (<0.04) 

0.35 (0.88) 

3.26 (2.57) 

<0.02 (<0.02) 

5590 (14900) 

<0.10 (3.23) 

3.53 (2.89) 

<0.20 (<0.20) 

3.79 (2.73) 

<0.50 (<0.50) 

<0.80 (<0.80) 

0.66/1.94 (1.98/2.97) 

<0.40 (<0.40) 

0.99 (1.96) 

113 (482) 

0.11 (0.10) 

298 (287) 

2240 (2380) 

162 (92.9) 

80.8 (77.9) 

12.6 (12.0) 

Total 

w/Diln (w/o Diln) 

0.70 (0.27) 

15.7 (3.95) 

55.7 (19.5) 

1.23 (1.09) 

19098 (14900) 

3.18 (7.33) 

34.0 (20.7) 

2.37 (1.62) 

21.2 (13.5) 

17.7 (20.3) 

14.8 (7.01) 

7.32.(5.00) 

22.2 (15.1) 

12.4 (3.52) 

586 (553) 

35.7 (33.2) 

3780 (3480) 

3010 (3130) 

5330 (5590) 

261 (300) 

299 (346) 
aThe column for vapor gives separate data from peroxide and permanganate impingers. 
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Table 8-3 
Metal Concentrations in the Gas Stream at the Outiet 

of the Unit 7 ESP from Dilution Sampling (September 5,1993) 
(Comparison with undiluted metals 

at the same location; data in ug/Nm3) 
(All data here by Method 29) 

Trace metals 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury1 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Major metals 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Particulate 

w/Diln (w/o DUn) 

0.63 (0.43) 

11.6 (2.58) 

42.0 (24.8) 

0.87 (1.27) 

12075 (51.0) 

2.71 (6.59) 

26.3 (27.6) 

0.79 (1.77) 

11.7 (13.8) 

12.1 (21.0) 

6.03 (9.36) 

7.68 (0.08) 

17.8 (19.0) 

8.36 (8.51) 

508 (134) 

25.9 (36.8) 

2410 (3780) 

560 (1010) 

3010 (6570) 

119 (282.0) 

198 (384) 

Vapor 

w/Diln (w/o Diln) 

<0.04 (0.03) 

0.14 (0.54) 

3.66 (2.61) 

~ <0.02 (<0.02) -

6656 (13900) 

-<0.10 (1.97) - — 

4.82 (2.90) -

<0.20 (<0.20) 

3.58 (0.79) 

<0.50 (<0.50) 

<0.80 (<0.80) 

0.67/1.84 (1.38/2.22) 

<0.40 (<0.40) 

3.11 (2.30) 

9.4 (206) 

0.03 (0.19) 

292 (258) 

2140 (2250) 

128 (143) 

97.0 (69.2) 

12.7 (11.0) 

Total 

w/Diln (w/o Diln) 

0.65 (0.46) 

11.7 (3.12) 

45.7 (27.4) 

0.88 (1.28) 

- 18732 (13900) 

2.76(8.56) 

31.1 (30.5) 

0.89 (1.87) 

15.3 (14.6) 

123 (21.2) 

6.43 (9.76) 

10.2 (3.68) 

18.0 (19.2) 

11.5 (10.8) 

517 (340) 

25.9 (37.0) 

2700 (4040) 

2700 (3260) 

3130 (6720) 

215 (351) 

210 (395) 

"The column for vapor gives separate data from peroxide and permanganate impingers. 
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Table 8-4 
Anion and Corresponding Acid 

Gas Concentrations at the Outlet of the Unit 7 ESP from 
Dilution Sampling 

(Comparison with undiluted metals 
at the same location; data in /ig/Nm3) 

Anions - pg/Nm3 

Fluoride 

Chloride 

Sulfate 

Phosphate 

Acid gases - ppmv 

HF 

HCI 

so2 

H3PO< 

September 3,1993 
w/Diln (w/b Dim) 

10,400 (12,400) 

66,100 (86,600) 

11.05 x 106 (10.60 x 106) 

<9400(< 10,800) 

13.1 (15.7) 

44.8 (58.7) 

2760 (2650) 

<2.4 (<2.7) 

September 4,1993 
w/Diln (w/o DOn) 

11,100 (14,600) 

78,800 (127,000) 

9.50 x 10* (11.40 x IO6) 

<8300 (< 11300) 

14.1 (18.5) 

53.4 (86.0) 

2380 (2860) 

<2.1 (<2.9) 

September 5,1993 
w/Dfln (w/o Diln) 

13,600 (11,800) 

91,500 (106,000) 

10.3 x 10* (11.00 x 10s) 

<8500 (< 11300) 

17.2 (16.4) 

62.0 (71.9) 

2570 (2760) 

<2.2 (<2.5) 
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8.3 Particle Size 

8.3.1 Particle Mass versus Particle Size 

Particle size distributions of the particulate matter suspended in the flue gases 
were measured in-situ using cascade impactors at the ESP outlet locations and stack 
and series (cascade) cyclones at the ESP inlet location. A University of Washington 
(Pilat) Mark V/lll impactor was used with an SRI/EPA right angle precollector at the 
ESP outlets and stack to provide data in seven size fractions with separation 
diameters ranging from 0.19 um to 9.5 um. SRI/EPA Five Series Cyclones were used 
at the Unit 8 ESP inlet to provide data in six size fractions with separation diameters 
ranging from 1.06 um to 10.3 um. 

Results of the size distribution measurements are shown in Figures 8-2, 8-3, 8-
4, and 8-5 in the conventional cumulative percentage of mass concentration 
contributed by particles smaller than the indicated diameter. The data are shown on 
an aerodynamic diameter basis - one in which the actual particle behaves in air as 
though it were a unit density sphere of the indicated size. The physical size of the 
particle may differ from the aerodynamic size because of its shape and/or density. 
The extrapolations to sizes larger than the first stage D^ and smaller than the last 
stage D ,̂ were obtained by means of cubic splines with forced continuity in slope and 
value and subject to the conditions that there is zero accumulated concentration at 
some minimum diameter (0.01 um in this case) and no further accumulation at sizes 
greater than some maximum diameter (1000 um in this case) as described in 
"Procedures Manual for the Recommended ARB Particle Size Distribution Method 
(Cascade Impactors)" (13). 

The result of series cyclone measurements at the Unit 8 ESP inlet is presented 
in Figure 8-2. The solid line in this figure represents the average result for the three 
runs and the broken lines show the 90% confidence limits for the average based on 
the scatter in the data from the individual runs. Figure 8-3 presents the results of the 
particle size measurements made with a cascade impactor at the Unit 8 outlet (as only 
one sample was obtained, confidence limits cannot be shown). There was a reduction 
in mean diameter from ~20 um to ~4 um across the ESP. Figure 8-4 shows the size 
distribution measured with a cascade impactor at the outlet of the Unit 7 ESP. This 
distribution has a mean diameter of ~8 um. The coarser distribution of particle sizes 
leaving the Unit 7 ESP than were measured leaving Unit 8 ESP is consistent with the 
higher mass emissions from the Unit 7 ESP. Figure 8-5 shows the average particle 
size distribution and associated 90% confidence intervals for triplicate cascade 
impactor measurements in the stack. The distribution has a mean size of ~0.55 um. 
The fineness of this distribution is largely attributable to condensed acid droplets 
which we determined constituted about 75% of the total mass emissions. 

The collection efficiency of the Unit 8 ESP as a function of particle size is 
shown in Figure 8-6. The figure shows the typical dependence on size that 
characterizes ESPs, and causes the shift in size distributions presented in Figures 8-2, 
and 8-3. Figure 8-7 is the ratio of outlet to inlet mass concentrations across the AFGD 
scrubber and across the Unit 8 ESP. The AFGD system inlet mass concentration was 
determined by combining the fractional mass flow rates from Units 7 and 8 weighted 
by the measured gas flow rates. This plot shows that acid vapor condensation affects 
the fractional penetration of submicron particles through the scrubber. 
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Figure 8-2. Particle Size Distribution (Aerodynamic Diameter Basis) of Fly Ash Entering the Unit 8 ESP as Measured 
by Series Cyclones. The Heavy Vertical Ticks Show the Approximate Fractionation Diameters. 
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Figure 8-3. Particle Size Distribution of Fly Ash at the Unit 8 ESP Outlet as 
Measured by Cascade Impactor. 
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Figure 8-4. Particle Size Distribution of Fly Ash at the Unit 7 ESP Outlet as 
Measured by Cascade Impactor. 
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8.3.2 Concentrations of Trace Metals versus Particle Size 

Tables 8-5 through 8-9 give metal concentrations as a function of ash particle 
size in samples collected from the entrained state with series cyclones. The top of 
each table presents the particle range and the percentage of the total particulate mass 
in that range. The first three tables present the results for samples collected at the 
inlet of the Unit 8 ESP; the last two tables give data for the outlets of the two ESPs. 

The particles in the two larger size ranges were collected separately, in the first 
two cyclones of the series. For the Unit 8 inlet location, the particles in the finer size 
ranges, on the other hand, were collected in different size ranges in different cyclones 
and combined as a composite for analysis. For the ESP outlet locations the finer size 
ranges were all collected on a filter downstream of two cyclones. The last column in 
the tables gives the weighted average metal concentrations in the three size ranges. 

The metals that do NOT show increasing concentrations with decreasing 
particle size are more the exception than the rule. The more notable exceptions to the 
rule of the inverse relationship between concentration and particle size in the data sets 
at the ESP inlet are found in one but not three of the data sets. There are more 
frequent exceptions to the rule in the outlet data, especially for the Unit 8 ESP. In this 
instance, the middle-size particles present most of the anomaly, but represent only a 
very small fraction of the total mass. 

Table 8-10 compares, for the inlet of the Unit 8 ESP, the averages of the 
concentrations in the cyclone composites with the averages from the Method 29 filter. 
The concentrations of the trace metals agree remarkably well. Ironically, the 
concentrations of the major metals, which should be more easily established, do not 
agree as well. 
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Table 8-5 
Metal Concentrations in Cyclone 

Fractions at the Inlet of the Unit 8 ESP 
on September 3,1993 

(Data in ug/g) 

Particle size, |im 

Mass, % 

Trace metals, u.g/g 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron" 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals, ug/g 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Stage 1 

>10.3 

72.98 

4.70 
14.7 

360 
15.3 

15.2 
233 
35.5 

134 
180 
212 

0.023 
55.7 

178 
3.70 

354 

52600 
10500 
65600 
3210 
3350 

Stage 2 

6.7-10.3 

14.51 

10.0 
25.4 

407 
20.4 

38.2 
450 
44.9 

202 
318 
221 

0.801 
172 
262 

10.7 
615 

58400 
16800 
73900 
5980 
8120 

Stage 3 

<6.7 

12.51 

40.1 
92.4 

462 
7.74 

. . 

59.0 
1360 

51.5 
359 
637 
281 

0.142 
820 
359 
73.3 

147 

59500 
20800 
91500 
6430 

10900 

Composite* 
. . 

100.00 

9.90 
26.00 

380.00 
34.4 
_. 

24.0 
406 
38.8 

172 
257 
222 

0.15 
168 
213 

13.4 
532 

54300 
12700 
70000 
4010 
4980 

'Computed as the sum of individual products of decimal fraction times 
concentration (ug/g). 

bNo data available for boron. See Table 8-6. 
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Table 8-6 
Metal Concentrations in Cyclone 

Fractions at the Inlet of the Unit 8 ESP 
on September 4 ,1993 

(Data in /xg/g) 

Particle size, jim 

Mass, % 

Trace metals, ug/g 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals, |ig/g 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Stage 1 

>10.2 

74.25 

5.22 
11.7 

335 
15.1 

499 
14.9 

219 
33.2 

140 
156 
213 

0.023 
49.9 

172 
5.13 

350 

50800 
9500 

66400 
5650 
6500 

Stage 2 

6.6-10.2 

13.22 

9.04 
20.6 

347 
18.34 

730 
32.9 

380 
37.9 

173 
286 
208 

0.117 
121 
225 

9.99 
530 

55600 
6050 

67000 
5750 
7530 

Stage 3 

<6.6 

12.53 

43.2 
85.5 

427 
32.8 

1670 
65.2 

1280 
55.0 

342 
722 
278 

0.004 
711 
354 
82.3 

1350 

94800 
19300 

152000 
6670 

11300 

Composite* 

— 

100.00 

10.5 
22.1 

348 
17.8 

676 
23.6 

373 
36.6 

170 
244 
220 

0.03 
142 
202 

15.4 
499 

57000 
10300 
77200 
5790 
7240 

"Computed as the sum of individual products of decimal fraction times concentration (ug/g). 
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Table 8-7 > 
Metal Concentrations in Cyclone 

Fractions at the Inlet of the Unit 8 ESP 
on September 5,1993 

(Data in /ig/g) 

Particle size, urn 

Mass, % 

Trace metals, ug/g 
Antimony 
Arsenic 
Barium 
Beryllium 
Boronb 

Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals, ug/g 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Stage 1 

>10.2 

76.60 

6.84 
18.0 

357 
15.5 

. . 

26.7 
258 
32.7 

172 
154 
222 

0.017 
73.1 

221 
5.54 

400 

49200 
11100 
62100 
5960 
6400 

Stage 2 

6.6-10.2 

12.68 

13.3 
32.5 

402 
22.1 

_. 

16.7 
584 
46.6 

256 
339 
226 

0.069 
223 
352 

11.4 
704 

54300 
15800 
71300 
6250 
8400 

Stage 3 

<6.6 

10.71 

37.0 
196 
457 
36.0 

_. 

80 
1470 

59.3 
397 
737 
277 

0.049 
844 
519 
47.0 

1450 

97200 
20300 

143000 
6700 

11300 

Composite* 

— 

99.99 

10.9 
38.9 

373 
18.6 

_ 

31.1 
430 
37.3 

207 
240 
228 

0.03 
175 
270 

10.7 
551 

55500 
12700 
71900 
6070 
7170 

'Computed as the sum of individual products of decimal fraction times concentration (ug/g)-
bNo data available for boron. See Table 8-6. 
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Table 8-8 
Metal Concentrations in Cyclone 

Fractions at the Unit 8 ESP Outlet 
on September 6,1993 

(Data in ug/g) 

Particle size, um 

Mass, % 

Trace metals, ufi/g 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals, ufi/fi 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Stage 1 

>9.1 

51.68 

10.7 
58.4 

172 
7.45 

109 
2150 

50.2 
142 
103 

2250 
1.04 

113 
1560 
623 
219 

40500 
12400 

291000 
2960 
3250 

Stage 2 

5.5-9.1 

1.12 

<400 
1320 
1230 
<10 
. . 

308 
88200 
2020 
3420 
<50 

7500 
30.0 

<50 
78600 
4660 

870 

103000 
6610 

312000 
11500 
11900 

Stage 3 

<5.5 

47.2 

67.8 
249 
564 
27.7 

104 
2120 

46.3 
391 
658 
399 

0.71 
1570 
746 
592 

1120 

41900 
19800 
88800 
4790 
6400 

Composite* 

— 

100.00 

38.0 
149 
359 

17.1 
_ 

107 
2130 

48.3 
261 
368 

1370 
0.88 

807 
1170 
609 
651 

41200 
15900 

195000 
3830 
4752 

'Stage 2 deleted from calculations because of suspected unreliable data from small sample. 
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Table 8-9 
Metal Concentrations in Cyclone 

Fractions at the Unit 7 ESP Outlet 
on September 5,1993 

(Data in /tg/g) 

Particle size, pm 

Mass, % 

Trace metals, ug/g 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Major metals, ug/g 
Aluminum 
Calcium 
Iron 
Magnesium 
Titanium 

Stage 1 

>10.4 

45.42 

17.8 
35.9 

397 
28.3 
— 

42.2 
503 
51.2 

258 
381 
377 

0.172 
245 
345 
156 
589 

77900 
17000 

755000 
4980 
6370 

Stage 2 

6.7-10.4 

16.51 

33.7 
97.9 

494 
34.3 

115 
984 
65.0 

308 
539 
277 

0.277 
390 
673 
112 
842 

55400 
20700 
79900 
5910 
8310 

Stage 3 

<6.7 

38.07 

61 
169 

a 

39.4 

127 
2450 

60 
373 

1260 
282 

0.232 
1570 
634 
145 

1260 

126000 
18700 

261000 
5410 
8820 

Composite 

— 

100.00 

36.9 
96.9 

>262 
33.5 

86.7 
1320 

56.8 
310 
740 
325 

0.21 
775 
509 
145 
887 

92400 
18200 

455000 
5300 
7620 

'Not reported. 
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Table 8-10 
Comparison of Metal Concentrations at 

the Inlet of the Unit 8 ESP in Samples from 
the Method 29 Filter and the Series Cydones 

(Data in ug/g) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

M29 
filter* 

8.2 

25.6 

378 

19.3 

529 

31.4 

411 

37.7 

187 

285 

235 

0.053 

148 

244 

35.4 

508 

95300 

18600 

127000 

6240 

6990 

Cyclone 
composite15 

10.4 

29.0 

367 

18.2 

676 

26.2 

403 

37.6 

-183 

247 

224 

0.070 

162 

228 

13.2 

527 

55400 

11900 

73100 

5290 

6460 

'From first data column of Table 6-25 (averages). 
bFrom last columns of Tables 8-5, 8-6, and 8-7 (averages, 
except for the single value for boron). 
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8.4 Comparison of Method 29 and Carbon Traps for Mercury Measurements 

Concentrations of mercury in the vapor state were determined on the filter and 
in the peroxide and permanganate impingers of Method 29 and the solid traps devised 
by Bloom (2). The data from the two methods are compared in Table 8-11. 

One of the observations from this table is that the total mercury concentration 
in the gas stream at each location was usually lower when measured by Method 29. 
Another observation is that at duct locations preceding the stack the proportions as 
divalent and elemental mercury were essentially opposite by the two methods. This 
statement is based on the prevailing concept that the peroxide impingers of 
Method 29 should capture divalent mercury selectively, leaving only elemental mercury 
to be captured in the permanganate. One possible interpretation is that the retention 
of the divalent vapor in the peroxide was incomplete and the vapor that penetrated the 
peroxide was subsequently collected in the permanganate. This interpretation, 
however, is at variance with other studies that have shown excellent correlation 
between speciation results from the two methods. 

The two methods do, however, seem in sensible agreement as to total mercury 
at the stack. They are also in agreement as to speciation at the stack, where both 
concur in showing evidence for nearly complete removal in the scrubber of the 
divalent vapor. 
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Table 8-11 
Comparison of Mercury Concentrations from 

Two Sampling Trains 

Method 29 

Unit 8 
ESP Inlet 

Unit 8 
ESP 
Outlet 

Unit 7 
ESP 
Outlet 

Stack 

Filter 

H202/HN03 

KMn04 

TOTAL 

Filter 

H202/HN03 

KMn04 

TOTAL 

Filter 

HPa/HNOj 

KMn04 

TOTAL 

Filter 

H202/HN03 

KMn04 

TOTAL 

Concentration, ug/Nm3 

9/3/93 

0.30 

1.12 

4.09 

5.51 

0.06 

0.91 

3.15 

4.12 

0.03 

0.83 

3.08 

3.94 

0.14 

3.14 

3.28 

9/4/93 

0.25 

0.93 

2.50 

3.68 

0.01 

1.15 

2.73 

3.89 

0.05 

1.98 

2.97 

5.00 

0.01 

0.16 

2.37 

2.54 

9/5/93 

0.25 

1.08 

2.02 

3.35 

0.02 

1.63 

2.39 

4.04 

0.08 

1.38 

2.23 

3.69 

0.01 

0.13 

2.43 

2.57 

Average 

0.27 

1.04 

2.87 

4.18 

0.03 

1.23 

2.76 

4.02 

0.05 

1.40 

2.76 

4.21 

0.01 

0.14 

2.65 

2.80 

%of 
Total 

6% 

25% 

69% 

1% 

31% 

69% 

1% 

33% 

66% 

0% 

5% 

95% 

8-28 



Table 8-11 (Conduded) 
Comparison of Mercury Concentrations from 

Two Sampling Trains 

Solid traps' 

Unit 8 
ESP 
Inlet 

Unit 8 
ESP 
Outlet 

Unit 7 
ESP 
Outlet 

Stack 

Hg(H) 

Hg(0) 

TOTAL 

Hg(II) 

Hg(0) 

TOTAL 

Hg(II) 

Hg(0) 

TOTAL 

Hg(II) 

Hg(0) 

TOTAL 

Concentration, ug/Nm3 

9/3/93 

10.30 

10.20 

8.81 

3.48 

9/4/93 

5.19 

1.31 

6.50 

3.25 

4.46 

7.71 

4.91 

2.73 

7.64 

0.09 

3.50 

3.59 

9/5/93 

4.79 

2.40 

7.19 

5.05 

1.97 

7.02 

4.88 

1.43 

6.31 

0.08 

3.42 

3.50 

Average 

4.99 

1.86 

8.00 

4.15 

3.22 

8.31 

4.90 

2.08 

7.59 

0.09 

3.46 

3.52 

%of 
Total 

62% 

23% 

50% 

39% 

65% 

27% 

2% 

98% 

'On 9/3/93, only traps of iodated carbon were used, and only total mercury 
was determined. 
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10.0 GLOSSARY 

AAS Atomic absorption spectroscopy 

acfm Actual cubic feet per minute 

AFGD Advanced Flue Gas Desulfurization (Pure Air scrubber for S 0 2 at Bailly) 

ALD Aldehyde sampling train 

Amm/HCN Ammonia/hydrogen cyanide sampling train 

ARP Absorber recirculation pump 

BP Bleed pump 

Btu British thermal unit 

CADT Condensibles Air Dilution System (device for plume simulation) 

CT&E Commercial Testing & Engineering Company 

CVAAS Cold vapor atomic absorption spectroscopy 

CVAFS Cold vapor atomic fluorescence spectroscopy 

Dgo Particle size at which an impactor stage retains 50% of the incoming 
sample and passes the balance 

DIL Dilution sampling train 

DOE Department of Energy 

DNPH 2,4-Dinitrophenylhydrazine 

DQO Data Quality Objective 

dscfm Dry standard cubic feet per minute (at 273 K) 

EPRI Electric Power Research Institute 

ESP Electrostatic precipitator 

FGD Flue gas desulfurization 

g gram 

GC/MS Gas chromatography/mass spectroscopy 
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GFAAS 

HAP 

HG 

HGAAS 

HPLC 

ICCT 

ICP 

J 

lb 

LLD 

m 

M2 

M5 

M5AT 

M5MMT 

M17 

M29 

MACT 

mg 

ug 

um 

MM5 

MMD 

MMT 

MW 

Graphite furnace atomic absorption spectroscopy 

Hazardous air pollutant 

Mercury sampling train 

Hydride generation atomic absorption spectroscopy 

High performance liquid chromatography 

Innovative Clean Coal Project 

Inductively coupled argon plasma emission spectroscopy 

Joule 

pound 

lower limit of detection 

meter 

EPA Method 2 

EPA Method 5 

EPA Method 5 train for acid gases 

EPA Method 5 train for multiple metals 

EPA Method 17 

EPA Method 29 

Maximum Available Control Technology 

milligram 

microgram 

micrometer 

Modified Method 5 

Mass-median diameter 

Multiple Metals Train 

Megawatt net 
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MWe Megawatt electrical 

ND Not determined 

NIPSCO Northern Indiana Public Service Company 

Nm3 Normal cubic meter (dry gas volume adjusted to reference conditions of 
293.15 K, 1 atm, 3% 02) (This temperature and pressure are the values 
stipulated as standard conditions for reporting performance 
characteristics of stationary sources. See 40 CFR, Part 60, Subpart A, 
page 15, in 7/1/93 edition.) 

NR 

PAH 

PCDD 

PCDF 

PETC 

pg 

PISCES 

PM10 

ppbv 

ppmv 

QA 

QC 

RTI 

SIE 

SOP 

SRI 

SV 

SVOC 

SW-846 

No result 

Polycyclic aromatic hydrocarbon 

Perchlorinated dibenzodioxin 

Perchlorinated dibenzofuran 

Pittsburgh Energy Technology Center 

picogram 

Power Plant Integrated Systems: Chemical Emission Studies 

Particles smaller than 10 um 

parts per billion by volume 

parts per million by volume 

Quality Assurance 

Quality Control 

Research Triangle Institute 

Specific Ion Electrode 

Standard Operation Procedure 

Southern Research Institute 

Semi-volatile (organic compound) 

Semi-volatile organic compounds 

Manual for the analysis of solid wastes (EPA; Reference 6) 
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TCLP Toxicity characteristic leaching procedure 

U of W Mk V University of Washington Mark V impactors 

UARG Utility Air Regulatory Group 

UV Ultraviolet 

VOST Volatile Organic Sampling Train 

XAD Resin for adsorbing organic vapors 

10-4 



APPENDIX A 

AUDITING 

A-1 



APPENDIX A1 

ROUND ROBIN COAL ANALYSES 

SRI participated in round robin analyses of coal samples administered by 
CONSOL, Inc. for DOE. We analyzed 17 coal samples in duplicate under the round 
robin. There were two samples from each of the eight plants being tested in the DOE 
air toxics assessment program, plus one reference coal. Analyses specified included 
proximate and ultimate, 10 major ash constituents, the 16 trace elements in the DOE 
program scope of work, and fluorine. 

Results of the analyses of those two coal samples determined to be from Bailly 
are presented in the following tables. SRI was designated as Lab V in the CONSOL 
compilation of results; Lab V designation is used in the following tables. BRL stands 
for Brooks Rand, Ltd., which provided additional determinations of mercury under 
arrangement with SRI. 

On a relative basis, the worst flaw in the SRI results was with antimony, the 
concentration of which was not really defined. For most of the metals, the SRI data 
were not at either extreme (high or low) in the results compiled by all five laboratories. 
The exceptions were SRI data showing the lowest concentrations of chromium, cobalt, 
and selenium and the highest concentrations of beryllium and vanadium. 
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Table A1-1 
Round Robin Proximate and Ultimate 

Analytical Data on Bailly Coal 
(Data in wt% or Btu/lb for moisture-free coal) 

Ash 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Chlorine 

Fluorine 

Calorific 
value 

Coal 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

Labi 

12.68 
12.54 
12.59 
12.38 
68.33 
67.79 
68.06 
81.55 
5.1 
5.29 
4.98 
4.6 
1.26 
1.23 
133 
135" 
3.63 
3.63 
4 
3.88 
0.05 
0.05 
0.04 
0.03 

<0.001 
<0.001 

0.000001 
<0.001 

11900 
11480 
11326 
11013 

Lab II 

12.69 
12.72 
12.63 
12.6 
70.23 
70.07 
70.23 
70.02 
4.82 
4.84 
4.82 
4.87 

. - 133 
1.44 
1.34 
132 
3.43 
3.49 
3.4 
3.43 

0.084 
0.077 
0.073 
0.09 
0.093 
0.092 
0.088 
0.089 

12398 
12402 
12359 
12363 

L a b m 

12.56 
12.53 
12.44 
12.49 
70.12 
69.95 
69.61 
69.21 
4.83 
4.81 
4.91 
4.9 
1.42 
1.4 
1.41 
1.36 
3.46 
3.47 
3.51 
3.54 
0.079 
0.078 
0.086 
0.088 
0.0090 
0.0090 
0.0080 
0.0080 

12376 
12367 
12391 
12411 

Lab IV 

12.45 
12.55 
12.47 
12.46 
68.86 
68.82 
68.99 
68.92 
4.51 
4.56 
4.55 
4.53 
1.35 
1.3 
1.29 
1.35 
3.48 
3.47 
3.48 
3.45 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

12390 
12378 
12392 
12389 

LabV 

12.43 
12.48 
12.44 
12.62 
68.84 
68.78 
68.7 
68.93 
4.68 
4.68 
4.69 
4.7 -
133 
1.27 
1.33 
1.26 
3.51 
3.48 
3.44 
3.39 
0.1 
0.12 
0.07 
0.07 
0.0073 
0.0078 
0.0056 
0.0056 

12350 
12321 
12384 
12388 
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Table A1-2 
Round Robin Data on Metal Oxides 

in Ash from Bailly Coal 
(Data in wt% for moisture-free coal) 

Na20 

K20 

MgO 

CaO 

A1203 

F&A 

Si02 

TiQ2 

Coal 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

Labi 

0.7 
0.71 
0.7 
0.27 
2.37 
2.19 
2.19 
2.32 

0.3 
0.36 
0.3 
0.26 
1.84 
1.62 
1.5 
1.41 

18.59 
18.69 
15.6 
17.43 

16.42 
16.5 
14.17 
15.59 
49.21 
49.47 
46 
46.73 

1.01 
1 
0.94 
0.98 

Labn 
0.79 
0.79 
0.77 
0.76 
2.39 
2.38 
2.36 
2.35 
1.09 
1.1 
1.09 
1.09 
3.94 
3.85 
3.81 
3.68 

19.41 
19.46 
19.36 
19.39 
17.97 
17.83 
19.07 
18.9 
51.04 
51.01 
51.78 
51.75 

1 
0.99 
0.99 
0.98 

Labm 
0.78 
0.7 
0.8 
0.7 
2.25 
2.22 
1.71 
2.05 
0.77 
0.77 
0.74 
0.81 
1.84 
1.97 
1.92 
1.81 

18.28 
19.4 
18.74 
17 

16.7 
16.42 
1.74 
1.59 
ND 
ND 
ND 
ND 
0.86 
0.78 
0.85 
0.71 

LablV 

0.73 
ND 
0.77 

ND 

2.26 
ND 
1.95 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
19.05 
ND 
18.5 
ND 
ND 
ND 
ND 
ND 
50.95 
ND 
48.95 
ND 
0.96 

ND 
1.68 

ND 

iLabV 

0.86 
0.84 
0.92 
0.82 
2.2 
2.2 
2.2 
2.1 
1.1 
1.1 
1.1 
1.1 
3.6 
3.3 
3.5 
3.5 

19 
18.9 
18.6 
18.4 

17.1 
16.7 
17.5 
17.4 
49.2 
49.3 
50.6 
51 

0.8 
0.8 
0.9 
1 



Table A1-2 Concluded 
Round Robin Data on Metal Oxides 

in Ash from Bailly Coal 
(Data in wt% for moisture-free coal) 

p2o5 

so3 

Coal 
B 

K 

B 

K 

Labi 
03 
0.3 
0.26 
0.27 
ND 
ND 
ND 
ND 

Labn 

0.26 
0.27 
0.31 
0.28 
1.94 
1.96 
1.87 
1.86 

Lab III 

0.51 
0.51 
0.59 
0.51 
ND 
ND 
ND 
ND 

Lab IV 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LabV 
0.43 
03 
0.39 
032 
3 
3.2 
3.56 
3.54 
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Table A1-3 
Round Robin Data on Major 

Metals in Bailly Coal 
(Data in wt% for moisture-free coal)" 

Metal 

Aluminum 

Calcium 

Iron 

Magnesium 

Titanium 

Coal 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

Labi 

1.23 
1.24 
1.04 
1.16 
0.165 
0.145 
0.134 
0.126 
1.44 
1.45 
1.24 
1.37 
0.023 
0.027 
0.023 
0.020 

0.076 
0.075 
0.071 
0.074 

LabH 

1.29 
1.29 
1.28 
1.29 
0.353 
0.345 
0.341 
0.330 
1.58 
1.56 
1.67 
1.66 
0.082 
0.083 
0.082 
0.082 

0.075 
0.074 
0.074 
0.074 

Labm 
1.21 
1.29 
1.24 
1.13 

0.165 
0.177 
0.172 
0.162 
1.46 
1.44 
0.153 
0.139 

0.058 
0.058 
0.056 
0.061 

0.065 
0.059 
0.064 
0.053 

LablV 

1.26 

1.23 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.072 
ND 

0.126 
ND 

LabV 

1.26 
1.25 
1.23 
1.22 
0323 
0.296 
0.314 
0.314 

1.50 
1.96 
1.59 
1.53 
0.083 
0.083 
0.083 
0.083 

0.060 
0.060 
0.068 
0.075 

"Calculated from the average ash content calculated from Table A3-1 (12.54%) and the 
individual oxide concentrations the coal ash. 



Table A1-4 
Round Robin Data on Trace 

Metals in Bailly Coar* 
(Data in ngfg for moisture-free coal) 

Metal 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Coal 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

Labi 

1.97 
0.99 
1.42 
1.97 
1.53 
1.65 
1.75 
2.19 

95.36 
88.87 
82.08 
79.87 

1.53 
1.21 
1.42 
1.42 

* 95.36 
74.61 
89.74 
90.81 
<0.06 
<0.06 
<0.06 

2.95 
10.96 
8.56 

10.84 
10.72 
5.59 
4.83 
6.24 
6.24 

Lab II 

1.72 
1.72 
1.7 
1.73 
2.53 
2.57 
2.48 
2.6 

404.6 
417.4 
397.2 
377.8 

133 
1.4 
1.14 
1.16 

87.94 
90.9 
75.17 
75.9 
0.01 

<0.01 
<0.1 
<0.1 
12.89 
10.44 
9.42 
9.9 
3.96 
4.07 
4.15 
4 

Labm 

1.38 
1.63 
1.77 
1.55 
1 
1 
1 
1 

402 
461 
495 
462 

1.2 
1.2 
1.2 
1.4 

86 
84 
80 
77 

<0.4 
<0.4 
<0.4 
<0.4 
10.2 
10 
10.8 
9.9 

4.24 
4.38 
4.34 
3.97 

Lab IV 

1 
1 
2 
1 
2 

ND 
1 

ND 
250 
250 
230 
240 

1 
1.3 
1.3 
1.1 

82 
65 
82 
74 
<0.6 
<0.6 
<0.6 
<0.6 

9 
10 
10 
9 
4 
4 
5 
3 

LabV 

4.43 
3.22 
2.6 
ND 

0.75 
1.21 
2.3 
2.4 

365 
389 
385 
374 

1.47 
1.39 
1.32 
1.35 

60.7 
47.4 
45.2 
65.9 
0.036 
0.34 
0.018 
ND 

7 
7.5 
7.6 
7.4 
234 
2.38 
2.74 
3.41 
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Table A1-4 Concluded 
Round Robin Data on Trace 

Metals in Bailly CoaT 
(Data in /xg/g for moisture-free coal) 

Metal 
Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Coal 
B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

B 

K 

Labi 
52.61 
10.53 
13.13 
14.22 
6.25 
5.05 
733 
8.1 

54.81 
50.47 
51.44 
47.05 
<0.1 
<0.1 
<0.1 

0.16 

2.52 
<2 

2.96 
2.95 
7.45 
6.69 
8.54 
8.1 

<0.6 
<0.6 

1.2 
1.03 

29.6 
24.14 
26.27 
27.35 

Labn 

10.44 
10.47 
11.56 
11.49 
10.02 
10.06 
9.45 
9.63 

99.5 
100.7 
90.6 
90.6 
0.097 
0.093 
0.082 
0.089 

1.75 
1.73 
1.68 
1.66 
8.4 
7.74 
7.28 
8.23 
1.62 
1.84 
1.59 
1.72 

24.82 
25.52 
2237 
23.81 

L a b m 

<40.5 
<42.9 
<39.2 
<35.7 

12 
12 
11 
9 

73.9 
82.7 
82.5 
79.1 
0.08 
0.08 
0.07 
0.08 

6.65 
5.92 

<19.6 
<17.8 

<15.2 
<16.1 
<14.7 
<13.4 

1 
1 
1 
1 

25 
26.8 
26.1 
21.6 

LablV 
10 
10 
11 
10 
10 
11 
10 
9 

77 
82 
87 
79 
0.07 
0.07 
0.08 
0.08 

<6 
<6 
<8 
<8 

6 
4 
5 
6 
2 

ND 
<1 
ND 
27 
29 
28 
26 

LabV 
14.1 
14.7 
13.7 
13.4 
6.1 
7.5 
6.72 
7 

76.3 
75.5 
77.1 
75.4 
0.078 
0.071 
0.078 
0.077 

0.429 
0.795 
0.488 
ND 

6.4 
6.4 
5.9 
73 
1.07 
1.77 
0.79 
0.26 

27 
27.9 
27 
26.1 

The data here are for dry coal and thus differ, in principle, from the data for the 
as-received coal presented in the body of the report. 
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APPENDIX A2 

RESULTS OF AUDrr SPIKE ANALYSES 

Tables A2-1 through A2-4 present the results of analyses of samples intended 
to contain only the spikes placed in the sampling media by the auditing team from 
Research Triangle Institute. The application of spikes was performed at the Bailly site 
on September 6,1993. The spiked samples were subsequently analyzed as blind 
samples at SRI during the subsequent months; that is, the analysts were not aware 
that the samples were supposed to contain only the spikes applied by RTI. All of the 
spikes were in the four analyte classifications discussed; none of the spikes were 
dioxins or furans. 

The amounts of analytes in the spikes were disclosed by DOE to SRI in a 
communication on December 17,1993. Later, on July 26,1994, Shrikant Kulkami of 
RTI notified the SRI staff about an error in the amounts of the formaldehyde spikes in 
the DOE communication. The data in Table A2-2 are based on the corrections 
supplied by RTI. 

a. Metals. Two filters, two impingers containing the peroxide sampling medium, 
and two impingers containing the permanganate sampling medium were spiked. The 
results from the SRI laboratory and the specified spike amounts are given in 
Table A1-1. The recoveries of the five metals applied as spikes are listed below; the 
answers to the question of whether or not the recoveries were in accord with the data 
quality objectives (DQO, 80-120% recovery) are also listed: 

Recovery 

27% 
18% 
85% 
50% 

116% 
115% 
77% 
76% 

120% 
120% 
76% 
90% 

142% 
81% 

76% 
78% 
69% 
85% 

Satisfaction of 
DQO? 

No 
No 
Yes 
No 

Yes 
Yes 
No 
No 

Yes 
Yes 
No 
Yes 

No 
Yes 

No 
No 
No 
Yes 

Arsenic 

Cadmium 

Lead 

Mercury 

Selenium 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 

Impinger 1 
Impinger 2 

Filter 1 
Filter 2 
Impinger 1 
Impinger 2 
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In addition to the rather mediocre record of spike recovery, we also had several 
false positive results for metals that were detected even though they were not spikes 
from RTI. The data, it will be acknowledged, have not been corrected for blanks. 
Nevertheless, the possible effects of blank corrections have been considered carefully, 
and the considered judgment is that blank correction, although required for a rigorous 
data analysis, could not make a large change in the results. Correction would, in 
principle, lower the recoveries of actual spiked metals, but the magnitude of correction 
would be small. 

b. Carbonyl compounds. Two pairs of DNPH impingers were spiked. The 
pertinent data are presented in Table A2-2. There was initially uncertainty about the 
actual amounts of formaldehyde, the only compound introduced by RTI, as indicated 
by the preceding discussion. The corrected data on these spikes indicated that the 
formaldehyde recoveries were 74 and 108%, which are reasonably consistent with the 
DQO — that is, recovery between 80 and 120%. 

c. Volatile organic compounds. Three pairs of sampling tubes (Tenax and 
Tenax/charcoal) were used to collect analytes from a mixture supplied by RTI in a 
cylinder. Only one cylinder was provided, and sample volumes were near the same 
value each time. Consequently, the analyte amounts did not vary significantly. 

The data for this group of compounds are given in Table A2-3 on three 
successive pages. The compounds listed were all of those detected or applied by 
RTI. The table shows that some false positive detections occurred, and three 
compounds in the spikes were never reported by the analysts because they were not 
in the group the SRI laboratory is programmed to detect and quantify. The table 
designates the compounds that met the DQO (recovery within the limits 50-150%). 
The score with respect fo DQO is as follows: 

Detections Detections 
within DQO outside DQ 

limits limits Misses False + 

Audit 1 13 3 3 1 

Audit 2 9 5 3 3 

Audit 3 9 6 4 1 

d. Semivolatile organic compounds. Two filters and two XAD cartridges were 
spiked with a single mixture which contained 16 polycyclic aromatic hydrocarbons. 
Table A2-4 lists the compounds and their amounts in the spiked sampling media; this 
table also lists the amounts found in the SRI analysis. Those data marked with 
asterisks conform to the DQO limits (recoveries of 20-150%). 

Obviously, the analytical results for the XAD are much superior to the reported 
results for one of the filters. All 16 compounds were found in both resin samples, and 
all results satisfied the DQO. For the one spiked filter reported, 12 of the 
16 compounds were detected, although three did not satisfy the DQO. The remaining 
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four compounds were detected but at such low levels that their detection must be said 
to be equivocal. For the other spiked filter, no data are reported because part of the 
extract of this filter was spilled; recoveries of analytes were certainly incomplete. 
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Table A2-1 
Audit Spikes of Metals in M29 RIter and Impingers 

(Data in ug) 

Spike set 1 

Arsenic 

Cadmium 

Lead 

Mercury 

Selenium 

Spike set 2 

Arsenic 

Cadmium 

Lead 

Mercury 

Selenium 

Observed at SRI 

Filter 

54 

16.2 

170 

<0.02 

60.7 

1.81 

11.5 

36.0 

<0.02 

38.9 

Peroxide 

8.49 

7.74 

15.2 

0.031 

10.3 

4.96 

7.65 

18.0 

<0.02 

25.6 

Permanganate 

14.2 

8.09 

Reported by RTI 

Filter 

200 

14 

142 

80 

10 

10 

30 

50 

Peroxide 

10 

10 

20 

15 

10 

10 

20 

30 

Permanganate 

10 

10 
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Table A2-2 
Audit Spikes of Carbonyl Compounds in DNPH Impingers 

(Data in ug) 

Formaldehyde 

Acetaldehyde 

Acetone 

Spike No. 1 

SRI 

11.9 

1.22 

7.02 

RTP 

16 

Spike No. 2 

SRI 

8.63 

1.42 

8.26 

RTT 

8 

"The recoveries for Spikes Nos. 1 and 2 are 74 and 108%, respectively, 
approximately the lower and upper limits of the DQO. 



Table A2-3 
Audit Spikes of Volatile Organic Compounds in VOST Media 

(Data in ng) 

Audit 1 

Chloromethane 

Vinyl chloride 

Bromomethane 

Methylene chloride 

Chloroform 

1,1,1 -Trichloroethane 

Carbon tetrachloride 

Benzene 

1,2-Dichloroethane 

Trichlorethene 

1,3-Dichloropropane 

Toluene 

Tetrachloroethene 

Chlorobenzene 

Ethylbenzene 

m- & p-xylene 

o-xylene 

Trichlorofluoromethaneb 

l,2-Dibromoethaneb 

1,3-Butadieneb 

Observed at SRI 

Tenax 

. 

55.8 

49.2 

395 

486 

140 

618 

330 

408 

551 

160 

153 

701 

154 

129 

123 

T/char. 

13.2 

26.5 

8.46 

5.73 

28 

Total 

0 

56 

62 

422 

486 

140 

626 

336 

408 

551 

160 

181 

701 

154 

129 

0 

123 

0 

0 

0 

Reported 
by RTI 

0 

243 

136 

0 

498 

432 

527 

310 

427 

553 

145 

137 

645 

156 

146 

0 

150 

187 

259 

229 

Recovery* 
% 

__* 

23 

46 

False + 

98* 

32 

. 119* 

108* 

96* 

100* 

110* 

132* 

109* 

99* 

88* 
__* 

82* 

0 

0 

0 

"The asterisks designate results that were compatible with the DQO: recovery between 
50 and 150%. False + indicates an erroneous compound detection. 

•The last three compounds were not within SRFs detection capability. 
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Table A2-3 Continued 
Audit Spikes of Volatile Organic Compounds in VOST Media 

(Data in ng) 

Audit 2 

Chloromethane 

Vinyl chloride 

Bromomethane 

Methylene chloride 

Chloroform 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Benzene 

1,2-Dichloroethane 

Trichlorethene 

1,3-Dichloropropane 

Toluene 

Tetrachloroethene 

Chlorobenzene 

Ethylbenzene 

m- & p-xylene 

o-xylene 

Trichlorofluoromethaneb 

l,2-Dibromoethaneb 

1,3-Butadieneb 

Observed at SRI 

Tenax 

56.6 

39.2 

53.9 

499 

464 

179 

580 

248 

391 

441 

114 

59.5 

366 

54.9 

46.6 

37 

43.7 

T/char. 

135 

16.8 

49.2 

Total 

57 

174 

71 

548 

464 

179 

580 

248 

391 

441 

114 

60 

366 

55 

47 

37 

44 

0 

0 

0 

Reported 
by RTI 

0 

246 

138 

0 

504 

438 

534 

313 

432 

560 

147 

139 

653 

158 

147 

0 

152 

189 

262 

232 

Recovery* 
% 

False + 
71* 

51* 

False + 

92* 

41 

109* 

79* 

91* 

79* 

78* 

43 

56* 

35 

32 

False + 

29 

0 

0 

0 

"The asterisks designate results that were compatible with the DQO: recovery between 
50 and 150%. False + indicates an erroneous compound detection. 

The last three compounds were not within SRI's detection capability. 
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Table A2-3 Concluded 
Audit Spikes of Volatile Organic Comounds in VOST Media 

(Data in ng) 

Audit 3 

Chloromethane 

Vinyl chloride 

Bromomethane 

Methylene chloride 

Chloroform 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Benzene 

1,2-Dichloroethane 

Trichlorethene 

1,2-Dichloropropane 

Toluene 

Tetrachloroethene 

Chlorobenzene 

Ethylbenzene 

m- & p-xylene 

o-xylene 

Trichlorofluoromethaneb 

l,2-Dibromoethaneb 

1,3-Butadieneb 

Observed at SRI 

Tenax 

41.3 

52.3 

500 

496 

189 

614 

270 

399 

468 

115 

40.7 

307 

28.9 

12.8 

T/char. 

142 

14.9 

29.5 

14.2 

Total 

0 

183 

67 

530 

496 

203 

614 

270 

399 

468 

115 

41 

307 

29 

0 

0 

13 

0 

0 

0 

Reported 
by RTI 

0 

250 

140 

0 

511 

444 

542 

318 

438 

568 

149 

141 

663 

160 

149 

0 

154 

192 

266 

236 

Recov.% 

_ * 

73* 

48 

False + 

97* 

46 

113* 

85* 

91* 

82* 

77* 

29 

~ 46 

18 

0 
__* 

8 

0 

0 

0 
1The asterisks designate results that were compatible with the DQO: recovery between 
50 and 150%. False + indicates an erroneous compound detection. 

The last three compounds were not within SRI's detection capability. 
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Table A2-4 
Audit Spikes of Semi-VolatJIes in Modified Method 5 Sampling Media 

(Data in ug) 

Naphthalene 

Acenaphthalene 

Acenaphthene 

Ruorene 

Phenanthrene 

Anthracene 

Fluoranthrene 

Pyrene 

Chrysene 

Benzo(a)anthracene -

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenzo(a,h)anthracene 

Benzo(a)perylene 

Filter 1 (see Note) 

SRI 

-

-

RTI 

90 

180 

90 

18 

9 

9 

18 

9 

- 9 

9 

- 18 

9-

9 

9 

18 

18 

Recov.% 

-

Filter 2 

SRI 

<0.166 

<0.413 

1.82 

2.65 

2.7 

<0.304 

6 

1.82 

4.24 

1.17 

20.1 

9.5 

<0.42 

5.55 

11.5 

10.2 

RTI 

75 

150 

75 

15 

7.5 

7.5 

15 

7.5 

7.5 

7.5 

15 

7.5 

7.5 

7.5 

15 

15 

Recov.% 

<0.2 

<0.3 

2 

18 

36* 

<4.0 

40* 

24* 

57*-

16 

134* 

127* 

<5.6 

74* 

77* 

68* 

♦Within DQO limits (20 - 150%). 
Note: No valid data were obtained because of partial sample loss. 
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Table A2-4 Concluded 
Audit Spikes of Semi-Volatiles in Modified Method 5 Sampling Media 

(Data in ug) 

Naphthalene 

Acenaphthalene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthrene 

Pyrene 

Chrysene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenzo(a,h)anthracene 

Benzo(g,h,i)perylene 

XAD1 

SRI 

62.7 

130 

61.2 

11 

5.84 

2.9 

11.7 

6.22 

6.65 

5.89 

11.3 

6.3 

2.38 

6.97 

10.8 

11.3 

RTI 

90 

180 

90 

18 

9 

9 

18 

9 

9 

9 

18 

9 

9 

9 

18 

18 

Recov.% 

70* 

72* 

68* 

61* 

65* 

32* 

65* 

69* 

74* 

65* 

63* 

70* 

26* 

77* 

60* 

63* 

XAD2 

SRI 

51.5 

84.5 

51.5 

9.01 

5.05 

4.14 

9.69 

5.45 

5.25 

5.4 

10.1 

5.29 

3.71 

5.9 

9.82 

9.92 

RTI 

75 

150 

75 

15 

7.5 

7.5 

15 

7.5 

7.5 

7.5 

15 

7.5 

7.5 

7.5 

15 

15 

Recov.% 

69* 

56* 

69* 

60* 

67* 

55* 

65* 

73* 

70* 

72* 

67* 

71* 

49* 

79* 

65* 

66* 

♦Within DQO limits (20 -150%). 
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APPENDIX B 

SAMPLING PROTOCOL 



Sample Name: Particle Size 

Process Location: Stack 

Equipment: University of Washington Mark V/lll cascade 
impactor with SoRI/EPA Right Angle Precollector 
and EPA M5 sampling train with stainless steel 
probe; tared quartz fiber substrates and filters with 
plastic Petri dishes for each. 

Collection Frequency: Sampling time based on particle concentrations 
found at time of test. A single sample may be run 
over several tests depending on the time required to 
obtain optimum stage catches. 

Procedure Summary: Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration as described in 
the Quality Assurance Plan. An initial traverse is 
made with a pitot tube at each sample port following 
EPA Methods 1 and 2 to establish sample traverse 
points, gas velocity profile, temperature, and flow 
rate, and to check for cyclonic air flow. The 
sampling train is assembled with tared substrates 
and particulate filter, a stainless steel condenser for 
moisture, and a dryer containing 200 to 300 grams 
of silica gel. EPA Method 5 procedures are 
followed for pre-test and post-test leak checks, 
isokinetic sampling rate, and data recording. If the 
velocity distribution is flat, sampling will be done by 
traversing in a standard Method 5 fashion, but at a 
constant sampling rate. Otherwise, sampling is 
done at a constant sampling rate at four points 
within the duct which are selected by virtue of 
having velocities equal to the average duct velocity. 
The impactor section of the sampling train is moved 
intact to the cleanup area for sample recovery as 
follows: 

The collection substrates and particulate filter are 
removed from the impactor and precollector, 
carefully placed into their original plastic Petri dishes 
and placed in a desiccator to equilibrate before 
weighing. All weighing is done on site with a Cahn 
microbalance with weights recorded to the nearest 
10 micrograms. 

The internal surfaces of the nozzle, and precollector 
are cleaned by brushing into a tared aluminum foil 
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container which is weighed with the precollector 
collection substrate. 

The contents of the condenser and dryer are 
weighed to nearest 0.5 gram to determine the 
amount of water condensed. 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods. New Source Performance Standards. 40 
CFR 60, revised 7/9/85 

J. D. McCain et al, Procedures Manual for the 
Recommended ARB Particle Size Distribution 
Method (Cascade Impactors). Attachment No. 1 to 
the Final Report for ARB Contract A3-092-32 
"Recommended Methodology for the Determination 
of Particle Size Distribution in Ducted Sources". 
SoRI-EAS-86-466, May 1986. NTIS PB 86-
218666A-VEP. 
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Sample Name: 

Process Location: 

Equipment: 

Collection Frequency: 

Procedure Summary: 

Particle Size and Size Fractionated Samples for 
Chemical Analysis 

Particle Size: Unit 8 ESP Inlet 

Size Fractionated Sample for Analysis: Unit 8 ESP 
Inlet, and Units 7 & 8 ESP Outlets. 

SRI/EPA Five Series Cyclone with stainless steel 
probe; tared quartz fiber filters with plastic Petri 
dishes and glass vials for cyclone catches. Only the 
first two cyclones and a filter were used at the ESP 
outlet locations. 

Sampling times will be in based on particle 
concentrations found at time of test: typically about 
60 to 1000 minutes at the ESP inlet and outlet 
locations, respectively. One sample per pair of test 
days at the inlet. The sampling time at the outlets 
may run over several tests depending on the time 
required to obtain optimum stage catches. 

Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration as described in 
the Quality Assurance Plan. An initial traverse is 
made with a pitot tube at each sample port following 
EPA Methods 1 and 2 to establish sample traverse 
points, gas velocity profile, temperature, and flow 
rate, and to check for cyclonic air flow. The 
sampling train is assembled with clean cyclones and 
a 63 mm quartz fiber particulate filter, a stainless 
steel condenser and a dryer containing 200-300 
grams of silica gel. EPA Method 5 procedures are 
followed for pre-test and post-test leak checks, 
isokinetic sampling rate, and data recording. If the 
velocity distribution is flat, sampling will be done by 
traversing in a standard Method 5 fashion, but at a 
constant sampling rate. Otherwise, sampling is 
done at a constant sampling rate at four points 
within the duct which are selected by virtue of 
having velocities equal to the average duct velocity. 
Alternatively, sampling may be confined to the high 
velocity portion of the duct if the velocity distribution 
is badly skewed on the basis that the bulk of the 
particle transport would be expected to occur in the 
high velocity area. The cyclone/filter section of the 
sampling train is moved intact to the cleanup area 
for sample recovery as follows: 
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The cyclone catches are removed in two portions 
for each cyclone. First, loose particles in a cyclone 
are poured or brushed into a tared vial. The 
remaining material in a cyclone is then rinsed out 
with a stiff bristle brush and acetone. Both portions 
are then desiccated (the acetone is evaporated prior 
to desiccation). The filter is removed separately 
and is carefully placed into its original plastic Petri 
dish. All catches are then weighed after 24 hours of 
desiccation. All weighing is done on site with a four 
or five place Mettler balance with weights recorded 
to the nearest 0.1 milligrams. 

The contents of the condenser/drier are weighed to 
nearest 0.5 gram to determine the amount of water 
condensed. 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods. New Source Performance Standards. 40 
CFR 60, revised 7/9/85 

J. D. McCain et al, Procedures Manual for the 
Recommended ARB Sized Chemical Sampling 
Method (Cascade Cyclones). Attachment No. 2 to 
the Final Report for ARB Contract A3-092-32 
"Recommended Methodology for the Determination 
of Particle Size Distribution in Ducted Sources". 
SoRI-EAS-86-467, May 1986. NTIS PB 86-
218674/WEP. 
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Sample Name: Dilution Sample (Simulated Plume) 

Process Location: Unit 7 ESP Outlet 

Equipment: Custom SRI air dilution sampling train SoRI/EPA 
Cyclone Precollector and glass lined probe; 
conditioned, scrubbed and filtered dilution air at 
approximate 10:1 dilution ratio; tared quartz fiber 
filters with sealed teflon envelopes; various EPA 
and other impinger trains and sorbent traps for 
vapor phase constituents behind the filter. 

Collection Frequency: One sample per test day. 

Procedure Summary: Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration as described in 
the Quality Assurance Plan. An initial traverse is 
made with a pitot tube at each sample port following 
EPA Methods 1 and 2 to establish sample traverse 
points, gas velocity profile, temperature, and flow 
rate, and to check for cyclonic air flow. The sample 
flow is metered using a calibrated orifice located at 
the diluter inlet. The integrated sample volume is 
totalized continuously by means of an electronic 
flow totalizer which receives a signal from a 
pressure transducer across the orifice. 
Compensation is made in the totalizer for absolute 
gas pressure, temperature and density. The 
moisture content of the stack gas is obtained from 
concurrent Method 5 train samples. 

The sampling train is assembled -with a tared quartz 
filter mounted at the exit of the diluter to collect 
particulate phase material. Sample takeoffs are 
used as needed behind the filter to supply diluted 
gases to various traps and/or impingers for vapor 
phase components. EPA Method 5 procedures are 
followed for pre-test and post-test leak checks 
separately for the dilution train and the individual 
vapor phase samplers to be run downstream of the 
filter. EPA Method 5 techniques are also used for 
isokinetic sampling rate, and data recording. 
Sampling will be done by traversing in a standard 
Method 5 fashion. 

After sampling is completed the diluter section of 
the sampling train is moved intact to the cleanup 
area for sample recovery as follows: 
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The particulate filter is removed from the diluter and 
is carefully placed into its teflon jacket for transport 
to the lab. 

The probe and cyclone catches are recovered like 
Method 5 nozzle and probe washes. 

Finally, the internal surfaces of the diluter are 
washed with solvents appropriate to the primary 
target species for the sampling day. 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods. New Source Performance Standards. 40 
CFR 60, revised 7/9/85 

W. E. Farthing, Development of Sampling 
Methodology for Dilution Air Sampling of 
Condensible Emissions from Stationary Sources. 
Southern Research Institute Task Report on 
Contract 68-02-4442 with the US EPA, AREAL, 
RTP, NC. August, 1990 
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Sample Name: Multiple Metals and Particulates - EPA Method 29 
(Tentative; 40 CFR) or Method 0012 (SW-846) 

Process Location: Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack, 
Dilution Sampler at Unit 7 ESP Outlet 

Equipment: Multiple metals sampling train (Figure A.1); plastic 
Petri dish with tared particulate filter; 8 glass jars 
(500 mL) with Teflon-lined lids 

Filters used by SRI are preweighed quartz fiber 
filters. Weights are obtained with a Mettler Model 
HK balance, or equivalent, after filters are 
desiccated to constant weight. 

Collection Frequency: Sampling time will be in accordance with EPA 
procedures which require 60 min of sampling to 
acquire a 1.25 m3 or greater sample. One sample 
at each location per inorganic test day. 

Procedure Summary: Stack gas sampling equipment is calibrated no later 
than 60 days after last previous calibration. An 
initial traverse of the duct to be sampled is made 
with a pitot tube at each sample port following EPA 
Methods 1 and 2 to establish sample traverse 
points, gas velocity profile, temperature, and flow 
rate, and to check for cyclonic air flow. The 
sampling train is assembled with a tared particulate 
filter, 100 mL of 5% HNOa/10% H202 in the first and 
third impingers, with the second and fourth 
impingers empty, 100 mL of 4% KMnO</10% H2S04 
in the fifth and sixth impingers, an empty seventh 
impinger, and 200-300 g of silica gel in a final 
impinger. EPA Method 5 procedures are followed 
for pre-test and post-test leak checks, isokinetic 
sampling rate, filter change-outs (if needed), and 
data recording. The impinger section of the 
sampling train is moved intact to the cleanup area 
for sample recovery as follows: 

The particulate filter is removed from its holder, 
carefully placed into a 250 ml glass bottle and 
sealed with a teflon lined lid. 

The internal surfaces of the nozzle, probe and front 
half of the filter holder are cleaned by rinsing and 
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brushing with acetone, followed by a final rinsing 
with a 0.1 normal nitric acid solution into a separate 
sample jar (probe rinse sample). 

The liquid contents of each impinger is measured to 
nearest milliliter to determine the amount of water 
condensed. After emptying the contents of 
impingers one through three into one or more 
sample bottles as needed, the back half of the filter 
holder, connecting glassware, and impingers one 
through three are thoroughly rinsed with 0.1 normal 
nitric acid. The rinsate is added to the liquid 
contents of the impingers. The liquid contents of 
impingers four through six are then poured into one 
or more sample jars as needed and these impingers 
are rinsed with a 10 normal HCI solution with the 
rinsate being added to the sample jar containing the 
impinger solutions. The silica gel contents of the 
final impinger are recovered and weighed to the 
nearest 0.5 g to determine the amount of water 
collected. 

Samples for analysis: Acetone rinse of probe and front housing 
Nitric acid rinse of probe and front housing 
Filter 
HN03 impingers and rinse 
H2SQ«/KMn04 impingers and rinse 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods, New Source Performance Standards, 40 
CFR 60, revised July 1,1991. 

Methodology for the Determination of Metals 
Emissions in Exhaust Gases from Hazardous 
Waste Incinerator and Similar Combustion 
Processes. EPA Method 29 (tentative) - pp 3-1 
through 3-47, Methods Manual for Compliance with 
the BIF Regulations, EPA/530/SW-91- 010, 
December 1990. 
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Sample Name: 

Process Location: 

Acid Gases and Anions. 

Acid Gases and Anions: Unit 8 ESP Inlet, Units 7 & 
8 ESP Outlets, Stack, Dilution Sampler at Unit 7 
ESP Outlet 

Equipment: 

Collection frequency: 

Procedure summary: 

Method 5 sampling train (Figure A.2); plastic Petri 
dish with tared particulate filter, 8 glass jars (500 
mL) with Teflon-lined lids. 

Sampling time will be in accordance with the 
method procedure. One sample at each location 
per inorganic test day. 

Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration. An initial 
traverse is made with a pitot tube at each sample 
port following EPA Methods 1 and 2 to establish 
sample traverse points, gas velocity profile, 
temperature, and flow rate, and to check for 
cyclonic air flow. The sampling train is assembled 
with tared particulate filter, an empty first impinger, 
and 100 mL of a solution consisting of 25 g/l of 
sodium carbonate, 25 g/l of sodium bicarbonate, 
and 100 ml/I of 33% hydrogen peroxide in the 
second and third impingers. These are followed by 
a dry impinger and a final impinger loaded with 200 
to 300 g of silica gel. Method 5 procedures are 
followed for pre-test and post-test leak checks, filter 
change-outs (if needed), and data recording. The 
impinger section of the sampling train is moved 
intact to the cleanup area for sample recovery as 
follows: 

The particulate filter is removed from its holder, 
carefully placed in a 250 ml glass bottle which is 
sealed with a teflon lined lid. 

The internal surfaces of the nozzle, probe and front 
half of the filter holder are cleaned by rinsing, 
brushing, and final rinsing with acetone into a 
separate sample jar (probe rinse sample). 

The liquid contents of the impingers are measured 
to nearest milliliter to determine the amount of water 
condensed; the liquid contents of the first three 
impingers are collected in a separate container and 
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the back half of the filter holder, connecting 
glassware, and the impingers are thoroughly rinsed 
with distilled v/ater. The rinsate is added to the 
sample jar(s) containing the impinger contents; the 
silica gel contents of the final impinger are 
recovered and weighed to the nearest 0.5 g to 
determine amount of water collected. 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods, New Source Performance Standards, 40 
CFR 60, revised July 1,1991. 

Isokinetic HCI/CI2 Emission Sampling Train (Method 
0050) - pp 3-70 through 3-96, Methods Manual for 
Compliance with the BIF Regulations, 
EPA/530-SW-91-010, December 1990. 
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Sample Name: Volatile Organics - EPA Method 0030 (SW-846) 

Process Location: Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack, 
and ambient air 

Equipment: Volatile organic sampling train (VOST); sorbent 
cartridges, glass culture tubes with screw caps, 
aluminum foil 

Collection frequency: Continuous run at approximately 0.5 L/min with 
replacement of sorbent tube pairs after each of the 
prescribed sampling intervals (for example, 4, 10, 
and 20 min). Various intervals are used to ensure 
that the capacity of the sorbents is not exceeded 
and that, at the same time, sufficient sample is 
collected. One group of samples at each location 
per organic test day. 

Procedure summary: Sorbent cartridge preparation. The procedures for 
preparing, handling, storing, and analyzing the 
cartridges will be those described in the EPA 
protocol referenced below. As described in the 
protocol, new sorbent material (Tenax resin and 
charcoal) will be Soxhlet-extracted, vacuum-dried, 
thermally conditioned with organic-free nitrogen, 
and loaded into cartridges which are subsequently 
pressure-leak tested. Three of the conditioned 
cartridges will be analyzed to confirm that they are 
free of background contamination before sample 
collection. Each sorbent tube will be labeled with an 
identification number. 

The sorbent cartridges will be protected from 
contamination by placing them in culture tubes 
which contain clean charcoal. The cartridges will be 
stored at 4 °C in an area free from sources of 
organic contamination. The cartridges will be 
packed separately and kept cold with "blue ice" in 
insulated containers during transport to the test site. 

Before each replicate sampling run, the sample 
coordinator will supply the resin cartridges, including 
a field blank, to the stack sampling manager. At the 
end of each run, the sample coordinator will recover 
the cartridges, pack them in cold chests, and 
complete the appropriate records. 
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VOST operation. The sample collection procedures 
is described in the EPA protocol referenced below. 
As described in the protocol, the sample train will be 
cleaned and assembled before installing the resin 
cartridges. The caps to the cartridges will be stored 
in a clean glass jar while the cartridges are in the 
train. The train will then be leak tested at 10 in. Hg 
above the train's operating vacuum in such a 
manner as to prevent exposure of the train 
components to the ambient air. 

Before sampling is started, ice water will be 
circulated throughout the condensers and the probe 
will be purged of ambient air and located in the 
stack at a point with a typical stack velocity and 
temperature. The probe will be heated to 130 to 150 
°C (266 to 302 °F). The train will be operated under 
"SLOW-VOST' conditions, i.e., at a rate of 0.5 
L/min for up to 40 min to collect a maximum volume 
of 20 L for each pair of sorbent cartridges. Four 
pairs of cartridges will be collected during each test 
run. The SLOW-VOST conditions were selected to 
make the VOST sampling period approach the time 
required for collecting semivolatile organics from the 
stack gas by the modified EPA Method 5. 

Two cartridges will be removed and the end caps 
replaced; the cartridges will be labeled with date, 
time, and test-run number, wrapped in aluminum 
foil, and retumed to the culture tubes. Samples of 
the condensate water will also be collected as 
described in the EPA protocol to prevent the loss of 
volatile organics. 

The sample collection data will be recorded for each 
cartridge pair. The samples will be given to the 
sample coordinator along with the chain-of-custody 
sheet. The VOST will be removed from the stack to 
a organic-free area where it will be cleaned and 
prepared for the next test run. 

Reference: U.S. EPA, November 1986, Test Methods for 
Evaluating Solid Wastes, Method 0010, SW-846. 
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Sample Name: Semi-Volatile Organics (known as Modified Method 
5 or Semi-VOST) - EPA Method 0010 (SW-846) 
and PCDDs and PCDFs 

Process Location: 

Equipment: 

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack, 
Dilution Sampler at Unit 7 ESP Outlet (back half 
only). (PCDDs and PCDFs at Unit 7 Outlet and 
Stack only.) 

Modified EPA Method 5 sampling train; sorbent 
cartridges, aluminum foil, glass jars with Teflon-lined 
lids 

Collection frequency: 

Procedure summary: 

Continuous except for possible filter changes and 
port moves with a minimum 3 m3 sample volume to 
be collected. One sample at each location per 
organic test day except for the diluter where two will 
be run in parallel. 

Sorbent cartridge preparation. The procedures for 
preparing, handling, storing, and analyzing the 
cartridges will be those described in the EPA 
method referenced below. New sorbent material 
will be cleaned by Soxhiet extraction and one of the 
conditioned tubes will be analyzed to confirm that 
the tubes are free of background contamination. 

Before each sampling run, the sample coordinator 
will supply the sorbent tubes, including a field blank, 
to the stack sampling team. At the end of each run, 
the sample coordinator will recover the sorbent 
tubes, along with a sample collection data sheet. 
The samples will be stored in insulated cold chests 
in an area that is free from sources of organic 
contamination. 

The sampling train is assembled as follows: 

All openings are kept covered until just prior to 
assembly, to prevent contamination 

Particulate filter in holder 

Organic collection module (gas conditioning section, 
sorbent trap, condensate knockout trap) 

First impinger empty with a short stem to collect the 
condensate; 100 mL distilled water in second and 
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third impingers; fourth impinger empty; fifth impinger 
containing indicating silica gel weighed to nearest 
0.5 g. The condensate impinger bottle must be 
large enough to contain all of the expected 
condensate without overflowing. 

Silicone grease may not be used in train. 

Stack sampling: The MM5 unit, exclusive of the sorbent trap and the 
particulate filters, will be provided by the stack 
sampling manager. With the exception of the 
necessary modification for installing and recovering 
the condenser and sorbent trap, the sampling 
procedures will be as specified in EPA Methods 1 
and 2 for stack gas air flow measurements, and 
Method 5 for moisture content and particulates. Ice 
water is circulated around the condenser and 
sorbent trap to maintain a gas exit temperature 
below 20°C at the exit of the sorbent module. The 
sampling technicians record the data as 
recommended in Method 5. 

The sampling equipment will be calibrated no later 
than 60 days after the last calibration. The sampling 
train will be operated according to standard 
procedures so that at least 3 m3 of sample will be 
obtained. 

Recovery: The samples will be recovered from the MM5 train 
as follows: 

Particulate filter - Will be removed from the holder, 
placed in an amber glass bottle with a Teflon-lined 
lid, sealed with tape, then wrapped in aluminum foil, 
placed in a plastic bag, and sealed. 

Probe rinse - The nozzle, probe and front half of 
the filter holder and any connecting glassware will 
be brushed and rinsed three times each with 
methanol and methylene chloride. The rinses will 
be measured volumetrically and placed in a glass 
sample jar with a Teflon-lined lid. A toluene rinse 
will also be made at the Unit 7 outlet and stack for 
PCCD/PCDF analysis. 

Condensate - The condensate will be volumetrically 
measured and placed in a glass sample jar. The 
glassware from the back half of the filter will be 
rinsed through the condenser to the sorbent trap 
with the same solvents as used for the front half of 
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the train. The rinses will be measured volumetrically 
and placed in a glass sample jar with a Teflon-lined 
lid. 

Sorbent cartridge - Will be removed from the 
sampling train, capped, wrapped with aluminum foil, 
and sealed in a plastic bag. 

Impinger water - The contents of the first, second, 
and third impingers will be volumetrically measured 
and placed in amber glass sample bottles along 
with a distilled water rinse of these impingers and 
connecting glassware. 

Silica gel - The silica gel impinger will be reweighed 
to nearest 0.5 g. 

All of the sample containers will be assigned 
numbers and labeled with date, time and test-run 
number. The samples will be turned over to the 
sample coordinator along with the chain-of-custody 
sheet. The sample coordinator will record the 
appropriate data in the field log book and pack the 
samples in the original shipping package which will 
be stored in the sample cleanup area. The sample 
train data sheet will be reviewed by the sampling 
team manager and forwarded on to the sampling 
coordinator. 

References: Method 5, Appendix A, Test Methods and 
Procedures, New Source Performance Standards, 
40 CFR 60, revised July 1,1991. 

Method S008, Sampling and Analysis Methods for 
Hazardous Waste Combustion, EPA-600/8-84-002, 
February 1984. 

Modified Method 5 Sampling Train (Proposed), Test 
Methods for Evaluating Solid Wastes; 
Physical/Chemical Methods, SW-846, Second 
Edition, NTIS PB85-103026,1984. 
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Sample Name: 

Process Location: 

Equipment: 

Collection Frequency: 

Aldehydes 

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack 

Method 5 sampling train (Figure A.2); particulate 
filter; 3 glass jars (500 mL) with Teflon-lined lids 

One sample at each location per organic test day. 
Sample volumes of about 0.5 m3 are collected. 

Procedure Summary: 

References: 

Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration. Single point 
samples The sampling train is assembled with an 
untared particulate filter (to be discarded), followed 
by two impingers loaded with 100 ml each of an 
aqueous solution of DNPH (dinitrophenylhydrazine). 
These are followed by a dry impinger and a final 
impinger loaded with 200 to 300 g of silica gel. 
Method 5 procedures are followed for pre-test and 
post-test leak checks, and data recording. The 
impinger section of the sampling train is moved 
intact to the cleanup area for sample recovery as 
follows: 

The particulate filter is removed and discarded. 

The liquid contents of the impingers are measured 
to nearest milliliter to determine the amount of water 
condensed; the liquid contents of the two DNPH 
impingers are collected in a glass container and the 
back half of the filter holder, connecting glassware, 
and the impingers are thoroughly rinsed with 
distilled water. The rinsate is added to the sample 
jar(s) containing the impinger contents; the silica gel 
contents of the final impinger are recovered and 
weighed to the nearest 0.5 g to determine amount 
of water collected. 

Methods 5, Appendix A, Reference Methods, New 
Source Performance Standards, 40 CFR 60, 
revised July 1,1991. 

EPA Method T05 for aldehydes. 
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Sample Name: Ammonia and Cyanide 

Process Location: Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack 

Equipment: Method 5 sampling train (Figure A.2); untared 
particulate filter; 4 glass jars (500 mL) with 
Teflon-lined lids. 

Collection frequency: Single point sampling will be done at point having a 
typical gas temperature for the duct being sampled. 
A sample gas volume of approximately 0.5 m will 
be collected. One sample will be collected at each 
location per pair of test days. 

Procedure summary: Stack gas sampling equipment is calibrated no later 
than 60 days after last calibration. The sampling 
train is assembled with an untared particulate filter 

- - - - - - (t0 D e discarded, two impingers containing 100 mL 
of a solution consisting of 25 g/l of sodium 
carbonate, 25 g/l of sodium bicarbonate in water, a 
dry impinger, and a fourth and fifth impinger, each 
containing 1.00 ml of a 0.1 .normal H2S04 solution. 
The first two impingers collect ammonia and 
cyanide and the fourth and fifth collect any 
ammonia passed by the previous impingers. These 
are followed by a dry impinger and a final impinger 
loaded with 200 to 300 g of silica gel. Method 5 
procedures are followed for pre-test and post-test 
leak checks, and data recording. The impinger 
section of the sampling train is moved intact to the 
cleanup area for sample recovery as follows: 

The particulate filter is removed and discarded. 

The liquid contents of the impingers are measured 
to nearest milliliter to determine the amount of water 
condensed; the liquid contents of the first and 
second impingers are collected a one container and 
the back half of the filter holder, connecting 
glassware, and the impingers are thoroughly rinsed 
with distilled water. The rinsate is added to the 
sample jar(s) containing the impinger contents of 
the first two impingers; The contents of the third 
impinger are poured into a separate container and 
the impinger is rinsed with water with the rinsate 
being added to the impinger contents. The silica gel 
contents of the final impinger are recovered and 
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weighed to the nearest 0.5 g to determine amount 
of water collected. 

References: Methods 1, 2, 3, 4, and 5, Appendix A, Reference 
Methods, New Source Performance Standards, 40 
CFR 60, revised July 1,1991. 
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Sample Name: Mercury 

Process Location: 

Equipment: 

Collection Frequency: 

Procedure Summary: 

References: 

Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack, 
Diluter, ambient air 

Unit 8 ESP Inlet, Units 7 8t 8 ESP Outlets, Stack: 
Heated probe with glass or quartz wool plug to 
remove particulate matter, two soda lime traps and 
two iodated charcoal traps in series for collection of 
mercuric compounds and mercury. 

Diluter: Two soda lime traps and two iodated 
charcoal traps for collection of mercuric compounds 
and mercury. 

One sample per inorganic test day. 

Single point samples are obtained at a flow rate of 
about 0.5 liters per minute to collect about 25 liters 
(250 liters for dilution probe). The traps are 
maintained at about 110°C to eliminate moisture 
condensation. Traps are sealed with teflon caps at 
the end of each run and the capped tubes are 
placed in a sealed plastic bag. 

Personal communications from Nicholas Bloom and 
Eric Prestbo of Brooks-Rand Inc., Seattle, WA. 

Bloom, Nicolas S. "Mercury Speciation in Flue 
Gases: Overcoming the Analytical Difficulties." 
Presented at: Managing Hazardous Pollutants -
State of the Art. Washington, D.C. Nov. 4-6,1991. 
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Sample Name: Particulates - EPA Method 17 

Process Location: Unit 8 ESP Inlet, Units 7 & 8 ESP Outlets, Stack 

Equipment: Method 17 sampling train, sample bottle with tared 
particulate thimble 

Thimbles used by SRI are preweighed glass fiber 
thimbles. Weights are obtained with a Mettler 
Model HK balance, or equivalent, after thimbles are 
desiccated to constant weight. 

Collection Frequency: Sampling time will be 72 to 360 minutes to acquire a 
1.0 m3 or greater sample. One sample at each 
location per organic test day. 

Procedure Summary: Stack gas sampling equipment is calibrated no later 
than 60 days after last previous calibration. An 
initial traverse of the duct to be sampled is made 
with a pitot tube at each sample port following EPA 
Methods 1 and 2 to establish sample traverse 
points, gas velocity profile, temperature, and flow 
rate. The sampling train is assembled with a tared 
particulate thimble, stainless steel condenser, and 
silica gel column. EPA Method 5 procedures are 
followed for pre-test and post-test leak checks, 
isokinetic sampling rate, thimble change-outs (if 
needed), and data recording. The thimble and 
nozzle section of the sampling train is moved intact 
to the cleanup area for sample recovery as follows: 

The particulate thimble is removed from its holder, 
carefully placed into a 500 ml glass bottle and 
sealed with a teflon lined lid. 

The internal surfaces of the nozzle and thimble 
holder are cleaned by rinsing and brushing with 
acetone into a separate sample jar (probe rinse 
sample). 

The liquid content of the condenser is measured to 
nearest 0.1 gram to determine the amount of water 
condensed. The silica gel contents of the drying 
column are weighed to the nearest 0.1 g to 
determine the amount of water collected. 
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Samples for analysis: Acetone rinse of nozzle and filter holder 
Filter 

References: 
Methods 1, 2, 3, 4, 5, and 17 Appendix A, 
Reference Methods, New Source Performance 
Standards, 40 CFR 60, revised July 1,1991. 
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APPENDIX C 

ANALYTICAL METHODOLOGY AND QUALITY ASSURANCE/QUALITY CONTROL 

C.1 QA Objectives 

The analytical objective for this project was to provide data to conduct 
comprehensive assessments of toxic emissions from the Bailly Generating Station. 
SRI's compliance with the QA/QC requirements identified for this project in our Site 
Specific Quality Assurance Plan for the Bailly facility is discussed in this appendix. 

As part of our discussion, we describe changes to or deviations from the 
analytical methods cited in our Site Specific Analytical Plan for the Bailly facility and 
their likely impact on the quality of the data. We also describe any difficulties 
encountered with the analysis and its impact on the data. We discuss instrument 
calibration, precision of replicate determinations, and recovery of surrogates and 
standard matrix spikes where appropriate. Precision and accuracy are calculated and 
reported as relative percent difference and as percent recovery respectively. 

Precision and accuracy data are reported in the tables found in this Appendix 
for: 

Metals 
Anions 
Carbonyl compounds (aldehydes and ketones) 
Volatile organic compounds 
Semivolatile organic compounds 
Dioxins and furans 

Relative percent difference is calculated using the equation, 

R%D = ((V, - V^ + ((V, + VJI2)) x 100, 

where: 

R%D = relative percent difference, 

V, = The higher result from duplicate analyses, and 

V2 = The lower result from duplicate analyses. 
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Recovery is calculated using the equation 

%R = ((V1-V2)+V3)x100, 

where: 

%R = percent recovery 

V1 = The result for a matrix spike sample, 

V2 = The result for the unspiked sample, and 

V3 = The known amount of spike added to the matrix spike 
sample. 

Initially, no data base for any of the check samples existed from which to 
calculate mean values and control limits based on standard deviations for precision, 
accuracy and recovery. Although QC samples were analyzed with actual samples, the 
data points required to generate a data base large enough for each type of QC check 
sample were not obtained. As stated in the Site Specific Quality Assurance Plan, 
prescribed objectives were: for accuracy ±10%; for precision 15% RSD; for recovery 
80-120%; and for completeness 90%. 

The analytical methods employed on this project have not been validated for 
several of the matrices encountered. Performance characteristics such as recovery 
and reproducibility for these methods when used to analyze coal, ash, and pollution 
control by-products were not established at the start of this project. Throughout the 
analytical effort, it became evident that the methods used to analyze the samples 
collected at the Bailly facility would have to be modified and optimized to obtain data 
suitable for use in establishing mass balances. Major method adaptations employed 
on this project and our success or lack thereof will be described. 

C.2 Sample Custody Procedures 

C.2.1 Chain of Custody 

Chain of custody procedures were established to identify and trace samples 
from collection to final analysis. Such documentation included labels to prevent 
mix-up, container seals to prevent unauthorized tampering with contents of the sample 
containers, custody forms, and records necessary for documentation of the data. 

The field sampling operations included: 

• Documentation of the procedure used for sample collection and 
of information pertaining to the reagents or supplies that became 
an integral part of the sample (e.g., filters and absorbing 
reagent). 
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• Procedures and forms for recording the exact location and 
specific considerations associated with sample acquisition. 

• Documentation of specific sample-preservation method. 

• Use of pre-prepared sample labels containing all information 
necessary for effective sample tracking. 

• Standardized field-tracking reporting forms to establish sample 
custody in the field prior to shipment. 

C.2.2 Documentation 

As needed, forms were updated or new ones were created as determined by 
the QA Coordinator and the Program Manager. Completed forms were kept in files of 
the Environmental Sciences Department or the Analytical Chemistry Division, as 
appropriate. 

C.2.3 Document Storage 

All documents received-with samples have been maintained-by thesample 
custodian. For all original documents retained by the analyst or other project 
participants, a memo identifying the documents and location of the documents has 
been prepared for submission to the QA Coordinator. The QA Coordinator will 
maintain a directory for all outstanding documents that lists the project, the 
document(s), the custodian, and the location of the documents. — 

C.2.4 Sample Custody 

The analytical laboratories have maintained retrievable records of the chain of 
custody for all samples collected and analyzed. " 

C.3 Analytical Method Descriptions and QA/QC Data 

In this section, the methods used for analyses of the different classes of 
analytes are described. In addition, the results of QA/QC experiments are presented 
in tabular form. 

C.3.1 Metals 

Samples were prepared for metal analysis by digestion in a microwave oven. 
The digestion procedures were based on recommendations from the oven 
manufacturer, CEM Corporation. The principal steps in digestion are outlined below 
(these steps apply to the simultaneous treatment of 12 filled digestion vessels): 

Solids (coal, 0.5 g; other solids, 1.0 g). The solid was placed in one of 
the polytetrafluorethylene microwave vessels; 10 mL of concentrated 
nitric acid was added and then the first step of heating was followed. 
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This first step required a power input of 75 W for a total of 20 min, with 
gradually increasing pressure control points (maximum, 200 psi). Next, 
5 mL of hydrofluoric acid and 1 mL of hydrochloric acid were added; 
heating was performed with 60 W of power for 20 min with initial 
pressure control at 150 psi and concluding control at 20 psi. Finally, 
with 30 mL of saturated aqueous boric acid added, heating occurred 
with 100 W of power input for 6 min with the pressure initially at 50 psi 
and finally at 20 psi. The resulting liquid was diluted in a polyethylene 
volumetric flask to a final volume of 100 mL 

Liquids (40 mL). After the liquid was placed in a microwave vessel, an 
addition of 5 mL of concentrated nitric acid was made. The mixture was 
heated with 100 W of power for 20 min at an initial pressure of 70 psi 
and a final pressure of 20 psi. The resulting solution was diluted with 
water to a total of 50 mL in a polyethylene volumetric flask. 

C.3.1.1 Methods for Aluminum, Barium, Beryllium, Calcium, Cadmium, 
Cobalt, Chromium, Copper, Iron, Lead, Magnesium, Manganese, 
Molybdenum, Nickel, Titanium, and Vanadium. 

These metals were determined by inductively coupled plasma/atomic emission 
spectroscopy (ICP/AES), SW-846 Method 6010. Yttrium and scandium were used as 
the internal standards for determinations of both the trace metals and the major metals 
(Al, Ca, Fe, Mg, and Ti). Section 3.1.3 below discusses alternative methods for 
cadmium and lead. 

C.3.1.2 Methods for Antimony, Arsenic, and Selenium. 

Arsenic determinations by gaseous hydride generation involve the reduction of 
arsenic with potassium iodide in the presence of HCI to its trivalent form. Arsenic was 
then reacted with sodium borohydride to form the hydride in a vessel being purged 
with nitrogen to sweep the hydride into the absorption cell. In the cell lined up in the 
optical path of the spectrophotometer the arsenic concentration was determined by 
reading absorption at 193.7 nm. 

Antimony determinations by gaseous hydride generation followed the 
procedure outlined above for arsenic. Antimony v/as reduced with potassium iodide in 
the presence of HCI then reacted with sodium borohydride to form the hydride. 
Antimony concentrations were determined by reading absorption at 217.6 nm. This 
method represented the best available technique for achieving the desired detection 
levels for antimony. 

Selenium determinations by gaseous hydride generation involve the reduction 
of selenium in the presence of HCI. Selenium was then reacted with sodium 
borohydride to form the hydride and purged from a reaction vessel into an absorption 
cell with nitrogen. Selenium concentration was determined by reading absorption at 
196.0 nm. 
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The method of standards addition was selected as the calibration technique for 
antimony and arsenic. The analysis of antimony and arsenic by either GFAAS or by 
HGAAS produced more accurate results when the method of standards addition was 
employed. Selenium determination, on the other hand, by either GFAAS or HGAAS, 
provided acceptable values with or without standards addition. 

C.3.1.3 Alternative Methods for Cadmium and Lead. 

Cadmium and lead were determined by GFAAS when element levels 
necessitated lower detection levels. The method required that 20 uL of the sample be 
introduced into a graphite tube. The tube was heated in a furnace to bring the sample 
to dryness, further heating charred the sample eventually atomizing the element of 
interest. For cadmium, the absorption of light caused by the excitation of the 
elements electrons was measured at a wavelength of 228.8 nm. For lead, absorption 
was measured at a wavelength of 283.3 nm. 

C.3.1.4 Mercury 

Mercury was determined by cold-vapor AAS and AFS in a single experiment. 
That is, the gas train bearing elemental mercury vapor was passed first through the 
absorption cell and then through the fluorescence celL. Customarily, the data from 
CVAFS were reported; the detection limit for mercury by fluorescence was of the order 
of 0.01 jig/mL in the solution in which elemental mercury was produced-and 
vaporized. On occasion, the data from CVAAS were used when the concentration was 
above the range of the nine-point calibration curve. 

Determination of mercury in coal using the sample preparation technique 
provided in SW-846 Method 7471 (in which the silicate component of the ash is not 
chemically decomposed) provided results that proved to be systematically low. Coal 
digestion in the microwave procedure, on the other hand, was deemed satisfactory. 
This procedure employs HF, which is capable of decomposing silicate and releasing 
mercury that may be inaccessible otherwise. 

C.3.1.5 Recovery of Metal Spikes in Various Types of Samples 

Tables C-1 through C-9 present the results of analyses of samples of several 
types both as received and after spiking with the metals of interest at known 
concentrations. There are certain notations that are common to all of these tables: 

NR No result 
ND Not determined 
NV No certified value 
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Table C-1. Recovery of Metal Spikes in Coal 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
Cone. 

0.0034 

0.0011 

0.2044 

0.0078 

0.00146 

0.1588 

0.012 

0.0445 

0.0322 

0.1465 

0.0256 

0.0974 

0.00408 

0.1925 

Dup. cone. 

0.0042 

0.0015 

0.2122 

0.0087 

0.00204 

0.2582 

0.0125 

0.0504 

0.0353 

0.1575 

0.0372 

0.1538 

0.0059 

0.2155 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

0.02 

0.2 

0.4 

0.2 

0.1 

0.2 

0.2 

0.4 

0.05 

0.1 

Spike/ 
sample 

26.3 

38.5 

1.9 

12.1 

11.4 

1.0 

32.7 

4.2 

3.0 

1.3 

6.4 

3.2 

10.0 

0.5 

Spikes 
MS cone. 

0.083 

0.036 

0.6595 

0.1061 

0.0165 

0.523 

0.4329 

0.2363 

0.0889 

0.3594 

0.256 

0.5944 

0.032 

0.3156 

MSD cone. 

0.103 

0.045 

0.6234 

0.1026 

0.0167 

0.5449 

0.4222 

0.2346 

0.0938 

0.3449 

0.2676 

0.6191 

0.036 

0.3602 

Rel. % Dlff. 

22 

22 

6 

3 

1 

4 

3 

1 

5 

4 

4 

4 

12 

13 

% Recovery 
MS 

80 

70 

114 

98 

75 

182 

105 

96 

57 

107 

115 

124 

56 

123 

MSD 

99 

87 

103 

94 

73 

143 

102 

92 

59 

94 

115 

116 

60 

145 

Avg. 

89 

78 

108 

96 

74 

163 

104 

94 

58 

100 

115 

120 

58 

134 



Table C-2. Recovery of Metal Spikes in Limestone 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
Cone. 

0.018 

0.013 

0.0546 

ND 

0.0041 

0.0246 

0.006 

0.0906 

ND 

2.767 

ND 

0.1043 

ND 

0.146 

Dup. cone. 

0.017 

0.013 

0.0579 

ND 

0.00368 

0.0229 

0.0112 

0.095 

ND 

2.881 

0.017 

0.1079 

ND 

0.153 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

0.02 

0.2 

0.4 

0.2 

0.1 

0.2 

0.2 

0.4 

0.05 

0.1 

Spike/ 
sample 

5.7 

3.8 

7.1 

Ind. 

5.1 

8.4 

46.5 

2.2 

Ind. 

0.1 

Ind. 

3.8 

Ind. 

0.7 

Spikes 
MS cone. 

0.127 

0.074 

0.431 

0.095 

0.0206 

0.214 

0.375 

0.33 

0.039 

3.01 

0.214 

0.452 

0.0444 

0.245 

MSD cone. 

0.131 

0.078 

0.431 

0.0944 

0.0214 

0.202 

0.39 

0.334 

0.077 

2.979 

0.216 

0.457 

0.0455 

0.254 

Rel. % Dlff. 

3 

5 

0 

1 

4 

6 

4 

1 

66 

1 

1 

1 

2 

4 

% Recovery 
MS 

109 

122 

94 

95 

83 

95 

92 

120 

39 

122 

107 

87 

89 

99 

MSD 

114 

130 

93 

94 

89 

90 

95 

120 

77 

49 

100 

87 

91 

101 

Avg. 

112 

126 

94 

95 

86 

92 

94 

120 

58 

85 

103 

87 

90 

100 



Table C-3. Recovery of Metal Spikes in ESP Hopper Ash 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 

Cone. 

0.315 

0.607 

NR 

0.23 

19.2 

0.49 

4.75 

0.432 

2.43 

2.56 

2.35 

1.693 

2.86 

0.081 

6.17 

Dup. cone. 

0.316 

0.333 

4.08 

0.226 

19.2 

0.49 

4.76 

0.421 

2.42 

2.57 

2.31 

1.75 

2.82 

0.085 

6.06 

Spike 
level 

0.1 

0.05 

1.4 

0.1 

1.0 

1.02 

1.2 

0.4 

1.2 

1.1 

1.2 

0.2 

1.4 

0.05 

1.1 

Spike/ 
sample 

0.317 

0.106 

0.343 

0.439 

0.052 

2.082 

0.252 

0.938 

0.495 

0.429 

0.515 

0.116 

0.493 

0.602 

0.180 

Spikes 
MS cone. 

0.402 

0.476 

5.34 

0.329 

21.9 

1.38 

5.89 

0.818 

3.67 

3.64 

3.42 

1.896 

4.18 

0.124 

7.1 

MSD cone. 

0.412 

0.53 

5.4 

0.332 

22.2 

1.39 

5.95 

0.858 

3.75 

3.48 

3.43 

1.97 

4.19 

0.123 

7.19 

Rel. % DifT. 

3 

11 

1 

1 

1 

1 

■ 

5 

2 

5 

0 

4 

0 

1 

1 

% Recovery 
MS 

87 

0 

90 

99 

270 

87 

95 

97 

103 

98 

89 

102 

94 

86 

85 

MSD 

96 

394 

94 

106 

300 

88 

99 

109 

111 

83 

93 

no 

98 

76 

103 

Avg. 

92 

197 

92 

103 

285 

88 

97 

103 

107 

90 

91 

106 

96 

81 

94 



Table C-4. Recovery of Metal Spikes in Sluice Water Supply 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
Cone. 

0.0095 

0.0129 

0.019 

ND 

0.117 

ND 

0.0052 

ND 

0.0069 

ND 

ND 

0.005 

0.0058 

0.0021 

ND 

Dup. cone. 

0.0034 

0.0014 

0.0183 

ND 

0.18 

ND 

0.0098 

ND 

0.0108 

ND 

0.0093 

ND 

ND 

ND 

ND 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

1 

0.02 " 

0.2 

0.4 

0.2 

0.1 

0.2 

0.2 

0.4 

0.05 

0.1 

Spike/ 

sample 

15.5 

7.0 

21.4 

6.7 

26.7 

22.6 

21.5 

40.0 

69.0 

23.8 

Spikes 
MS cone. 

0.18 

0.0582 

0.382 

0.093 

1.08 

0.0233 

0.186 

0.371 

0.19 

0.076 

0.185 

0.191 

0.365 

0.0501 

0.096 

MSD cone. 

0.169 

0.0621 

0.359 

0.085 

0.9 

0.022 

0.18 

0.342 

0.176 

0.075 

0.173 

0.184 

0.337 

0.0443 

0.087 

Rel. % Dirr. 

6 

7 

6 

9 

18 

6 

3 

8 

8 

1 

7 

4 

8 

12 

10 

% Recovery 
MS 

171 

91 

91 

93 

96 

117 

90 

93 

92 

76 

93 

93 

90 

96 

96 

MSD 

160 

98 

85 

85 

78 

uo 

87 

86 

85 

75 

87 

90 

83 

84 

87 

Avg. 

110 

63 

59 

59 

59 

76 

59 

60 

59 

50 

60 

61 

58 

60 

61 



Table C-5. Recovery of Metal Spikes in MMT Front-Half Solids 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
cone. 

0.289 

0.5 

3.6 

0.213 

0.381 

3.7 

0.382 

1.93 

2.56 

2.3 

1.32 

2.21 

0.291 

5.23 

Spike 
level 

0.1 

0.05 

1.4 

0.1 

1.02 

1.2 

0.4 

1.2 

1.1 

1.2 

1.2 

1.4 

0.05 

1.1 

Spike/ 
sample 

0.346 

0.100 

0.389 

0.469 

2.677 

0.324 

1.047 

0.622 

0.430 

0.522 

0.909 

0.633 

0.172 

0.210 

Spikes 
MS cone. 

0.404 

0.519 

5 

0.304 

1.28 

4.93 

0.8 

3.25 

3.59 

3.47 

2.41 

3.66 

0.372 

6.4 

MSD cone. 

0.415 

0.514 

4.104 

0.311 

1,28 

5.05 

0.794 

3.26 

3.76 

3.49 

2.49 

3.64 

0.36 

6.51 

Rel. % Dlff. 

3 

1 

20 

2 

0 

2 

1 

0 

5 

1 

3 

1 

3 

2 

% Recovery 
MS 

115 

38 

100 

91 

88.1 

102.5 

104.5 

no 

93.6 

97.5 

90.8 

103.6 

162 

106.4 

MSD 

126 

28 

36 

98 

88.1 

112.5 

103 

110.8 

109.1 

99.2 

97.5 

102.1 

138 

116.4 

Avg. 

121 

33 

68 

95 

88 

108 

104 

110 

101 

98 

94 

103 

150 

111 



Table C-6. Recovery of Metal Spikes in MMT Back-Half Impingers 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Method 
Blank 

0.0016 

0.0002 

ND 

ND 

3.94 

ND 

0.005 

ND 

ND 

ND 

ND 

ND 

ND 

0.00053 

ND 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

1 

0.02 

0.2 

0.4 

0.2 

0.1 

0.2 

0.2 

0.4 

0.05 

0.1 

Spike/ 
sample 

62.5 

250.0 

0.3 

40.0 

94.3 

Spikes 
MS cone. 

0.0883 

0.0432 

0.3761 

0.0972 

8.16 
i 

0.0177 

0.1839 

0.3766 

0.1994 

0.084 

0.1878 

0.1912 i 

0.3698 

0.0301 

0.0952 

MSD cone. 

0.0946 

,0.0436 

0.3975 

0.0948 

5.91 

0.0166 

0.1826 

0.3606 

0.1955 

0.0911 

0.1902 

0.1916 

0.3615 

0.0315 

0.0923 

Rel. % Diff. 

7 

1 

6 

3 

32 

6 

1 

4 

2 

8 

1 

1 » 
i 
1 7 
! 2 

i 5 

3 

% Recovery 
MS 

86.7 

86 ' 

94 

97.2 

422 

88.5 

89.5 

94.2 

99.7 

84 

93.9 

95.6 

92.5 

59.1 

95.2 
._. — — 

MSD 

93 

86.8 

99.4 

94.8 

197 

83 

88.8 

90.2 

97.8 

91.1 

95.1 

95.8 

90.4 

61.9 

92.3 

Avg. 

90 

86 

97 

96 

310 

86 

89 

92 

99 

88 

95 

% 

91 

61 

94 



Table C-7. Recovery of Metal Spikes in ARP Liquid Phase 
(Data In ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
Cone. 

0.00056 

0.0049 

0.166 

ND 

974 

0.0348 

0.0036 

0.0724 

0.0072 

0.0047 

1.69 

0.1101 

0.707 

0.243 

ND 

Dup. cone. 

0.0002 

0.002 

0.103 

ND 

979 

0.0265 

ND 

0.0491 

0.0027 

ND 

1.12 

0.072 

0.439 

0.152 

ND 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

1.0 

0.02 

0.2 

0.4 

0.2 

0.1 

1.02 

0.2 

0.4 

0.05 

0.1 

Spike/ 
sample 

263.2 

14.5 

3.0 

0.0 

0.7 

ce e. 

6.6 

40.4 

21.3 

0.7 

2.2 

0.7 

0.3 

Spikes 
MS cone. 

0.0924 

0.0561 

0.506 

0.102 

1018 

0.076 

0.198 

0.445 

0.219 

0.0897 

3 

0.294 

0.846 

0.157 

0.107 

MSD cone. 

0.0952 

0.0543 

0.493 

0.102 

1040 

0.0494 

0.198 

0.443 

0.219 

0.0714 

2.68 

0.277 

0.845 

0.203 

0.102 

Rel. % Dirf. 

3 

3 

3 

0 

2 

42 

0 

1 

0 • 

23 

11 

6 

0 

26 

5 

% Recovery 
MS 

92 

102 

85 

102 

4400 

206 

97 

93 

106 

85 

128 

92 

35 

0 

107 

MSD 

95 

105 

98 

102 

6100 

115 

97 

99 

108 

67 

153 

103 

102 

102 

102 

Avg. 

93 

104 

91 

102 

5250 

160 

97 

96 

107 

76 

141 

97 

68 

51 

105 



Table C-8. Recovery of Metal Spikes in ARP Solids 
(Data in ug/mL) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Sample 
Cone. 

0.0029 

0.006 

0.0308 

ND 

ND 

0.0051 

ND 

0.01 

ND 

0.117 

ND 

0.0276 

0.0893 

0.0419 

Dup. cone. 

0.0051 

0.0119 

0.0324 

ND 

0.00248 

0.0219 

ND 

0.013 

ND 

0.0928 

ND 

0.0459 

0.0961 

0.0369 

Spike 
level 

0.1 

0.05 

0.4 

0.1 

0.02 

0.2 

0.4 

0.2 

0.1 

0.2 

0.2 

0.4 

0.05 

0.1 

Spike/ 
sample 

25.0 

5.6 

12.7 

8.1 

14.8 

17.4 

1.9 

10.9 

0.5 

2.5 

Spikes 
MS cone. 

0.089 

0.044 

0.434 

0.0931 

0.04 

0.22 

0.512 

0.241 

0.0572 

0.331 

0.221 

0.491 

0.158 

0.176 

MSD cone. 

0.098 

0.0136 

0.45 

0.0935 

0.04 

0.278 

0.537 

0.257 

0.0588 

0.341 

0.273 

0.533 

0.138 

0.145 

Rel. % DifT. 

10 

106 

4 

0 

0 

23 

5 

6 

3 

3 

21 

8 

14 

19 

% Recoven 
MS 

86 

76 

101 

93 

200 

108 

128 

116 

57 

107 

111 

116 

137 

134 

MSD 

93 

3 

104 

94 

188 

128 

134 

122 

59 

124 

137 

122 

84 

108 

Avg. 

90 

40 

103 

93 

194 

118 

131 

119 

58 

116 

124 

119 

Ul 

121 



Table C-9. Recovery of Mercury Spikes in Various Media 
(Data in pg/mL) 

Sample 

description 

Coal 

Coal 

Lime 

Bottom Ash 

Cyclone 

Water 

Water 

MMT/Filter 

MMT/Filter 

MMT/Filter 

MMT/Peroxide 

MMT/Peroxide 

MMT7KMn04 

MMT/KMn04 

MMT/KMn04 

MMT/KMn04 

MMT/KMn04 

Sample 

Cone. 

1.2 

0.505 

<0.02 

0.031 

0.0366 

<0.20 

0.054 

0.395 

0.0531 

0.122 

1.72 

<0.02 

0.188 

1.37 

0.116 

0.617 

0.144 

Dup. cone. 

1.08 

NR 

<0.02 

< 0.002 

0.0332 

<0.20 

0.057 

0.442 

NR 

0.917 

NR 

NR 

NR 

NR 

0.12 

0.617 

0.13 

Spike 

level 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Spike/ 

sample 

0.9 

2.0 

1.0 

32.3 

28.7 

1.0 

18.0 

2.4 

9.4 

1.9 

0.6 

1.0 

5.3 

0.7 

8.5 

1.6 

7.3 

Spikes 

MS cone. 

1.84 

1.18 

1.09 

0.949 

0.962 

1.14 

1.08 

1.19 

0.589 

0.964 

2.78 

0.989 

1.22 

2.32 

NR 

1.68 

>.o, 

MSD cone. 

1.94 

1.18 

1.08 

0.97 

0.925 

1.16 

1.09 

1.06 

0.647 

NR: 

2.84 

1.14; 

1.34, 

2.3 

1.25 

1.55 

1.05 

Rel. % Diff. 

13 

0 

1 

2 

4 

2 

1 

18 

11 

6 

14 

10 

2 

13 

9 

% Recovery 

MS 

70 

68 

109 

93 

93 

114 

102 

77 

107 

86 

106 

99 

110 

95 

NR 

106 

87 

MSD 

80 

68 

108 

95 

89 

116 

103 

64 

119 

NR 

112 

114 

122 

93 

113 

93 

91 

Avg. 

75 

68 

109 

94 

91 

115 

103 

71 

113 

109 

107 

116 

94 

100 

89 



The tables all have the same format: 

the results of metal determinations in the sample as received, usually in 
duplicate; 

the spike level calculated for the solution prepared to be analyzed; 

the ratio of the spike concentration to the average of the sample 
concentrations; 

the results of duplicate sample analyses with spikes added; 

the relative percent difference in results for the spiked samples; 

the recovery of the spike in duplicate analyses (that is, the difference 
observed between spiked and unspiked samples, compared with the 
spike level. ■ -•--

Generally, the values of relative percent difference are more satisfactory than 
the values of percent-recovery. This is hardly surprising, as will be explained. The 
following show the maximum values of relative percent difference in the determinations 
of metals other than mercury in spiked samples of various types: 

Sample Maximum R%D 

Coal 22% 
Limestone 6% (with one exception, 66%) 
ESP hopper ash 11% 
Sluice water supply 18% 
MMT front half 20% 
MMT back half 7% -
ARP liquid phase 42% 
ARP solids 23% (with one exception, 106%) 

For mercury, the maximum value is 18%. The two exceptions are noted above 
specifically as exceptions to avoid conveying the impression that the highest values 
are part of the general population of results. 

Consider the result of 66% noted above as an exception. The result is for lead, 
which was not detectable in the sample and the spike level was 0.1 -ig/mL; the 
concentrations found after spiking were 0.039 and 0.077 ug/mL. Consider also the 
result of 106%, which occurred for arsenic in the ARP solids. The duplicate results for 
the sample were 0.006 and 0.012 ug/mL; with a spike of 0.05 jig/mL added, results 
were 0.044 and 0.014 ug/mL. The two elements associated with very poor replication, 
arsenic and lead, were chronic causes of difficulty at the low concentrations that 
occurred in these two instances. 

Achieving satisfactory results in terms of spike recovery was more difficult 
because in many instances it involved measurement of small differences between 
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relatively large numbers. Consider recoveries of 270 and 300% for boron spikes in the 
ESP hopper ash. The spike was only about 5% of the background concentration in 
the sample; hence, achieving poor recovery was not surprising. Consider even more 
absurd results for the boron spike in the ARP liquid phase. The recoveries were 
around 5000%, but then the spike was only 0.1% of the sample concentration. 

The mismatch in magnitude between boron spikes and boron spike 
concentrations occurred because the unspiked sample and the spiked sample were 
digested and analyzed at the same time and the appropriate magnitude of the spike 
was not known. In retrospect, if the recovery of a boron spike in the given medium 
had been an issue in itself, the sample would have been spiked again but at a more 
appropriate level and reanalyzed. There are data for boron in other forms, however, 
that suggest that determination of boron was not a matter for urgent attention. 

C.3.1.6 Recovery of Metals at Known Concentrations in Laboratory QC 
Samples and in Standard Reference Materials 

Tables C-10 through C-14 present data showing recovery of metals in media 
other than field samples — either laboratory QC solutions prepared to contain metals 
at known concentrations or Standard Reference Materials purchased from the National 
Institute of Standards and Technology or Brammer Standards Company. 

Solutions obviously constitute easier analytical problems because the sources 
of error encountered in putting a solid into solution are absent. This statement is 
borne out by the data on the general set of metals in Table C-10 and the data for 
mercury in particular in Table C-14. For mercury, the worst recovery value is 131% in 
a solution where the-concentration was quite low. For the other metals, there are two 
indefensible results — recoveries around 300% for chromium and nickel, which may 
have been due to laboratory contamination. 

For the solid SRMs — either coal or ash — a major problem is getting 
complete digestion and thus getting all of the metals to the analyzer. In both of the 
coal SRMs, the certified value for antimony is quite low and thus even having 
adequate sensitivity is a problem. Other sources of error are contamination during 
sample digestion and during sample dilution and subsequent chemical processing as 
is involved for the atomic absorption methods employed for antimony, arsenic, 
cadmium, lead, and selenium. 

The data for SRMs in Tables C-11, C-12, and C-13 reveal that several metals 
frequently are not determined satisfactorily in solid media: 

• In one instance the concentration of antimony was twice the 
certified value. In analyses of the NIST coal, the determination of 
antimony was not completed successfully. 

• Cadmium was always at a low concentration and not determined 
adequately. 

• Components of stainless steel — chromium, molybdenum, and 
nickel — were sometimes found at excessive concentrations. 
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Table C-10 
Recoveries of Metals at 

Known Concentrations in a Laboratory QC Solution 
(Data in ug/mL) 

Element 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Vanadium 

Known 
cone. 

4.00 

1.00 

0.25 

1.00 

1.00 

1.00 

1.00 

1.00 

2.00 

1.00 

2.50 

Analysis 1 

Cone. 

4.21 

0.93 

0.33 

1.05 

0.89 

0.89 

1.10 

0.93 

1.98 

0.92 

2.46 

Recov.% 

105 

93 

130 

105 

89 

89 

110 

93 

99 

92 

98 

Analysis 2 

Cone. 

4.23 

1.04 

0.27 

0.99 

1.01 

0.99 

0.55 

0.88 

2.05 

0.94 

2.71 

Recov.% 

106 

104 

108 

99 

101 

99 

- 55 

88 

103 

94 

108 

Analysis 3 

Cone 

4.18 

0.94 

0.33 

3.35 

0.93 

0.68 

1.09 

1.03 

2.16 

2.95 

2.27 

Recov.% 

105 

94 

131 

335 

93 

68 

109 

103 

108 

295 

91 

C-18 



Table C-11 
Recoveries of Metals at Certified Concentrations 

in SARM 20 Coal* 
(Data in ftg/g) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Nickel 

Selenium 

Vanadium 

Certified 
value 

0.4 

4.7 

372 

2.5 

90 

67 

8.3 

18 

26 

80 

25 

0.8 

47 

Analysis 

(Cone 

0.88 

5.42 

353 

1.11 

NR 

59.8 

4.93 

15.1 

15.3 

71.4 

25.9 

0.295 

42.6 

Recov.% 

220 

115 

95 

44 

— 

89 

59 

84 

59 

89 

104 

37 

91 

'Purchased from Brammer Standard Company, Houston, TX. 
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Table C-12 
Recoveries of Metals at 

Certified Concentrations in NIST 1632b Coal* 
(Data in uglg) 

Element 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Certified 
value 

0.24 

3.72 

67.5 

0.0573 

11 

2.29 

6.28 

3.67 

12.4 

0.9 

6.1 

1.29 

14 

Analysis 1 

Cone. 

ND 

3.60 

67.4 

0.028 

8 

1.80 

8.60 

5.60 

11.0 

ND 

5.6 

1.98 

15 

Recov.% 

— 

97 

100 

49 

73 

79 

137 

153 

89 

— 

92 

153 

107 

Analysis 2 

Cone 

NR 

2.57 

69.9 

ND 

20 

1.14 

6.28 

2.46 

10.7 

2.0 

11.7 

0.16 

14 

Recov.% 

— 

69 

104 

— 

181 

50 

100 

67 

86 

217 

192 

12 

99 

Relative 
dif£% 

— 

33 

4 

— 

85 

45 

31 

78 

3 

— 

71 

170 

8 

"Purchased from National Institute of Standards and Technology, Gaithersburg, MD. 
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Table C-13 
Recoveries of Metals at 

Certified Concentrations in NIST 1633a Fly Ash' 
(Data in pg/g) 

Element 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Certified 
value 

6.8 

145 

1500 

12 

1 

196 

46 

118 

72.4 

179 

29 

127 

10.3 

297 

Analysis 1 

Cone. 

17.98 

115 

1293 

16.02 

0.859 

167.95 

39.06 

115 

NR 

159 

17.84 

109.9 

7.9 

306 

Recov.% 

264.4 

79.3 

86.2 

133.5 

85.9 

85.7 

84.9 

97.5 

— 

88.8 

61.5 

86.5 

76.7 

103 

Analysts 2 

Cone 

4.45 

159 

1358 

16.8 

NR 

174.2 

38.6 

101 

NR 

159 

16.72 

112 

7.88 

286 

Recov.% 

65.4 

109.7 

90.5 

140 

— 

88.9 

83.9 

85.6 

— 

88.8 

57.7 

88.2 

76.5 

96.3 

Relative 
dif£% 

121 

32 

5 

5 

--

4 

1 

13 

— 

0 

6 

2 

0 

7 

'Purchased from National Institute of Standards and Technology, Gaithersburg, MD. 
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Table C-14 " ! 

Recoveries of Mercury in Various SRMs and 
Laboratory QC Standards 

(Data in pg/g or ug/L) 

Sample* 
SARM 20 

SARM 20 

SARM 20 

SARM 20 

NBS 1633a 

NBS 1633a 

QC095 

QC095 

QC095 

QC095 

QC095 

QC095 

QC095 

QC043 

QC044 

QC045 

QC047 

QC048 

Reference 
cone. 

0.25 

0.25 

0.25 

0.25 

0.16 

0.16 

250 

250 

250 

250 

250 

250 

250 

4.00 

4.00 

2.00 

0.080 

0.120 

Observed 
cone. 

0.142 

0.136 

0.163 

0.183 

0.195 

0.215 

24 

230 

238 

208 

275 

249 

229 

4.60 

4.27 

2.21 

0.105 

0.066 

% Recovery 

57 

54 

65 

73 

122 

134 

110 

92 

95 

83 

110 

100 

92 

115 

107 

111 

131 

55 

"First group — solids (ug/g). 
bSecond group — solutions (jjg/L). 
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The occurrence of these elements in stainless steel may be 
coincidental, but the fact may point indirectly to a source of 
contamination. 

• Selenium was often recovered at very low levels although in one 
instance reported here was found at a high level. 

C.3.1.7 Blanks for Metals Recovered by Method 29 

Table C-15 compares the quantities of metals recovered in actual sampling 
runs with the quantities from so-called "blank trains." The differences between 
measured sample quantities and corresponding blank quantities were used for 
calculating net sample amounts and for calculating the sample concentrations 
reported in Section 6. Data are not presented for all sampling experiments; instead, 
they are given for two experiments, one at the inlet and one at the outlet of the Unit 8 
ESP. These two locations had the extremes in sample concentrations; thus, the blank 
corrections had effects at these locations. 

The first page of the table presents data for the front half of the sampling train 
at each location. The second page gives data for the back half. Clearly, the blank 
sometimes exceeded the sample amount and led to apparent negative concentrations 
(which were reported as less than the appropriate detection limit). The absolute value 
of the blank correction for the inlet filter is about 1.7 times the value for the outlet filter 
because of the difference in filter sizes in the inlet sampling train and the blank train. 

C.3.2 Anions 

As described previously in Section 5, three anions (chloride, sulfate, and 
phosphate) in acid gas impingers were determined by ion chromatography, and the 
fourth (fluoride) was determined by use of an ion-selective electrode. These ions were 
determined by use of the same techniques in water and solid samples. In the case of 
the latter, the solids had first been made water-soluble by fusion with NaOH. 

Table C-16 presents the results of measurements of anion spikes in selected 
samples of the various media. The recoveries range, with just a few exceptions, 
between 90 and 110%. 

Table C-17 gives recoveries of spikes of cyanide and ammonia in impinger 
solutions that had been used for sampling flue gas. The three examples given are in 
the range 95-100%. 

Blanks were inconsequential in comparison with reported sample quantities. 

C.3.3 Carbonyl Compounds (Aldehydes and Ketones) 

These compounds were analyzed by HPLC according to EPA Method 0011 (7), 
which was written specifically for formaldehyde. 
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Table C-15 
Comparison of Sample and Blank 

Amounts of Metals 

Metal 

Inlet, Unit 8 ESP 

Sample, pg 

FRONT HALF 
Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

61.3 

289 

3810 

205 

7760 

296 

4560 

392 

1780 

3010 

2420 

0.76 

1370 

2540 

468 

5105 

Blank, |xg 

1.13 

0.77 

9.4 

0.043 

58 

1.0 

8.5 

2.6 

6.8 

0.43 

2.6 

0.067 

36 

4.3 

0.94 

0.43 

Outlet, Unit 8 ESP 

Sample, |ig 

0.31 

2.75 

18.5 

0.29 

1.59 

13.3 

18.6 

1.46 

7.84 

19.8 

6.62 

0.22 

33.5 

2.10 

232 

3.90 

Blank, ug 

0.66* 

0.45 

5.5 

0.025 

34* 

0. 

5.0 

1.55* 

4.01 

0.25 

1.48 

0.039 

21.2 

2.55* 

0.55 

0.25 

•"Produces a net result that is negative. 
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Table C-15 (Concluded) 
Comparison of Sample and Blank 

Amounts of Metals 

Metal 

Inlet, Unit 8 ESP 

Sample, jig 

BACK HALF 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

0.56 

2.74 

8.23 

0.025 

34600 

6.28 

10.7 

0.95 

6.57 

1.76 

16.8 

11.6 

0.25 

21.1 

316 

0.62 

Blank, ug 

0.10 

0.10 

2.54 

0.02 

403 

0.01 

1.23 

0.72 

4.2 

0.25 

14.3 

0.03 

0.25 

0.50 

1.25 

0.25 

Outlet, Unit 8 ESP 

Sample, ug 

0.16 

0.92 

1.98 

0.00 

11900 

2.18 

3.29 

0.08 . 

0.81 

0.53 

0.90 

4.03 

0.00 

7.19 

110 

0.13 

Blank, ug 

0.10 

0.10 

2.54* 

0.02* 

403 

0.01 

1.23 

0.72* 

4.2* 

0.25 

14.3* 

0.03 

0.25* 

0.50 

1.25 

0.25* 

*Produces a net result that is negative. 
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Table C-16 
Recoveries of Anion Spikes in Various Samples 

Type of 
sample 

Acid Train Impingers 

Unit 8 inlet 

Unit 8 outlet 

Unit 8 outlet 

Stack 

Diluter 

Liquid Samples 

Condenser inlet 

Condenser outlet 

Boiler makeup water 

Sluice water supply 

Bottom ash sluice water 

Bleed pump slurry 

Abs. recirc. pump slurry 

Boiler waste water 

Analyte 

chloride 
chloride 
fluoride 

sulfate 
sulfate 

sulfate 

chloride 

fluoride 

fluoride 

sulfate 
chloride 
fluoride 

sulfate 
chloride 

sulfate 
chloride 

phosphate 
fluoride 

sulfate 
chloride 

phosphate 

phosphate 

phosphate 

Dil 
factor 

50 
50 

1 

1000 
1000 

1000 

5 

1 

1 

10 
20 

1 

1 
1 

50 
20 

1 
1 

200 
2500 

20 

50 

20 

Concn, ug/mL 

Sample 

2.25 
2.23 
1.00 

12.8 
11.9 

17.7 

0.202 

13.8 

<0.40 

2.50 
0.693 

<0.40 

<0.10 
<0.05 

2.53 
0.719 

<0.50 
<0.40 

8.41 
2.68 

<0.50 

<0.50 

<0.50 

Spike 

2.00 
9.90 

16.3 

19.6 
90.9 

19.6 

0.196 

2.00 

4.00 

2.50 
0.50 
3.00 

0.20 
0.10 

2.50 
1.00 

1.00 
1.00 

8.00 
2.00 
1.00 

1.00 

1.00 

Spike 
recovery, % 

102 
99.0 

100 

98.0 
97.0 

99.0 
99.0 
95.0 

100 
104 
100 
100 
116 
108 

111 
106 
104 
90.0 

105 
114 
85.7 

83.3 
88.0 
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Table C-16 Concluded 
Recovenes of Anion Spikes in Various Samples 

Type of 
sample 

Solid Samples 

Bottom ash 

ESP hopper ash 

Abs. recirc. pump slurry 

Gypsum 

Analyte 

sulfate 
chloride 

phosphate 

sulfate 
chloride 

"phosphate 

sulfate 
chloride 

phosphate 
fluoride 

sulfate 

Dil 
factor 

2 
1 
2 

5 
1 
4 

25 
1 
1 
1 

25 

Concn, (ig/mL 

Sample 

0.565 
0.111 
0.770 

3.07 
0.781 
0.763 

10.9 
0.138 

<0.50 
0.50 

11.45 

Spike 

0.50 
0.107 
1.00 

3.00 
1.00 
0.800 

10.0 
0.25 
1 
0.50 

10.0 

Spike 
recovery, % 

104 
115 
96.6 

98.2 
108 
103 

96.8 
110 
102 
140 

101 
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Table C-17 
Recoveries of Cyanide and Ammonia Spikes in Impinger Samples 

Type of 
sample 

Unit 8 inlet 

Stack 

Unit 7 outlet 

Analyte 

cyanide 

cyanide 

ammonia 

Dfl 
factor 

~ 

— 

— 

Concn, jig/mL 

Sample 

0.394 

0.026 

0.041 

Spike 

0.741 

0.196 

0.069 

Spike 
recovery, % 

99.0 

97.0 

97.1 

C-28 



One of the significant handicaps to the method is obtaining the sampling 
reagent DNPH in a sufficiently pure state. Normally, the 70%-pure reagent that is 
widely available commercially is used for the method (the 30% balance of the reagent 
content is mainly water). In the work at Bailly, however, an ultra-pure reagent was 
purchased from Radian Corporation. Nevertheless, significant and variable blank 
values were encountered, as revealed by the tables presenting sample data in the 
body of this report. 

Another factor introducing uncertainty in the data is the stability or lack of 
stability of formaldehyde in the sampling reagent while sampling is in progress. 
Section 6.1.3.4 recounts the experience in recovering formaldehyde that had been 
spiked into sampling reagent before stack gas was drawn through the reagent. The 
results of the spiking experiment suggest either that the complex between 
formaldehyde and DNPH is not sufficiently stable to prevent the volatilization of the 
aldehyde or that unknown constituents in flue gas can destroy the complex. 

Opposing the possible loss of formaldehyde during sampling is the possibility 
that some level of contamination occurred from the environment. The laboratory made 
available for preparation and work-up of the sampling trains was a trailer that was 
suspected to contain element of construction based on formaldehyde-containing 
resins; thus, the trailer atmosphere was sampled with a blank train for.about the twice 
the volume sampled from flue gas. A quite significant amount of formaldehyde, 58 ug, 
was collected, compared with 10-20 ug from flue gas. There was not necessarily a 
significant contamination in any sample from the flue gas, but the possibility of some 
level of contamination does exist. 

The level of recovery of spikes applied in the laboratory was disappointing. 
For the unused sampling medium, recovery of formaldehyde spikes ranged from 72 to 
97%. For aqueous media from the plant, the following are illustrative results: 

Formaldehyde recovery. % 
Water sample Spike Duplicate 

Condenser inlet -28 -23 

Boiler makeup 117 68 

Bleed pump slurry 35 112 

The concentrations in the three samples before spiking were 112, 38, and 185 jig/L, 
respectively; the spike produced an increment of 97.5 jig/L In the first instance, 
where negative recoveries are listed, recalculation of recoveries assuming the true 
sample value was zero yields recoveries of 97 and 103%. It is probable, but not 
subject to proof at this date, that the observed concentration before spiking was near 
zero and the recalculated recovery values are approximately the true results. 

Data on blanks are given in Table 6-42 in the body of the report. The ranges 
in micrograms were 1.4-3.7 for formaldehyde, < 1.0-1.2 for actaldehyde and < 1.0-2.5 
for acetone. 
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C.3.4 Volatile Organic Compounds 

C.3.4.1 Experimental Methods 

EPA Methods 8240B and 5041 were modified for the determination of volatile 
organic compounds by replacing the packed column with a capillary column. At the 
beginning of each day, the GC/MS system tuning performance criteria were checked 
for a 50-ng sample of bromofluorobenzene (BFB). Three isotopically labelled 
compounds were used as internal standards during calibration of the GC/MS system 
to avoid matrix interferences. The analyst prepared calibration curves with calibration 
standards at five concentration levels for each volatile organic compound. Each 
calibration standard included a known, constant amount of internal standard. 

Most system performance check compounds used to assess instrument 
readiness for the analyses of liquids and VOST tubes met the minimum requirements 
listed in Methods 8240B. Bromoform was the only SPCC that did not meet listed 
method requirements. Calibration curves relative response factors were verified on 
each working day by measurement of the middle calibration check standard. The 
response of all calibration check compounds met method requirements. The 
continuing calibration check compounds met method requirements. 

C.3.4.2 QA/QC Data 

Data on the recovery of compounds that were present in known concentrations 
in samples analyzed for volatile organics are presented in Tables C-18, C-19, and 
C-20. The first two of these tables give the recoveries of three so-called surrogates, 
which were always added to the samples to be analyzed. One of the table deals with 
samples of water; the second pertains to samples collected on Tenax and 
Tenax-charcoal sampling tubes from the VOST. The final table presents the data on 
other compounds that were added as spikes in the water samples. 

The specifications in SW-846 for acceptable recoveries of the individual 
compounds are included in the tables. Clearly, the actual recoveries were well within 
the ranges of acceptable values. 

The rejection of the field data as being of improbable value follows not from 
any objective criteria in terms of laboratory performance but from the subjective 
reasoning presented subsequently in Appendix D. 

C.3.4.3 VOST Blanks 

Table C-21 lists the quantities of volatile organics found in three types of 
blanks as defined in the table. The lowest-boiling compounds in the first four columns 
were found erratically as the result, it is believed, of poor laboratory handling. The 
benzene and toluene in the blanks would have made inconsequential corrections in 
the observed samples quantities of these compounds but, of course, are irrelevant 
because the sample quantities are considered erroneous. 
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Table C-18 Recovery of Surrogate 
Volatile Organic Compounds 

in Water Samples 

Sample 

Boiler makeup water 

Condenser inlet 

Sluice water supply 

Bottom ash sluice 

Abs. recirc. pump slurry 

Bleed pump slurry 

Scrubber waste water 

Recovery, % 

Surrogate 1* 

91.9 

89 

90.7 

89.4 

90.7 

93.1 

91.5 

Surrogate 2b 

95.4 

98.3 

95.7 

95.5 

93.7 

97 

97.2 

Surrogate 3C 

92.6 

94.9 

95.9 

92.3 

95.2 

94.1 

98.2 
al,2-Dichloroethane-d4 (SW-846: 76-114%). 
Toluene-dg (SW-846: 88-110%). 
C4-Bromofluorobenzene (SW-846: 86-115%). 
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Table C-19 Recovery of Surrogate 
Volatile Organic Compounds 

in VOST Samples 

Sample* 

Unit 8 inlet - T 

T/C 

Unit 8 outlet - T 

T/C 

Unit 7 outlet - T 

T/C 

Stack - T 

T/C 

Recovery, % 

Surrogate lb 

101 

93 

93 

98 

94 

93 

92 

92 

Surrogate 2° 

98 

97 

97 

101 

97 

98 

95 

96 

Surrogate 2* 

101 

102 

95 

105 

92 

101 

77 

97 

*T=Tenax; T/C=Tenax/charcoal. The samples indicated here are the 20-L samples 
at the four VOST locations. 

bl,2-Dichloroethane-d4 (SW-846: 76-114%). 
Toluene-dg (SW-846: 88-110%) 
d4-Bromofluorobenzene (SW-846: 86-115%). 
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Table C-20 Recovery of Spikes of 
Volatile Compounds in Selected Water Samples 

Spiking 
compound* 

l,2-dichloroethane-d4 

toluene-d8 

4-bromofluorobenzene 

1,1-dichloroethene 

benzene 

trichloroethene 

toluene 

chlorobenzene 

SW-846 
specifi
cation 

76-114 

88-110 

86-115 

50.5-150 

64-136 

66.5-134 

74.5-126 

66-134 

Recovery, % 

Boiler makeup 

MS 

94.2 

97.6 

100 

116 

95.6 

90.8 

91.8 

90.8 

MSD 

92.4 

96.2 

94.4 

112 

97.2 

95 

96.2 

91.8 

Condenser outlet 

MS 

90 

96.4 

97.4 

123 

94.8 

92.6 

94 

92.4 

MSD 

93.4 

100 

97.6 

121 

96.6 

94 

94.2 

90 

Bleed pump slurry 

MS 

93.4 

95.2 

92 

102 

92.4 

91.4 

90.6 

89 

MSD 

95.6 

98.2 

94.8 

105 

96 

93.2 

94.8 

91.4 

Scrubber -waste water 

MS 

86.8 

94.6 

93.6 

95.8 

90 

88 

87.4 

87.6 

MSD 

90 

93.8 

96.8 

80.2 

94 

95.2 

90.4 

91 

"Each at 50 \igfL. The first three compounds are the three surrogates cited in the preceding two tables. 
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Table C-21 . 
Compounds Measured in VOST Blanks 

Sampling 
location 

Inlet, ESP 
Unit 8 

Outlet, ESP 
Unit 8 

Outlet, ESP 
Unit 7 

Stack 

Sample 
type* 

T(LC) 
TC(LC) 
T(FB) 
TC(FB) 
T(TB) 
TC(TB) 

T(LC) 
TC(LC) 
T(FB) 
TqFB) 

T(LC) 
TC(LC) 
T(FB) 
TC(FB) 
T(TB) 
TC(TB) 

T(LC) 
TC(LC) 
T(FB) 
TC(FB) 
T(TB) 
TC(TB) 

Quantity in nanograms 

Bromo
methane 

25 

19 

15 

18 

10 

34 
20 

10 

Acetone 

17 

24 

36 

10 

21 

11 

Carbon 
disulfide 

20 

45 

22 

Methylene 
chloride 

6.0 
2110 
2530 
497 

26 

5.1 

21 
21 
71 
57 

10 

Benzene 

8.6 
5.8 

5.8 

12 
7.2 

9.6 

9.2 
6.2 

6.2 

Toluene 

7.2 

60 

T=Tenax 
TC=Tenax/charcoal 
LC=leak check blank (assembled apparatus checked for air leaks under vacuum with sampling 
tubes installed) 
FB=field blank (sample tubes opened momentarily in the field but not exposed to a flow of air) 
TB=trip blank (sample tubes shipped to and from the field without ever being opened) 
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C.3.5 Semivolatile Organic Compounds 

C.3.5.1 Experimental Methods 

Semivolatile organic compounds were analyzed by capillary column GC/MS 
according to EPA Method 8270B from SW-846. A number of samples analyzed for 
semivolatile organic compounds were also analyzed for dioxins. These samples were 
prepared for semivolatile analysis as required by Method 8270B using toluene rather 
than methylene chloride to extract the samples. The use of toluene as an extractant 
resulted in some loss of the earlier eluting target compounds with lower boiling points. 

A 50-ng sample of decafluorotriphenylphosphine (DFTPP) was analyzed at the 
start of each day prior to analysis of semivolatile compounds. The spectrum-validation 
criteria were met before any samples, blanks, or standards were analyzed. When the 
criteria for this analysis were not achieved, the analyst retuned the mass spectrometer 
and repeated the test until all criteria were achieved. 

The analysts prepared calibration curves with calibration standards at five 
concentration levels for each semivolatile organic compound of interest. Each 
calibration standard included known, constant amounts of six internal standards. 
Calibration curve relative response factors for target compounds were verified on each 
working day by the measurement of one or more calibration check standards. If the 
response for any calibration check compound (CCC) varied from the curve response 
factor by more than ±20, the analyst noted the variance and evaluated the potential 
impact of the variance on the analysis to be performed. If the response for any 
calibration check compound varied from the curve response by more than ±25%, the 
test was repeated with a fresh calibration standard. If the response of the check 
compound still varied from the calibration curve by more than ±25%, a new calibration 
curve was prepared. 

Difficulties encountered with several samples necessitated specific departures 
from the method. 

For the samples extracted with toluene, the surrogates 
with lower boiling points typically showed reduced 
recoveries. This problem was not typically observed for 
those samples extracted with methylene chloride. It is 
believed that the higher temperature required to 
evaporate toluene during the concentration step 
contributed to the loss of the target compounds with a 
lower boiling point. 

Contamination with very low levels of benzyl alcohol, 
2-methylphenol, and 4-methylphenol of samples and 
blanks resulted from the toluene used to wash sampling 
equipment in the field and to extract the samples in the 
laboratory. The toluene used on this project was 
purchased form our supplier for use only on this project. 
The supplier worked with SRI to identify the source of the 
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problem. Other contaminants that may have originated in 
the toluene are benzoic acid and phenol. 

Analysis of a calibration check sample at the end of a 
12-hr operating period and after completion of a 
sequence of five samples showed a.total loss of retention 
and resolution on the column. The column was replaced 
and the instrument retuned and recalibrated before 
analysis was resumed. Analysis of the five samples in 
question had to be repeated. 

C.3.5.2 QA/QC Data 

QA/QC data for samples that contained known added concentrations of 
selected semivolatile compounds are presented in Tables C-22, C-23, and C-24. 
Tables C-23 and C-24 give recoveries of surrogates that were added to the samples 
after field sampling took place. The recoveries of the field spikes provide a measure 
of the expected efficiency of analyte recovery throughout both field sampling and 
laboratory analysis; the recoveries of the surrogates reflect the efficiency of recovery 
as influenced by laboratory operations alone. Finally, Table C-24 presents recovery 
data on other compounds that were added to the water samples as spikes. 

SW-846 gives the following as acceptable limits for the surrogates: 

2-Fluorophenol 21-100% 
Phenol-d3 10-94% 
Nitrobenzene-d5 35-114% 
2-Fluorobiphenyl 43-116% 
2,4,6-Tribromophenol 10-123% 
p-Terphenyl 33-141% 

Even though the specifications tolerate large deviations from 100% recovery, 
the data in Tables C-22 and C-23 show recoveries that still are very poor. The first 
two surrogates, with the lowest chromatographic retention times, were sometimes not 
even observed in sample analysis; their absence may be attributed to loss by 
evaporation during the removal of toluene processing solvent by evaporation. 
Moreover, traces of unremoved toluene had retention times not very different from 
these surrogates and cause interference in assessing recovery accurately. The very 
high recoveries in some instances are attributed to reaction of some unknown sample 
component with the column, which effectively destroyed the usefulness of the column. 

The recovery data of the spiking compounds in water (Table C-24) were far 
more satisfactory. It is not known why the recoveries of compounds in the group 
referred to a spiking compounds differed so markedly from those termed surrogates 
when both were added and determined simultaneously. 
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C.3.5.3 Blanks 

The blank filters and blank XAD from the field (components of blank trains or 
field and trip blanks) were all extracted with toluene. The analyses showed the 
contamination already attributed to this solvent during the discussion of sample 
analysis. The list below reveals the range of levels of individual contaminants: 

Phenol 0-13 jig 

Benzoic acid 277-6680 jag 

Benzoic acid 23-1340 ug 

Naphthalene 0-4 jig 

Phthalate ester 1-9 pg (total of all 
phthalate compounds) 

C.3.6 Dioxins and Furans 

Dioxins and furans were determined using SW-846 Method 8290. Each sample 
was fortified with PCDD/PCDF isotope dilution standards (14 isotopically-labeled 
compounds) and was extracted with toluene in a Soxhiet extractor. The extracts were 
concentrated and exchanged into hexane. One isotopically labeled clean-up 
surrogate was added to the laboratory blanks at this point (0.8 ng/sample). For actual 
samples, 2 ng of the surrogate was added to the XAD-2 resin before the resin was 
sent to the field; 0.8 ng of the surrogate was added to filters being sent to the field. 
The extract was partitioned against 5% NaCI, 20% aqueous KOH, 5% NaCI, several 
portions of H2S04, and 5% NaCI. The extract was concentrated and eluted through an 
alumina column with further clean up on an AX-21 carbon/Celite 545 column. The 
toluene eluant fraction was spiked with isotopically labeled internal standard, 
concentrated, and exchanged into nonane. The final sample extracts were analyzed 
by high-resolution GC/MS. 

A five-point calibration curve was generated, having the lowest concentration 
corresponding to 0.02 ng of TCDD or TCDF in 20 pl_ of solution; therefore the nominal 
detection limit for TCDD and TCDF in MM5 samples was 0.02 ng. Similarly, the 
nominal detection limits for PECDD, PECDF, HXCDD, HXCDF, HPCDD, and HPCDF 
were 0.10 ng and for OCDD and OCDF 0.20 ng. Concentrations less than these 
values were determined by extrapolating the calibration curve. 

The linearity of the instrument response was verified by the successful initial 
calibration of the instrument. The linear range of the analyte injected into the gas 
chromatograph is 0.001 to 0.2 ng/pL of TCDD and TCDF; 0.005 to 1.0 ng/u.L of 
PECDD, PECDF, HXCDD, HXCDF, HPCDD, and HPCDF; and 0.01 to 2.0 ng/uL of 
OCDD and OCDF. The data indicate that the instrument retained its linearity of 
response throughout the analyses. 

C-37 



The surrogate 2,3,7,8-tetrachlorodibenzodioxin with chlorine-37 labels was used 
as a spiking compound in both filters and XAD resin. The amount of the spiking 
compound was 0.8 ng for filters and 2.0 ng for XAD cartridges (these amounts are to 
be contrasted to the lowest reporting level of 0.01 ng). Recoveries were as follows: 

Blanks 
Field blank 
Trip blank 
Blank trains (2) 

Samples 
Unit 7 ESP outlet 

Dilution device 

Stack 

XAD 
XAD 
filter 
XAD 

filter 
XAD 
filter 
XAD 
filter 
XAD 

80% 
66% 
80,89% 
81, 106% 

77% 
74% 
74% 

155% 
82% 
70% 
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Table C-22. Recoveries of Surrogates 
from MM5 Samples 

Sample* 

Unit 8 Inlet - F 

- B 

Unit 8 Outlet - F 

- B 

Unit 7 Outlet - F 

- B 

Stack - F 

- B 

Recovery, % of Surrogate1* 

1 

46 

61 

54 

49 

0 

0 

0 

0 

2 

22 

60 

58 

58 

0 

0 

0 

0 

3 

72 

95 

78 

74 

55 

56 

38 

42 

4 

83 

90 

87 

73 

451 

105 

467 

69 

5 

76 

91 

76 

53 

446 

117 

394 

89 

6 

84 

114 

88 

89 

148 

36 

68 

74 

*F = front (filter); B = back (XAD) 

bSurrogate 1 = 2-Fluorophenol 
2 = Phenol-d5 
3 = Nitrobenzene-dj 
4 = 2-Fluorobiphenyl 
5 = 2,4,6-Tribromophenol 
6 = p-Terphenyl-dM 

C-39 



Table C-23. Recoveries of Surrogates 
from Water Samples 

Sample 

Boiler makeup 

Condenser inlet 

Sluice 

ARP slurry 

Recoveiy, % of Surrogate* 

1 

11 

38 

81 

34 

2 

63 

42 

83 

41 

3 

88 

44 

76 

41 

4 

80 

44 

79 

41 

5 

17 

42 

77 

32 

6 

94 

48 

86 

51 
"Surrogate 1 = 2-Fluorophenol 

2 = Phenol-dj 
3 = Nitrobenzene-dj 
4 = 2-Fluorobiphenyl 
5 = 2,4,6-Tribromophenol 
6 = p-Terphenyl-dM 
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Table C-24 
Recovery of Spikes of Seimivolatile 

Compounds in Water Samples 

Compounds 

Phenol 

2-Chlorophenol 

1,4-Dichlorobenzene 

N-Nitroso-dl-n-Propylamine 

1,2,4-Trichlorobenzene 

4-Chloro-3-melhylphenoI 

Acenaprtthene 

4-Nitrophenol 

2,4-Dini1roto!uene 

Pentachlorophenol 

Pyrene 

Concn., 

400 

400 

200 

200 

200 

400 

200 

400 

200 

400 

200 

Boiler 
Makeup 

MS 

69 

72 

47.7 

82 

50.5 

74.8 

87 

62.8 

86 

62.8 

96 

MSD 

76 

79.5 

62.5 

80.5 

62.5 

74.5 

89 

61.3 

88 

73.8 

102 

Condensar 
Outlet 

MS 

73.5 

75.5 

48 

87 

57 

86.3 

97.5 

82.5 

97.5 

81.8 

106 

MSD 

66.8 

69.8 

48.7 

82.5 

58 

80.8 

96 

86.8 

92 

87.5 

99.5 

ARP Liquid 

MS 

77.4 

77.9 

58.4 

72 

61.9 

78.1 

87.8 

85.5 

90.2 

76.7 

89.9 

MSD 

66.7 

67.8 

44.3 

76.4 

47.7 

67.5 

79.5 

75.5 

86.7 

48.7 

88.7 

BoBer 
Wastewater 

MS 

68.3 

66.3 

41.6 

67.5 

44.4 

68.3 

75 

73 

82.5 

58 

81 

MSD 

78.3 

78 

52 

71.5 

55 

78.5 

86 

70.3 

93.5 

65 

91 
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APPENDIX D 

DATA ON VOLATILE ORGANICS 

D.1 INTRODUCTION 

The previous study by SRI of air toxics at Tuscon Electric Power Company's 
Springerville generating station provided part of the background for rejecting the data 
on volatiles from Bailly. The first sampling trip to Springerville in June 1993 yielded 
data somewhat like the data from Bailly presented here. A second sampling trip in 
February 1994 (five months later than the investigation at Bailly) made use of certain 
laboratory studies in the interim to identify possible causes of spurious high 
concentration of the aromatic hydrocarbons (benzene, toluene, and xylenes). The 
samples of the second trip yielded much lower concentrations and seemed to confirm 
the conclusion from the interim studies as to the true source of these compounds. 

The specific hypothesis tested during the interim studies was that ambient air 
drawn into the inlet of the sample line introduces contamination. The assumed path of 
in-leaking air is the annulus between the glass liner and the sheath of the probe, 
where a tape-wrapped heating wire is used to keep the liner hot. A force tending to 
promote the air sweep would, of course, be a negative duct pressure, drawing 
ambient air into the duct in proximity to the inlet of the sampling line. Only recently 
have probes from the commercial supplier had provisions for blocking the path of the 
air sweep by a seal. 

The findings were as follows: 

1) Tape similar to that used by the probe manufacturer evolved 
benzene, toluene, and xylenes when heated in the laboratory 
under conditions quite independent of those associated with 
the VOST probe. 

2) Adjusting a probe supplied by a commercial source permitted 
the investigators to raise or lower benzene, toluene, and 
xylene impurities in the sample stream drawn from the pilot 
combustor with gas firing. Pulling the liner into the probe, to 
restrict the access of flue gas but improve the access of 
leakage air to the probe inlet, increased the impurity levels. It 
also decreased the recovery of a deuterated benzene spike 
from the combustor flue gas. Extending the probe into the 
flue gas, on the other hand — shifting the relative access to 
the opposite of that first described — decreased the 
contaminant level and increased the spike recovery. 

3) Comparative measurements all indicated that negligible 
concentrations of normal benzene were produced in the 
combustor but that appropriate levels of a deuterated benzene 
spike were recovered. These measurements consisted of: 
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a) VOST sampling with a probe extension to minimize 
infiltration of heating tape off-gases, followed by 
GC/MS analysis; 

b) Carbon-tube sampling as prescribed by NIOSH, 
followed by GC/FID analysis; and 

c) Tedlar-bag sampling, followed by analysis with a 
portable GC equipped with an argon-ionization 
detector. 

With the VOST probe modified to minimize contamination from the tape source, 
we then returned to Springerville in February 1994 and found previous erratic, 
sometimes high concentrations of volatile hydrocarbons no longer present. The 
carbon-tube sampling and the portable GC analysis yielded results similar to those 
obtained with the modified VOST probe. 

It cannot be said positively that the high concentrations of volatiles at Bailly 
were spurious because of the heated tape as the source. Nevertheless, the 
probability seems high that this is so. 

DJ2 DATA FROM BAILLY 

The data on volatile organics from Bailly (all collected on September 6) are 
presented in Table D-1, D-2, D-3, and D-4. These data are believed to be spurious for 
the reason discussed above and, thus, do not appear in the body of the report. 
Moreover, no excerpt of the data can be said to be credible. In other words, the entire 
compilation of data have to be disregarded. It is appropriate, however, to comment 
upon some aspects of the data. 

Each table gives the quantities of the individual compounds in nanograms 
observed in two of the three components of the Volatile Organics Sampling Train 
(VOST) (described in SW-846, (1)). The first of these sampling element is designated 
as T, which stands for a sampling tube filled with Tenax resin. The second element is 
designated as TC, which represents a sampling tube containing Tenax in the first half 
and charcoal in the second half. The third element is not listed in these tables; it was 
a water condensate,, which did not usually contain a significant amount of any of the 
analytes. 

In each table there are data for three sampling runs, which differed in duration 
and thus in gas volume sampled. The nominal values of the sample volumes were 20, 
10, and 5 L, collected in runs of 40, 20, and 10 min duration. 

There were numerous analytes identified. Some were definitely not 
components of the gas streams sampled, however, because they also occurred in 
blanks. Three of the components for which this NOT true are benzene, toluene, and 
xylenes. Benzene can be singled out for particular remarks. Approximate 
concentrations of benzene at the three locations, calculated for approximate sample 
volumes of 20,10, and 5 L, respectively, are as follows: 
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Location Concn. pg/Nm3 

Inlet, Unit 8 ESP 3870, - , 2820 

Outlet, Unit 8 ESP 2795, 2070, 2420 

Outlet, Unit 7 ESP 129,102,160 

Stack 514,252,192 

There is remarkable difference in calculated benzene concentrations between 
Unit 8 and Unit 7 or the stack. There is no justification, however, for believing that the 
difference reflects a real difference in gas composition. For reasons described in the 
preceding paragraphs, difference is attributed to unidentified differences in the 
sampling procedure, sampling apparatus, or environment. 
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Table D-1 
Apparent Quantities of Volatile Organics Collected at 

the Inlet of the Unit 8 ESP 
(Data in ng) 

Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
1,1-Dichloroethene 

Acetone 
Methyl iodide 
Carbon disulfide 
Methylene chloride 
trans-l,2-Dichloroethene 

1,1-Dichloroethane 
2-Butanone 
Chloroform 
1,1,1-Trichlorethane 
Carbon tetrachloride 

Benzene 
1,2-Dichlorethane 

Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 

cis-13-Dichloropropene 
2-Hexanone 
Toluene 
trans-13-DichIoropropene 
1,1,2-Trichloroethene 

Tetrachloroethene 
4-Methyl-2-pentanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
m- & p-xylene 
o-xylene 
Styrene 
Bromoform 
l,lA2-Tetrachloroethane 

Run 1 (ca. 20 L) 

T5000 

3430 
313 

207 
24.1 
24.9 

7940 
176 

38.9 

10.6 

19.6 

TC5O01 

50.7 

387 
158 
483 
8.12 

793 

11.1 

133 

5.07 

535 

Run 21 

T5C02 

ca. 10 L) 

TC5003 

18.5 

150 
31.5 

15.8 

83.2 

113 

83.9 

20.8 

16.5 

Run 3 

T5004 

832 

101 

470 

1410 

19.8 

rca.5L*) 

TC5005 

24.6 

45 

193 

9.6 

17.0 

135 
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Table D-2 
Apparent Quantities of Volatile Organics Collected at 

the Outlet of the Unit 8 ESP 
(Data in ng) 

Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
1,1-Dichloroethene 

Acetone 
Methyl iodide 
Carbon disulfide 
Methylene chloride 
trans-l,2-Dich!oroethene 

1,1-DichIoroethane 
2-Butanone 
Chloroform 
1,1,1-Trichlorethane 
Carbon tetrachloride 

Benzene 
1,2-Dichlorethane 
Trichloroethene 
1,2-Dichloropropane 

Bromodichloromethane 

cis-l,3-Dichloropropene 
2-Hexanone 
Toluene 
trans-13-Dichloropropene 
1,1,2-Trichloroethene 

Tetrachloroethene 
4-MethyI-2-pentanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 

m- & p-xylene 
o-xylene 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 

Run 1 (ca. 20 L) 

T5032 

2340 

140 

5590 
130 

44.2 

28.9 

23.5 

TC5033 

9.96 
36 

144 

23.9 

699 

105 

24.8 

19.7 

Run 21 

T5034 

1120 
5.16 

144 

2070 
495 

38 

38.8 

315 

fca.l0L1 

TC5035 

Run 3 

T5036 

1160 
5.64 

11.9 

104 

24.8 
1680 

1210 
9.18 

29.6 

135 

11 

fca.5L) 

TC5Q37 

73.1 

71.6 

30000 

505 

88.9 

11 

322 

25.6 
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Table D-3 
Apparent Quantities of Volatile Organics Collected at 

the Outlet of the Unit 7 ESP 
(Data in ng) 

Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
1,1-Dichloroethene 

Acetone 
Methyl iodide 
Carbon disulfide-
Methylene chloride 
trans-l^-Dichloroethene 

1,1-Dichloroethane 
2-Butanone 
Chloroform 
1,1,1-Trichlorethane 
Carbon tetrachloride 

Benzene 
1,2-Dichlorethane 
Trichloroethene 
1,2-Dichloropropane 

Bromodichloromethane 

cis-13-Dichloropropene 
2-Hexanone 
Toluene 
trans-13-Dichloropropene 
1,1,2-Trichloroethene 

Tetrachloroethene 
4-Methyl-2-pentanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 

m- & p-xylene 
o-xylene 
Styrene 
Bromoform 
l,lA2-Tetrachloroethane 

Run 1 (ca. 20 L) 

T5016 

1990 

123 

27.8 

19.6 

257 

45.2 

22.7 

185 

TC5017 

44.4 

195 
100 
36.4 
26.8 

• 

76.9 

10.7 

30.8 

295 

Run 21 

T5018 

84.1 

25.9 

102 

36.8 

'ca.lOL') 

TC5019 

39 

122 
7 

17.4 

58.9 

8.69 

45 

22.3 

17.7 

Run 3 
T5020 

313000 
291 

1240 

7490 

1800 

79.6 

24.6 

6.93 

5.63 

[ca.5L) 

TC5021 

37.6 

27.6 

1280 
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Table D-4 
Apparent Quantities of Volatile Organics Collected at the Stack 

(Data in ng) 

Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
1,1-Dichloroethene 

Acetone 
Methyl iodide 
Carbon disulfide 
Methylene chloride 
trans-l,2-Dichloroethene 

1,1-Dichloroethane 
2-Butanone 
Chloroform 
1,1,1-Trichlorethane 
Carbon tetrachloride 

Benzene 
1,2-Dichlorethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 

cis-l,3-DichIoropropene 
2-Hexanone 
Toluene 
trans-13-DichIoropropene 
1,1,2-Trichloroethene 

Tetrachloroethene 
4-MethyI-2-pentanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 

m- & p-xylene 
o-xylene 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 

Runl(ca .20L) 

T5048 

28 

302 

26.9 
70300 

273 
59.7 
14.4 

257 
28.6 

145 
82.9 

196 

482 
631 

127 
111 

54.8 
97 

TC5049 

19 

22 

30000 

59.2 

14.6 

355 

28.2 

Run 21 

T5050 

225 

189 

22.3 

126 

58.8 

41 

19.7 
22.8 

325 
123 

tea. 10 L) 

TC5051 

38.6 

13.4 

48.8 

55.8 

13.8 

315 

Run 3 

T5052 

223 

70.1 

145 

472 
66.8 

95.9 

583 

312 

12.9 
10.4 

rca.5L) 
TC5053 
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APPENDIX E BAILLY MASS BALANCES EXAMPLE CALCULATION 

This example uses the testing performed on September 3,1993, as the basis for the example 
calculation. First the mass flow of the input and output streams are calculated, then the 
mass balance for a single element, cobalt in this case, is calculated. Table E-l displays the 
gross flows for the day, while Table E-2 shows the cobalt balance for this day. Table E-3 
presents the measured concentrations for cobalt in the input and output streams. 

The philosophy used to make mass balances in this report is to assume that there exists a 
single flow for each stream that represents a pseudo-steady state operation of the power 
plant. Because of storage capacities in the plant, there can be errors in using measured 
flows without knowing the rate of change of various levels in storage tanks, bunkers, and 
other equipment. Gross material balances, single phase material balances, and elemental 
material balances are all used in calculating the plant flow conditions. Where the flows are 
consistent, measured flows are used in the material balances. If obvious errors exist, other 
measured flows are used in the material balances. In a few cases, intelligent guesses of flow 
rates are made, such as the sluice water flow. 

E.1 Gross Material Balances 

E.1.1 Unit 8 Boiler 

The Unit 8 boiler balance includes coal, makeup water, and combustion air as input streams 
and flue gas and bottom ash as output streams. 

E.l.1.1 Coal Flow Rate 

The coal flow rate is taken from the plant data acquisition system. Table 3-3 presents the 
data taken from the plant, and the coal feed rate is listed on Sheet 6, with units of thousand 
pounds per hour. The average for the test period is 308.5 klb/hr. 

308.5 klb 

hr 

1000 lb 

klb 

0.454 kg 

l i b 

l h r 

60 min 

1 min 

60 sec 

E. 1.1.2 Combustion Air 

The combustion air calculation is performed on the coal flow rate above with the furnace 
exit oxygen as reported in Table 4-5 as 5.4% (average of 5.5 and 5.3). That calculation can 
be performed using Combustion Engineering's Steam, or any combustion handbook, and will 
not be repeated here. The combustion air result is 430 kg/s. 
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Table E-1 
Bailly Mass Balance for Total Flows 

Data for September 3,1993 

Process 
Stream 

Solid, 
kg/s 

Liquid, 
kg/s 

Gas, 
kg/s 

Total, 1 
kg/s R 

UNIT 8 BOILER g 
in 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

Closure, % 
UNIT8ES 

In 
Out 

38.9 

1.46 
2.59 

4.16 
430 

438 

38.9 | 
430 | 

4.16 
439 
2.59 
93.4 

-> 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

1.46 
1.44 

0.0173 

438 

499 

439 
1.44 
499 
114 

CONDENSER 
In 

Out 
Inlet Water 
Outlet Water 

Closure, % 
BOTTOM ASH SLUICE 

In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

Closure, % 

2.59 

2.59 

11600 
11600 

25.9 
25.9 

— — 

11600 
11600 

100 

2.59 
25.9 
28.4 
100 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

Closure, % 

38.9 

2.59 
1.44 

0.0173 

4.16 
25.9 
25.9 

430 

499 

38.9 
430 

4.16 
25.9 
28.4 
1.44 
499 
106 

FLUE GAS MIXING 
in 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

Closure, % 

0.0145 
0.0173 
0.0318 

281 
499 
780 

281 
499 
780 

100.0 
OVERALL AFGD SYSTEM BALANCE 

In 

Out 

Flue Gas 
Limestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

Closure, % 

0.0318 
6.81 

0.0207 
9.11 

84.7 

9.90 

780 

8.69 
806 

780 
6.81 
84.7 
8.69 
806 

9.11 
9.90 
93.7 
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Table E-2 
Bailly Mass Balance for Cobalt 

Data for September 3,1993 

Process 
Stream 

Solid, 
mg/s 

Liquid, 
mg/s 

Gas, 
mg/s 

Total, 1 
mg/s | 

UNIT 8 BOILER | 
In 

Out 

Average oi 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

91.3 

46.8 
63.1 

0.00416 
0.0280 

f Daily Closures, % 
Closure of Average Flows, % 

91.3 1 

0.00416 
46.8 
63.1 
120 
120 I 

UNIT 8 ESP 
In 

Out 

Average oi 

Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

46.8 
58.8 

0.0315 

0.0280 

0.0252 
f Daily Closures, % 

Closure of Average Flows, % 

46.8 
58.8 

0.0567 
126 
126 

CONDENSER 
In 

Out 
Average o 

Inlet Water 
Outlet Water 

11.6 
11.6 

f Daily Closures, % 
Closure of Average Flows, % 

11.6 
11.6 
100 
100 

BOTTOM ASH SLUICE 
In 

Out 
Average oi 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

63.1 

63.1 
0.0259 
0.0259 

f Daily Closures, % 
Closure of Average Flows, % 
BOILER C 

In 

Out 

Average o 

63.1 
0.0259 

63.1 
100 
100 

VERALL BALANCE 
Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

91.3 

63.1 
58.8 

0.0315 

0.00416 
0.0259 
0.0259 

0.0252 
f Daily Closures, % 

Closure of Average Flows, % 

91.3 

0.00416 
0.0259 

63.1 
58.8 

0.0567 
134 
134 

Italics indicate numbers derived from non-detectable concentrations. 
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Table E-2 (Continued) 
Bailly Mass Balance for Cobalt 

Data for September 3,1993 

Process 
Stream 

Solid. 
mg/s 

Uquid, 
mg/s 

Gas, 
mg/s 

Total, | 
mg/s 1 

FLUE GAS MIXING | 
In 

Out 
Average oi 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

0.459 
0.0315 
0.491 

0.0242 
0.0252 
0.0494 

f Daily Closures, % 
Closure of Average Flows, % 

0.484 | 
0.0567 
0.540 

100 
100 I 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Average oi 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.491 
2.65 

0.0517 
1.37 

> 

0.0847 

0.650 

0.0494 

0.0235 

f Daily Closures, % 
Closure of Average Flows, % 

0.540 
2.65 

0.0847 

0.0752 
1.37 

0.650 
63.8 
63.8 

Italics indicate numbers derived from non-detectable concentrations. 
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Table E-3 
Bailly Cobalt Concentrations for 9/3/93 

Process 
Stream 

Solid, 
ug/g 

Uquid, 
ug/ml 

Part, in Gas, 
ug/Nm3 
@3%02 

Vapor in Gas 
ug/Nm3 

@3%02 
UNIT 8 BOILER 

In 

Out 

Coal 
Combustion Air 
Makeup Water 
Flue Gas 
Bottom Ash 

2.35 (6-3) 

24.4 (6-6) 

<0.002 (6-14) 
167 (6-21) <0.20 (6-21) 

UNIT 8 ESP 
In 

Out 
Flue Gas 
ESP Hopper Ash 
Flue Gas to AFGD 

40.8 (6-7) 
167 (6-21) 

<0.20 (6-26) 

<0.20 (6-21) 

0.08 (6-26) 
CONDENSER 

In 
Out 

Inlet Water 
Outlet Water 

<0.002 (6-12) 
<0.002 (6-13) 

BOTTOM ASH SLUICE 
In 

Out 

Bottom Ash 
Sluice Return 
Bottom Ash Sluice 

24.4 (6-6) 

24.4 (6-6) 
<0.002(6-15) 
< 0.002 (6-16) 

BOILER OVERALL BALANCE 
In 

Out 

Coal 
Combustion Air 
Makeup Water 
Sluice Return 
Bottom Ash Sluice 
ESP Hopper Ash 
Flue Gas to AFGD 

2.35 (6-3) 

24.4 (6-6) 
40.8 (6-7) 

<0.002(6-14) 
<0.002(6-15) 
<0.002(6-16) 

<0.20 (6-26) 0.08 (6-26) 
FLUE GAS MIXING 

In 

Out 

Unit 7 Flue Gas 
Unit 8 Flue Gas 
Flue Gas to AFGD 

2.66 (6-31) 
<0.20 (6-26) 

0.14(6-31) 
0.08 (6-26) 

OVERALL AFGD SYSTEM BALANCE 
In 

Out 

Flue Gas 
Umestone 
Service Water 
Compressed Air 
Stack Flue Gas 
Gypsum 
Wastewater 

0.390 (6-44) 

<0.30 (6-45) 

<0.002 (6-48) 

0.0657 (6-51) 

0.11 (6-57) <0.10(6-57) 
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E.l.1.3 Makeup Water 

The makeup water flow rate is taken from the plant data acquisition system, as presented 
in Table 3-3, Sheet 6. The rate is given as gallons per minute, and the average for the 
testing period was 65.9 gpm. 

65.9 gal 

min 

1 min 

60 sec 

8.33 lb 

lgal 

0.454 kg 

l i b = 4.15 kg/s 

E. 1.1.4 Flue Gas 

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4 
through 4-7. The total flow is reported in Table 4-4 as 594 kdscfm (average of 592 and 596). 
The oxygen concentration is reported in Table 4-5 as 5.4% (average of 5.5 and 5.3). The 
water content of the flue gas was measured as 10.25% (average of 10.0 and 10.5) from 
Table 4-6. 

594,000 dscf 
@ 3 % 0 2 

(20.9-3) 
dscf @ 5.4 % 

1 min 100 scf INm3 

mm (20.9-5.4) 
dscf @ 3% 

60 sec (100-10.25) dscf 35.31 scf 

10001 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 

29.19 g 

1 g mole 

1kg 

1000 g = 438 kg/s 

The molecular weight was calculated from the composition of the flue gas using 0 2 and C02 
from Tables 4-5, and the H20 from Table 4-6. 

The particulate flow rate is calculated from the measured flue gas flow rate, 280 Nm3/sec 
(average of 279 and 281), and the measured fly ash loading. Table 4-7 lists the particulate 
loading for the Unit 8 ESP inlet on 9/3/93 as 4.506 g/Nm3 (average of 4.556 and 4.455). 

280 Nm3 

sec 

4.506 g 

Nm3 

(20.9-3) m3 @ 5.4% 0 2 

(20.9-5.4) m3 @ 3% 0 2 

l kg 

1000 g = 1.46 kg/sec 
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E.l.1.5 Bottom Ash 

The bottom ash flow rate is calculated by difference from the flow rate of particulates into 
the ESP and the ash entering with the coal. The coal analysis is shown in Table 6-1, and 
the ash content is 10.4%. The fly ash is assumed to be completely ash, although the hopper 
ash does contain a few percent of carbon. 

38.9 kg coal 

sec 

10.41 kg ash 1.46 kg fly ash 
~~~~ ~~ - = 2.59 kg/s bottom ash 
100 kg coal sec 

E. 1.1.6 Closure 

The closure is defined as output divided by input expressed as a percentage. The sum of 
inputs, coal plus air plus makeup water, equals 473.1 kg/s. The sum of the outputs, flue gas 
plus particulates plus bottom ash, is 442.0 kg/s. 

442.0 kg/s output 

473.1 kg/s input 

E.1.2 Unit 8 ESP 

100 percent 
= 93.4 percent 1.0 fractional 

The Unit 8 ESP balance consists of flue gas into the ESP as the input and flue gas out of 
the ESP and ESP hopper ash as the output streams. 

E.l.2.1 Flue Gas In 

The flue gas in is the same as the flue gas out of the boiler system, 438 kg/s flue gas with 
1.46 kg/s fly ash. 

E.l.2.2 Flue Gas Out 

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4 
through 4-7. The total flow is reported in Table 4-4 as 668 kdscfm (average of 655 and 681). 
The oxygen concentration is presented in Table 4-5 as 5.7%. The water content of the flue 
gas was measured as 9.35% (average of 9.3 and 9.4) from Table 4-6. 

E-8 



668,000 dscf 
@ 3% 0 2 

(20.9-3) 
dscf @ 5.7% 

1 min 100 scf INm3 

mm (20.9-5.7) 
dscf @ 3% 

60 sec (100-9.35) dscf 35.31 scf 

10001 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 

29.27 g 

1 g mole 

l k g 

1000 g 499 kg/s 

The molecular weight was calculated from the composition of the flue gas using 0 2 and C02 
from Tables 4-5, and the H20 from Table 4-6. 

The particulate flow rate is calculated from the measured flue gas flow rate, 313 Nm3/sec 
(average of 309 and 321), and the measured fly ash loading. Table 4-7 lists the particulate 
loading for the Unit 8 ESP outlet on 9/3/93 as 0.0467 g/Nm3 (average of 0.0145 and 0.0789). 

315 Nm3 

sec 

0.0467 g 

Nm3 

(20.9 -3) Nm3 @ 5.7% 0 2 

(20.9-5.7) Nm3 @ 3% 0 2 

l k g 

1000 g = 0.0173 kg/s 

E.l.2.3 ESP Hopper Ash 

The ESP hopper ash flow rate is calculated by difference from the flow rate of particulates 
into the ESP and the fly ash leaving the ESP. 

1.46 kg fly ash 0.0173 kg fly ash 

sec sec 
= 1.44 kg/s bottom ash 
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E.l.2.4 Closure 

The closure is defined as output divided by input expressed as a percentage. The sum of 
inputs, flue gas plus particulates, equals 439.5 kg/s. The sum of the outputs, flue gas plus 
particulates plus ESP hopper ash, is 490.3 kg/s. 

500.5 kg/s output 

439.5 kg/s input 

100 percent 

1.0 fractional 
114 percent 

E.13 Unit 8 Condenser 

The condensers are assumed to be not leaking, and the input flow equals the output flow. 

E.l.3.1 Condenser Inlet 

The cooling water flow through the condensers is calculated by assuming that the condensate 
flow on the steam side has to transfer the latent heat of vaporization from the steam to the 
cooling water. The cooling water temperature change can be found from the Unit 8 plant 
data. The inlet cooling water temperature is recorded as 72.9 °F and the outlet cooling 
water temperature was recorded as 95.6 ° F, for a delta of 22.7 ° F. The condensate flow was 
recorded as 2097.8 klb/hr. 

2,097,000 lb Cd 

hr 

l h r 

3600 s 

1000 Btu 
Cd 

l l b C d 22.7 °F 

l i b °F 

lBtu 
CW 

0.454 
CW 

l i b 
CW 

= 11,650 kg/s 

E.l.3.2 Condenser Outlet 

The condenser outlet is assumed to be equal to the inlet flow of 11,650 kg/s. 

E. 1.3.3 Closure 

Since the inlet equals the outlet, the closure is 100% by definition. 

E.1.4 Bottom Ash Sluice 

E.l.4.1 Bottom Ash 

The bottom ash flow rate is calculated above as 2.59 kg/s. 
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E.l.4.2 Sluice Return 

The sluice return is the water that is used to carry the bottom ash to the pond. It is 
assumed to be 10 times the mass of the bottom ash, from collected samples and observations 
of the process. Therefore, the sluice return is 25.9 kg/s. 

E.l.4.3 Bottom Ash Sluice 

The bottom ash sluice is the two phase flow that is sent to the pond. It is assumed that the 
solids from the bottom ash and the water do not appreciably affect each other. Therefore, 
the bottom ash sluice is assumed to be 28.49 kg/s (2.59 kg/s solids plus 25.9 kg/s water). 

E.l.4.4 Closure 

The closure, by definition, is 100%. 

E.1.5 Boiler Overall Balance 

E.l.5.1 Balance 

The boiler balance is taken as the sum of the inputs: coal, air, makeup water, and sluice 
return. The inputs equal 498.96 kg/s. The outputs, bottom ash sluice, ESP hopper ash, and 
flue gas, equals 528.93 kg/s. 

E. 1.5.2 Closure 

528.93 kg/s output 

498.96 kg/s input 

100 percent 

1.0 fractional 
106 percent 

E.1.6 Flue Gas Mixing 

E.l.6.1 Unit 7 Flue Gas 

The flue gas was measured in the Method 5-type trains, and is summarized in Tables 4-4 
through 4-7. The total flow is reported in Table 4-4 as 366 kdscfm. The oxygen 
concentration is presented in Table 4-5 as 6.2%. The water content of the flue gas was 
measured as 8.8% (average of 8.2 and 9.4) from Table 4-6. 
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366,000 dscf 
@ 3% 0 2 

(20.9-3) 
dscf @ 6.2 % 

1 min 100 scf INm3 

mm (20.9-6.2) 
dscf @ 3% 

60 sec (100-8.8) dscf 35.31 scf 

10001 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 

29.29 g 

1 g mole 

l k g 

1000 g = 281 kg/s 

The molecular weight was calculated from the composition of the flue gas using 0 2 and C02 
from Tables 4-5, and the H20 from Table 4-6. 

The particulate flow rate is calculated from the measured flue gas flow rate and the 
measured fly ash loading. Table 4-7 lists the particulate loading for the Unit 8 ESP outlet 
on 9/3/93 as 0.0689 g/Nm3 (average of 0.0698 and 0.0679). 

173 Nm3 

sec 

0.0689 g 

Nm3 

(20.9 -3) Nm3 @ 6.2% 0 2 

(20.9-6.2) Nm3 @ 3% 0 2 

l k g 

1000 g 0.0145 kg/s 

E.l.6.2 Unit 8 Flue Gas 

The Unit 8 ESP outlet flue gas flow rates are calculated above: 499 kg/s of flue gas carrying 
0.0173 kg/s of fly ash. 

E.l.6.3 Flue Gas to AFGD 

The flue gas to the AFGD is assumed to be the algebraic sum of the two inlet streams. The 
sum is: 780 kg/s of flue gas carrying 0.0318 kg/s fly ash. 

E. 1.6.4 Closure 

The closure is 100%, by definition. 
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E.1.7 Overall AFGD Balance 

E.l.7.1 Flue Gas Input 

The flue gas input calculated above is 780 kg/s flue gas carrying 0.0318 kg/s fly ash. 

E. 1.7.2 Limestone 

The limestone is calculated from a calcium balance around the AFGD. The calcium content 
of the gypsum exiting the AFGD is 28.4% as reported in Table 6-45. The calcium content 
of the limestone is 38.0% as reported in Table 6-44. The gypsum flow rate of 9.08 kg/s is 
calculated in a following section, in E. 1.7.6. 

9.08 kg gypsum 

sec 

28.4 kg Ca 

100 kg gypsum 

100 kg limestone 

38.0 kg Ca = 6.79 kg/s limestone 

E.l.7.3 Service Water 

The service water used in the AFGD system is taken from the plant data. Table 3-4, 
Sheet 6, lists total water to facility as 1350 gpm. 

1350 gal 

min 

1 min 

60 sec 

8.33 lb 

lgal 

0.454 kg 

l i b 85.09 kg/s 

E.l.7.4 Compressed Air 

The compressed air is taken from the AFGD data in Table 3-4. Sheet 6 lists air to FAS and 
air to ARS as 7268 scfm and 7997 scfm, respectively. 

15,265 dscf 1 min INm3 

mm 60 sec 35.31 scf 

10001 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 

28.83 g 

1 g mole 

l k g 

1000 g = 8.64 kg/s 
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E.l.7.5 Stack Flue Gas 

The flue gas was. measured in the Method 5-type trains, and is summarized in Tables 4-4 
through 4-7. The total flow is reported in Table 4-4 as 9% kdscfm average of 1026 and 
965). The oxygen concentration is presented in Table 4-5 as 6.3%. The water content of 
the flue gas was measured as 15.55% (average of 15.1 and 16.0) from Table 4-6. 

996,000 dscf 
@ 3% 0 2 

min 

10001 

INm3 

(20.9-3) 
dscf @ 6.3 % 

(20.9-6.3) 
dscf @ 3% 

1 g mole 

22.4 Std. 1 

1 min 

60 sec 

(460+32)R Std. 1 

(460+68 )R Nor. 1 

100 scf 

(100-15.55) 
dscf 

28.41 g 

1 g mole 

INm3 

35.31 scf 

l kg 

1000 g 806.6 kg/s 

The molecular weight was calculated from the composition of the flue gas using 0 2 and C02 
from Tables 4-5, and the H20 from Table 4-6. 

The particulate flow rate is calculated from the measured flue gas flow rate and the 
measured fly ash loading. Table 4-7 lists the particulate loading for the Bailly stack on 
9/3/93 as 0.0270 g/Nm3. 

469.5 Nm3 

sec 

0.0360 g 

Nm3 

(20.9 -3) Nm3 @ 6.2% 0 2 

(20.9-6.3) Nm3 @ 3% 0 2 

l k g 

1000 g = 0.0207 kg/s 

E.l.7.6 Gypsum 

The gypsum exiting the AFGD system is calculated from a sulfur balance around the system. 
The S02 inlet concentration is taken from Table 3-4, Sheet 2, as 2184 ppm (assumed to be 
dry). The exit S02 is also taken from Table 3-4, Sheet 3, as 167 ppm dry. The sulfur flow 
rate into the scrubber is calculated below. Unit 7 supplies 366 kdscfm at 6.2% 0 2 and 
Unit 8 supplies 668 kdscfm at 5.7% 02. The sum is 1034 kdscfm at 5.88% 02 . 
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1,034,000 dscf 
@ 3 % 0 2 

min 

(20.9-3) 
dscf @ 6.3 % 

(20.9-5.88) 
dscf @ 3% 

1 min 

60 sec 

100 dscf 

(100-9.15) scf 

2184 scf 
so2 

K^scf 

INm3 

35.31 scf 

1000 1 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 

64 

1 g mole 

l k g 

1000 g = 3.72 kg/s 

The sulfur flow rate out of the scrubber is calculated below. The stack flow is 1026 kdscfm 
at 6.3% 02 . 

1,034,000 dscf 
@ 3 % 0 2 

min 

(20.9-3) 
dscf @ 6.3 % 

(20.9-6.3) 
dscf @ 3% 

1 min 

60 sec 

100 dscf 

(100-15.55) scf 

167 scf S02 

IO6 scf 

INm 3 

35.31 
scf 

10001 

INm3 

1 g mole 

22.4 Std. 1 

(460+32)R Std. 1 

(460+68)R Nor. 1 
64 
1 g mole 

l k g 

1000 g = 0.315 kg/s 

The captured S02 is 3.72 - 0.315 = 3.41 kg/s S02 or 1.71 kg/s of sulfur. Table 6-45 lists the 
sulfate content of the gypsum as 563000 ppm by weight, or 56.3%. The sulfur in the gypsum 
is equal to 56.3% * 32/96 = 18.77%. So, to capture the 1.71 kg/s of sulfur in the AFGD, 
1.71*100/18.77 = 9.11 kg/s gypsum are required. 

E. 1.7.7 Wastewater 

The wastewater flow is taken from the AFGD data summary. Table 3-4, Sheet 5, lists the 
average as 91.31 gpm for wastewater plus 65.48 gpm from the thickener underflow. 

156.8 gal 

min 

1 min 

60 sec 

8.33 lb 

Igal 

0.454 kg 

l i b = 9.88 kg/s 
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E. 1.7.8 Balance 

The sum of the inputs (flue gas, limestone, compressed air, and water) equals 880.6 kg/s. 
The sum of the outputs (stack flue gas, gypsum, and wastewater) equals 825.6 kg/s. 

E. 1.7.9 Closure 

825.6 kg/s output 

880.6 kg/s input 

100 percent 

1.0 fractional 
= 93.7 percent 

E.2 Cobalt Material Balance 

The cobalt mass balance is shown in Table E-2 (the same as Table 7-13). Table E-3 
contains the measured concentrations of cobalt in the process streams along with references 
to the Tables where they are presented. 

E.2.1 Solid Phases 

The solid concentrations are given in ppm by weight. The coal example is shown below. 

|38.9kgcoal 

sec 

2.35 kg Co 

IO6 kg coal 

IO6 mg Co 

l k g Co = 91.4 mg/s Co 

Solid 

Coal 

Bottom Ash 

ESP Hopper Ash 

Limestone 

Gypsum 

Mass Flow, kg/s 
Table E-l 

38.9 

2.59 

1.44 

6.81 

9.11 

Cone, /ig/g 
Table E-3 

2.35 

24.4 

40.8 

0.390 

0.15 

Co Flow, mg/s 
Table E-2 

91.4 

63.2 

58.8 

2.66 

1.37 
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E.2.2 Liquid Phases 

The liquid concentrations are given in ng P e r ml. The condenser inlet example is shown 
below. 

11,600 kg Cond In 

sec 

0.001 ng Co 

1 ml Cond In 

ltFml 
l k g 

1 mg Co 

1000 Mg Co 
= 11.6 mg/s Co 

Liquid 

Makeup Water 

Cond Inlet 

Cond Outlet 

Sluice Return 

Sluice Water 

AFGD Service H20 

Wastewater 

Mass Flow, kg/s 
Table E-l 

4.16 

11600 

11600 

25.9 

25.9 

84.7 

9.90 

Cone, /ig/ml 
Table E-3 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.0657 

Co Flow, mg/s 
Table E-2 

0.0042 

11.6 

11.6 

0.0259 

0.0259 

0.0847 

0.650 

E.2.2 Gas Phases 

The flue gas concentrations are given in Mg per Nm3 at 3% 02 . The flue gas exiting the 
Unit 8 boiler example is shown below. 

Solid Phase in the Flue Gas: 

280 Nm3 @ 3% 

sec 

167 Mg Co 

1 Nm3 @ 3% 

1 mg Co 

IO3 Mg Co 
= 46.8 mg/s Co 

Vapor Phase in the Flue Gas: 

280 Nm3 @ 3% 

sec 

0.10 Mg Co 

1 Nm3 @ 3% 

1 mg Co 

IO3 Mg Co 
= 0.0280mg/s Co 
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Flue Gas Stream 

Unit 8 ESP In 

Unit 8 ESP Out 

Unit 7 ESP Out 

AFGD In 

Stack 

Vol. Flow, Nm3 

at 3% 0 2 
Table 4-4 

280 

315 

173 

488 

469.5 

Solid Cone, 
Mg/Nm3 3% 0 2 

Table E-3 

167 

0.10 

2.66 

0.11 

Solid Co 
Flow, mg/s 
Table E-2 

46.8 

0.0315 

0.460 

0.4921 

0.0516 

1 Calculated from the sum of Unit 7 outlet and Unit 8 outlet. 

Flue Gas Stream 

Unit 8 ESP In 

Unit 8 ESP Out 

Unit 7 ESP Out 

AFGD In 

Stack 

Vol. How, Nm3 

at 3% 0 2 
Table 4-4 

280 

315 

173 

488 

469.5 

Vapor Cone, 
Mg/Nm3 3% 0 2 

Table E-3 

0.10 

0.08 

0.14 

0.05 

Vapor Co 
Flow, mg/s 
Table E-2 

0.0280 

0.0252 

0.0242 

0.04942 

0.0235 

2 Calculated from the sum of Unit 7 outlet and Unit 8 outlet. 
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APPENDIX F 
UNCERTAINTY ANALYSIS OF EMISSION FACTORS 

This analysis is based on the theory of error propagation as set forth in the 
publication "Uncertainty Analysis" by the American Society of Mechanical Engineers 
(14). This appendix first gives the relevant nomenclature, then the derivation of the 
pertinent mathematical relationships, and finally an example of the input data and the 
results for mercury. 

Nomenclature 

E = emission factor 
UE = uncertainty in emission factor 
pE = bias component in UE 

SE = imprecision component in UE 

fE = degrees of freedom in E 
p, = bias error in parameter i 
5, = sample standard deviation of parameter i 
N, = number of measurements of parameter i 
6, = sensitivity of E to a change in parameter i 
<a, = quotient of S/ N(

% 

i|/, = product of 6, and CD, 
t = Student T factor, defined by degrees of freedom in E 

Derivation 

The uncertainty in the calculated value of an emission factor E is given as 
follows: 

UE = [pE
2 + (SEt)2]* (1) 

where pE is a factor associated with bias in each of the experimental measurements, 
SEt is a factor associated with random errors in the measurements (as illustrated by 
the sample standard deviation), and t is Student's t factor, as defined for the factor E. 

Each pE term is a composite of similar terms for all of the parameters used in 
computing E. Consider the three parameters discussed in Section 7.3 that are 
combined for computing E: 
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C = stack concentration; 
V = ratio of flue gas flow rate to coal firing rate; 
H = the calorific value of the coal). 

The equation for combining these parameters is as follows: 

E = CV/H (2) 

Each of the three parameters, in principle, has associated with it a bias p,. Each of 
these parameters also has associated with it a term 6,, which is a measure of the 
sensitivity of E to a change in the parameter: 

6j = partial derivative of E with respect to the parameter in question (3) 

The definition of the composite term pE is then given by the following equation: 

pE = [2(p je,)
2
]
% (4) 

Similarly, each SE term is a composite of corresponding terms involving each 
parameter: 

SE = [S (tfc)
2
]* (5) 

where $■, is the product of the sensitivity factor, 6,, for each parameter, as defined 
above, and the term <av as defined under Nomenclature: 

*. = e* <■>! (6) 

The final term in Equation 1 that requires oomment is Student's t.which is 
assigned the appropriate value from the conventional tables once the number of 
degrees of freedom in E is calculated. The number of degrees of freedom fE is 
obtained from the following equation, which consists of terms already defined and the 
degree of freedom f, of each parameter: 

f E - f S E f / E f o . e M (7) 

In this report, the value of t selected is that corresponding the 95% confidence 
intervals. 
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Illustration 

The above concepts will now be illustrated in terms of the emission factor E for 
mercury, for which the relevant data (from the carbon sorption traps) are presented as 
follows: 

Mean value 
Std dev 

P 
N 
f 
e 
CO 

Metal concn, 
C (^/Nm3) 

3.52 
0.06 

Variable 
3 
2 
3.18 x10"7 

0.03 

Gas rate, 
V (NnrvVg coal) 

8.20 xlO"3 

0.70x10-* 
2.05 X10"4 

3 
2 
1.36 X10-4 

4.04 x 1 0 s 

Calorific value, 
H (J/g coal) 

25,809 
12 

645 
3 
2 

-4.34 x10-11 

6.93 

a) As the first assumption, let there be zero bias in the concentration: For the 
volume and calorific values, a bias of 2.5% is arbitrarily assumed for each term. 
Conceivably, assignment of a higher bias to the volume and a lesser bias to the 
calorific value would be justified, but any such shift would be further arbitrariness. 

The values of 8 and co are based on the mathematical definitions previously 
given and require no further comment. 

The intermediate derived quantities based on the above data are as follows: 

pE = 3.96x10-8Mg/J 

SE = 1.25x10-%g/J 

fE = 3 

t = 4.303 

Finally, there are the values of the emission factor and its uncertainty, 
corresponding the 95% confidence interval. These results are obtained initially, by 
direction calculation from the equations given here, in the units ^g/J. They are listed 
below, however, in the more customary units: 

E = 1.12 g/1012 J or 2.60 lb/1012 Btu 

UE = 0.066 g/1012 J or 0.16 lb/1012 Btu 

b) As the second assumption, let the bias in concentration be 2.5% 
(0.088 |ig/L). For this assumption: 

pE = 4.85x10-8
Jig/J 
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SE = 1.25 x 10-8 |ig/J (unchanged) 

fE = 3 (unchanged) 

t = 4.303 (unchanged) 

E = 1.12 x 10-* jig/J (unchanged) 

UE = 0.072 g/1012 J or 0.17 lb/1012 Eitu 

The assumed 2.5% bias in concentration changes the uncertainty factor (Ug) by 
9% (from 5.9% to 6.4% of the reported emission (E-)). 

c) As the third assumption, let the bias in concentration be 10% or 25%. The 
uncertainty U(E) at 10% bias is 11.6%, or at 25% bias it is 25.6% of E. Thus, the larger 
the bias in concentration at constant values of other uncertainty factors, the more 
nearly the percentage bias in concentration and the percentage bias in E coincide. 
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Appendix G1 
Preliminary Traverses and September 3 Tests 
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V'/ i <•■»_ <L ov 

9 

Plant/Location # 7 OUbJ**^ 
Operator h,'W 
Dale 9 - 3 - 1 3 

/ 

u S 

Tesl No/Run No. 
Meier Box ID /UHftt/- 3 
Gas Meier Cail Faelor l.%P\ 
Oiifice ID 
Oiifice Ml® l.fr"\ 

MEillOD 5 FIELD DATA 

Pilol Cbefficient Co .,ft3 
Nozzle ID. T d ? j ? 
Average Nozzle Dia., Inches . ^03 
Barometric Pressure; In. Ilg Sft.Jb 
Ambienl Temp., deg. F 7°)" 
Assumed Moisture. % 1.0 
Filter ID . 
Slack Pressure, ill. 1120 "7. 5~ 

1st Filler. 
Itak Rale, cfm. Pitlesl .ooo 
Lcakrale, cfm, Posl-lesl ^ Q | Oft* 
2nd Filler (If used): 
leak Rale. cfm. Prelesl 
Lcakrale, cfm Posl-lesl 

' 3 1 
GAS METER START, cf: S l l . e p f f 
START TIME U-CO 

GAS MEIER END. cf hV>?\S7 
END TIME ■ J k i H b 

Clock 
Time 

# * 

#•* 

»j& 

Travese 
Polnl 

Number 

% U ^ . 

A i 
c3 

?> 
4 

& i 
r3 
,1 

Sample 
Time 

1 / Al/V. 

\A 

W 

3&* 
MS 

1 * * 

3fc 

Vacuum 
In. Ilg 

\s 
3/0 
AX) 
£V, 
9o 
3 o 

3\) 

Slack 
Temp 
dec. F 

*i08' 

"30^1 

30^ 

> • 

3*S 

?>ts 

"W 

Pilot 
DP 

In. 1120 

U50 
J or , 

i F . V J U 

1.10 
.5T 
,5b 
.W 

,65 
. & 

Oiifice 
DH 

in. 1120 

\,5l 

,w 
, 5 * 
no 
. v ^ 
o^S 

Meter 
Vol 
cf 
1 3 7 

SA/p 

Stf.3 
^ **? J J " i* !

7
' 

■■'Sis.nr*^"' 

5 ^ 7 ^ 7 

S M M ^ 

SMA.53 
 : 5 M . !* 

Tempcia 

Probe 

#1 

3cT) 

AS' 
£?Sb 

£ » 
̂ a 
#n 

lures (dee. Fl 

Filler 

M 
3m 
£H 

r̂ MM 

£U 

<2S\ 

d$\ 

Sorb. 
Imp. 

Outlet 

1* 

B\ 
£5 

S^\ 
LO 
5H 

<51 

DGM 
i l l 

77 

%r 
^ 

$& 

t\* 
% 

<& 

DGM 
out 

Tfr 
7 7 

7P 
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85 
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r~~i 1 3 i 2 J o ^ ' o.S?

1 
Total Avg. Avg, 

II 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 3a.;ilif 
Stapling Location Xnlef UsiH#& 
Sot Up By Wi I V»> 
Conwents jXalUtliL, JkMffa .i^fafr 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Oate >ffafa 
Run Ho. _ 
Rut Oate 

/ 

Report Oate 

FILTERS USED 

Filter Ho. "TO I 3°[ 

Sorbent Trap No. 

Condenser Ho. 

Used 
(Yes/Ho) 

10 it 

Z.O n 
1.0 it 
0.5 n . 

CYCLONES 
Prepared Container 

(Ho.) 

IHPIHGER SOLUTIONS: Ini t ia l Final Gain 
Fi rs t 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

ML± 
*y.3 
M2.t> 

(olO.O q 

■f7£j2 9 
4*1b 

JZZ 3 

■gPi-2,3 
foD'-5 

tl3.to 
(o\\ a 
j?7ga 
M-yg-7 

AOJ./ 

_M^_ 
/ ' £ 
J^_ 
J^L 

iiL 

SILICA GEL WEIGHTS: Ini t ia l Final 

17L.0 7335 ^ ^ . ^ 

Totals 

JH ■T/K- 9 W 

COHMEHTS: 

Color of Silica Gel: ____^__ 
Description of Impinger Water: 

G5 



I CA »■ < —J> <» t "£ ■ 

Method 5 Field Data Continued. Dale gf/a* Location <?c/r ^ V Run No. * V A/ f 7 & ^ ; Operator <£+>< /7~ * 
Clock 
Time 
=£5^11 

Travese 
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Number 

Sample 
Time 
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iii. Hg 

Stack 
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deg. F 

Pilot 
DP 

in. H20 
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DH 
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Meter 
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cf 
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Probe 
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Filter Sorb. 
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out 
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MEIHOD 5 FIELD DATA 

O 
i 

-NI 

Plant/Location 
Operator ^/C/cC / T 
D a l e ^ { ? / o ? / < ? * 
Test No./Run No. MefeCt. 
Meter Box ID J_ 

Pilot Coefficient, C|) 
Nozzle ID. 

V 

Gas Meier Cat Factor 
Oiifice ID 
Oiifice DH<8> 

Average Nozzle Dia., Inches ^*\e\'^' 
Daitimeliic Pressure, In. Ilg Z^.'Hf 
Ambient Temp., deg. F _ 
Assumed Moisture, % 
Filler ID 
Slack Pressure, hi. 1120 

TH*/* 

1st Filler: <*-> 
leak Rale, cfm. Prelesl S_ .^^y^,^ 
Lcakrale, cfm, Posl-lesl </ o ■*&/«*. 
2nd Filler (if used); ' ' * 
leak Rale, cfm Prelesl 

/< 

Leakrale, cfm. Posl-lesl 

GAS METER START, cf: ^ & ^ f ^ 
START TOPS a 9 ^ 1 

GAS MEIER END, cf -> ~? *> , "7 / 
EM TIME ■ / 1a*j 

/ Mini's 
Clock 
Time 

Travese 
Polnl 

Number 

Sample 
Time 

Vacuum 
In. Hg 

j 
i 

cy 

Slack 
Temp 
deg. F 

ffrss 
J& 

" f
j6£ 

Pilot 
DP 

hi. 1120 

0 
s"^ 

l ^ 
s <& 

Oiifice 
Dll 

ill. 1120 

4^ 
- !A 

;*i 

Meter 
Vol 
cf 

V 
n 

he 
r ■ ■ ■ 

5 

Tempera 

Probe 

lures (deg. Fi 

Filler Sorb. 
Imp. 

Oullel 
DGM 
to 

DGM 
o u l 

Cth 

Total Max Avg. Avg scut Avg. 
1 ' 'j53 'cvm1 0A\\ 

Total Ave. Avg. Max Max. Avg. Avg. 
1 I I I I I 
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Run No. //&7ftC£f 
Meter 

VoL 
cf 

5 / 3 ^ 0 

3 7 7 - T ^ 

3UWF 

3 ^ 
3^f-7Z£ 

3ff2^S 

*&&<&& 
&07.2&Z 

4ft*W5 
WsZ 

^ZS790 
tZ?6+ 
v$r* ?2o 

f3f.£6ST| 

Tempera 

Probe 

zz/ 
z / £ 
2 2 / 

ZJ7 

ZZO 
ZJDZ 

•Z«f 
Z.2o 
z$s 
2/f 

Operator t*&> 
tures (deg. F) 

Filter 

2 ^ 3 
ZX*o 
26>2> 

2 6 3 

Z&f 
2& 
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MASS TRAIN OPERATIO 8 Out dpPITOT dPORI dpPITOT dP ORI 

GAS ANALYSIS - 02 : 
C02: 
H20: 

AMB PRESS, in Hg : 
STACK dP, in H20 : 
Enter Gas vel., fps 
orAVGSQRROOTd : 
MINIMUM PITOT dPx : 
dP INCREMENT \ 

6.3 
12.5 
7.0 

29.26 
7.5 

1.01 
0.50 

0.050 

STACK GAS TEMP. F 
GAS METER TEMP, F 

PITOT CONSTANT : 
ORIFICE CONSTANT 
Nutech 1 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 

0.46 
0.50 
0.55 
0.60 
0.64 
0.69 
0.73 
0.78 

1.28 
1.33 
1.38 
1.42 
1.47 
1.51 
1.56 
1.61 
1.65 
1.70 
1.74 
1.79 
1.84 
1.88 
1.93 
1.97 
2.02 
2.06 

Outlet 8 metals train operation 

) 



MASS TRAIN OPERATIO 

GAS ANALYSIS - 02 : 
C02: 
H20: 

AMB PRESS, in Hg : 
STACK dP. in H20 : 
Enter Gas vel., fps 
orAVGSQRROOTd : 
MINIMUM PITOT dP : 
dP INCREMENT 

STACK GAS TEMP, F : 
GAS METER TEMP, F : 

PITOT CONSTANT : 
ORIFICE CONSTANT : 
Nutech 4 S 
NOZZLE DIA, in : 
SYSTEM FLOW, acfm : 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

Inlet 8 

6.3 
12.5 
7.0 

29.36 
-20.0 

1.09 
0.50 

0.050 

332 
90 

0.81 
1.87 

0.192 
0.891 

1.18 
0.5418 

100 
184.58 
3.0763 

24 
7.6907 

8 . 

dp PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 

_ 1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

104.0 

9/3/93 

dPORI 

0.42 
0.46 
0.50 
0.54 
0.58 
0.62 
0.66 
0.71 
0.75 
0.79 
0.83 
0.87 
0.91 
0.96 
1.00 
1.04 
1.08 
1.12 

dp PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

predicted vol. 
nozzle T39 s 

Inlet metals train operation 

dPORl 

1.16 
1.20 
1.25 
1.29 
1.33 
1.37 
1.41 
1.45 
1.50 
1.54 
1.58 
1.62 
1.66 
1.70 
1.74 
1.79 
1.83 
1.87 

I f 2" . 
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MEillOD 5 FIEIJ) DATA 

Q 

rimi •'ifirniimi n i | i  Mpro 
Operator CAil ^* 
Dale 9393> 
Tesl No./Run No. r/vlrK t 
Merer Box ID It16 

Pitol Coefficient, Cp . # ? 
Nozzle ID. g/-k»/^ 2< 

Gas Meier Cat Factor 
Oiifice ID 
Oiifice Dli-S* 

Average Nozzle Dia., Inches .Z$S 
Daromeliic Pressure, In. Ilg a^j &fc> 
Ambient Temp., deg. F _22 
Assumed Moisture, % /fj 
Filler ID 
Slack Pressure. In. 1120 . 7 

1st Filler. t / 
leak Rale. cfm. Prelesl ,_£?. eft* @ ' * '? 
Lcakrale. cfm. Posl-lesl.g«5cfi* ps"ff 
2nd Filler (if used): 
leak Rale, cfm Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: a6o. 08 
START TIME S^S^r 9 'at 

GAS MEIER END. cf Z%7. t Z 
END TIME ■ 1533 

Clock 
lime 

ToZ 

9 *z 
9:3* 

J:47 

iOOZ. 

WH 

\o5z 

Ti*avese 
Pohi l 

N u m b e r 

f - l 

- 2 r 

'-4 
/- z 

f - 3 

13 
- 2 r 

~Z 

Sample 
Time 

O 
2 © 

Sty 
30 

AJ5 

SO 

7 5 

fO 

Vacuum 
In. Ilg 

— 

3.Z 

3 . 3 

?.$ 
%A 
Z.6> 

zS 

Slack 
Temp 
(leg. F 

\3\ 

/3I 

\30 

V? 

\79' 

iZS 

i2Q 

Plbt 
DP 

hi. 1120 

.36 

,36 

> 36 

.3X 

.36 

.Zg 

,?o 

Oiifice 
Dll 

hi. 1120 

loT 

\.o7 

\ .07 

i.\3 

l . o t 

•$3 
.&1 

, Meier 
Vol 

o&ood 

073.33 

O&O.C& 

o90.Z\ 

019. 16 

\o7. \6 

HA.Z2 

Tempera 

Probe 

I 98 

Z39 

PS 3 

2 5 7 

2& 
Z?4 

Z1Z. 

lures (dec. F) 

Filler 

2342. 

ZSi 

zM 
z& 
ZBS 

2 5 ? 

1*9 

Sorb. 
Imp. 

Outlet 

*B 
7 ^ 

49 
5\ 

R3 

S3 

DGM 
hi 

TO 

76 

76 

78 

78 

76 

T6 

DGM 
out 

7 0 

7& 

7 0 

71 

r( 

rz. 
7 2 . 

Total Max Avg. Avg sail Avg. 
I I I ^ I 0 > \ I ]loo\i 

Total Avg. Avg. Max. Max. Avg. Avg. 

73 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

St/ /// 
Sampling Location Qnf le. f LOKJ} & 
Plant 

Rut No. 
Set Up iN^LCChux, 

Comnents MH'pk, H<&b 
_ ^ _ _ _ _ Date 0l/o3h3 
I AoiA m gc-% Uz.02. adciel h 

Analyst Responsible for Recovery 
Calculations & Report RevietMd Oy 

Run Date 

Report Date 

FUJl^S USED 

Filter Ho. 3 Q ' ^ 

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 a 

CYCLONES 
Prepared Container 

(No.) 

5 a. 
2.0 u 
1.0 a. 
0.5 u 

1HPIHGER SOLUTIONS: 
First 

Initial Final Gain 

atxxt L Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

648.5 U&&*t 
^s.zS&r<r!*xr 

_ZEEZ 
S92.S 
JMU£L 

JL£±A_ 
6>W79 

•va-7-a 
Z8°> fo 
W?Z 
WQ -5 

' !i 2,7 
/.<7 
*.7 
.*w 
*.fT 

■ — 

SILICA GEL WEIGHTS: Initial Final 

2S2. 7 9*fe , 5 53/fl 

Totals 

atfr/ -rari>i<-

COMHENTS: 
Color of Silica Gel: 
Description of Impinger Water: 

Vi. 3*(+ &** ^t A-e ff,^J,^ ^ )^> -e. ^ . ^ 5 »~; th J 

\ 
G-12 



Ytt ^ t 2. *>\-

O 
i 

—i. 
03 

I0D5 

Plant/Location ^AmV 
Operator CAil 
Dale 9-3- 9Z 
Test No./Run No. r/vlrK f 
Meter Box ID 71-/6 
Gas Meter Cat Factor 
Oiifice ID _ 
Oiifice DHS* 

MBI1I0D 5 FIEIJ) DATA 

Pilot Coefficient, Cp .&Q 
Nozzle ID. gflAf/^ 2 ' 
Average Nozzle Dia., Inches . Z5& 
Daiximeliic Pressure, in. Ilg a<i afc> 
Ambienl Temp., deg. F J22 
Assumed Moisture, 55 Ifj 
Filler ID 
Slack Pressure, hi. 1120 . 7 

1st Filler. 
leak Rale. cfm. Prelesl . £ * c(h @ ^ ? 
Lcakrale. cfm. Posl-lesl .o\Sc^pJ>'"^ 
2nd Filler (if used): 
leak Rale, cfm Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: q6r>. 08 
START TIME &~£r 9 - o g 

GAS MEIER END. cf z57.il. 
END TIME • ; J 5 ? 3 

Clock 
Time 

V-oZ\ 

9ZZ 

9:3Z 

1^7 

tO-OZ 

\o-H 

to3Z 

Travese 
Pohil 

Number 

££* 
I - I 

^ 

''4 
/- 2 

i-3 

1-3 
•-er 
-3-

Sample 
Time 

O 

So 

As 
<9&~ 

SO 

75 

fO 

Vacuum 
hi. Ilg 

— 

3. Z 

3.3 

?.f 
3.4 
Z.6 

z£ 

Slack 
Temp 
(lea. F 

\3\ 

/3I 

\30 

\z9 

\79-

(Z$ 

12$ 

Pilot 
DP 

hi. 1120 

.36 

<36 
,36 

■ 38 

.36 

.z& 
.30 

Oiifice 
Dll 

hi. 1120 

loT 

j.or 

1.07 

1-13 

l.oY 

• d? 
.£>*) 

, Meter 
VoL 
cf 

060 • 08 

o73, 3 3 

O&o^CS 

n9£>.Z\ 

tOi9. 16 

io7. 16 

HA.Z2 

Tempera 

Probe 

i90 

23? 

P.53 
2 5 7 

25& 
ZzA 

Z1Z-

lures (deg. F) 

Filler 

ZAZ. 

ZSi 

7>JS4 

z$S 

ZR5 

ZSI 

1*9 

Sorb. 
Imp. 

Outlet 

*8 
J6 
4? 
51 
S3 

*>3 

DGM 
hi 

ro 

76 

76 

7$ 
78 

r6 

76 

IXiM 
out 

7 0 

70 

7 0 

ri 
rf 

7-Z. 

7Z-

Tolal Max Avg. Avg sari Avg 
I I I ^ I O.S.*. I \.oo I I I I 

Total Ave. Avg. Max. Max. Avg. Avg. 

•73 

http://z57.il


I »-y — U \ 

BA1.-.I.V 
Method 
Clock 
Time 

iO'A4 

lO -59 

\\> ik 

/ I . -29 

If: AA 

i\'59 

iZ-iA 

.2-2? 

I Z : ^ 

125? 

/3I4 

13,2? 

134-4 

M 2 ? 

(5Cg 

[5z3 

5 Field Da 
Travese 
Pohil 

Number 

z - l 
z-\ 

1 

z-z 
7,-Z. 

2-r 
z-f 
2 - 1 

. 2 - 1 

2 - 2 

2 - 2 

*7 --» 

2 ~ £ 

3 - 1 

3 - 1 

3 - 2 
? - 2 

3 * / 
? - / 

la Conlin 
Sample 

Tune 

O 

\o5 

\?r> 

/ 35 

i5o 

\65 

\8o 
195 

z\o 
Z25 

2AO 

255 
"Z-rc 

3-& 

285 

"bOO 

315 

330 

3,A5 

360 

ued. Date 
Vacuum 
h , ^ 

Z.0 

Z-S 

Z_% 

Z.9 

Z.9 

z.9 
3.0 

3.0 

3.0 

3.0 

Z.9 

z.9 
3.0 

3.0 

3 o 

3.0 

3.o 
3.o 

9-3-9* 
Stack 
Temp 
d e i F 

IZA 

\Z9 

129 

\Z9 

. 2 ? 

[Z8 

iZ8 

\3& 

(30 

iZB 

129 

\Z9 

iZ7 

\z5 
( 2 3 

IZO 

i * 3 

l 26 

> Location <ZTACU. 
Pilot 
DP 

hi H20 

.36 

.36 
,36 

-36 

.3\ 
.36 

,3% 

. 36 

. 36 

,30 

.3o 

, 3 2 . 

. 3 2 . 

• 3h 
,3A 
. ?o 
>3o 
>3Z 

- 3 2 

Oiifice 
DH 

iu. 1120 

/ .of 

\-07 

1.07 

\-o7 

i . o\ 

i\o7 

1.13 

| . o T 

\.or 
• 8? 

.89 

.IS 

. 9S 
\P\ 

\.o\ 
-89 

- 1 

Ruu No. / A W C ' S _ 
Meter 
VoL 
cf 

l\A-33 

t z i - \ 5 

i1o.3o 

\18 ,\6 

\A6.zA 
15 A. 5c? 

l63.6o 

i -7i. 95 

\8o.o-z. 

iftr.tfi 

195.57 

Z03.0Z. 

2(0.7T 

z.n.65 

?z6. ZA 

23H-O0 

zA\-5& 
ZA9-'$ 

Z$t \Z 

Tempera 

Probe 

2 <<7 

2 « 3 

2 /3 

Zo5 

ZlS 

Zi4 

Z(5 

Z/7 

2/1 

Z07 

Zio 

*t4 

-Z-oS 

z&6 

l?8 

zii 

2 ' 3 

2/4 

l Operator CAtt 
ures (deg. F) 

Filter 

•Z51 

ZS6 

-zsA 
Z57 

ZSS 

ZS6 

2.4Z. 

254 

257 

Z5S 

253 

256 

•3.Sk 

256 

256 

2 5 3 

255 

Sorb. 
hnp. 

Outlet 

49 
Aft 
49 
48 
A7 

A9 
46 
47 
A? 
Ai 

49 
$o 

49 
4 7 

49 
so 
So 
SZ 

DGM 
h i ^ 

76 

76 

75 

75 

75 

75 

7A 

7A 

74 

7 3 

73 

74 
lA 
7A 
i S 

74 

DGM 
m i l 

• 

7 / 

7 / 

7 2 

7/ 
7 2 

7 2 

7 / 

71 

7f 

7 / 

7( 

71 
7\ 

7 / 

7\ 

7( 

7[ 

file:///A6.zA
file:///8o.o-z


•I 

ASS TRAIN OPERATION Stack dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREHENT 

STACK GAS TEMP, 
GAS METER TEMP, 

PITOT CONSTANT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
winutes to Vol. 
hours t. vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

6.3 
12.5 
18.0 
29.06 
0.7 

0.60 
0.10 
0.020 

137 
90 

0.80 
1.94 

0.255 
0.747 
0.36 
0.526 
185 

351.69 
5.8615 

12 
29.307 

30 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
.240 
.260 
.280 
.300 
.320 

0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

0.30 
0.36 
0.42 
0.47 
0.53 
0.59 
.65 
.71 
.77 
.83 
.89 
95 
01 
07 
13 
19 
25 

1.31 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

1.36 
1.42 
1.48 
1.54 
1.60 
1.66 
1.72 
1.78 
1.84 
1.90 
1.96 
2.02 
2.08 
2.14 
2.20 
2.25 
2.31 
2.37 

\i 

189.4 predicted vol. 
nozzle T2 

9/3/93 Stack metals train operation 

MASS TRAIN OPERATION Stack dp PITOT dP ORI dp PITOT dP ORI 
GAS ANALYSIS - 02 

C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREHEHT 

6.3 
12.5 
18.0 

29.06 
0.7 
0.60 
0.10 
0.020 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 

0.30 
0.36 
0.42 
0.47 
0.53 
0.59 
0.65 
0.71 
0.77 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 

1.36 
1.42 
1.48 
1.54 
1.60 
1.66 
1.72 
1.78 
1.84 

G-15 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

JWA 
ion •5+a.ck. 

Plant 
Sampling Locatiti 
Set Up Bv2tOH/po/i> 
Cormnts JlhiJ Up\, Ut tdi 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Oate B TVtefe? 
Run Ho. _ 
Run Oate 

4-

Report Date 

FILTERS USED 

Filter No. 7> (X. I 3 3 

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 it 
5 *. 

2.0 jt 
1.0 it 
0.5 ji 

CTftt^ES 
Prepared Container 

(No.) 

IMPINGER SOLUTIONS; Ini t ial Final Gain 

IMS Fi rs t 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

?7?-7 .3 

flS'.Z 
S80.S 

7*&d. ± Co9.& 

9 

ujin.x 
•c:«« .1 
i f l T . O 
K . 9 , 1 . 5 

MS 
475 3 

g.7 
J^fl-
^4r 

^A i t -

SILICA GEL WEIGHTS; Initial Final 

237.2- fr7S>y°> / ^ < = o g 

Totals 

-fflvac: -ny-y 
COMMENTS: 
Color of Silica Gel: 
Description of Impinger Water: 

5 Q % P;n^ 

G-16 



\'H O o r <L 

O 
i 

Plant/Localbiv^7 Outlu A-^S 
Operator 
Dale 

METHOD 5 FIELD DATA 

.83 

£L33 V-Vb 
Test No./Run No. / A&\ 
Meter Box ID (VgsUcJfc a ?a 
Gas Meter Cat Factor 
Oiifice ID 
Oiifice DII@ \.t°\ 

Pilot CoefficienL Cp 
Nozzle ID. T H3> 
Average Nozzle Dia.. Inches t l̂ tD 
Barometiic Pressure, hi. Ilg r£\<3L> 
Ambient Temp, deg. F (aft* 
Assumed Moisture, % 7-0 
Filter ID 
Slack Pressure, hi. 1120 T 5 

1st Filler. 
Leak Rale, cfm, Pretest ..rflCrV-

Leakrale, cfm. Posl-lesl j$ii\ c F ^ 
2nd Filler (if used): 
Leak Rale, cfm Prelesl 
Leakrate, cfm. Posl-lesl 

GAS METER START, cf: Jo7H.\°n 
START TUtE 18". 3 ^ 

GAS METER END, cf k t p O ^ S " 
END TIME • \°\ t ^ y 

Clock 
Time 

Travese 
Point 

Number 

Ai 

3 
3 

H 

h ) 

A 

Sample 
Time 

_>ViW 

6 

u 
* i 

a 

\s-

ifr 

â  

Vacuum 
hi. Ilg 

"titer 

IS 
l-r 
,?o 
a.'b 

(9.0 

=2-0 

£0 

Stack 
Temp 
dec. F 

• W t 

yw 

3 U 

> \ \ 

IP' 
^ w 
■bw 

> \ 

Pilot 
DP 

hi. H20 

.-50 

•50 

.05 
\.oo 
o°\0 

.8* 
. * 

Oiifice 
DH 

hi. 1120 

oSo 

M^ 

S*\ 
Al 
.8a 
.1* 

•v\ 

Meter 
VoL 
cf 

« ^ 

u&.S 

&3~o 

b¥OV) 

foMO.T 

W2J 

W V ^ 

Tempera 

Probe 

< * » * 

^ 

%<5 
£P\\ 

dy> 
d\*\ 

'a?\ 

m 

Lures (deg. F) 

Filler 

WX 

M> 
£60 

551 

r?3M 

2tf 

M5 

Sorb. 
hnp. 

Outlet 

l&fr— 

bic 

$ * 

SS 

SM 

S°\ 

51 

« , 

DGM 
hi 

DGM 
out 

* &h

1 2 

73 

7 1 

74 
^X 

1H 

'77 

">l 

7 1 

1/ 

K 
i i 

11 

~1( 
Total Max Avg. Ave seal Avg. 

5tt ' 0$** 0*6 i 

Total Ave. Avg. Max. Max. Avg. Avg. 
1 i I i I I I 

11,1* 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

2W/« Plant 
Sampling Locati t ■5 tack. 
Set Up to7i£K./v*jl> 

Cuuiusnts 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Oate c; ■3/W-9 3 
Run No. _ 
Run Date 

J

Report Date 

FILTERS USED 

Filter Ho. *% &L I 1) J 

Sorbent Trap No. 

Condenser Ho. 

CYCLONES 
Used 

(Yes/No) 

10 it. 

S * . 
2.0 | t . 
1.0 f t . 
0.5 it . 

Prepared Container 
(No.) 

IMPINGER SOLUTIONS; I n i t i a l Final Gain 
T^SC? Fi rs t 

Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

^IS'.Z g 
S80.S q 

&>9.'+ q ± 472.8 £23. P*" g 

ttf77fr 
5fl8 1 
rff7.0 

3AJL2_ 
fofcg3 
are a 

# ■ 7 
J^iL 
. £ * 

 o.l 
^UL 

SILICA GEL WEIGHTS: I n i t i a l Final 

£37.2 fr7?n
c
? £ i i *_ 

36;"? 

Totals 

fpi»c: -my 

COMMENTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

5o% -LOJ 

G-18 
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.5 
■3 
JS 
a 
3 
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^ 
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MASS TRAIN OPERATIO 

GAS ANALYSIS - 0 2 : 
C 0 2 : 
H 2 0 : 

AMB PRESS, in Hg : 
STACK dP, in H20 : 
Enter Gas vel., fps 
or AVG SQR ROOT d : 
MINIMUM PITOTdP : 
dP INCREMENT 

STACK GAS TEMP, F : 
GAS METER TEMP, F : 

PITOT CONSTANT : 
ORIFICE CONSTANT : 
Nutech 4 y 
NOZZLE DIA, in : 
SYSTEM FLOW, acfm : 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

Inlet 8 

6.3 
12.5 
7.0 

29.36 
-20.0 

1.09 
0.50 

0.050 

332 
90 

0.81 
1.87 

0.192 
0.891 

1.18 
0.5418 

100 
184.58 
3.0763 

24 
7.6907 

8 . 

dp PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 

_ 1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

104.0 

9/3/93 

dP ORI dp PITOT 

0.42 1.400 
0.46 
0.50 
0.54 
0.58 
0.62 
0.66 
0.71 
0.75 
0.79 
0.83 
0.87 
0.91 
0.96 
1.00 
1.04 
1.08 
1.12 

predicted vol. 
nozzle T39 S 

1.450 
1.500 
1.550 
1.600 
1.650 
.1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

Inlet metals train operation 

dPORl 

1.16 
1.20 
1.25 
1.29 
1.33 
1.37 
1.41 
1.45 
1.50 
1.54 
1.58 
1.62 
1.66 
1.70 
1.74 
1.79 
1.83 
1.87 

ii L . 
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X'HCrh. ± OV r /Vc/o ■*& ( 

Plant/ljocation tyrf. ^^f^ 
Operator 6dj/,?/^OJS' 
Dale ?/£/?& 

'Run No. Test No./r« Acq' 
Meier Box ID AJor&zsf 4 
Gas Meier Cat Faclor 
Oiifice ID 
Oiifice DH® / , £7 

ME1H0D 5 FIEID DATA 

Pilot Cbefflcient Cn * O ' __ 
Nozzle ID. 7^4>~7PffPisX 
Average Nozzle Dia., inches m/fO 
Daromeliic Pressure, In. Ilg 29%5 6> 
Amblenl Temp., deg. F ?"S" 
Asaumed Moisture. % 

N 1st niter. ^ / ^i/\ 
r ^ leak Rale, cfm. Prelesl ^ ^ / W ^ 

lcakrale, cfm, Posl-lesl ^ o 0 * *(??"//?* 
2nd Filter (if used): C 

leak Rale, cfm. Prelesl 
Leakrate, cfm. Posl-lesl 

Filler ID 
Slack Pressure; hi. 1120 ZOO 

■/&Q 

GAS METER START, cf: 
START TIME /SOO 

<^S' &>?£>/ GAS MEIER END. cf 
END TIME ■ /&^& 

Clock 
Time 

2 
4* 

( ' •*■ 

< . ' ' 

'C 

Ti-avese 
Pohil 

Number 

/ - / 

tz 
/3 
/4 
7 

2< 
zz 

Sample 
Time 

Vacuum 
bt. Hg 

4"S 
so 
So 
tT o 

5-o 
&c? 

Slack 
Temp 
dec. F 

33? 
££/ 
?W> 
IS*. 

3^0 
5IV 

Pilot 
DP 

hi. 1120 

*f& 
f^OS 

A OS 

/ / 

/ • P 
t25 

Oiifice 
Dll 

hi. 1120 

.73L 

• * < • 

>& 

>£$ 

f& 
, 0 

Meter 
Vol 
cf 

<&rm 
qufZtfe 

*

w$ &" 
#?'&$ 
# * * f c 

u#6<%$ 

'j46> 500 

Temueralures (deg. Fl & 6 7 
z 

Probe 

Z&D 

— 

/?*. 
Zoz. 

A ■ 
V 

to? 

3> 
Filler 

Zfh 
— 

Ml 

Z<t3 
Z<f5 

■ir 

Z<jS 

Sorb. 
Imp. 

Oullet 

5S 
r— 

£Z 
? 2 

sz 
*ir 

JfT2 

DTJM 
hi 

74 
' — 

77 
11 
7! 
L 

77 

IXiM 
out 

7$ 

7&. 
% 

% 

?& 
Total Max Avg. Avg still Avg. 

1 I W ' / ^ ' oM I 
Tolal Avg. Avg, Max. Max. Avg. Avg. 

.J 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant BAlLLj 
Sampling Location OuTL£r' UA&T 7 
Set Up WtJO<h»>$ 
Coronents Acil& 

Oate 0^/03/33 
Run Ho. _ 
Run Oate 

Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By Report Oate 

FILTERS USED 

FilterHo. 3te&3~ 3G> \3S 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/Ho) 

10 it 

CYCLONES 
Prepared Container 

(Ho.) 

5 n 
2.0 it 
1.0 it 
0.5 it 

IHP1HGER SOLUTIOHS: Init ial 
•^LL^z-^ffg 

Final Gain 
1JT First 

Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

LCO.3 
47S.7 

. 
— 
— ■ 

£7 f>? 
QO^\S £^=

JUO. 

SILICA GEL WEIGHTS: Initial Final 

8IZ.& * » / . / AJ* ka
1 

Totals 
•9 Mch'b 

COMHEHTS: 
Color of Si l ica Gel: 
Description of Impinger Water: 

G22 



1 " 

* 

sftfc 

G) 
i 

ro 
CO 

v — - -^ 
Method 5 Field Data Continued. Dale 
Clock 
Time 

/ ^ 

/ £ 

/J 
,££> 

^2-

m 
— 

z(° 
?% 
So 
3 £ 

J V 
36 

Travese 
Point 

Number 

73 
74 

r 

3f 
3 - 2 
5-3 
J -*: 

* - / 

ifZ 

42 
<f*r 

S>f 
57 

Sample 
Time 

/5/* 

'H>S 

fS.5o 

Vacuum 
In. ilg 

5>o 
>o 

GO 

Co 
s".o 

*S 
S , 5 

5"^S~ 

i ^ S 
— 

(bO 

& o 

Stack 
Temp 
deg. F 

3V& 

55? 

3zz 
$>( 

3 ^ o 

3<g 

S/g 

S47 
J6o 
SG$ 

3 2 / 

33? 

Location 
Pitot 
DP 

in. H20 
/•O 

/ « / • 

i 

A 2 
' . 3 

/< f 

,<£>0 

/-.2& 

/ .as 
/ . / 

-•35 
.'_... -

/ • 5 £ 

•fA 

Run No. 
Oiifice 

DH 
in. H20 

.gO 

*$X 

.<% 

1 . Of. 

■ It 
■■vi 

>% 
1 o 

M 
• </f 

~ — 

/■0(f 

•1H 

Meter 
VoL 
cf 

VfiffZS 

<w?&® 

#¥?.W> 

45 (.030 
9SZZS 

<zszzt 
bSH.Zl 
4SS OY 

*&.% 

o 

4&.S£ 
vss^s? 
(/s

er.$7£ 

tfS9.7iO 

w> MS 

A<1,0 " ' 

Tempera 

Probe 

SJ?G 

2DZ 

2GGL 

SO& 

Zo/ 

/?£■ 

/?? 

ZtyO 
■ — 

/9f 
Z/C 

tftf 
/ y ^ 

Operator 
Lures (deg. F) 

Filter 

Z ^ S 

z<s^ 

Z&3

<?63 

2&G 

z&tf 
ZC=><f 

£&& 
— 

ZGz 

ZGC* 

2GG 
Z70 

Sorb. 
hnp. 

Outlet 
-5T 

*5~*-

£?S . 
S f 

J5-Z 

-^y 
& 

£z 
^>Z 

^? 
47 

So 

¥■? 

DGM 
hi 

7? 
7? 

-Z? 
79 
kV 

V* 
Z? 

tf 
%' 

69 
£* 

&G 

$C 

DGM 
out 

71, 
7S 

77 
77 
77 
77 

72 

7 / 
?y 
77 
7? 

*7 
&7 

See** ^^7^ &A'
 2



I 
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Method 5 Field Da 
Clock 
Tune 

3£ 
¥o 

^ P 
pV 
?-(> 
?g 

Travese 
Point 

N u m b e r 

s-s 
S'Cf\ 

&-f 
&-z 
<^3 
<£~f 

la Conlmued. Date 
Sample 

Tune 

/6>Z9 

lb 

Vacuum 
in. Hg 

5-> 
S O 

£- S 
<£> o 
C?0 

£.^ 

Stack 
Temp 
cleg. F 

*n 
3SZ 

—— 

3 / / 
32 y 
3Zc{ 

3<tf 

Location 
Pilot 
DP 

in. H20 

•fyr 

-?<e 

t-o*> 
/ . / 

1 <{<>> 

f'O 

L^5"c 

Oiifice 
DH 

in. 1120 

. 7U 

■ IS 

f y£ 
■£</ 

-u 
*7* 
-to 

, 

Run No. 
Meter 

VoL 
cf 

4-6/-S5 
^6Z-TSS 

$£>$■ 7</C 

it&<f.oyo 
</6£Y& 

4&G2? 
#67\Z$ 

t/tA-Uo 

-

Tempera 

Probe 

/6?_ 
/#7 

/?? 
— 

zo-z 
ZO? 

Operator 
.ures (deg. F) 

Filler 

Z7Z 
Z7f 

Z l l 

— 

Z?<? 

Z77 

Sorb. 
hnp. 

Outlet 

S"0 

S/ 

• ^ ^ 

S-Z-

sz 
Si 

DGM 
hi 

£'Q 
S£> 

l^ 

2& 

<?<£» 

«? 

DGM 
out 

S'' 

£7 
— 

€ 2 

25 
£3 
81/-

sJoZ2t£ 



ASS TRAIN OPERATION Inlet 8 dp PITOT dP ORI dp PITOT dP ORI 

GAS AHALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HINIMOH PITOT dP 
dP INCREMENT 

STACK GAS TEMP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Nutech 4 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

6.3 
12.5 

: 7.0 
29.36 
-20.0 

1.09 
0.50 
0.050 

332 
90 

0.81 
1.87 

0.190 
0.872 
1.18 

0.5306 
20 

37.697 
0.6283 

24 
1.5707 

2 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 

25.5 predicted vol. 

9/3/93 

nozzle T47 

AC IO 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.9S0 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

1.12 
1.16 
1.20 
1.24 
1.27 
1.31 
1.35 
1.39 
1.43 
1.47 
1.51 
1.55 
1.59 
1.63 
1.67 
1.71 
1.75 
1.79 

Inlet fiwMri-s train operation 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant Boilt 
Sampling Loca t i on 3 1 N I E T - U L K / X T 

Set UD Bv tyOt- h*>> 

Comments v - A C H i S 

•-3 
Dat e O<i(o 

Run No. 1 

ifo?i Run Date O * A » J » / » 3 

Ana lys t Responsible f o r Recovery 

Ca l cu l a t i ons & Report Reviewed By Report Oate 

FILTERS USED 

Filter HO. 4Q\4C 

Sorbent Trap No. 

Condenser Ho. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL WEIGHTS: 

To ta l s 

I n i t i a l 
C * 2 - 2 . . t f 

S91.4-

-

COMMENTS: 

Color of S i l i c a G e l : J & O % JS'Ll,^. -

1 

C 

9 

g 

9 

g 

g 

g 

9 

I n i t i a l 

$23. 

-$/» 

CYCLONES 
Used Prepared Container 

(Yes/No) (No. ) 

10 u 

5 tt 

! .0 u 

.0 l i 

.5 a 

F ina l Gain 

63/- 7 o M * 

— q q 

— q - 9 

— q - 9 

q • - q 

F inal 

2. a ^ ? ^ , - ^ * K 
q 9 

q q 

^ r 

O v > — i ^ 
D e s c r i p t i o n of Impinger Water: i j 2 p ^ " " - - r ^ - ^ ' 

:*>«- 9v\ 

G-26 



''-) •> fc. 2 . «5 V 3

© 
i 

ME11I0D 5 FIELD DATA 

Planl/ljocalion JE*.iCL„ Okf/ef^'V 
Operator ¥_h/c /7h**ii4 L , 
Dale &<% /£>■$. 
Test No~/Run No. * / Ac I /?' 
Meter Box ID p UT£e.ff **■ i 
Gas Meter Cat Factor 
Oiifice ID 
Orifice Dllg* 

Pltot Coefficient, Cp 
Nozzle ID. 
Average Nozzle Dia., Inches _ 
Daromelrlc Pressure, In. Ilg 
Ambient Temp., deg. F 
Assumed Moisture, % 
Filler ID 

Islfillei: / / / O o o 
Leak Rale, cfm. Prelesl --
Lcakrale, cfm, Posl-lesl • ! 7 r ' . o o o 
2nd Filler (if used); 
leak Rale. cfm. Prelesl 
Leakrale, cfm Posl-lesl 

Slack Pressure, tn. 1120 A 

GAS METER START, cf: ^ ' ? . ^ <<? 
START TIME 7{)6 

GAS MEIER END. cf < ^ X V  $ $ 
END TIME • {*?/,/. 

Clock 
Time 

/Oo 

Travese 
Point 

Number 

Cl 

Sample 
Tune 

HiP 

t1 
C3 
L4 

<T'I 
5"-7 

f'j 

2\o 
a 

* 

JL 

Vacuum 
ui. Hg 

/. 1 
l,% 

A? 
2«<f 

2 , ^ 

Psi W° 

Slack 
Temp 
deg. F 

7/o 

2*2. 
3*2. 
S<< 

31SL 

LA Vo 

iPitol 
; DP 

hi. 1120 

, * * 

Oiifice 
DH 

in. 1120 

, < £ * 

A3. 
A£ 
<7 ^ 

3J1 

u 

l o 

risL s~6l >*>£ 

MM. S%2t^l 

Ai 

i(£_ 

Meter 
VoL 
cf 

STKfT 

Sl?.6ff 

^ U i 

^ < g o 

Total Max Avg. Avg scut Avg. 
91 Its, <ri 

Tempera 

Probe 

2 7 * 

3/7 

I 3 c 
J*« 

iff 

iw 
3C* 

ures (deg. F> 

Filler 

zro 
717) 
2fZ> 

1~t*<x 

2SK) 

2S/ 

ZP<r 

Sorb. 
Imp. 

Outlet 

21 
2^ 
1 3 

7 3 

^ 

Li 

IXJM 
hi 

«i 
S7 
* / 

$ / 

<£o 

CD. 
*l 
%T~ 

Total Ave. , Avg. 
1 I

 !
3NL. ' J,OA(J 0 . ^ I ' '

 f 
Max Max. 

I 

DGM 
out 

ez 
^ 2 _ 

S"2_ 

?*

* / 

27 
2"*



1~ o- * JL, 
Method 5 Fiekl Dala Conlmued. Daleg. j/o3 Location ^ - j Run No. / ^ / ^ * V Operator t ^ A ^ 
Clock 
Time 

Travese 
Pohil 

Number 

Sample 
Time 

Vacuum 
in. Hg 

Slack 
Temp 
deg. F 

Pilot 
DP 

in. H20 

Oiifice 
DH 

in. H20 

Meter 
VoL 
cf 

Tempera 

Probe 

ures (deg. F) 

Filter Sorb. 
bnp. 

Outlet 
DGM 
hi 

DGM 
out 

£JL 4 7a<7 AJJL hz. FttW ye* 2L&-
0<<r 5C\ 7£ 

JL± 11 3/C .<*< H. ?&> 345- 12. <2S £ 3 

4-2 ±L MS- ILL , <?*> ns r&v^f 2LL 2*L - 7 3 $S %*> 

JLJL ZJ_ lit Lo_ <¥<& St% IS 3Ai z~s$ 22 S3" *3 
l-rlj 1 2A. H22 .7 o ~7? S7o71& JL 43- z$y 71 2* 2y 

oqJ~ mx± 
t&O 2r_L 7_ Pi 111 >!*- 21 zCo •?s" z2 ?> 

o 
I 
ro 
co 

lz-1 -\, 

±_\ 
U 

2+1 

2,2. 

in 

331 

36o 

^1° 
UL 

U°-

j7a_ 
±17. 

/ 3 

r7?,7* 
f73.l4 
f74. % 4 

515 M 
5"7C, 9S 
£2111 

Ul 
3sS 

3Jo 
111 

•z.£o 

2<£o 

2S% 

2Sf 

7>-

2J^ 

ns 
Ul 
7/ 

^ 

gy 

1L 

?-

_T3L 

#7 



3 u I 3_ 

■ 
ro 
co 

Method 5 Field Data Continued. Dale 
Clock 
Time 

17/ 

Travese 
Poinl 

Number 

■ 

7' ( 
2 - 2 
Z-3 
if 

V 

Sample 
Tune 

tf 

* 

4 
c 
$ 

Vacuum 
hi. Hg 

* . / 

p . f 

?>/ 
P*S 
7* 

o\je>i 
Stack 
Temp 
deg. F 

3 ? ? 

5JC 
11C 
7+t 
3fo 

^ 

Location 
Pitot 
DP 

hi H20 

l<9 

i*f 

,*S 
(<? 
A % 

^ r - ^ 
0 

6ctrc&R.\i)x No. 
Oiifice 

DH 
in. H20 

JfpS 

nsf 
n? 
/ .So 
/ . / 

Meter 
VoL 
cf 

3-7-3 ic 

S«*. 41 

<yi,STl 
<-y2. f.f 

svs.n^ 
&*,%! 

I ACJP* 
Tempera 

Probe 

?t>l 
5#£r 
hW 

Operator £M
Lures (deg. F) 

Filter 

>^o 
ZIPS' 

2<+C 
3&1 D+t 

Sorb. 
bnp. 

Outlet 

to 
&° 
77 
V7 

DGM 
hi 

< ? / 

?/ 
?7 
?^ 

DGM 
out 

<&? 

<*9 
" S ^ 

?9 

, 



TRAIH OPERATION 8 Out 
IAS ANALYSIS - 02 : 

C02 : 
H20 : 

U4B PRESS, i n Hg : 
STACK dP, in H20 : 
inter Gas v e l . , fps 
3r AVG SQR ROOT d : 
UNIHUH PITOT dP : 
* INCREMENT : 

STACK GAS TEMP, F : 
3AS METER TEMP, F : 

'ITOT CONSTANT : 
DRIFICE CONSTANT : 
luted! 1 
10ZZLE DIA, in : 
SYSTEM FLOW, acfm : 
* 
FLOW, scfm 
Target volume 
linutes to Vol . 
tours to v o l . 
Vo. of points: 
Read Min./point 
Jse Minutes/point 

6.3 
12.5 
7.0 

29.26 
7.5 

1.01 
0.50 

0.050 

318 
90 

0.81 
1.87 

0.190 
0.778 
1.01 
0.48 

20 
41.665 
0.6944 

24 
1.736 

2 

dp PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

dP ORI 

0.44 
0.48 
0.53 
0.57 
0.62 
0.66 
0.70 
0.75 
0.79 
0.84 
0.88 
0.92 
0.97 
1.01 
1.06 
1.10 
1.14 
1.19 

dp PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

dP ORI 

1.23 
1.28 
1.32 
1.36 
1.41 
1.45 
1.50 
1.54 
1.58 
1.63 
1.67 
1.72 
1.76 
1.80 
1.85 
1.89 
1.94 
1.98 

23.0 predicted vol. 
nozzle T48 

Ac-P 
9/3/93 Outlet 8 a«Ba+6 train operati 



I'Z-ltrh. 2. OV 

METHOD D FIELD DATA 

Plant/Location ffAi•_*--/ STACK 
Operator rAif 
Dale 93 9? 
Tesl No./Run No. ACIO JL 
Meter Box ID 7 / - /$ 

.&& 

Gas Meter CaL Factor 
Orifice ID 
Oiifice DH® /, 94 

Pilot Coefficient, Cp 
Nozzle ID. £HAN« 6 
Average Nozzle Dia., Inches - Z£\ 
Barometi-lc Pressui-e, hi. WgZ9.o6 
Ambienl Temp., deg. F 1Z. 
Assumed Moisture, X 18 
Filler ID 
Slack Pressure, in. 1120 . 7 

1st FlHei: 
Leak Rale. cfm. Prelesl .ovcC^ @ <o"'p 
Leakrate, cfm Posl-lesl.gzcQr* * 
2nd Filler (if used): 
Leak Rale, cfm, Prelesl 
Leakrate, cfm Posl-lesl 

GAS METER START, cf: ? 5 7 . 94 
START TIME #> if 00 

GAS METER END. cf 
END TIME 

£81-0-

0 1 
1 

" ! 

Clock 
Time 

$-rAtf-r 
irco 

noA 

itoH 

1-71*2-
SD*1(?1 

mz 

n zi 

\730 

Ti*avese 
Point 

Number 

3 - 1 

2 

3 

2 - 1 

Z 

3 

Sample 
Time 

O 

4 
8 
\z 

\6 
Z0 

zA 

Vacuum 
In. Ilg 

— 

k<o 

A\ 
4.t 

A.\ 
U 

41 

Stack 
Temp 
deg. F 

— 

II? 

\>8 
1(9 

(17 

07 

" 5 

Pilot 
DP 

hi. 1120 

.30 

, 3>0 

. 3<? 

.ze 

. $0 

:ZS 

• ze> 

Oiifice 
DH 

hi. 1120 

•#f 
M 
**4 
• 7S 

.84 
• 78 

•73 

Meter 
VoL 
cf 

Z57.9* 

2 5?. 7 3 

lil 9Z 
Z6B 7 7 

z.64.16 

2 6 7. 77 

Z6%!>6 

Tempera 

Probe 

ZiP 
ZZ6 

22? 

zz4 

T.'Z? 

2 3 f 

ZZZ 

ui*es (deg. Fl 

Filler 

Z*3 

Z55 

■2.55 

Z54 

Z56 

ZS7 

ZS\ 

Sorb. 
bnp. 

Outlet 

7 ' 

66 

64 

61 

6Z 

6z 
61 

DGM 
in 

7 3 

74 

75 

75 

7 7 

78 

78 

DGM 
out 

73 

7 3 

7 3 

74 

7S 

76 

76 
Total Max 

T 
Avg. Avg sqit Avg. 

\*3 ' o.Stf
1 o& \ 

Total Avg. iyA. Max Max. 

r 
T7 , | 

o 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 3AXLLS 
Sanolina Location Ou.TL£.T - lA.rl*ET *5? 
Set UD BY - Z O O C / t > ^ Oa 

Cotraents ACXt>5 

t e 0<J< 

Run No. / 

fo3hS Run Oate 8*>/ar/«J 

Ana lys t Responsible f o r Recovery 

Ca l cu l a t i ons & Reoort Reviewed Bv Reoort Oate 

FILTERS USED 

Filter Ho. 2>Q> 144-

Sorbent Trao Ho. 

CYCLONES 
Used Prepared Container 

(Yes/No) (No . ) 

10 u 

5 it 

2.0 it 

1.0 i t 

Condenser Ho. 

IMPINGER SOLUTIONS: I n i t i a l 

First ,,, &3Cp.tQ. 
Second SSle-1 

Th i rd W&.O 

Fourth — 

F i f t h — 

S i x t h . ., — 

Seventh 

SILICA GEL WEIGHTS: 

9 

9 

9 

9 

9 

9 

q 

I n i t i 

7*9. 

To ta l s 

0.5 it 

Fina l Gain 

4,63 .«• q ~X\i& 

4 7 3 . "7 q -\A 
— q ~ 

9 ~ 
- q 

q — 

a l F ina l 

5 q 7 ^ , - r 
9 

q 

q 

9 

9 
q 

9 

g 

9 

( ^ 
q 

9 

-flT*-. 

COHMEHTS: j 

Color of S i l i c a Ge l : / l O P//)£ 

D e s c r i p t i o n of Impirwer Water: 

G-32 



I CA-MK _ f I 

o 
I 

co 

Method 5 Field Da 
Clock 
Time 

173 4 

17 38 

nAz 
nA9 

lf£3, 

H57 

iBol 
* 

Ti*avese 
Point 

Number 

2 - 1 

Z 

3 

1 - 1 

z 
3 

la Continued. Date ?-3 -73 Location 
Sample 

Time 

18 

3 2 

36 

Ao 

AA 

4& 

Vacuum 
iii. Hg 

4.1 

4-z 
4.-z 

Iz. 
4.3 

4-3 

Stack 
Temp 
deg. F 

H-4 

n4 
/«3 

\oz 

\oZ 

\o3 

Pilot 
DP 

in. H20 

. 2 0 

> 30 

. Z0 

>Z8 

, 28 
<z& 

STAC it 1 
Oiifice 

DH 
In. H20 

.78 

.0* 
.73 

.7/3 

.78 

-78 

Suu No. Ac 
Meter 
Vol 
of 

Zlf.45 

Zll.ho 

2 75-3G> 

277 . Z7 

Z~r9.f4 
zSl-oZ. 

</o J, 
Tempera 

Probe 

Z(6 

2l9 

Z>6 

zSo 

zM 
Zt>5 

Operator > 
ures (deg. F) 

Filter 

2 5 3 

Z53 

Z53 

26 Z 

z>0 
z53 

Sorb. 
bnp. 

Outlet 

6* 
6o 
6o 

6?> 

bZ 

67-

DGM 
hi 

79 

79 

So 

So 

81 

81 

DGM 
out 

7 7 

7 7 

78 

7? 

79 

SO 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 3AIUS 
Sanpling Location v^fAC.lC 
Set Up By MCClv*i> 
Comments - A C I D S 

Run No. 
, Date O'itGzfa'b Run Oate 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By Report Oate 

FILTERS USED 

Filter Ho. 30 H3 
Sorbent Trap Ho. 

Condenser No. 

Used 
(Yes/No) 

10 u 

CYCLONES 
Prepared Conta iner 

(No.) 

5 u 
2.0 u 
1.0 u 
0.5 it 

IMPINGER SOLUTIOHS: In i t ia l Final Gain 
Fi rs t 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

fe3?,7 
(t>OU>.0 
478.3 

7 0<i.5 
<£<?<?,--? 
*/?<>. Z 

— 
— 
— 

-)0.«6 
z.i 

1* 

— 
■ * • 

— 

SILICA GEL WEIGHTS: In i t ia l Final 

g(*7.2. frLj.SL "\,\> 

Totals 

• ^ A ^ 

COHHEHTS: 
Color of Silica Gel: 
Description of Impinger Water: 

S*°% gA ta~■ 
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MASS TRAIN OPERATIO 7 Out 

GAS ANALYSIS - 02 : 6.3 
C02: 12.5 
H20: 7.0 

AMB PRESS, in Hg : 29.26 
STACK dP, in H20 : 7.5 
Enter Gas vel., fps 
or AVG SQR ROOT d : 0.79 
MINIMUM PITOT dP : 0.50 
dP INCREMENT 0.050 

STACK GAS TEMP, F : 302 
GAS METER TEMP, F : 90 

PITOT CONSTANT : 0.82 
ORIFICE CONSTANT : 1.89 
Nutech 3 
NOZZLE DIA, in : 0.202 
SYSTEM FLOW, acfm : 0.688 
dp 0.63 
FLOW, scfm 0.4336 
Target volume 100 
Minutes to Vol. 230.62 
hours to vol. 3.8436 
No. of points: 20 
Reqd Min./point 11.531 
Use Minutes/point 12 

PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

dPORI 

0.58 
0.64 
0.70 
0.76 
0.82 
0.88 
0.94 
0.99 
1.05 
1.11 
1.17 
1.23. 
1.29 
1.34 
1.40 
1.46 
1.52 
1.58 

dp PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

dPORI 

1.64 
1.70 
1.75 
1.81 
1.87 
1.93 
1.99 
2.05 
2.10 
2.16 
2.22 
2.28 
2.34 
2.40 
2.45 
2.51 
2.57 
2.63 

104.1 predicted vol. 
nozzle T2 Z. 

5 ports X 4 points/port 
9/3/93 Unit 7 Outlet metals train operation 
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\'h Lr 

Q 
I 

CO 
O) 

■a. ov 

Plant/Location //fAk£T 
Operator /dX?/DT CoS 
Dale f 73/93 
Test No./Run No. M<=?r«LS / 
Meter Box ID A J O T ^ C / ^ 4 
Gas Meter Cal Factor 
Oiifice ID _ 
Orifice Dll® 

ME1110D 5 FIELD DATA zr ss^a 
Pilot CoefficienL Cp * / 

r3? 

A 37 

Nozzle ID. 
Average Nozzle Dia., inches */^2 
Barometiic Pressure, In. Hg^9»3 G> 
Ambient Temp., deg. F 73 
Assumed Moisture, X 
Filler ID ^ - / 3 7 
Stack Pressure, hi. 1120 Z0O 

1st Filler. / ■ ^ , 
Leak Rale. cfm. Prelesl 'Goo/Mi* Cr ' •> 
Leakrale, cfm, Posl-lesl - poof*,* Q /o ~ 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf; ^ t ^ T ^ F . / 
START TIME 6&4S 

GAS MEIER END. cf 
END TIME . /ZL2>% 

Clock 
Time 

O 

t 
/&> 

Z? 
32 
Lf.O 

St? 

Travese 
Pohil 

Number 

(  ( 

/ - * 

/ - 3 
/f 
zf 
2 - 7 
2 - 3 
ZLf 

Sample 
Time 

P^ts 

ofy 

*£* 
• 2 ^ $ 

Vacuum 
hi. Ilg 

3.0 
BS 
4>*o 

~4*. o 
- ^ - O 

tf*C 

rty.O 

-^•5 

Slack 
Temp 
(leg. F 

3 2 / 
SZ7 
3<fo 

$9C» 

2H 
536 
3?S 
3K6 

Pilot 
DP 

hi. 1120 

*io 
/OS 
(JO 

/ , o 5 
hto 

f2S 

•io 
Ho 

Oiifice 
Dll 

hi. 1120 

'GC? 
~$7 
V 
-S-7 
-tv 
l.o<fi 

•75 
■ft 

Meter 
VoL 
cf 

339'SOO 

24S. 2f5 
3/0ZD 
2&* z so 
3S(* 7*» 
3SS.<i7$ 

$&&. vto 
3(s,^(pd3 

ibi.ite. 
'XIZZVO 

Tempera 
2 . 

Probe 

zifT 
<<{o 

/fY 
151 

zo<$ 
f?V 
ZfO 

Lui-es (deg. fl 
3 

Filler 

zft 
tfo 
/?%, 
253 
z?& 
ZW 

#/¥ 
Vrf<f\lLU>L 

Sorb. 

— 

— 

hnp.-*f 
Outlet 

72 
5% 

S3 
sr£ 
&S 
5<S 
§G 
<*2 

DGM£ 
hi 

71S 
77 
7$ 
77 

7? 
7? 
Jfe 
io 

DGM-7 
out 

7S 
75 
7f

rs 
7S 
75 
15 
7$ 

A 

Total M M Avg. Avg sai l Avg. 
I I I 5301 f~o33\ o.1* I 

Total Avg. Avg, Max. MAX. Avg. Avg. 

Itf 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Sail/, f &±LJL 
Plant 
Saopling Location Qu>lc.t 
Set Up By tiOC. 
Coments J(dJ^Up^, J^ffaJs 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Oate rt/fisite 
Run No. _ 

Run Oate 
HOTJL ffjpa Hzt»- Ctddtd.Jo a y 1+2 &*&, fads. CJn£f) 

Report Oate 

FILTERS USED 

Filter Ho. 3Q \3Q 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

10 it 

aCLONES 
Prepared Container 

(No.) 

5 a 

2.0 u 

1.0 u 
0.S a 

IMPINGER SOLUTIONS: Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

•*/*/ &&r#ufK a 

S9Z.t a 
sm. % o 
3DZ.7 g 

q 

«.™.^ 

s q a . 3 
«>fci.fi, 

S o ^ 7 

AOO 
h 
0 

- 0 
0 
1 

,0-
0 
3 L 

0 
0 

. 

SILICA GEL WEIGHTS; Initial Final 

m/ fr/7-3 J ^ \, vt> 

Totals 

rdl£^ ̂  

COKHEHTS: 

Color of Silica Gel: , 
Description of Inpinger Water: 

''3 PC*/**-. 

G-37 



MASS TRAIN OPERATIOH Stack dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, i n Hg 
STACK dP, i n H20 
Enter Gas v e l . , f p s 
or AVG SQR ROOT d 
HINIHUM PITOT dP 
dP INCREMENT 

STACK GAS TEMP, F 
GAS HETER TEMP, F 

PITOT CONSTAHT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE DIA, i n 
SYSTEM FLOW, acfm 

* 
FLOW, scfm 
Target volume 
Minutes t o V o l . 
hours t o v o l . 
No. o f p o i n t s : 

1 M i n . / p o i n t 
M inu tes /po in t 

6.3 
12.5 
18.0 

29.06 
0.7 

0.60 
0.10 

0.020 

137 
90 

0.80 
1.94 

0.251 
: 0.724 

0.36 
0.5097 

20 
39.242 

0.654 
12 

3.2701 
4 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

24.5 

0.28 
0.33 
0.39 
0.45 
0.50 
0.56 
0.61 
0.67 
0.72 
0.78 
0.84 
0.89 
0.95 
1.00 
1.06 
1.11 
1.17 
1.23 

predicted 
nozzle V 

he 

vo l . 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

gia 

tP 

1.28 
1.34 
1.39 
1.45 
1.50 
1.56 
1.62 
1.67 
1.73 
1.78 
1.84 
1.89 
1.95 
2.00 
2.06 
2.12 
2.17 

- 2.23 

9/3/93 Stack nM* ls t ra in operation 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Sampling Location . 
Set Up By J^&Si 
Coranents 

T2/ULLV 
S-? 

APM 
fitt 

a Att 

Run No. A fc^-v^ / 4lyf-,yJ 

Oate 

Analyst Responsible^for Recovery 
Calculations & Report Reviewed By 

aS/i*/43 Run Date & /**-/?3 

Report Date 

FRTI-RS gSEp 

Filter Ho. 3fp A?Y 

Sorbent Trap No. 

Condenser No. 

CYCLONES 
Used 

(Yes/No) 
10 it 
5 It 

2.0 it 

1.0 It 
0.5 it 

Prepared Container 
(No.) 

IMPINGER SOLUTIONS: I n i t i a l Final 

^72,/ „ 472.2 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

SILICA GEL WEIGHTS: Init ial Final 

g/7.7 */*•/ 

To ta l s 

COMMENTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

7% noti<xA>\e.akci^a<L 

G-39 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

fa; lit 
X~&tf**g 

n*r, 

Plant 
Sampling Location 
set Up By tSes'*. . 
Consents ■//V/? I CtJ 
Analyst Responsible f o r Recovery "biGX-l 
Calculations & Report Reviewed By 

Date ff/ggA^ 
Run Ho 
Run Date */**7?3 

Report Oate 

FILTERS USED 

F i l te r Ho. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

10 it 

CYCLONES 
Prepared Container 

(No.) 

5 a 
2.0 it 
1.0 u. 
0.5 it 

IHPIHGER S0LUTIOHS: Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

^76 w-
■sgc, 
S&& * 
4"7Q./ 

9 
9 
9 
9 
9 
9 
9 

smfil Sfrt-z*^ 
513.7 
-^70. 9 
SSO. ? 
.S te .2 . 9 
-ino. i q 

9 

SILICA GEL WEIGHTS: I n i t i a l 

-TO 7 
Final 

77/.n 

Totals 

COMMEHTS: 

Color of Si l ica Gel: /VO noticeable £kti.n<ke. 
Description of Inpinger Water: 

G-40 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant "Etuld 
Sampling Locat ion ( i / -» .* f 1 Ol*4-\e,r 

Set UD BV "-OXF**-

Contsents / Y \ M . * ? ' 

Oa te o s / zu[ <i3 

Run No. _i 

Run Date 

Officii //ShsJ 
0*1*1/1* 

Ana lys t Responsible f o r Recovery Y O " * / / W ^ / / » / P « * > 

Ca l cu la t i ons & Report Reviewed By Reoort Date 

FILTERS USED 

F i l t e r No. '.'V f-t-'sAjd 
J 

Sorbent Trao N o J * ^ -fi <j~.T~& ST5 

HS40 SS' 
Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL WEIGHTS: 

To ta l s 

—=~3"3 ' 
3-r 

I n i t i a l 
452.% 
693.S 

4H 4 

9 

9 
9 
9 
9 
9 
9 

10 

5 

2.0 

1.0 

0.5 

I n i t i a l 

79/ , S 

ft 

It 

It 

It 

It 

CYCLONES 
Used 

(Yes/No) 

F ina l 
-952. i q 

6>OS. 7 q 
- S ^ . - f q 

9 

9 

9 

9 

9 

9 

Prepared Container 
(No.) 

Gain 

F inal 

- 7 * 7 3 . / 

9 

9 

9 

3 

9 

_ 9 

9 

_ 9 

_ 9 

_ g 

COMMENTS: r i l l 
Color of S i l i ca Gel: N» K.oJ,'cect-Mc G™^%C 

— fj 
D e s c r i p t i o n of Impinger Water: 

G-41 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant ifoih 
Sanding. Locat ion ~^nFfhp^. 

Set UD BV )kXjC-

Consents A/UiU ' ip I t , lkdc6.\i> 

Analys t Responsible f o r Recovery 

Ca lcu la t i ons t Report Reviewed By 

FILTERS USED 

Filter No. ,%Q / 3& 

Sorbent Trap Ho. 

Condenser Ho. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

Th i rd 

Fourth 

F i f t h 

Six th 

Seventh 

SILICA GEL WEIGHTS: 

To ta l s 

COMMENTS: 

Color of S i l i c a G e l : NO r s f ) W 

-Tn/ef 
Date 

iejuaC/<i>lMUi 

I n i t i a l 

£■73./ 

^17. J 
JbO.2. 

0 

9 

g 

g 

g 

g 

g 

g 

Ru 

k / " 2 t / - < 3 Rut 

Ret 

Used 
(Yes/No) 

10 u 

5 it 

2.0 it 

1.0 it 

0.5 it 

F ina l 

<$7<4.& 
J-T7.3. i 
-425. <S~ 
Sffi* 

-76CZ 

n i t i a l 

7 <)<<>. 3 
9 

Pfllhlt Chance 

9 

1 No. 

1 Date 

-o r t D 

~BLAh>£-

ate 

CYCLONES 

9 

9 

9 

9 

g 

g 

g 

Prepared Container 
(No.) 

Gain 

Fina l 

V^S 

g 

g 

g 

g 

9 

g 

9 

9 

9 

9 

D e s c r i p t i o n of Inp inqer Water: " ' " - ' 

G-42 



PLANT: • 

LOCATION: 

X3t<U&A 
Ui^ir^V 

APltk: 

&«TL^T 
Amb P: Amb T. $2

DATE: *%/*S)*Z 

TIME: / / 3 0 

PROBE ID. 

4*7 

POINT 

NO. 

10 

PORT 1 

APv 

<9<P 

ife 
LJz 
L2. 

PORT 2 

APv 

l £ 
22. 

LJt 
Ul 

1/JL 

PORT 3 

APv, 

21,26 
7 / 

£2. 

PORT 4 

APv 

*z^ 
/z^: 
o£ 
. ■ g ^ 

2£L 

, -z- ? </< s " £ 
^00Z^V 

PORTS 

APv 

7f 
<£d 

& . 

U

aM 
A-2-I1 

^ 

PORT 6 

APv 

v@& 
IAJL 

5// 
5/o 

POINT 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PORT 7 

APV T 

PORT 8 

AP V T 

PORT 9 

APV T 

PORT 10 

A P V T 

PORT 11 

APV T 

PORT 12 

AP V T 

G43 
39704 



6'-Z£~ 93 £7AC« \f£Loc i T V 

foiu-r X (110"*) ' $0 >33 

^ (77.zs") . Z6 ' i3~Z-

fon-c 

PORT 

1 .30 (33 

X . 3d? ( 3 5 

a -Z& 133 
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9 
cn 

P l a n t : &*! L L 
Method 2 D a t a S h e e t 

£ Date: 

Loca t ion : U h l ' f ^ O ^ H ^ f ^ 

#/*?■/?? 

%0, %N„ %co2= %C0= 

Timet <Q ? ? p ^ f DOS 

%H20= 

p a m b ( H G ) = ± A p s tack ( " 2
0 ) = * 7*"' £ 3 T a m b < ° F ) = 2£ A/" 

Pi t o t 

P o i n t 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
Avg.* 

C o n s t a n t ^ 

Por i 
A *v 

• ^ 

, «T$ 

^ 

A« 

i 
T 

,23 .2 (&L,*£dv« 
Pori 

A p v 

,38 

,36 

,31 
,25 

2 
T 

Pori 
APV 

,40 
,?* 
,1* 
,32-

t 3 Por 
APV 

,3* 
,32 
.34 
,33 

— 

If
A 
T 

*/) ^ ~ " L*,c64*/*r 
P o r t 5 

APV T 

.3D 

,3-4 
,35 
■S3 

-

— 

— 

P o r 
APV 

: 6 
T 

- •• • 

-

Po r 
APV 

: 7 
T 

Por 
APV 

: 8 
T 

Por 
4 P „ T 

* A v e r a g e s a r e /A~p\ n o t A p . 

AVERAGE DUCT VELOCITY = 

AVERAGE DUCT TEMPERATURE RLl <*/



8 zr^t-vf DUCT io A- cJc«j» -t ?-A- n i J ' « ; 

^ ' 3 ) i % ^ ' f ^ ; ? ' 5 ^ H
; ' / ' ? * / * 

&A>]T I &%r <*)f2.*<r /£, ' frj.'slc K> l~*>X h Jcc r 
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Q 
i 

•^ 

ITINERARY 

HAME: vann Buf-/hT Joe McCain.WiJn Marchant . S teve P i c c o t * 

^ i p Dates, 5 / n -^5/13/93 * ( h o t e l o n l y ) 

y\*^ 
Charge: 7960.11.6 
Purposet Pre-test site visit - Bailey Gener. Stat. 
Contact: Beth Wrobel, NIPSCO * 

Day/Date 
Tues. 5/11 

Thurs. 5/13 

LEAVE 
City 

Birminaham 
Chicaoo 

Chicago 

Flight 1 
SW-134 

SW-758 

Tine 
D 11:05am 
D D. m. 

D 5:55pm 

ARRIVE 
city 

Chicaqo 
Porter. IN 

Birmingham 

Time 
A 1:25pm 
A p. m. 

A 8:15pm 

Accommodations 

Sprinq House Inn $62 
303 North Mineral Sprinqs Rd. 
Porter, IN 219/929-4600 
Rooms guaranteed by P.J. for 
PVB, JDM, GHM, SDP MDPR 46/26 

Car 
Rental 
yes 

Cash Advance $ 250.00 (PVB) 

Confirmations: Flightt Brnwinii - r*h>»ryl 

Hotel: " 

Rental car: " Hertz. Fnll-niza (PVB) 
Conf #85201A7E4E7 

Toll Free Phone Numbers for Hotels: 

Best Western 
Hilton 
Holiday Inn* 

800/528-1234 
800/445-8667 
800/465-4329 

LaQulnta 800/531-5900 
Quality Inn 800/228-5151 

Howard Johnson 800/654-2000 
Ramada Inn 
Sheraton 

800/228-2828 
800/325-3535 

Hyatt 800/228-9000 

"Holiday Inn Corporate Account 1501220 



. GUAM'*" 



21U ^alA^ (j—Oo c ^[ 

y a < ^ 

i - j? 

f , c 
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#„'<&$ UiA Ft ? *
 B * > " ^ ~ 

/c/y •*> /u,/»/"•* r Poor , )fy,„L^ 

^ » /
j i

< ■*
,,
T

/t *
 5 l '""•** 

1 7 3 5& ■*'=■—' Cfl*>f 0**c* Mtt~ IHTO PJ'f 

& I 31- % 
1» Jfe 

5*/ V* 

G50 



PLANT: . ^/m/ C&A)G&{77Ab STTJ ^2 <^> DATE: / [/**/? s 
LOCATION: /A/IST 7 ^ TIME: , /630 r?so 
APJtk ; - ZD'HTS^^. 9 Amb T. 9g'r PROBE ID. /2" 

/ ■ f Fo < J

POINT 

NO. 

1 

2 

3 " 

4 r « o 
6 

7 

8 

9 

10 

PORT 1 

A P V 

&5 
$G 
•30 
* u 
• « & 

T 

322 
52G 
W 
3 ^ 

PORT 2 

A P V 

W0 
bOil 
'•ft? 
2/0 

T 

526 
^ 

w 
£$/ 

PORT 3 

A P V 

M 5 
l2o 
f25 
«C?9 

T 

532 
5 ^ 
i>S2 
32<J 

PORT 4 

A P V 

/65 
/55 
/•vo 
*

5
f 

T 

£z;f 
3Z? 
5*^3 
3<f£ 

PORTS 

A P V 

t5% 
hto 
(25 
7/ 

T 

SZ£ 
329 
3 f 0 
328 

PORT 6 

A P V 

A 25 
/•3D 
/•JS 
• 73 

T 

31? 
52 £ 
53S 
3 2 9 

POINT 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PORT 7 

A P V T 

PORT 8 

A P V T 

PORT 9 

A P V T 

PORT 10 

A P V T 

PORT 11 

A P V T 

PORT 12 

A P V T 

G51 
3970-4 



METHOD 3 DATA SIIERT Shee t I .D . 

Test Name; ^ j , / / , f 
Sample Locat ion : 

Date 

6/2 •> 

i 

; 

. 

, 

| 

V 

N / 

Operator 

M.t M/W 

V 
\ 

^ ' 

Time 

fl?G 

//5r 

/75<? 

'140 

C a l i b r a t i o n Check 

Zero 
( / ) 

t 

V 

Oxygen 
Source Reading 

fa*v\6*A ?0.6 

Carbon 
Source 

<U*k'id4 

Dioxide 
Reading 

- * - # ■ 

CO 

Stack Analys i s 

Zero 
{/) 

t^ 

W ' 

W 
V 

S 

IS 

« / " 

y 

°2 

o.z 
(p. 1 

t4 
(r.4 

74 
C4 

4.fi 
4.0 

co2 

/^.ff 

)l.i 

/S <b 
'2.G 

/7i6 
12 8 

'A. 1 

/4 2. 

Comments 

^7^ffei 

z7<?c£



PLANT: • BAUlY 

LOCATION: gTAC(< 

APi:k: * 0.7g"//tO Amb P: AmbT. 

DATE: 9'Z93 

TIME: / 3 ' AS 

PROBE ID. £rV&(lO/\fil 

POINT . 

NO. 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

PORT1 

AP V 

M 
.to 
• ^ 

T 

PORT 2 

AP V 

• ^ / 
>4o 
.33 

T 

PORT 3 

AP V 

.37 
as
.z& 

T 

PORT 4 

AP V 

37 
, * / 2 
20 

T 

P0RT5 

APV T 

PORT 6 

AP V T 

f>0hf. ?f f KJ*++ /Q t l < u \ /■ O i  " " P ° r f 2 , y A t * <*f A^M>v,4 f*.cJ C^oc/cc«Uc, 

POINT 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PORT 7 

APV T 

PORT 8 

AP V T 

PORT 9 

APV T 

PORT 10 

AP V T 

PORT 11 

APV T 

PORT 12 

APV T 

G53 
39104 



Method 2 Data Sheet 

P l a n t : 

Locat ion : 

%o2= 

$*//.£« l2V,r 1 #<*72<f>7~ na te: a~7 ll>~^/<?2S 
tJ V/r~ "") c 0 u T / ^ / Time: /f I O 

%N2 = %co2= •kCO= %H20= 

pamb (HG>= p. ChV ±APstack< H 2 0 ) = 

Pi tot Cons tan t s 

Ta**ib<°F> = 

P o i n t 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
Avg,* 

Port 

APV 

•3* 
A$ 
PO 
^ 

1 
T 

0t>\ 

yO 

?>o 
3fl 

Porl 
APV 

.7^ 

•V& 
J . * 

: 2 
T 

JDt> 

;3i>U 

w 

— 

Porl 
APV 

, ^ 

,v\ 
.51 

, < & 

— 

t 3 
f 

3$ 
3CH 
*2c0 

3*91 

Por 

APv 

/ t f 

, f c * 

.MM 

- ■ ■ 

: 4 
T 

Ocfc 

# # 

36H 

. . . 

Porl 
APV 

n>\ 
M 



— 

5 
T 

'*/>X 

T,C® 

.303 
3& 

Por 

APV 

: 6 
T 

Por 
APV 

— 

: 7 
T 

P o r t 8 
APV T 

-

Po r 
APV 

t 9 
T 

* Averages are /Ko, not Ap. 

AVERAGE DOCT VELOCITY = 

AVERAGE DUCT TEMPERATURE 5.0 ^ ^ W c 3 





Method 2 Data Sheet 

P l a n t : j5<rU, 
Loca t ion : 

%o2= 

7 z Date: 

Time: 

Q <y 7& */*? 5 

ft"* 
%N„ %co2= %C0= 

/ / 

%H20= 

Pamb <"S>= 2 $ . V "Pstack^O)-^ 7 ht^A Tan,b<°F> = 7< 
P i t o t C o n s t a n t s 

P o i n t 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
Avg.* 

Port 
APV 

*$rc 

,$c 

A5T 
/ . * 

1 
T 

33* 

3 * 
V a 

* * 

Porl 
APV 

•>~x 

•***" 

A ^ 
/*■/• 

2 
T 

**?* 

* ^ 

*>fi 

» / 

■ — 

Porl 

APV 

»6y 

A/ 
/ , i 

/ , , ' 

— 

i 3 
T 

3/5 
3^f 

5^J> 

3J?.? 

— 

Por 

APV 

.7? 

•9s 

: 4 
T 

3o$ 

* 1 

.... 

Porl 

APV 

.To 

f>4 
hi 
',.4. 

-

r 5 

T 

W? 
3o" 

3«£ 
JLs6 

Por 
APV 

.JL? 

Af 
A4f 

: 6 
T 

JO 
Joy 

Por 

APV 

: 7 
T 

Por 
APV 

: 8 
T 

Por 

APV 

: 9 
T 

* Averages are /A~P, not Ap. 

AVERAGE DUCT VELOCITY = 

AVERAGE DUCT TEMPERATURE = 



f - ? - ^ 

jt£ e*Jti<iJt' I? Of '2-G £7.o '.9.0 

^iHC/jcf1 'c-71 CO «*•$ 6 t 

G-57 



Bailly Unit 7 ESP outlet prelim vel. 9/2 

•31><«/ 

%02 : 6.2 %H20 7.0 AMB PRESS, Hg: 
%C02: 12.8 STACK dP, H20: 

29.20 PITOT CAL: 0.832 
7.5 DUCTft2: 216 

PORT1 PORT2 PORT3 PORT4 PORT5 
VELP TEMP VELP TEMP VELP TEMP VELP TEMP VELP TEMP 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

0.38 
0.68 
0.97 
0.94 

0 

301 
303 
303 
304 

0 

0.76 
0.78 

0.6 
0.68 

0 

300 
302 
304 
304 

0 

0.68 
0.61 
0.59 
0.52 

0 

302 
304 
303 
302 

0 

0.75 
0.68 
0.44 
0.48 

0 

300 
298 
301 
304 

0 

0.31 
0.64 
0.66 
0.58 

0 

302 
300 
303 
302 

0 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

PORT 6 
VELP TEMP 

0 0 

PORT 7 
VELP 

0 
0 

TEMP 

0 
0 

PORT 8 
VELP TEMP 

0 0 
0 0 

fVM/IDI I T O - \ wei «ni-TV riATA 

PORT1 
VELg TEMP 
40.9 301 
54.7 303 
65.4 303 
64.4 304 

0.0 0 
0.0 0 

56.3 303 

PORT 2 
VELg 
57.8 
58.6 
51.5 
54.8 

0.0 
0.0 

55.6 

TEMP 
300 
302 
304 
304 

0 
0 

303 

PORT 3 
VELg TEMP 
54.7 302 
51.9 304 
51.0 303 
47.8 302 

0.0 0 
0.0 0 

51.4 303 

PORT 9 
VELP TEMP 

0 0 
0 0 

PORT 4 
VELg TEMP 
57.4 300 
54.6 298 
44.0 301 
46.0 304 

0.0 0 
0.0 0 

50.5 301 

PORT 10 
VELP TEMP 

0 
0 
0 
0 

0 0 
0 0 

PORT 5 
VELg TEMP 
36.9 302 
53.0 300 
53.9 303 
50.5 302 

0.0 0 
0.0 0 

48.6 302 

PORT 6 PORT 7 PORT 8 PORT 9 PORT 10 
VELg TEMP VELg TEMP VELg TEMP VELg TEMP VELg TEMP 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

AVG STACK VELOCITY, f t /s : 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVG STACK TEMPERATURE, F : 
AVGSQRT(VELP): 

EXCESS AIR, % 

0 
0 
0 
0 
0 
0 
0 

52.5 
302 

0.791 

: 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

GAS VOL FLOW, kacfm: 
GAS VOL FLOW.kdscfm: 

40.832 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

680.2 
435.8 

0 
0 
0 
0 
0 
0 
0 

G-58 



9/2 Bailly Unit 8 ESP outlet prelim vel. 

%02 : 
% C 0 2 : 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINTS 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

6.0 
13.0 

%H20 

PORT1 
VELP 

0.5 
0.8 
1.5 
1.8 

0 

TEMP 
332 
339 
342 
339 

0 

PORT 6 
VELP 

0.73 
0.85 

1.4 
1.8 

0 
0 

TEMP 
300 
300 
303 
305 

0 
0 

7.0 AMB PRESS, Hg: 
STACK dP, H20: 

PORT 2 
VELP TEMP 

0.52 332 
0.85 340 

1.4 338 
1.4 334 

0 0 

PORT 7 
VELP TEMP 

0 0 
0 0 

PORT 3 
VELP TIEMP 

0.64 313 
1.1 321 
1.2 325 
1.1 323 

0 0 

PORT 8 
VELP TIEMP 

0 0 
0 0 

r»o»«oi n r n \/ei nr>i-rv I-IATA 
PORT1 
VELg 
47.8 
60.8 
83.4 
91.2 

0.0 
0.0 

70.8 

TEMP 
332 
339 
342 
339 

0 
0 

338 

PORT 2 
VELg TEMP 
48.8 332 
62.7 340 
80.3 338 
80.1 334 

0.0 0 
0.0 0 

68.0 336 

PORT 3 
VELg TEMP 
53.5 313 
70.5 321 
73.8 325 
70.5 323 

0.0 0 
0.0 0 

67.1 321 

29.20 
7.0 

PITOT CAL: 
DUCTft2: 

PORT 4 
VELP 

0.65 
0.77 
0.95 
0.92 

0 

TEMP 
304 
308 
312 
312 

0 

PORT 9 
VELP 

0 
0 

TEMP 

0 
0 

PORT 4 
VELg 
53.6 
58.5 
65.1 
64.1 

0.0 
0.0 

60.3 

TEMP 
304 
308 
312 
312 

0 
0 

309 

0.832 
324 

PORT 5 
VELP 

0.7 
0.78 

1.1 
1.6 

0 

TEMP 
298 
303 
306 
306 

0 

PORT 10 
VELP 

0 
0 

TEMP 
0 
0 
0 
0 
0 
0 

PORT 5 
VELg 
55.4 
58.6 
69.8 
84.2 

0.0 
0.0 

67.0 

TEMP 
298 
303 
306 
306 

0 
0 

303 

PORT 6 PORT 7 PORT 8 PORT 9 PORT 10 
VELg TEMP VELg TEMP VELg TEMP VELg TEMP VELg TEMP 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

56.6 
61.1 
78.6 
89.2 

0.0 
0.0 

71.4 

300 
300 
303 
305 

0 
0 

302 

AVG STACK VELOCITY, ft/s : 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVG STACK TEMPERATURE, F : 
AVG SQRT(VEL P) * 

EXCESS AIR, % 

0 
0 
0 
0 
0 
0 
0 

67.4 
318 

1.005 

• 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

GAS VOL FLOW, kacfm: 
GAS VOL FLOW.kdscfm: 

39.002 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1310.6 
821.4 

0 
0 
0 
0 
0 
0 
0 

G-59 



Jl*\ 

Bailly Unit 8 ESP inlet prelim vet. 

%02 : 
% C 0 2 : 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINTS 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

6.0 
13.0 

%H20 

PORT1 
VELP 

0.83 
1.35 

1.3 
0.93 

0 

TEMP 
322 
326 
344 
346 

0 

PORT 6 
VELP 

1.25 
1.3 

1.35 
0.73 

0 
0 

TEMP 
319 
326 
335 
329 

0 
0 

7.0 AMB PRESS. Hg: 
STACK dP,H20: 

PORT 2 
VELP TEMP 

1.5 325 
1.04 334 
1.02 340 
2.1 331 

0 0 

PORT 7 
VELP TEMP 

0 0 
0 0 

PORT 3 
VELP TEMP 

1.45 332 
1.2 346 

1.25 352 
0.65 329 

0 0 

PORT 8 
VELP TEMP 

0 0 
0 0 

nnuDi n r n wei n r n v PIATA 
PORT1 
VELg 
61.3 
78.4 
77.8 
65.9 

0.0 
0.0 

70.9 

TEMP 
322 
326 
344 
346 

0 
0 

335 

PORT 2 
VELg TEMP 
82.6 325 
69.2 334 
68.8 340 
98.1 331 

0.0 0 
0.0 0 

79.7 333 

PORT 3 
VELg TEMP 
81.6 332 
74.9 346 
76.7 352 
54.5 329 

0.0 0 
0.0 0 

71.9 340 

29.40 
-20.0 

PITOT CAL 
DUCTft2: 

PORT 4 
VELP 

1.65 
1.55 

1.4 
0.54 

0 

TEMP 
324 
329 
343 
342 

0 

PORT 9 
VELP 

0 
0 

TEMP 

0 
0 

PORT 4 
VELg 
86.6 
84.2 
80.7 
50.1 

0.0 
0.0 

75.4 

TEMP 
324 
329 
343 
342 

0 
0 

335 

0.808 
146.7 

PORT 5 
VELP 

1.55 
1.1 

1.25 
0.71 

0 

TEMP 
326 
329 
310 
328 

0 

PORT 10 
VELP 

0 
0 

TEMP 
0 
0 
0 
0 
0 
0 

PORT 5 
VELg 
84.0 
70.9 
74.7 
57.0 

0.0 
0.0 

71.7 

TEMP 
326 
329 
310 
328 

0 
0 

323 

PORT 6 PORT 7 PORT 8 PORT 9 PORT 10 
VELg TEMP VELg TEMP VELg TEMP VELg TEMP VELg TEMP 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

75.1 
77.0 
78.9 
57.8 

0.0 
0.0 

72.2 

319 
326 
335 
329 

0 
0 

327 

AVG STACK VELOCITY, ft/s : 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVG STACK TEMPERATURE, F: 
AVGSQRT(VELP): 

EXCESS AIR, % 

0 
0 
0 
0 
0 
0 
0 

73.6 
332 

1.087 

: 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

GAS VOL FLOW, kacfm: 
GASVOLFLOW.kdscfm: 

39.002 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

648.1 
375.1 

0 
0 
0 
0 
0 
0 
0 

G-60 



9/2 Bailly stack prelim vel. 

%02 : 
% C 0 2 : 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

7.8 %H20 
12.0 

PORT1 
VELP TEMP 

0.4 137 
0.4 137 

0.34 137 

0 0 

PORT 6 
VELP TEMP 

0 0 
0 0 

I6-. 
JQ.H ' AMB PRESS, Hg: 

STACK dP, H20: 

PORT 2 
VELP TEMP 

0.41 137 
0.41 137 
0.33 137 

0 0 

PORT 7 
VELP TEMP 

0 0 
0 0 

PORT 3 
VELP TEMP 

0.37 137 
0.35 137 
0.28 137 

0 0 

PORT 8 
VELP TIEMP 

0 0 
0 0 

nmiai i-ren \«ri nr^rrv PIATA 
PORT1 
VELg TEMP 
37.0 137 
37.0 137 
34.1 137 

0.0 0 
0.0 0 
0.0 0 

36.0 137 

PORT 2 
VELg TEMP 
37.4 137 
37.4 137 
33.6 137 

0.0 0 
0.0 0 
0.0 0 

36.1 137 

PORT 3 
VELg TEMP 
35.6 137 
34.6 137 
30.9 137 

0.0 0 
0.0 0 
0.0 0 

33.7 137 

29.40 PITOT CAL: 0.8 
0.0 DUCTft2: 855.3 

PORT 4 
VELP TEMP 

0.37 137 
0.42 137 

0.3 137 

0 0 

PORT 9 
VELP TEMP 

0 0 
0 0 

PORT 4 
VELg TEMP 
35.6 137 
37.9 137 
32.0 137 

0.0 0 
0.0 0 
0.0 0 

35.2 137 

PORT 5 
VELP TEMP 

0 0 

PORT 10 
VELP TEMP 

0 
0 
0 
0 

0 0 
0 0 

PORT 5 
VELg TEMP 

0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 0 
0.0 0 

PORT 6 PORT 7 PORT 8 PORT 9 PORT 10 
VELg TEMP VELg TEMP VELg TEMP VELg TEMP VELg TEMP 

POINT 1 
POINT 2 
POINT 3 
POINT 4 
POINT 5 
POINT 6 
AVERAG 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

AVG STACK VELOCITY, f t /s : 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVG STACK TEMPERATURE, F : 
AVG SQRT(VEL P) : 

EXCESS AIR, % 

0 
0 
0 
0 
0 
0 
0 

35.3 
137 

0.603 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

GAS VOL FLOW, kacfm : 
GAS VOL FLOW.kdscfm: 

58.327 

0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1809.1 
1257.7 

0 
0 
0 
0 
0 
0 
0 

G-61 



IMPACTOR D50 EXPLORATION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 6/3/93 
TIME OF TEST: 
TEST DESIG.: ind 
TEST TYPE OUTLET 
RUN NUMBER: 0-FILE NAME:TindR0.OT 
RUN REMARKS: springervillo stack setup 
IMPACTOR TYPE: fc/i,/tv 

RAPC 3 4 5 7 9 11 P™"/ 
/\sl*x 

WATER VAPOR 
C02 12.00% 
02 7.00% 
H2 0.00% 
SUBSTRATE MATERIAL: 

14.00% 
CO 0.00% 
N2 81.00% 
CH4 0.00% 

$ 

1r 

GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
PITOT delta P 
WATER VOLUME 
METER FACTOR 

0.000 cf 
0.00 IN. HG. (0 for calc. 
0.00 INCHES H20 

-1.0 INCHES H20 
29.95 INCHES HG 
127 DEGREES F 
85 DEGREES F 
175 DEGREES F , 
1.00 MINUTES 
33.00.FEET/SEC 
0.00 INCHES HG 
0.188 INCHES 
0.000 INCHES 

0.0 CC 
1.0000 

<W \ * 

RESULTS 
ACTUAL FLOW RATE 0.411 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.293 CFM 
PERCENT ISOKINETIC 100.002 % 
VISCOSITY 189.6E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 1.55 IN. HG 

from theory) 

f7<* AT 

GE 
1 
2 
3 
4 
5 
6 
7 
GE 

CUNN. 
CORR. 
1.016 
1.036 
1.066 
1.111 
1.214 
1.405 
1.796 

D50 D50 INLET 
(CLAS AERO)(IMP AERO) PRES. 
10.148 10.231 
5.071 5.163 
2.814 2.905 
1.671 1.761 
0.867 0.955 
0.468 0.555 
0.254 0.340 

29.8765 
29.8765 
29.8734 
29.8688 
29.8503 
29.7592 
29.4573 

RE. 
NO. 
1076 
438 
180 
229 
340 
466 
874 

CUT DIAMETERS BASED ON THEORETICAL VALUES 

V*D50 
UM-M/S 
14.4 
17.5 
12.4 
14.5 
16.5 
16.1 
16.5 

OF STAGE 

NO. 
JETS 

1 
12 
90 
110 
110 
105 
56 

JET DIA. 
CM 

1.2700 
0.2438 
0.0790 
0.0508 
0.0343 
0.0262 
0.0262 

CONSTANTS 
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IMPACTOR D50 EXPLORATION PROGRAM, VERSION 10 

INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 8/27/93 
TIME OF TEST: 
TEST DESIG.: nip 
TEST TYPE OUTLET 
RUN NUMBER: 0-FILE NAME:TnipR0.OT 
RUN REMARKS: springerville stack setup 
IMPACTOR TYPE: 

RAPC 3 4 5 7 9 11 

WATER VAPOR 20.00X 
C02 12.00X CO O.OOX 
02 7.00X N2 81.00X 
H2 O.OOX CH4 O.OOX 

SUBSTRATE MATERIAL: F 

GAS METER VOL 0.000 cf 
IMPACTOR DELTA P 0.00 IN. HG. (0 for calc. from theory) 
ORIFICE DELTA P 0.00 INCHES H20 
STACK PRESSURE 0.5 INCHES H20 
BAROMETRIC PRES 29.57 INCHES HG 
STACK TEMP 133 DEGREES F 
METER TEMP 95 DEGREES F 
IMPACTOR TEMP 160 DEGREES F 
SAMPLE TIME 1.00 MINUTES 
AVG GAS VEL 32.00 FEET/SEC 
ORI P URT PBAR 0.00 INCHES HG 
NOZZLE DIA 0.193 INCHES 
PITOT delta P 0.000 INCHES 
WATER VOLUME 0.0 CC 
METER FACTOR 1.0000 

RESULTS 
ACTUAL FLOW RATE 0.408 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.275 CFM 
PERCENT ISOKINETIC 100.002 X 
VISCOSITY 182.3E-06 GM/CH-SEC 
CALCULATED IMPACTOR DELTA P = 1.52 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.017 
1.036 
1.065 
1.110 
1.212 
1.400 
1.781 

D50 D50 INLET 
(CLAS AERO)(IMP AERO) PRES. 
10.145 
4.992 
2.762 
1.638 
0.850 
0.460 
0.251 

10.229 
5.081 
2.850 
1.725 
0.936 
0.545 
0.335 

29.6068 
29.6068 
29.6038 
29.5993 
29.5813 
29.4923 
29.1975 

RE. 
NO. 
1070 
447 
184 
234 
347 
476 
892 

V*D50 
UM-H/S 
14.7 
17.2 
12.1 
14.1 
16.1 
15.7 
16.2 

NO. 
JETS 

1 
12 
90 
110 
110 
105 
56 

JET DIA. 
CM 

1.2700 
0.2438 
0.0790 
0.0508 
0.0343 
0.0262 
0.0262 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
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IMPACTOR D50 EXPLORATION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 8/27/93 
TIME OF TEST: 
TEST DESIG.: nip 
TEST TYPE OUTLET 
RUN NUMBER: 0-FILE NAME:TnipR0.OT 
RUN REMARKS: ESP Outlet setup 
IMPACTOR TYPE: 

RAPC 3 4 5 7 9 11 
WATER VAPOR 8.00X 
C02 12.00X CO O.OOX 
02 7.00X N2 81.00X 
H2 O.OOX CH4 O.OOX 
SUBSTRATE MATERIAL: F 
GAS METER VOL 0.000 cf 
IMPACTOR DELTA P 0.00 IN. HG. (0 for calc. from theory) 
ORIFICE DELTA P 0.19 INCHES H20 
STACK PRESSURE 6.0 INCHES H20 
BAROMETRIC PRES 29.57 INCHES HG 
STACK TEMP 300 DEGREES F 
METER TEMP 100 DEGREES F 
IMPACTOR TEMP 300 DEGREES F 
SAMPLE TIME 1.00 MINUTES 
AVG GAS VEL 62.00 FEET/SEC 
ORI P WRT PBAR 0.00 INCHES HG 
NOZZLE DIA 0.135 INCHES 
PITOT delta P 0.000 INCHES 
WATER VOLUME 0.0 CC 
METER FACTOR 1.0000 

RESULTS 
ACTUAL FLOW RATE 0.370 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.237 CFM 
PERCENT ISOKINETIC 100.002 X 
VISCOSITY 222.2E-06 GH/CM-SEC 
CALCULATED IMPACTOR DELTA P = 1.05 IN. HG 

IGE 
1 
2 
3 
4 
5 
6 
7 

CUHH. 
CORR. 
1.025 
1.040 
1.067 
1.109 
1.209 
1.405 
1.830 

D50 D50 INLET 
(CLAS AERO)(IMP AERO) PRES. 

9.386 
5.806 
3.495 
2.145 
1.120 
0.589 
0.307 

9.502 
5.921 
3.609 
2.258 
1.231 
0.699 
0.415 

30.0112 
30.0112 
30.0091 
30.0058 
29.9932 
29.9313 
29.7268 

RE. 
NO. 
667 
290 
119 
152 
225 
308 
578 

V*D50 
UH-H/S 
12.9 
18.1 
13.8 
16.8 
19.2 
18.2 
17.9 

NO. 
JETS 

1 
12 
90 
110 
110 
105 
56 

JET DIA. 
CM 

1.2700 
0.2438 
0.0790 
0.0508 
0.0343 
0.0262 
0.0262 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
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HETIIOD 3 DATA SHEET S h e e t I . D . 

Test Name: 

Sample Loca t ion : /fj> /L-w/C*"/P 

9 
o> 
cn 

<&*£ £& 9/s/>'-J 

Date 

<V//b 

fyfa 

Operator 

1-7* 
1 1 

/ 1 

Time 

/fi'J 

K&3 

C a l i b r a t i o n Check 
i 

Zero 
( / ) 

Oxygen 
Source Reading 

Carbon 
Source 

• 

Dioxide 
Reading 

Stack Ana lys i s 

Zero 
( / ) °2 

<?. 2 
S I 

C c 

6.A 

6-1 
6 1 t 

co2 

UJr 
u„t 
/l.y 

i:,r 
i?r 
/ir 

Comments 



HETIIOD 3 DATA SHEET Slieet I .D. 

Tes t Name« /jift-. / ,<?)\ > f/fc j &9~Ytr^y^h^S 

Sample Locations ^^JX~~^?K —tpfcyf/o S e t fk/*,nc*&. 
art 5 ^ 1 . J^/L^ J/s/St 

Date 

9/MS 

Opera tor 

^7L. 

1 

1 
1 

1 

i 

1 
I 

Time 

/&£. 

I(pi7 

1 
/7¥jr 

1 

C a l i b r a t i o n Check 

Zero 
( / ) 

W* 

Oxygen 
Source Reading 

5".tH 

S'.a 
f.^ 

<r.c
5'.~o 

$~ c 

Carbon 
Source 

/S:L 

jr.i. 
/ T i 

Dioxide 
Reading 

/yr/ 
/s: A 
/ ■ » ' / 

Stack Analys i s 

Zero 
( / ) 

.̂r 

ry 

j2,0y 

°2 

J*.*' 
r.r 
<r 

rft 
r.r 
r.y 

s.j 
S~j 
*i 

co2 

IS. 3 
13.9 

'*i 

fJS 
I3.<L 

153 

13,7 
/?. 7 
/3. C 

Comments 

,S~3?'>si 
? 

1 

■J.* 

IC" 



Appendix G2 
September 4 Tests 

( 
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\'/-lOfc. 1 ol- £ 

Planl/Localion3^7 Oitfc/<tfc 
Operator fdrlf 
Dale q - M - q a 
Test No./Run No. £ fAtA«* 
Meier Box ID NWtJiK »-2) 
Gas Meier Ca'L Factor 
Oiifice ID 
Oiifice Dlia i . y y 

co 

METHOD 5 FIEIJ) DATA 

Pitot Coefficient, Cp .S3 
Nozzle fD. TA& 
Average Nozzle Dia., indies .StA 
Barometiic Pressure, In. Hg SPiMQ 
Ambient Temp., deg. F 8 5 " 
Assumed Moisture, % / 0 > 0 
Filter ID 
Stack Pressure, in. 1120 -? 5" 

1st Filter 
Leak Rale, cfm, Prelesl ,00 3 
Leakrale, cfm, Posl-lesl . 003 
2nd Filler (if used): 
Leak Rale, cfm. Pretest 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: (o\o3LH°>\* 
START TIME _ _ A ^ 1 _ 

GAS METER END, cf ISO.V^H 
END TIME ■ )3:*fO 

Clock 
Time 

<\2>-

Travese 
Poml 

N u m b e r 

te » 

2 

3 

H 

D I 

d 

3 

Sample 
Time 

iP 

^ 

3U 

MS-

13 w> 

,3M a. 

ou m 

Vacuum 
in. Hg 

&*> 

# . \ 

2-\ 
*>£> 
£.6 

& 

i€ 

Slack 
Temp 
deg. F 

30 

3M 

yo 
yh-

y* 

3\M 

3\3 

Pilot 
DP 

in. H20 

.V>5 

n* 
nS 
\AD 
\.oo 
\.^0 

YVS> 

Oiifice 
DH 

ill. 1120 

.IV 

.831 
.82 

vao 
vrtt 
\ . t f \ 

VtfN 

Meier 
VoL 
cf 

Wo2.4°ib 

CW.3 

<*>0> 

bfo.M 

.sf0*1 

UK* 
I D V I 

m u 

Temoera 

Probe 

271 
3CPl 

305 

* ^ 

2U>u 

3\0 

$H< 

lui-es (deg. F) 

Filler 

2>& 

<£SH 

PMP-

PH«\ 

> \ f r 

£5M 
$S2 

Sorb. 
bnp. 

Outlet 

U 
S i 

&% 

55 
fo3 
5 5 

^ k 

DGM 
in 

^ - \ 

<\fr 

100 

}0<2 

low 

\% 

IDT 

()GM 
out 

^1 
°a 
< t o 

^ 5 

9? 
^ 

sft 
Tolal Max Avg. Avg sqrt Avg. Tolal 

3/J 0,?# ' 0,11 
to&_ r~^ Avg. Max. Max. 

i r Avg. _ Avg. 

,0^7 



•a. 2. 

Q 
i 

co 

Method 5 Field Da 
Clock 
Time 

Travese 
Point 

Number 

Ht>v 

c_ t 

S 

3 

4 

4 1 

J 

3 

. 4 

e> i 

* 

3 

4 

a Continued. Date 
Sample 

Time 

«-#•>•* 

12. 

*?M 

3*-* 

M ^ 

\3L 

^ v 

3fc 

4*2 

•ft 

<X 

3fc 

MP-

Vacuum 
in. Hg 

2.5 

ax? 
A S 

£^ 
^ 

Jl.O 
<2-0 
5 . 0 
p.o 
3-5 

# 3 

J.O 
4 0 

<V4*3 Locatbn\>7 w^V* \ 
Slack 
Temp 
deg. F 

yc> 
y& 
3 \ \ 

3\a 
>\& 

3\l 

> \ \ 

3N^ 

3W 
•y& 

• j a 

-v& 
1)0 

Pilot 
DP 

in. H20 

& 

.•so 
,-T+T*V*» 

, \ oO 

& 

. W 

.V*3 

.55^ 

.•51? 

.15 

«io 
. 5 0 
.5X7 

Oiifice 
DH 

ia H20 

V03 
S& 

& 

*\£ 
n\ 
.wr 
\ $ 

.uo 
. 5 4 

. & ! 

.7k 

.5M 

.5H 

Run No. ,=2 
Meter 

Vol 
cf 

nJSM 
7 ^ 0 . 3 

!&.? 
1yoPi 
72>b\nr 

m.i 
- 7 4 ^ . 1 

"752* 

757.^20 

■IS;0 

7 7 0 - 0 

7 1 5 , 0 

ifa.Wf 

•mW* 
Tempera 

Probe 

^ 

£-71 

^O? 

5PII 

£** 
<£>/ 
307 

c2£f 
<35l 

^ 

30-? 

cPM 

^ / 

Operator K'.rif 
lures (deg. F) 

Filter 

5M5 

2 S O 

£5M 

PHfl 
9^r 

<?SQ 

J5^ 
dW-

c-^fl 

<9^ 
QS^\ 

£\1 

SW 

Sorb. 
bnp. 

Outlet 

£*U 

feU 

(*o 
5M 

« 

i T 7 

■ * • / * ) 

£/ 
SI 

yo 
• ^ 0 

t/f 

5a 

DGM 
Ui 

\o2. 

■^r 

<*\ 

/oc) 

/03 

/Ctf 

;(;5 

ioy 
101 

(CO 

UO 

/a? 

/PC? 

DGM 
out 

qs-

°llo 

1u 
qy 

9? 
^ 

/vo 
(01 

/Q? 

/(W 
| 0 5 

/oy 

/Oi 

7cp3 



TRAIN OPERATION 7 Out dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Hutech 3 
NOZZLE DIA, in 
SYSTEH FLOW, acfm 
* 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
Ho. of points: 
Reqd Hin./point 
Use Minutes/point 

6.2 
12.8 
10.0 
29.40 
7.5 

0.79 
0.50 
0.050 

312 
87 

0.82 
1.89 

0.202 
0.695 
0.63 

0.4203 
100 

237.94 
3.9657 

20 
11.897 

12 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

100.9 

0.54 
0.60 
0.65 
0.71 
0.76 
0.82 
0.87 
0.93 
0.98 
1.03 
1.09 
1.14 
1.20 
1.25 
1.31 
1.36 
1.41 
1.47 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

predicted vol. 
nozzle T22 

5 ports X 4 points/port 

1.52 
1.58 
1.63 
1.69 
1.74 
1.80 
1.85 
1.90 
1.96 
2.01 
2.07 
2.12 
2.18 
2.23 
2.29 
2.34 
2.39 
2.45 

9/4/93 Unit 7 Outlet metals train opt 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant BAIXIV 
CMTl&T Sampling Location U M r T 7 

Set Up BvlQL/wS Date Qf(Qtfr 5. 
Run No. J 
Run Oate 9 -•*/-•? J 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

D»Sb 
Report Date 

FILTEKS yrjgp 

Filter No. v5c?|45" 

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 it 

trraoNES 
Prepared Container 

(Mo.) 

5 u 
2.0 u 
1.0 it 
0.5 it 

IMPINGER SOLUTIONS: Initial Final Gain 
First 
Second 
Third 

Fifth 
Sixth 
Seventh 

S74.8 
&73.1 

<tZ7.o 
fcfet3 

&{7 
So^t.S 

'1 TH. 7 
5 1 0.9 
^ 2 7 
66 3. 
5*12. 
5 OH 

r 7* 
L
i 
6 
7 

42te
p.B 
o£. 
Al 
01 
fl.fa 

SILICA GEL WEIGHTS: I n i t i a l Final 

S2.4.Z SH* . 6 *>' 

Totals 

^ f i r\/>^ Q.'XV' 

COMMENTS: 

Color of Silica Gel: 
Description of Impinger Water: 

^ ' A ft ■' K r •■ cf*> iy/rl~ I /} '<s < Cola 
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ORY UOLEGULAR WEIGHT DETERMINATION 

PLART_ 

P A I C -
/7/hUy $7&9~ J?t.*>f~ 

7/1113 .IEWHO *? t: 
/(i/fy. SAMPLIM im mil CLOCK) „ — -

SAMPLING LOCAIKHI C'M t'/s.t.i/r. 
SAW IE Tin | i M . iiiEGRAIEO. COSTIMUOUI). 
ANALV1KAL MEIHOa £>fiJ>A 7 
AMIIENI ItMPERAIIIAf 7 ^ * 
OPERATOR Z-^/L. 
OflSAf LEAK CHECKEO / 7 . 6 " 

M~ 

s /<-. -v ^ 

ccmtun: 
O. 

0 

07t, &?r3 

/v.i-zs:*-
v.'/y^W " 

t^*t 

/ J . J 

Z~.H 

* 

F v . RUN 

GAS ^ \ 

co2 

02INET IS ACTUAL 0 ] 
REAOIRfi MRUS ACTUAL 
COf READING) 

CO|NET IS ACTUAL CO 
REAOIK MRUS ACTUAL 
0|REAOIIKi| 

NimnniHiMNus 
ACTUAL CO READING) 

1 1 

ACTUAL 
[READING 

/JJ 

&3 

NET 

/J'2. 

O 

1 

ACTUAL 
REAOING 

/S'.L , 

20. J 

NET 

/i> 

57 

1 

ACIUAL 
READING 

/r.z 

2c Z 

NET 

/f.L 

57 

• 

AVERAGE 
NET 

VOLUME 

/ y : 2L 

ST./ * 

MULTIPLIER 

M/M 

»'IN 

a/m 

"•in 

MOLECULAR IEIGHT OP* 
STACK GASlORVIASISl 

•I,.ft ft ••*• 

TOTAL 



DRY MOLECULAR WEIGHl 

PLANT. 
nm 9/rVf 7 

£.4iUr 5y,'*~ s'hW 
'^7 .TE1TN0 A 

/o ?/-/-- //cs' SAMPLIMSIIMC|l l t iCLOCK)_ 
SAMPLINGllrr*M

MM
» *»>'? t»c/'.fr.i o>~,?"& 

SAMPLE TYPE (OAS. INTEGRATED. CONTINUOUS). 
ANALYTICAL MfTHflM PAMf 

fi'.JX //S<;l~>> Tisl 

AMIIINI TEMPERATURE _ _ 2 1 £ 
OPERATOR /^7Z 
ORSAF LEAK CHECKED 2 c . / / * • V 

P.O. BOX 190 LEEDS. ALABAMA 35094 
205/699-6647 

SAMPLE 
tO: TX/Jurr UUTfttZ n/UiV % 

PARAMETERS: 

Oqo4 ~~?/0& 

DATE H$L TIME "g ' i fe l <W» 

P ^ ^ ^ RUN 

GAS ^ \ ^ 
C0| 

lOj lNET IS ACTUAL 0 ] 
IREA0W6 MINUS ACTUAL 

COjREAOMG) 

COlMCT IS ACTUAL CO 
REMISS MINUS ACTUAL 
O|REA0I*G) 

N j | N n IS I H MINUS 
ACTUM. CQ READING) | 

I 1 
1 ACTUAL 

REAOING 

//? 

/?2

NET 

/ * * 

S',7 

„ 

f 

ACTUAL 
REAOING 

/V.c 

/?.2 

NET 
1 

/V.c

57 2 

1 

ACTUAL 
REAOING 

/*/.o 

/ > • / 

NET 

//< 6 

f./ 

' 

AVERAGE 
NET 

VOLUME 

7?,?7 

S'. 1 ' 

ft h 

MULTIPLIER 

M/ISt 

»m 

n
/m 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASItl 

M|. ft ft <■•>• 

7.(7 

l.bks 

J?ts 

TOTAL 



DRY MOLECULAR WEIGHT 

m » i / W / U v >'^>-4~ / - ^ V - W 
Dili $ V V / ? ^ TEWRO. -*-

SAMPLIMS IMC l » W CLOCK) _ _ J L i Z -

^L 

SAMPIINGinrtiinii ft 7 ^ ■ . v c r /tie r,'u ,/Jrf.>y-

SAMPLE NPE(BAG. WTEGRATEB. CONTINUOUS) _yt7*y' ^ " ^ ^ f r * 
ANALVIICAL MfFfHM fitCsAr ! L _ 
AMIIENI TEMPERATURE _ _ _ Z £ _ . 
OPERATOR JUJ/"!. 
ORSAr LEAK CHECKED / 3. 6 ir,H 

(§uuxbxun SZ££Z£D 
P.O. BOX 190 LEEDS, ALABAMA 35094 

205/699-6647 

SAMPLE 
w* #7 Que/** n**L*k /S*3M 

PARAMETERS: 

%u»*3 
D A T E 9 " * V - ^ J TIME: if&r SAMPLED 

BY: 

• 

[ \ . RUN 

«r\j 
cot 

Oj INE! B ACIUAL Oj 
REAOING MINUS ACTUAL 
COt REAOING) 

CO'NET IS ACTUAL CO 
REAOIM MINUS ACTUAL 
0|REAOtItq 

H 2 ( N n I S M MINUS 
ACTUAL CQ REAOING) 

■ 

1 

ACTUAL 
REAOING 

12. u. 

7i a 

NET 

/lu 

6? 

i 

ACTUAL 
REAOING 

/?: O 

/). V 

NET 

/l.%> 

6.r 

i 

ACTUAL 
REAOING 

/I. * 

1 '7 V 

NET 

u ^ 

dr 

• 

AVERAGE 
NET 

VOLUME 

77.<r

4/ ' 

K± 

MULTIPLIER 

«.<IM 

n>m 

n
/m 

a,
m 

MOLECULAR IEIGHT OF 
STACK GAS I O R V I A S I S I 

M(. ft ft M i l 

5~:.rv<y 

2,1 7 c, 

n.r^y 
T0

™
L 3*.<>PJ 

J 



DRY MOLECULAR WEIGHT DETERMINATION 

PUMI /\^/Ur ^ttr-h- / - Ojf^t . COMMCNT1 
nm l;71/57' i f s i Ma ' z. 
SAMPLINGTMMJIII*CtBCMi &.<rH/- /Q£>G , 
SAMPLING inciiiOM *& 6 ,,/v,7 lo&r sVe/azz .-/&'-
SAMPLE r»P€ (BAG. INTEGRA TEO, COMTIMUOUSt J+te<uZZ?A4a. 
immimM-EiHOM £te/tf • 
AMIIENI TEMP ERAIURE 2 1 
OPERATOR It.72.- / 
ORSAr LEAK CHECKED /C.U" 7&~,2~ 

[ \ . RUN 

1 G A $ ^ \ 
C0| 

OjJNET IS ACIUAL 0 ] 
REAOING MINUS ACTUAL 
C 0 | READING) 

COlNCT IS ACTUAL CO 
REABIM MINUS ACTUAL 
0 ] READING) 

N-j-NETISINIMNUS 
ACTUAL CO REAOING) 

1 1 

ACTUAL 
REAOING 

J2.f 

IU 

NET 

Rr 

7H 

t 

ACTUAL 
REAOING 

ft.f 

/f-l 

NET 

(2 r 

6.Y 

1 • • 
ACTUAL 
REAOING 

72. t 

tf-z. 

NET 

72. f 

t-1 
• 

AVERAGE 
NET 

VOLUME 

/2..f 

A7 

ftr 

MULTIPLIER 

H'lfMJ 

»m 

n/m 

*m 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASISl 

M4. ft ft ••*• 

SZtst. 

2 n7 

2 2 ^ ^ 

nm lcs,y 
- -



DRY MOLECULAR WEIGHT DETERMINATION 

PLANT /faith 5/*^ H'*J~ COMMENT* 
OATE VA/?* 11 ST R O _ £ 
u>tn idling ni t , ci firm Cir^r- SS"J>~ 
MMflllClOCAnOM 177%/c SV&MZ.* S/&9u\. 
SAMPLE W E (BAG. IBIEGftATEB. CDMIlMIMMIil / A / i W ^ ? /ft*-
AM1I WTICMJ- MEIHOM A/U£7 • 
AMIIINI TEMPERATURE _ _ _ Z J 
OPERATOR 7Q7L^ 
ORSAI LEAK CHECKED id. 1 ^ / ? . J -

[ \ . RUN 

GAS ^ \ ^ 

co2 

Oj lNEf IS ACTUAL 0 ] 
REAOING MINUS ACTUAL 
C0 | REAOING) 

COlNCT IS ACTUAL CO 
REAOIRCaiNUS ACTUAL 
0 | REAOING) 

N l l N n i S I N M I N U S 
ACTUM. CO REAOING) 

• 

1 

ACTUAL 
READING 

12-r 

\U 

NET 

/ir 

7^ 

i 

ACTUAL 
REAOING 

(2.f 

m 

NET 

o.r 

6s 

i 

ACTUAL 
REAOING 

fi r 

fit 

NET 

fir 

7.c 

• 

AVERAGE 
NET 

VOLUME 

ar 

4.C 

<?<?. d 

MULTIPLIER 

<«/IM 

»m 

n/m 

a'M 

MOLECULAR IEIGHT OF 
STACK CAS(ORVIASIS) 

M4. ft ft « t l | 

f.cJi-

2 ./7l 

S2.\'CJ^ 

™"L SO ?/1. 



DRY MOLECULAR WEIGHT DETERMINATION 

H,»I fa/Uy. S/e— 77^/ 
OATE 17V/SJ' » s i MO * 4<>y* 
SAMPLIIMIINK HIIM CtOCMl / • ? / ■ ? - / » . ? 2 j 

SAMPUKCincAimi sM^rKf /he,/) sg?.cl . ptXrt P ^ ^ o ^ 
SAMPLE TUPS (SAG.IBIEGRAIEO. CONTINUOUS) Z A ^ S U ^ <^y*-r 
ANAIVTKAL M » t w S*.* <*A7 x " • 

AMIIENI IEMPERAIURE___Zi 

OPERATOR £? ^ k 

COMtMiNTS: 

ORSAT LEAK CHECKED [£ C L . " fir.l 7P^ 

GAS X 

C02 

OjINET IS ACIUAL Of 
READING MINUS ACTUAL 
C0 t REAOING) 

COlNCT IS ACTUAL CO 
REAOINC MRUS ACTUAL 
0|REAMMC) 

N j l N H IS I H MINUS 
ACTUAL CO REAOING) 

L... . 1 

1 

ACIUAL 
REAOING 

7
c
/.3 

(V.L. 

NET 

/{■? 

91 

i 

ACTUAL 
REAOING 

7¥.3 

/U 

NET 

N.J 

v. ; 

i 

ACTUAL 
REAOING 

/<Y.) 

7<>.L 

NET 

/9J 

H.y 



AVERAGE 
NET 

VOLUME 

IH.J 

w ' 

&■ i

MULTIPLIER 

«<IN 

»m 

n
/m 

"•III 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASII) 

»t. ft ft «t l i 

£??*■ 

/ J 6'^ 

?*.<:*</ 

"»«• S6.V+y 



DRY MOLECULAR WEIGHT D 

n m / ^ T V ^ V sy^/*~. /^ f r  *^ 
O A T E Z Z ^ ^ H Z 

CI 
.ft IT ML 

P.O. BOX 190 LEEDS, ALABAMA 35094 
205/6996647 

SAMPLE 
ID: 

SAMPLING TMH(Ilk CL0CM1 /i^t /dJ c 
SAMPLINGinritinii #7tK.Vter A,:,* r#ri~ 
SAMPLE TYPE (BAG. INIEGRATEO. CONTINUOUS) /y^/{.^.7<^ /?;$. 
ANALYTICAL M U H O M *S*s/T7 ■_ 

PARAMETERS: 
j t f "7 nufrlf^ 

T ' J AMIICNI TEMPERATURE. 
OPERAIOR lC7^ 

OR»̂ >M ^;«y r ^ g 

ORSAI LEAK CHECKED ^ . L. ' / . 

1 

\ ^ ^ RUN 

GAS ^ v . 

COf 

02INEI IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
C0| REAOING) 

COflJEf IS ACTUAL CO 
REAOIRC MINUS ACTUAL 
0 | REAOING) 

N||NCT IS I H MINUS 
ACTUM. CO REAOING) 

1 

ACTUAL 
REAOING 

(?■< 

/?■<

NET 

n i 

7L 

1 

ACTUAL 
REAOING 

A ?  / 

/ £ L 

NET 

ai 
7 1 

1 

ACTUAL 
READING 

f2>* 

75.^ 

NET 

1 

72 

• 

AVERAGE 
NET 

VOLUME 

n. / 
. 7 2 . ' 

^ Y 

MULTIPLIER 

M/IH 

» I N 

a
/ I H 

a ,
l l t 

MOLECULAR IEIGHT OF 
HACK GAS lORVIASIS) 

Mj. ft ft « . l | 

5"" £J"£ 

/ •  * \ / 

<?:> r / i 

TOTAL Jc 272 



DRY MOLECULAR WEIGHT DETERMINATION 

»l .«! The. CL S /S />{/»/' 
OATE 9/V/95 TE IT NO 
SAMPLING INM! ( I t * «MM» ■•^■■T /7a. 
SAMPLING incifiOM M FOar/A? 
SAMPLE TYPE (SAO. IBIEGRAIEO. CONTINUOUS), 7"'7*li"r*i& 
ANALYTICAL MMHM r>*»\A 7 
AMIIENITEMPERATURE 7 \" 
OPERATOR ^  ^ ^ . 
ORSAT LEAK CHECKEO /f .*t" / &. fc * ' 

AVERAGE 
NET 

VOLUME 
MULTIPLIER 

MOLECULAR IEIGHT OF 
STACK GAI lORVIASIS) 

M. ft ft «ilt 

\ . RUN 

GAS ^ \ 
IcO, 
OjINET IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
COj REAOING) 

CO|NET IS ACTUAL CO 
REAOING MINUS ACTUAL 
0 ] READING) 

Nj lNn iS INWNUS 
ACTUAL CO REAURG) | 

1 1 

ACIUAL 
REAOING 

n
r 

liH 

NET 
— ^ — — 

HY 

7Y 

. 

ACTUAL 
REAOING 

nr 

15. i 

NET 

nr 

7H 

ACTUAL 
REAOING 

I) r 

Hi 

_ 

NET 

n r 

7/ 

• 

AVERAGE 
NET 

VOLUME 

/2f 

7,1' 

?i.L 

MULTIPLIER 

<«'IM 

»m 

n
/m 

" • l i t 

MOLECULAR IEIGH 
STACK GAI lORVIA 

M. ft ft ailt 

<;.(*>>

2> ^ 

?:,^r 
Tom- 3t, SCf 
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DRY MOLECULAR WEIGHT DETERMINATION 

PLANT. 
OATE W P 

jj/Ms <jL PCA/ COMMENT! 
.HIIRO. 

SAMPLING I IMC ( I l k CinCM M...V  / £ f / 
SAMPLING I0CATI0M <Z7frJ< ■ . 
SAMPLE TYPE (BAD. IBIEGRAIEO. CONTINUOUS) \*4*^ZJ

/ 

ARALYTKAL Mfttif lM OtetC7 
AMIIINI TEMP EAAIUAI . _ _ _ £ ! . 
OPERATOR Luf"^ 
ORSAI LEAK CHECKEO /<g ■ L ' / Sr<j 

P^v. RUN 

GAS ^ \ 
C0| 

OjIMET IS ACIUAL 0 ] 
REAOING MIMUS ACTUAL 

| C 0 | REAOING) 

COlNET IS ACIUAL CO 
REAOING MINUS ACTUAL 
0 | REAOING) 

N j l N n IS I H MINUS 
ACTUAL CO REAORG) 

' 1 
ACIUAL 
REAOING 
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NET 
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CY 
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REAOING 
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NET 
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-T ^c- r ***** 
- I>AY ^ -

MASS TRAIN OPERATION Inlet 8 dp PITOT dp ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HINIMUH PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS HETER TEMP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Hutech 4 
NOZZLE DIA, in 
SYSTEH FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
Ho. of points: 
Ren^ Min./point 
I utes/point 

5.5 
13.4 
10.0 
29.45 
-20.0 

1.09 
0.50 
0.050 

335 
82 

0.81 
1.87 

: 0.192 
: 0.895 

1.18 
0.5265 

100 
189.95 
3.1658 

24 
7.9144 

8 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

101.1 

9/4/93 

0.39 
0.43 
0.46 
0.50 
0.54 
0.58 
0.62 
0.66 
0.70 
0.74 
0.77 
0.81 
0.85 
0.89 
0.93 
0.97 
1.01 
1.04 

predicted vol 
nozzle T39 

Inlet metals 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

-
. 

1.08 
1.12 
1.16 
1.20 
1.24 
1.28 
1.32 
1.35 
1.39 
1.43 
1.47 
1.51 
1.55 
1.59 
1.63 
1.66 
1.70 
1.74 

--

train operation 

/ G-84 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant JJOUUW 
Saopling Location -i-.nle.t- Ul>\ t '4 2 Run No. 
S e t U D S v ^ o O C / ^ - V S 

Comaents mul4n p|e- f Y k t f c i s 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

FILTERS USED 

Oa 

1uQC/VUPJ> 

IM/-— 
F i l t e r Ho. JjQ-t&Sr 40 t+2-

Sorbent Trap No. 

Condenser Ho. 

IMPINGER SOLUTIONS: 

Fi rst 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

SILICA GEL WEIGHTS: 
\ 

Totals 

I n i t i a l 
6>l \ . fe 

(,0*4 
377,7 

422.1 

te r r t / o - ? f t 5 

g 
g 
g 
g 

9 
9 

g 

10 n 

5 «. 
2.0 it 
1.0 it 
0.5 n 

I n i t i a l 

7^.o 

Rur i Date * 4 / ° t h 3 

Reoort Date 

Used 
(Yes/Ho) 

Final 
7&4--.0 

£ ( < . . 2 L 

(odT.T 
S-77.0 
490.0 

g 

9 

9 

CYCLONES 
Prepared Container 

(Ho.) 

Gain 

9 / ^ - f . f 

n.n 
\ A 

a 2.J 

a -O.Z 
a I.X 

9 "*" 

Final 

8/7. *-

7*.^ 

9 
g 
g 

_ g 

9 
_ 9 

_ 9 

_ g 

_ 9 

_ 9 

COHHEHTS: 

Color of S i l i ca Gel: ~ A >^-^e— 
Description of Impinger Water: 

-nfZPr 
\<*> 

G-85 
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/ idrb 0\ J"__ 

Plant/Location & <% OwfTLef~ 
Operator ^/sc 
Date &7 7*1^/9^ 
Test No./Run No.■&■ 2. /fcr/l 
Meter .Box ID 
Gas Meter Cat Factor 
Oiifice ID 
Oiifice DH-a 

METHOD 5 FIELD DATA 

Pilot Coefficient, Cp 
Nozzle ID. 
Average Nozzle Dia., inches 
Barometric Pressure, In. Hg 
Ambient Temp. deg. F 91 a-
Assumed Moisture, % 
Filler ID 

1st Filler ,r 
Leak Rate, cfm Pretest is t° &f 
Leakrale, cfm, Posl-lesl 
2nd Filter (if used): 
Leak Rale. cfm. Pretest 
Leak rale, cfm. Posl-lesl 

.&*>> 
tr. '°'

r
*><, O O O 

Slack Pressure, in. 1120 ~7 (f fir<,r JZ ~ ~7, *£**&> 

GAS METER START, cf: T T f . f ? 
START TIME jctoT ■■':■■ 

GAS METER END. cf 7 ^(7 / OK 
END TIME ■ / - ? o o 

},**> 
-7 • *'* , <D° o 

r
i  C k 

Clock 
Time 

Travese 
Point 

Number 

Sample 
Time 

Vacuum 
in. Ilg 

Slack 
Temp 
deg. F 

Pilot 
DP 

in. 1120 

Orifice 
DH 

in. 1120 

Meter 
Vol 
cf 

Tempera 

Probe 

ures (cleg. F) 

Filler Sorb. 
bnp. 

Outlet 
DGM 

in 
DGM 
out 

ct A J T 3'o 7o M "7rf. ? g JVo l*o 
7~2 UL 3f o 7? Co im. F<fO msL. 

61 ^C 
6>s </c 

r* 
%« 

o 
I 

oo 
LLL c UL LL ho 7&/>Pi £& Z&3 <S>3 * 7 $3
Q v "2 UL Ail LJk£. 7(,7,<fa %£o Z<£7^ AX 2CL 9t> 

d^T- St** 7fa / Q & 

$w i~ LI %r±L 7o • >y 7&1.24 l^ZO 7>(ff (al ^9 ?. 
hi s 217L U3JL ±JL cH. n&s". QCJ 111L 7.&S C*£ S3L ?o 

IS7L L± !>)l t^C? 7> Itftftt T/o Z«>> ^3 sr 9c> 
Total 

i r 
Max Avg. Avg sqrt Avg. 

»•« M 
1 12< .°Pt> 0!9) \ 

Tolal Avg. Avg. 

T 
Max 

i—r 



j a <e J~ o. I —^ ■ 

Method 5 Field Data Continued. Date O tf/ttfXuutim. ^1? Run No. # ZTk/Jl Operator t^dLs c . 
Clock 
Time 

#*3 

Travese 
Pohil 

Number 

ttu y^ 

17 - / 

<A a 

Z ( 

Sample 
Time 

% 

2. 

71/ 

2A. 

^■3 

J 

« 

2. 

7_ 

6 

Vacuum 
In. Hg 

2,o 

Ax. 
A*. 
A3
Ax. 

Stack 
Tfcmp 
(leg. F 

3// 

3/7 
? / 7 

13/7 

Pilot 
DP 

in. H20 

A l _ 

,*° 

/ fro 

-AX 

7>D 5J£? 

M2_ 

, 3 ^ 

Oiifice 
DH 

in. H20 

Meter 
VoL 
cf 

Tempera ures (deg. F) 

Probe 

7*6.92. 

£7 7C«.F)Z

7?lt9.?7 3/* 

29* 

Tn 

.JIZL 

,1/ 

17o, <Z 2 

171,7(7 
nil, 7 f Jc02-

0> 
77#& 

m'.lo 7 
,7/ Tjf.M 
7/ [77^//ya 

777,6 / ft Z£ 

3£n 

2f? 

3 J o 

Filter 

Z J " / " 

Mo 

37*0 

26/ 

Sorb. 
bnp. 

Outlet 

7/ 

73L 

7k£ 

A*L 

&75L 

&2t 

DGM 
in 

sy 

SA

17 

l7L 
fo 

DGM 
out 

_2_°. 

-2/1 

9/ 

9/ 
• 7 / 

-2a. 



3_ f • 

t 
w 

1 
00 
00 

0 ^ / ^ « T 
Method 5 Field Data Continued. D a l e t O v V W Locatidtf <=£ I 
Clock 
Time 

7 no 
?P 

Travese 
Pohil 

Number 

7 L7 

f  l 
1 ' Z * 
rl> 
f^it 

Sample 
Time 

9 

t~ 

f

£ 
4 

Vacuum 
in. Hg 

P . / 

71 
Zo 

S i t 
Py 1 

Slack 
Temp 
cleg. F 

3<7o 

&~L£ 

337 

33^ 

3 PI 

Z<7o 

Pilot 
DP 

in. H20 

1, 1 
t" *S:25-

/■SSS" 

, V£ 

f.4 

fit

Oiifice 
DH 

hi. H20 

.?t 
? 

,11 
' 7 / 

/ > / 

/ / o 

ton No. ACZ/E> & 2~ 
Meter 

VoL 
cf 

77g, 77 

77f,tfz 

7 7 ? . STi. 

7^d>, ££"" 

l*U~lfe 

7vi.<i <r 

7Z17, d 

Tempera 

Probe 

3 ^ 

X&9 

3o t> 

1 / 6 

?%Q 

Operator £/-<=-
Lures (deg. F) 

Filter 

2 ^ 

2JTG 

2/? 
2 £"7 

2 * * 

Sorb. 
hnp. 

Outlet 

c7 

£* 
7** 
Cx 
Y* 

DGM 
hi 

fo 

V? 
<?<7 

^7 

?7 

DGM 
out 

?o 

?a 
?o 

fa 
9o 



SAMPLING TRAIN SET-OP 
AND IMPINGER WEIGHT SHEET 

A^JJU Plant 
Saapling Location ^) ,JT / < + 
Set up By T)WS I hs O k 
Conannts <"*3 /■_ >' eJ T " r a • H 

v«; t y 
Oate 9 - S* - 7 •-> 

Run Ho. _ 
Run Oate 

Analyst Responsible fo r Recovery 
Calculations & Report Reviewed 8y . 

X. 
**<?> 

Report Oate 

FILTERS USED 

Filter Ho. 3>Q I "4 7 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/Ho) 

10 u 

CYCLOHES 
Prepared Conta iner 

(Ho.) 

S a 
2.0 u 
1.0 it 
O.S it 

IHPIHCER SOLUTIOHS; Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

C^O.X 
<f 3 V . 7 
7~7 <9. 2. 

_ 
— 
— 

9 
9 
9 
9 
9 
9 
9 

6 f r O 
S^5 
4&a. 

•f 
? 

3 
— 
— 
— 


Oo. 
fo, 
3 

_ 
— 
— 
-

I 
C 
( 

9 
9 
9 
9 
9 
9 
9 

SILICA GEL WEIGHTS: I n i t i a l Final 

1*7. S~ 7<?6£ ^J'l 
Totals 

_4£^i Hi* 

COHHEHTS 

Color of Si l i ca Gel: Tie, Qhart<<± 
Description of Impinger Water: 

G89 



HASS TRAIN OPERATION 8 Out dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIHUH PITOT dP 
dP INCREMENT 

STACK GAS TEMP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Nutech 1 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
•* 
FLOW, scfm 
Target vol line 
Minutes to Vol. 
hours to vol. 
Ho. of points: 
Read Min./point 
I jtes/point 

5.7 
13.3 
10.0 
29.40 
7.5 

1.01 
0.50 
0.050 

320 
90 

0.81 
1.87 

0.190 
0.781 
1.01 

0.4673 
20 

42.803 
0.7134 

24 
1.7835 

2 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

22.4 

0.42 
0.46 
0.50 
0.54 
0.58 
0.62 
0.67 
0.71 
0.75 
0.79 
0.83 
0.87 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 

predicted vol. 
nozzle T48 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
-2.250 

9/4/93 Outlet 8 metals train 

1.17 
1.21 
1.25 
1.29 
1.33 
1.37 
1.42 
1.46 
1.50 
1.54 
1.58 
1.62 
1.67 
1.71 
1.75 
1.79 
1.83 
1.87 

operatii 

$ » * 

* 'L.» 
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YH • o\

O 
i 

CO 

Plant/ljocation QAI ILV ST/>CI< 
0|ieralor CAH 
Dale 97i93 
Test No./Run No. r*£rt^<> 2 
Meter Box ID i\~i6 
Gas Meter CaL Faclor 
Oiifice D) 
Orifice 1)11® /. 94 

METHOD 5 FIELD DATA 

Pilot Coefficient, Qi .$0 
Nozzle TD. gflAA/K 21 
Average Nozzle Dia., inches . ZS5 
Barometric Pressure, in. Hg "21^3° 
Ambient Temp., deg. F 70 
Assumed Moisture, % ig 
Filler ID 
Stack Pressure, hi. 1120 .85 

IslFUlec 
Leak Rale; cfm. Prelesl ,c?iScfr @ f°u 
Leakrale, cfm. Posl-lesl ,oi_ ^ f/- <f 
2nd Filler (if used): 
Leak Rale, cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: 28Z. 77 
START TfME ? 'OO 

GAS METER END, cf _ 
END TIME ■ 1S1JS I j t A i V -\AAJf 

Clock 
Time 

srARr 
o9oo 

oV5 

o9 3o 

oM5 

toco 

\oi$ 

io3o 

Ti-avese 
Point 

N u m b e r 

/ - 1 

1 

z 
z 
3 

3 

Sample 
Time 

O 

15 

30 

4* 
6O 

75 

90 

Vacuum 
In. Hg 

— 

Z.6 

?e 
z.fi 
z.S 
2 . 1 

?.. r 

' 

Slack 
Temp 
ilea. F 

H3 
n5 

/ S I 

/ 2 5 

IZS

[7.1 

\Z6 

Pllol 
DP 

hi. 1120 

. 3 2. 

• 3 2 

,36 

.36 

.36 

, 3 2 

. 3 2 

Oiifice 
DH 

hi. 1120 

-H 
.94 
\.o6 
\.o6 

La 6 

. 94 
■ 94 

Meier 
VoL 
cf 

28Z. r 7 

2 90.7>k 

Z98>6J\ 
3o7. i4 

31S.6Z

323.-4/ 
33/. 25 

Tempera 

Probe 

2-45 
zU 
Z 5 3 

2 3 ? 

2-42 

2 / / , 

2'3 

lures (deg. F) 

Filler 

2^7 
2i>"£ 

zs4 
ZSZ 

2.53 

2 3 ' 

2 5 3 

Sorb. 
\ 

V 

hnp. 
Oullel 

60 

A? 
47 
SZ 

56 

57 
57 

DGM 
hi 

14 

78 
79 
8O 

fio 
70 

78 

DGM 
out 

7Z 

73 

73 

73 

lb 

13 

7Z 

Tolal Max Avg. Avg s u i t Avg. Tolal 
1 ' ' i n ' 0.5*1 ' l f « ) l

 r 
_AyjL Avg. Max 

T ~ H — Max. Avg. 
T 

Avg. 

1 

file:///AAJf
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a . <c L c t Ac— 
0 

■ 
CD 
CO 

Method 5 Field Da 
Clock 
Time 

STAiZ-r 

13 AD 

lAoe 

iAi5 

)A3o 

IJAS 
Iz'oo 

\5*5 

Travese 
Point 

Number 

3 - ( 

/•2r 

zi 
z 

3 

3 

la Conlmued. Date 9-A- ? 3 L o c a t i o n ^ T A r r < I 
Sample 

Time 

285 
3oo 

315 

330 

3\5 

3iO 

Vacuum 
iii. Hg 

2.9 

2.9 

3-0 

3.n 

3.0 

3-0 

3.a 

Stack 
Temp 
deg. F 

[2-4 

\3i 
\3o 

\3\ 

\3o 

\30 

\Z9 

Pitot 
DP 

hi. H20 

• 3Z. 

, 3Z 

.34 
>3A 

. 3 2 

. 2Z. 

- SZ 

Oiifice 
DH 

hi. H20 

.94 

.94 

i.OO 

\.oo 

.94 

-94 

-94 

ton No. tAehf S 2 
Meter 
Vol 
cf 

Az8.70 
#4? 

J 36.56 

M4. T8 

A5-Z..6& 

A6o. 76 

A67-8Z 

476.5\ 

Tempera 

Probe 

zA<j 

255 

Z58 

Z6o 

7.64 

Z59 

755 

Operator 
Lures (deg. F) 

Filter 

Z5S 

Z5Z 

■Z53 

254 

TL33 

Z55 

253 

Sorb. 
hnp. 

Outlel 

6Z 

A6 

U 
46 
A7 

^ 

49 

DGM 
hi 

fi\ 

83 

S3 

84 
94 
34 
84 

DGM 
out 

7 7 

77 

7 7 

76 

7? 
79 

7? 



HASS TRAIN OPERATION Stack ,dp PITOT dP ORI dp PITOT ,dp ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, In H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
H1NIHUH PITOT dP 
dP INCREHENT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE 01A, in 
SYSTEH FLOW, acfm 
dp 
FLOW, scfm 
Target volune 
Hinutes to Vol. 
hours to vol. 
No. of points: 
Read Hin./point 
I iutes/point 

6.4 
12.8 
18.0 

29.20 
0.7 

0.60 
0.10 
0.020 

133 
80 

0.80 
1.94 

0.255 
0.742 
0.36 

0.5287 
185 

349.93 
5.8322 

12 
29.161 

30 

0.100 
0.120 
0.140 
0.160 
0.180 
O.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

190.3 

0.29 
0.35 
0.41 
0.47 
0.53 
0.59 
0.65 
0.70 
0.76 
0.82 
0.88 
0.94 
1.00 
1.06 
1.11 
1.17 
1.23 
1.29 

predicted vol 
nozzle T2 

f 
9/)093 Stack metals 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

• 

1.35 
1.41 
1.47 
1.53 
1.58 
1.64 
1.70 
1.76 
1.82 
1.88 
1.94 
1.99 
2.05 
2.11 
2.17 
2.23 
2.29 
2.35 

train operation 

tfh Or 
/v\£T» cS 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Oo.! IIK Plant 
Sampling Location ■3-tec*-

Set Up By TuqC 7*>*>) 
Consents Ab.ltt'pk' MctoJs 

Date Q97o+fr3 
Run Ho. 2— 
Run Oate 

Analyst Responsible for Recovery 
Calculation* & Report Reviewed By 

W7% 
Report Oate 

FILTERS USED 

Filter NO. JSQ f 3 7 3 4 / 3 7 

Sorbent Trap No. 

Condenser No. 

Used 
<Yes/No) 

10 u 

CYCLONES 
Prepared Container 

<No.) 

5 tt 
2.0 tt 
1.0 it 
0.5 u. 

IMPINGER SOLUTIONS: Ini t ial Final Gain 
7*-

Firs t 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

ISO* 
566.0 

S83.S 
C6+-7 
*?*,+ 

lLtt.4 
t ^ f e . l 
4/^7. f 
322.3 
t .M.3 
•V7&./ 

(<?li> s it 9 
9 

&>■ 9 

0-7 9 

4-
Al. 

SILICA GEL WEIGHTS: Init ial Final 

***-7 

Totals 

s5(*-5 

\^v **2*LL 
- T O T A < - 1 ^ * M 

COMMENTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

V?> P.'oK 

G-95 



X'not. l oi- 2 

METHOD 5 FIELD DATA 

i 

Plant/Location gAtLtv gTAc\i 
Operator ci\ti 
Dale 9A 05 
Test No./Run No. ACID 2. 
Meier Box Q) 71' \& 

Pilot Coefficient, Cp .£o 
Nozzle ID. < > A A « ^ 

Gas Meter Cat Factor 
Oiifice D) 
Oiifice DH*a / o^ 

Average Nozzle Dia., inches . Z£\ 
DaiTimelric Pressure, hi. Hg ZiLZC 
Ambienl Temp., deg. F TO 
Assumed Moisture, % Jg 
Filler ID 
Slack Pressure, hi. H20 .85 

1st Filler 
Leak Rale. cfm. Prelesl A.&{ cfa 
Leakrale, cfm. Posl-lesl .&\ g-rV-* 
2nd Filter (if used): 
leak Rate. cfm. Prelesl 
Leakrate, cfm. Posl-lesl 

GAS METER START, cf: A77CO 
START TIME i6o5 

GAS METER END. cf r&\.8& 
END TIME ■ 1700 

Clock 
Time 

Ho 5 

lio9 

16 l 3 

16 17 

l6\1 

l6Zt 

16 25' 

\\62?\ 

Ti*avese 
Point 

N u m b e r 
r**(?T-

3 - 1 

-? 

3 

l l - l 

3 

Sample 
Time 

<D 

4 
8 

\Z 

u 
7.0 

z4 

Vacuum 
hi. Hg 

— 

3 . 1 

3 .1 

3.c? 

3.0 

3.0 

? B 

Slack 
Temp 
deg. F 

II9 

[ZO 

iZO 

\ZO 

It* 

\z5 
iz8 

Pilot 
DP 

hi. 1120 

. 36 

• 36 

.36 

,l>o 

.36 

,56 

. 2% 

Oiifice 
DH 

hi. 1120 

. 99 
99 

.99 

■S3 

. 99 

99 
,71 

Meier 
VoL 
cf 

477. CO 

A79. 2 3 

48146 

423.35 

485.47 

497. 6 1 

4x9. si 

Tempera 

Probe 

2-4 f 

z4i 

Z5o 

253 

Zh? 

248 

ZS5 

Lures (deg. F) 

Filler 

Z(Z 

Z2>5 

255 

Z56 

Z5Z. 

ZJTZ 

•Z54 

Sorb. 
bnp. 

Outlet 

7Z 

66 
63 
6Z 

6' 
6( 

64 

DGM 
hi 

7<$ 

7 7 

19 
V 

7? 

81 

8Z 

DGM 
out 

75 

76 

76 
77, 

76 

76 

T6 
Tolal Max Avg. Avg s a i l Avg Total Avg. 

I I I ^ \06f)n' 0.4i I I ' 
Avg. Max. 

I 
Max Avg. M. 

n 1 



o t c 

O 
i 

CO 

u 
Method 5 Field Da 
Clock 
Time 

1636 

\6Ao 

it44 

\A48 

\6AZ 

i65'6 

I70O 

Travese 
Poml 

N u m b e r 

/- I 

Z 

3 

/ - 1 

Z 

3 

la Conlmued. Dale 74-93 
Sample 

Time 

28 

3Z 

36 

ho 

h4 

48 

Vacuum 
iii. Hg 

?.o 

3.0 

l.O 

3.o 

3>.0 

3-0 

3.0 

Stack 
Temp 
deg. F 

\Z8 

128 

\3>7L 

I3Z 

(37. 

\3Z. 

\M 

Location ZTACK. 
Pilot 
DP 

ia H20 

. 30 

■ 3o 

.34 
. 3 2 

<37> 

,36 
. -3<̂  

Oiifice 
DH 

hi. H20 

.83 

-#Z 

.94 
■ 88 

. 99 

.99 

■ &3 

-tun No. Ac io 7 
Meter 
Vol 
cf 

489-S< 

491-51 

4 93.5? 

495. 7 / 

417. 7?-

499-83 

5o\.&8 

Tempera 

Probe 

Z31 

Z44 
z43 
ZZB 

23"2 

Z12 
24 7. 

Operator A^ 
tures (deg. F) "" 

Filter 

Z53 

256 

256 

zsA 

Z5( 

ZS3 

Z£5 

Sorb. 
hnp. 

Outlet 

74 

69 
68 

7?6 

66 
66 

66 

DGM 
hi 

7? 

#( 

81 

8Z. 

£ 3 

$3 

84 

DGM 
out 

77 
17 

77 

77 

7& 

76' 

7? 



KASS TRAIN OPERATION Stack dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
•* 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Read Min./point 
I jtes/point 

6.4 
12.8 
18.0 

29.20 
0.7 

0.60 
0.10 
0.020 

133 
80 

0.80 
1.94 

0.251 
0.719 
0.36 

0.5122 
20 

39.046 
0.6508 

12 
3.2538 

4 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

24.6 

0.28 
0.33 
0.39 
0.44 
0.50 
0.55 
0.61 
0.66 
0.72 
0.77 
0.83 
0.88 
0.94 
0.99 
1.05 
1.10 
1.16 
1.21 

predicted vol 
nozzle T2 

9/4/93 Stack metals 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

. 

1.27 
1.32 
1.38 
1.43 
1.49 
1.54 
1.60 
1.65 
1.71 
1.76 
1.82 
1.87 
1.93 
1.98 
2.04 
2.09 
2.15 
2.20 

train operation 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant /3<w / / 
> 
S 1~, ■JU^ Sanpling Location . 

Set Up By DU) 7 Usfik

Consents *r C i J fr *-, n 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Date V - ■% - V > 
Run No. _ 
Run Date •3 - ̂  * f -> 

Report Oate 

FILTERS USED 

Fi l te r No. 3Qi<to 
Sorbent Trap No. 

Condenser No. 

Used 
(Yea/No) 

10 u 

CYCLONES 
Prepared Container 

(No.) 

5 u 
2.0 u 
1.0 u 
0.5 u. 

IMPINGER SOLUTIOHS: Init ial Final Gain 
First 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

C Te/h. /-V»'«y.  ; 

JtLlMJL 

7oz b 
Jfe£JL3_ 
aasLi. 

5Lh± 
Jt^L 
U5L 

SILICA GEL WEIGHTS: Initial Final 

9 H O . I ^ • ' ti*h 9>.0 

Totals 

^iXA^ %*>< 

COMMENTS: 
Color of Silica Gel: 
Description of Impinger Water: 

llsi.—CA<? nf&. 
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W-IO-fc. 3 . o l * 

o 
o 
o 

Planl/ljocallon facer 0+i'7$ 
Operator AJC57^ AI^D /Md 
Date ? / ? / ? & ' ' 
Test Na/Run Uo. ACTA ***£
Meier Box ID A&SZZf/ t/ 
Gas Meter Ca'L Faelor 
Orifice ID 

MBIHOD 5 F1EIJ) DATA 

Pllol Coefficient Cp 
Nozzle ID. T - 4*j> 

 * / 

Oiifice DII® _£ 3Z 

Average Nozzle Dia., inches 
Barometiic Pressure, In. Hg 7 ^ * 
Ambient Temp., deg. F Z^A^C^ 
Assumed Moisture, % 
Filler ID - A M ? - / * > 3 
Slack Pressure, hi. 1120 - / ? • S 

GAS METER START. 
START TIME 

cf: s&o« &?S 
7&&&7?03> 

GAS MEIER END. 
END TIME • 

f?7o7 6&M Cf&S^crb 
Av 'O " /VZ<D 

1st Filler. /c. 
leak Rale. cfm. Prelesl j f 0 0 ^ <? * 
Leakrale, cfm, Posl-lesl ^ 2 » c « x 
2nd Filler (if used): ~ - J £ 7 0 " 
leak Rale. cfm. Pretest 
Leakrale, cfm. Posl-lesl 

z^s 
Clock 
Time 

/ ^3 

7£Z 

Travese 
Pohil 

N u m b e r 

/  / 

iz 
/S 
i^ 

Z' 
zz 

Sample 
Thne 

z 
u. 
(> 

% 

I3L 

Vacuum 
in. Hg 

SB 
3 5 

Slack 
Temp 
defl. Fv 

i' 
129 
?3? 
S5}. 

l7o 
33> 

Pilot 
DP 

hi. 1120 

S£ 
#% 

•yz 
l.o 

9? 

i.f 

/ •z 

Oiifice 
DH 

hi. 1120 

&£> 

■6,3 

G7 567 fo 

79 
72

*7 

Meter 
VoL 
cf 

S60S9S 

S&OgfS 

562%£ 
SG$> 7G 

&?*(# 
I? S6tf.?zs 

Temncra 

Probe 

« / 

zzo 
&S8X & / 

ures (deg. F) 

Filler 

247 
ZZ£ 
Z3S 

ZV7 
251 

Sorb. 

^L 

Imp. 
Outlet 

§D 
* 2 > 
£3 

G' 
TPS 

DGM 
hi 

£o 
£o 
SS 

<5Z 

EZ 

DGM 
out 

7g 
7 / 

?Z 

7S 
7? 

Total Max Avg. Avg a n t Avg 
I f ^ tfo • Art

 ] ono\ 
Tolal Avg. Avg. Max Max. Avg, 

i r Avfi-

M7\ 
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Method 5 Field Da 
Clock 
Tune 

Travese 
Pohil 

N u m b e r 

2-S 
lU 

y( 
z 
3 
k 

41 
I 
5 
i+ 

__——— 

51 
SL 

a Continued. Date 
Sample 

Time 

/ 4 ■ 

/& 

'f 
Zo ■ 
22 
KI

LL 

l i 
SO 
17 

W 
50 

Vacuum 
in. Hg 

3 5 
4>o 

'if.O 

'tf0 
"U'C 
~U'0 

~ £ ( L . O 

£'0 
£.0 
ko 
 —f 

^ 

~ $ \ D 

f/y/f^Location 
'StaclT 
Temp 
deg. F 

3^5 
3iV 

313 

377 
3$(* 
7&Z 

S3L 
* t y 

35*? 

! & ^i> ■ ■< 

$7/ 
55> 

Pilot 
DP 

in. H20 

iz 
'<T3 

/ 2C 
7 70 
>n 
"{75 

/? 
A/ 
*fs 

'(of 

70$ 
JO 

Oiifice 
DH 

in. H20 

&f 

<&f 

' $ C f 

~n 
<7(* 

<tt 

&? 
Zi 
•?Gr* 

tt 
n 
41 

Sun No. JicTf / ) « 
Meier 

VoL 
cf 

&6 4T 
J567 75 
5&$Mt 
&2V& 

S70JWS 
5777. m 

snby. 
S7Z??0 
5?5.%fo 
FfyM 
51$ US 
S7Cr$K 

at<f7o 
511M 

Tempera 

Pitibe 

z.&z> 
f 

>/<^v 

7%ct 

/t(4 
r " -

7fS 
ZOZ 
Zo3 
« . 

— 

too 

*7^ n 1 ^ Oucralor 
Lui-es (deg. Fl 

Filter 

2&<h 

ZGf 
2P 

•—-

Z97 

z£7 
Zlt 
z%& 

— 

— 

zto 

Sorb. 

— . 

. — 

— 

— 

— ■ 

— 

— 

— 

hnp. 
Outlel 

■ 

67. 

6 5 

UQ=> 

— 

67 

7,7 
67 
(?G? 

6P& 

— 

&>& 

DGM 
hi 

£ 3 
£3 

S3 
£67

SS 
— 

S?5 

rs 
?s 
ZL 

■ — 

%& 

DGM 
out 

%& 

ZO 

g o 
£0 
8/ 
$r 

%? 

SZ 
2z 
te 

■ — 

£3 



c/ I 1 'T 
Method 5 Field Data Continued. Dale ^ l a c a l i o n * Run No. &J) *k 

Opcralor 
U}^ 

Clock 
Time 

Travese 
Pohit 

Number 

Sample 
Time 

Vacuum 
hi. Hg 

Slack 
Temp 

Pitol 
DP 

in. H20 

Orifice 
DH 

in. 1120 

Meter 
VoL 
cf 

Tempera 

Probe 

ures (deg. F) 

Filler Sorb. 
hnp. 

Outlet 
DGM 
hi 

S3> 32  fo 3?? ■ * * 
6S srrt. 675 7?0 Z9f &£ 27 

l±. fo A^C •&> M S7f'&£ 7ff Z?& &c? $7 
■S$0.£f& 

&7 772 «.D 5tf 7S 5 6 5iO. ?So 779 Z5>3> GG <Z7 

<&3> 

b2 40 J5Z7L 

3C£&_ 

9Z + 7Z &/49Q 

.6 3 
S9:^3>^5 

¥7Z*2SD 

79? 
ZOZ, 

Z?V 
Z90 

^ £ 
22 



(ASS TRAIN OPERATION Inlet 8 dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
H1NIHUH PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Nutech 4 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Hinutes to Vol. 
hours to vol. 
Ho. of points: 
Reqd Hin./point 
Use Minutes/point 

5.5 
13.4 
10.0 

29.40 
-20.0 

1.09 
0.50 
0.050 

332 
: 80 

: 0.81 
: 1.87 

: 0.190 
: 0.875 

1.18 
0.5161 

20 
38.751 
0.6459 

24 
1.6146 

2 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0.37 
0.41 
0.45 
0.48 
0.52 
0.56 
0.59 
0.63 
0.67 
0.71 
0.74 
0.78 
0.82 
0.85 

- 0.89 
0.93 
0.96 
1.00 

24.8 predicted vol 

9/4/93 

nozzle T45 

Inlet metals 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

. 

1.04 
1.08 
1.11 
1.15 
1.19 
1.22 
1.26 
1.30 
1.34 
1.37 
1.41 
1.45 
1.48 
1.52 
1.56 
1.60 
1.63 
1.67 

train operation 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 4<; n 
SMnpling Lnenr ion i _ t f / # ^ 

Set UD BV DU/ "> / 1/ n ( 
Comments „ /$ <  / cJ T~ /■&. i r> 

Analyst Responsible f o r Recovery 
Calculations & Report Reviewed By 

FILTERS USED 

Filter No. 7^ If3 

Sorbent TraD Ho. 

<L Date ■*? 

WL ( J!4w*~ 

■ /,?) 

Used 
(Yes/Mo) 

10 u. 
5 tt 

2.0 it 

Run No. 

Run Date 

Report Da 

*2_ 
q.. Cf  Cf) 

te 

CYCLONES 
Prepared Container 

(No.) 

1.0 u 
Condenser Ho. 

IMPINGER SOLUTIONS: 
Fi rs t 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

SILICA GEL WEIGHTS: 

Totals 

COMMENTS: 
Color of Si l i ca Gel: Verv 

In i t ia l 

— 9 

— 9 

9 

— 9 

0.5 u. 

Final 

(o\%5 

— 

In i t ia l 

# 0 9 . 

um*.. 

6 
<» 

9 

o 

9 

9 
9 

9 

9 

Gain 
J»D.Q_ 9 

Ar<? 9 
— 9 

 q 

— q 

~" q 

Final 

* l * . 3 ^ ^ 0 
q 

q 

^ T / * 

Description of Impinoer Water: 

HU 
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METHOD 5 FIELD DATA 

Plant/Location ^AZ&Ji*** 
Opera lor Tuc 
Dale i>1/*# 79 $ 
Test No./Run No. * 3 . j r , ^ £ $ 
Meier Box ID i^utAc* -** / 
Gas Meier CaL Faclor 
Oiifice ID 
Oiifice Dlia 

Pilot Coefficient, Cp 
Nozzle D). rv-o 
Avei*age Nozzle Din., inches 
Barometiic Pressure, hi. Hg 
Ambient Temp., deg. F ~7 o° 
Assumed Moisture, % 
Filler ID 
Slack Pressure, in. H20 7 , s' -<v 

1st Filler. ,. 
Leak Rale, cfm, Pi*elesl js_ I »'r4<? ^ ^ 
Leakrale, cfm, Posl-lesl c _ / vu ' M 
2nd Filler (if used). ° ^ , o o o / 
Leak Rale. cfm. Pi*elest #'. 
Leakrale, cfm Posl-lesl 

GAS METER START, cf: &0%. && 
START TIME Ol<7f> 

GAS METER END. cf 7 ^ 7V & <£ 
END TIME ft7<D *2> 

Clock 
Time 

a?**/ 

Ti-avese 
Point 

Number 

014$ 

A± 

Sample 
Time 

JtLLiL 

Vacuum 
In. Hg 

(p2 

LlTL 
7t* 

ClZ. 
<2 

io 
JlO_ 

~hO 

u>o 

IO 

2.o 

Slack 
Temp 

±&JL 
A? 3lO 

M± 
A^_ 

f.< 

LI 
*'3\}o \1.l\ 

Pilot 
DP 

hi. II20 

%Z 

l i o 

ILL 
2ZQ_ 

1IL 
IrL 

dtil 

Oiifice 
DH 

hi 1120 

<7* 

Meier 
VoL 
cf 

sTAZf 

Tempera 

Probe 

5 3 2-

ures (deg. F) 

Filler 

3**6 

,73 

/. V A 03 

& 

* 7 0 

7>" 

■\l&\ 

6/Jrt<n 

TH 
.£ 

l a g , a 7 

drrtTi 2 ^ 
4 ^ V5"' 

6M±£z 

t>2«>?* 

$*>' 

1737k 
P7, 

ML 
^ZO 

Sorb. 

Pi7 
2^t> 

^ 5 - -

34*? 

^ 3 V 

bnp. 
Outlet 

5jt_ 

JELL 
5S 

DGM 
hi 

7 2

2sL 

DGM 
out 

7 2 ^ 

73 

7y 7.3 

J ' JT 

rv 
r3 

ay 

74 
JZ£. 

■77 

7 4 
7 7 
7*? 
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o 
1 
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Method 5 Field Data Continued. Dale 
Clock 
Tune 

UI4 

)(5l 

A\ 
T 

Travese 
Pohil 

Number 

su 

< / - / 

</-2-

^ - 3 

V - V 

7 - / 

, ^ Z 
r 
7 - ? 
■ > - • / 

0C*. 

^ 

£ Z 
a-* 

Sample 
Time 

iT0 

?UT« 

fd 
2*0 

>G 
Ifo 

7o 
>o 

30 

Lfo 

T

(° 
fc 

?o 

Vacuum 
in. Hg 

-2.2, 
ZfW 
J?*o 

p,o 

J?, O 

2, o 

3iO 

*?, o 
o7,JZ 

<?*, o 

?>( 
?^o 
?, 0 

&?7*4> 
Stack 
Temp 
deg. F 

I/O 

?/f 
?>7C 

3/S 

1/S 
?rv?. 
3\?o 
3}o 

1)2

3 W 

- 97 

yji 

3n 
1\Jt3 

eg 
Location Oo r/.*>1 I 

Pilot 
DP 

in. H20 

IA 
-.** p 
i / & r ■■•-

' .1o 
<?o 
. 9 7 

,1? 
Ouff 

. $ < 

• TV 
/ , / 

.9* 
zp "— 

.<fs
T^tft

1<?5* 

. 1 ? 

Oiifice 
DH 

in. H20 

Al~ 

. 7 7 

' 7 7 

,r^ 
<13 

i 7 * 
, s > / 
.1? 
* 7 7 

— -

/ *-? *-

' IS 

,13 
,13 

ton No. 
Meter 

Vol. 
cf 

6**.C? 
6<*fij~C 

C<77f,5<% 

6<7T~,C7{ 

6*/,2/ 

^ J r 
7o73.9o 
77J.4n 

(,7A #<r 
7,75.1* 
blS, 13 

6vitff 
7>V?.9* 
(rn.w 
7>ft>57 

2 TU^+K.L? 
Temjjera 

Probe 

2f* 

•2 Io 

5I<? 

lir 
75% 

3o 6 
3 z*T 
3^ 

?<*<7 

3/4 

W 
77? 

Operator £t£— 
Lures (deg. F) 

Filter 

5)<7l 

Jlro 

2<f£ 
p<rs 
zs<r 

2#V 

?£c7 

5>>~C 

t¥4 
?tP(* 
?5V 

Sorb. 
hnp. 

Outlet 

sy 

(p o 

^ 

5f 

S% 

5T? 

i>"7 
& o 

7> 2 

£(/ 
6^ 
7>? 

DGM 
hi 

7*< 

7 7 

7 * 

7 7 

7 7 

*77 
19 

7 f 

fo 

Sro 

Zo 
$75 

DGM 
out 

7 7 

7 ^ 
7 £ 
76 
76 

?£ 

7(Z 
7 7 

7 ^ 

71 
■79 
io 

Heft ?, fj/fZTZ £Utf*J &Le«iOc* 7
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Method 5 Field Da 
Clock 
Tune 

Travese 
Point 

Number 

a C o n t i n u e d . ) D a t e < s > ^ / ^ V Location 

2 . - ^ 

ni 

IV°3 
+00 

1^7 

Sample 
Tune 

ifo 

7 ~-z. 

7-2 

L-Jf-

70 

7*> 3-o 

cf- o 
— <7-ro 

2*0 

2>i 

P4 

Stack 
Temp 
deg. F 

Hi 

Hi. 

Pitot 
DP 

in. H20 
6 5 7 

_5z?; 

2 ^ 
J 4 ^ 
5^? 
& 

, ?0 
• ! > ' 

/ . ^ 

/, r 

Orifice 
DH 

in. H20 

f'r 
77 

Ti 
/, - t 

t.iV 

Meter 
VoL 
cf 

Hf,4ff > p ° 
707, Tz. 
7 0 7 . 5TZ 

7 / 2 ^ / 
7/7./*/ 
7^3, )?. 

- K f r ^ 

Tempera ures (deg. F) 
Operator . ££<i^ 

Probe 

31* 
$1% 

$?T~ 

250 

Filter 

M£7-

2 ^ 

fa"7> 
3-55 

3f0 

yj ° 
<4*yJt TlJuJfd^ 

Sorb. 
hnp. 

Outlet 

73 

ki 
4l 
£,? 
J 3 L 

DGM 
ill 

î  

^ l 
5 3 
1(7 

_££ 

DGM 
out 

*7 

ay 
•?i-
*?3 

1 ^ 

'/ yu<^J JO 77 z .daf 
£.= 7. o' 2.0 o/^ 



HASS TRAIN OPERATION 8 Out PITOT dP ORI dp PITOT . dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
H1NIHUH PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Hutech 1 
NOZZLE DIA, in 
SYSTEH FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
Ho. of points: 
Rr<Yt Hin./point 

lutes/point 

5.7 
13.3 
10.0 

29.40 
7.5 

1.01 
0.50 
0.050 

320 
85 

: 0.81 
1.87 

: 0.192 
: 0.797 

1.01 
0.4771 

110 
230.54 
3.8423 

24 
9.6058 

10 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.2O0 
1.250 
1.300 
1.350 

114.5 

V 
9/^93 

0.43 
0.47 

* 0.52 
0.56 
0.60 
0.65 
0.69 
0.73 
0.77 
0.82 
0.86 
0.90 
0.95 
0.99 
1.03 
1.08 
1.12 
1.16 

predicted vol. 
nozzle T40 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

Outlet 8 metals train 

1.20 
1.25 
1.29 
1.33 
1.38 
1.42 
1.46 
1.51 
1.55 
1.59 
1.63 
1.68 
1.72 
1.76 
1.81 
1.85 
1.89 
1.94 

operati 

0 
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SAMPLING TRAIN SFr-UP 
AND IMPINGER WEIGHT SHEET 

Plant -a «_u 
Saoal inq Loca t i on C4fH t S C?__*T 

Set U D toH*OL(j>l>& 

Co—ents MttAWflr. l(ef*l<. 

Analys t Responsible f o r Recovery 

Ca lcu la t i ons & Report Reviewed By 

FILTERS USED 

F i l t e r Ho. 30 130 

Di 

AUl? 

Run Ho. 

i te O<i{o4ll3 Run Date 

Reoc 

Used 
(Yes/No) 

10 u 

r t Da 

Z 

M/ofkn 

te 

CYCLONES 
Prepared Container 

(No.) 

5 u 

Sorbent Trap No. 2.0 u 

1.0 u 

Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

f o u r t h  tfym\ H&IIMMC**!'* 

F i f t h 

S i x t h 

Seventh 

SILICA GEL WEIGHTS: 

To ta l s 

I n i t i a l 
$12.3 
SI 1.7 
471.o 
ca? . i 

4C7.4 

COMMENTS: 

Color of S i l i c a Gel : bt> 7"** "» 7) s> . .i 

Desc r i p t i on of Inp inger Water: 

0.5 a. 

F ina l 

9 ~l*1{% 

13 0.7 
6 3 4.1 

9 5 $H<~7 

9  * 

I n i t i a l 

Z5~Z.4 Q 
9 

3 

9 

9 

9 

9 

9 

9 

9 

'«. ', iC'VH ■* h. 1* cr V 
_.._.. . . . . . 

Gain 

a/? 
i?7 
J. o 
hi 

Final 

ffffT 9 

 p ^ * 

5 < •( ' } /■) .1 o f> <r 

9 

9 

9 

9 

9 

9 

9 

922,5 
9 

9 

^ ^ 

* "J<° rC.f A / , 
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_L ol- _£

MEIHOD 5 FIELD DATA 

Planl/Localion #• 1 OiAkl afc 
Operator \Cx^U / s ^ d ^ - r W 
Dale ^ - q 4 1 ~~ 
Tesl No./Run No. ,3 A & k 
Meier Box ID yUu--w>-» * - 3 
Gas Meier Cat Factor 
Orifice ID 

Pilot GocfficienU Q> _______ 
Nozzle ID. T J ? 

Oiifice Dlia I. S°l 

Average Nozzle Dia., inches .ffift 
DaiYimetiic Pressure. In. Ilg oft MP 
Ambient Temp., deg. F *?*" 
Assumed Moisture. % IO. P 
Filler ID 
Slock Pressure, in. 1120 7.S~ 

1st Filter. 
Leak Rale, cfm. Prelesl _____• 
Leakrale, cfm, Posl-lesl tfso 
2nd Filler (if used); 
leak Role. cfm. Prelesl 
Leakrale, cfm. Post-test 

GAS MEIER START, cf: 7 8 0 .<£3' 
START TIME i S ' W 

GAS MEIER END. cf X2>. 7 ^ 
END TIME ■ ICHO 

Tolal Max Avg. Ave sail Avg. 
I Z\\ I 6.011 I o^?\ I I 

Tolol r ^ Avg. Max. 
I 

2f: & . 
* ^ 

N^"

Clock-

Time 
Tl*avese 
Pohil 

Number 

h i 

£ 

3 

M 

M 
3 

J J 

Sample 
Time 

3 

Jfe 

<=7 

U 
15 
IQ

S\ 

Vacuum 
In. Hg 

\~7 
lo> 

U 
\£ 
vsT 
\T 
\ * 

Slack 
Temp 
(leg. F 

->ID 

3V0 

^vo 

>ID 
,3*o 
3>>0 

M 

Pilot 
DP 

hi. 1120 

.\*0 
,v^> 
.60 
.50 
. J o ^ 

- W ^ 
.^0 

Oiifice 
Dll 

hi. 1120 

.50 

.50 

. 50 
vft 
.5M 
& 

H2, 

Meter 
VoL 
cf 

?8b.£U 

7R.H 
")?3> 
7 ^ 3 
785.011 
l%.7l 
mr 
7&k 

Teinueralures ((leg. Fl 

Probe 

sn\ 
2tf 
$m 
r&\ 
£SL 
TK? 
7)W 

Filler 

9.55 

7>5b 
P*(, 

r&* 

<?SD 

2*1 
$ & 

Sorb. 
Imp. 

Outlet 

6? 
bO 
£(* 
sr 
& 

51? 
S3 

DGM 

101 
/CO 
loo 
101 

(0) 

10) 

\oa 

DGM 
out 

liD 

JOO 

/flti 

JdO 
/R) 

l(£> 
100 1 

Max. Avg. Avg. 
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a 
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B 
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CJ 
3 
S 
3 
> 
«

3" 

1 
"a 

cs 

3 

—3 

=> r ^ 

S

&3l 
o 

2 
2 

Cu 

. p 
•s. """ 

8 1 = 1 
O 

OC.I 
Cu 

_  __£« 

2 a _5 a 
CO E £ | 

3 ~ 
CI  : 

ji .a 

OJ OJ 

"a a 

CO 

NI 
__£ § 

B 

fe 

£ 
^ 

rH 

•3" 

O 
in 

<^ 

* 

•a 

■\T> 

r 

£ 

5 

fc 

s 

IS 

\ r 
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HASS TRAIN OPERATIOH 7 Out dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AMB PRESS, in Hg 
STACK dP, in H20 
Enter Gas'vel., fps 
or AVG SQR ROOT d 
HINIKUH PITOT dP 
dP INCREHENT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Nutech 3 
NOZZLE DIA, in 
SYSTEH FLOW, acfm 
dp 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Rend Min./point 
U utes/point 

6.2 
: 12.8 

10.0 
: 29.40 

7.5 

0.79 
0.50 
0.050 

312 
75 

0.82 
1.89 

0.190 
0.615 
0.63 

0.3718 
20 

53.789 
0.8965 

20 
2.6894 

3 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

22.3 

0.42 
0.46 
0.50 
0.54 
0.58 
0.62 
0.67 
0.71 
0.75 
0.79 
0.83 
0.87 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 

predicted vol. 
nozzle T2 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

5 ports X 4 points/port 

1.17 
1.21 
1.25 
1.29 
1.33 
1.37 
1.42 
1.46 
1.50 
1.54 
1.58 
1.62 
1.67 
1.71 
1.75 
1.79 
1.83 
1.87 

9/4/93 Unit 7 Outlet metals train op< 

u 

A 
7> >•£-« 

G-112 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

0*> "y Plant | 
Sampling Location O ^jj~ l< 4" Un i f "*

> / 
Set Up By D US') / io /) /<! 

Consents /H <- ■ d 7(
 L< ' ^ 

Date ±z±±L 
Run No. _ 
Run Date 

i _ 
<? */  9 ) 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

___________ 
Report Oate 

FILTERS USED 

Filter No. 3Q I 4 8 

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 u 

CYCLONES 
Prepared Container 

(No.) 

5 J. 
2.0 n 
1.0 it 
0.5 it 

IHPINGER SOLUTIONS: I n i t i a l Final Gain 
First 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

<_3_£_i__g 
5 92.. 
4 1 7 

7 
0 

q 

9 

<) 
9 

9 

<» 

j___a_j_ 
_5£_2_& 9 
3^0 

a*?.? 
3^C 
Q~o 

SILICA GEL WEIGHTS: Initial Final 

?3 C.H K*H*7 fi AS* 

Totals 

T?<-A<-

. 9 

COMMENTS: 
Color of Si l ica Gel: 
Description of Impinger Water: 

Tin 1/U.Uf CU«**#L 
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Appendix G3 
September 5 Tests 

I 

( 
G-115 



X'n . 2. o [• 2 -

Pianl/bcalton2__7j___________ 
Operator fc/W 
Dale 
Test No./Run No. 3_ 
Meter Box ID NJ*AWK tc-3 

*>->*ls 

Gas Meter Cal Factor 
Oiifice ID 
Oiifice DII# \ . g l 

MEIUOD 5 HELD DATA 

Pilot Coefficient Cp 
Nozzle ID. Tc-3-2 

.sr<a 

Average Nozzle Dia., Inches ______? 
Dammeliic Pressure, In. Hg ______$£> 
Ambient Temp., deg. F 7S' 
Assumed Moisture, % \Q.o 
Filler ID 
Slack Pressure, In. H20 n.<5 

1st Filter. 
leak Rale, cfm. Prelesl .(POM 
Leakrale, cfm. Posl-lesl _*3A 
2nd Filler (if used): 
leak Role. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: SPb .7 -?C 
START TIME OHH-St 

GAS MEIER END. cf °\2\,12>2> 
END TIME • l -b '51 

i 

o> 

Clock 
Time 

Ti-avese 
Point 

Number 

£ i 

a 
3 

M 

0 ) 

2 

3 

Sample 
Time 

\Q 

_2M 

3L 

4* 

P 

AM 

X 

Vacuum 
In. Hg 

# 3 
,3.0 

Al 
^ 

<43 

£.* 
£0 

Slack 
Temp 
(lea. F 

3\3 

3W 

3 0 

yc\ • 
3\"? 

_>\B 

3\r 

Pilot 
DP 

in. 1120 

n& 
.-75 

\ . o ^ 

P\D 
'3i< 
•sr 
Ut 

Oiifice 
Dll 

in. 1120 

& 

>& 

\.CA 

PIS 

.1*3. ' 

.~>r 

Meier 
VoL 
cf 

SDl_>.T*fe 

813.2 
%\8r.Sr 

*35.2 

83Q384 

3L28". S" 

*M5.tf 

ft50£ 1 

Tempera 

Probe 

£C5 

3 0 ? 

JAL 
£SO 

sno 
3lA 

5PUL 

ures (dee. F) 

Filler 

^ ? > ^ 

£55 

oTD 

£SJ-

fi*50 
&S) 
2fi 

Sorb. 
bnp. 

Outlet 

61 
53L m 
50 

SI 
^>h 

«53 

*5\ 

rxjM 
bi 

8tf 

^ D 

9 3 

<?7 

^ 

<77 

<h 

DGM 
o u l 

S 3 

ar 
St 
39 

% 

^ \ 

?/ 
Tolal 

I r 
Max Avg I Avg snil Avg. Total Avg. Avg. Max. Max. Avg. Avg. 

wt 



?S\5 
"5 
*̂ i| 

CJ 

O 

i 
t 
d 
2 
3 

1 

1 

s 
.3 

ct 

« _ 
OJ 
3 

6 

s 
a 

Q , —I 

■ = 3 
O 

o 
CO 

ii 
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_y •£ " 

J§ a= as 

o 
5 5.S 

X! p . I—i 

3 S3 
CO E ' 

3 —; 
3 
CI ^ 

JO .S3 

_y a* 

co 

cr 

N8 
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5 
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cr 
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!i TRAIN OPERATION 7 Out 

GAS ANALYSIS - 02 : 6.2 
C02 : 12.8 
H20 : 10.0 

AHB PRESS, in Hg : 29.30 
STACK dP, in H20 : 7.5 
Enter Gas vel., fps 
or AVG SQR ROOT d : 0.79 
HIHIHUH PITOT dP : 0.50 
dP INCREMENT : 0.050 

STACK GAS TEHP, F : 312 
GAS METER TEHP, F : 87 

PITOT CONSTANT : 0.82 
ORIFICE COHSTANT : 1.89 
Nutech 3 
NOZZLE DIA, in : 0.202 
SYSTEM FLOW, acfm : 0.696 
dp 0.63 
FLOW, scfm 0.4195 
Target volume 100 
Minutes to Vol. 238.35 
hours to vol. 3.9726 
Ho. of points: 20 
Reqd Min./point 11.918 
Use Minutes/point 12 

dp PITOT dP ORI dp PITOT dP ORI 

0.500, 
0.550 
0.600 
0.650 
0.700 
0.750 

.800 

.850 

.900 

.950 

.000 

.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0:54 
0.60 
0.65 
0.71 
0.76 
0.82 
0.87 
0.93 
0.98 
1.03 
1.09 
1.14 
1.20 
1.25 
1.31 
1.36 
1.41 
1.47 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

1.52 
1.58 
1.63 
1.69 
.74 
.80 
.85 
.90 
.96 

2.01 
2.07 
2.12 
2.18 
2.23 
2.29 
2.34 
2.39 
2.45 

100.7 predicted vol. 
nozzle T22 

5 ports X 4 points/port 
9/5/93 Unit 7 Outlet metals train ope 
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SAMPLING TRAIN SET-OP 
AND IMPINGER WEIGHT SHEET 

Plant _6_U% 
Sampling Location OvUleA L i f t H 7 
Set Up By \OClpui-> 
Comments (YlxA-HJnlf fAet&X* 

Date CtfaZfcZ 

(Y)y-I*|?-
Analyst Responsible fo r Recovery ^O^-l KQ/ALB 
Calculations & Report Reviewed By _ _ _ _ _ _ _ _ _ _ _ 

Run No. 
Run Oate A'iloS'lttS 

Report Date 

FILTERS USED 

F i l t e r Ho. 3QMQ 
Sorbent Trap Ho. 

Condenser No. 

Used 
(Yes/No) 

10 a 

CYCLONES 
Prepared Container 

(Ho.) 

5 it 
2.0 it 
1.0 it 
0.5 it 

IHPtHGER SOLUTIONS: Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

________L_g 
-_S-Z__i__9 
-£_._£. 

_________ 
_________ 
____2____g 

________ 
_____________ g 
____________ 9 
J_5__l 
_________ 
-fe7. _* 

A -O l / ̂  
* I3L-2-

o. 
/? 
1 
/) 

7 
A* 
A 
•3 

— 

SILICA GEL WEIGHTS: in i t ia l Final 

g ^ . - T 2 7-?.^ 
9 

,A ^ ' 

Totals 

•7>r>v W-*-' 
COHHEHTS: 
Color of S i l i ca Gel: 
Description of Impinger Uatei 

Jk y^-A—' 
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V'/l o [■ 

Planl/Localton#7 OWt/csfc 
Operator Kisbf 
Dale °\5~kb 
Tesl NoVRun No. 1 K 3 A J - A S 

Meter Box ID Mu_=*~K * . 3 
Gas Meter CaL Factor 
Orifice 
Oiifice 

CD 
i 1

2
0 

Clock 
Time 

ID 
Dlia \ .*S^ 

Ti-avese 
Pobil 

Number 

£ \ 
4 
3 
H-

A> 
A 
3 

I 
1 

Sample 
Time 

M 
8 

IA 

\J* 
^ 

* 

ia 
Total 

1 

Pl lo l Cocf 
Nozzle ID. 
Average V 
Darometri 
A m b i e n t ' 
Assumed 1 
Filler ID 
Slock Pi*e 

ME1110D 5 FIELD DATA 

ficienl, Cp . S ^ 

ozzle Dia.. Inches .llo 
c Pressure, In. Ilg <&.. 
temp., dec F 70* 
ifolslure, % /D.O 

sure. bi. 1120 7. 5 

1st Filler. 
Leak Rale. cfm. Pi*elesl .oVO 
Leakrale, cfm. Posl-lesl _i__pO 

30 2nd Filler (if used): 
leak Role. cfm. Prelesl 
Leakrale, cfm. Post-test 

GAS METER START, cf: ^ l ^ i ^ l GAS MEIER END. cf ?Sf>££7 
START TIME V 5 : 2 A END TIME [6>:Sfr 

Vacuum 
In. Ilg 

0 w \ 

2* 
'S.O 

3% 
# 0 
5-0 

£tf 
Max 

1 

Slock 
Temp 
dec. F 

3V3 
3& 
y^ 

3\°i-

3\& 
m 
v& 

Pilot 
DP 

bi. 1120 

."70 

.10 
\ .OD 

& 

• £5ST 
.55 

.55 

Oiifice 
Dll 

in. 1120 

.5* 
.Sgf 

.S3 
.-fl 

•Mfc, 
.uk 
Mt? 

Meier 
VoL 
cf 

°&&&r) 
*MS.5 
3£S.<0. 

°&)M 
<&*.&* 

ono.n 
^2^.0. 
133.7 

Tempera 

Probe 

cpHcta 

Af\ 
<jfc\ 
jw 
<?E 
c ^ 

^ 

ui*es (dee. fl 

Filler 

*&2 
«2H"7 

£ U 
r O T 

5Hn 
&PI 
# H 

Sorb. 

• 

Imp. 
Oullel 

fc5 

5 4 

sa 
s? 
Sfe 

S2 
57 

DGM 
bi 

~7h 

lio 

So 
%\ 

7*1 

80 
S7 

DGM 
out 

1H 

7M 

7 T 
7£ 
7_T 

X 
- * 

Ave. Ave s a i l Av«. Total " Ave. Ave. Max Max. Ave. Ave. 

l\<\ ! o.^ 1 
tf,^1 1 1 1 1 1 1 1 



1  3 .sk o I 

Method 5 Field Da 
Clock 
Time 

Travese 
Point 

N u m b e r 

H 
b \ 

a 
3 

4 

C ) 

7) 

2 

. 4 

D 1 

a 
0 

4 

la Conlmued. Date^. S°tl Location ^ 7 ^ " ^ I 
Sample 

Time 

!W 

4 

Sr 

\2 

\l 

4 
? 

IA 

^ 

4 

8" 

U 

)b 

Vacuum 
hi. Hg 

a.o 
^ 

SL.S 

?.o 
a.o 
p . ^ 

9-5 
a\ 
rf.O 

^ 

>o 
£A 

J.<T 

Stack 
Temp 
dec. F 

3C> 

2>\3 

3X4 

3Y-\ 

3_> 
3H 
3^ 
>VA 

3 ^ 
3 \ ^ 

3\M 

> \ 

- > ^ 

Pilot 
DP 

ia H20 

SO 
£ 
.IV 

.50 
, 5 0 

.7_r 
.IS 

\7D 

So 
.sT 
no 
.70 
P? 

Oiifice 
DH 

in. H20 

M&-

. 5 * 
.5_r 

M3-

.qa 

.1*51 

.ui 
.-?o 
•42-

•"7/ 

. -?< 

.s* 
.sfi 

ton No. T r - i >Ux_l__ 
Meter 

Vol. 
cf 

cospsa 
W ^ 
^ 3 * ^ 

4 4 0 . 0 

^ . - S M I 

^42>.3 

<^.C> 

*Nc.k 

^ K I V / ^ 

w^ 
^s;,_? 
^S3.£T 
9-^57 

Tempera 

Probe 

-*H 
A31 
_2S(=> 

^ ) 5 
a>5i 
<%n
ago 
jn\ 

M 
Mo 
JP\Qs 

- % 

<947 

Operator KiA-z 
Lui*es (deg. F) 

Filter 

^ 0 
,25^ 
J?S<o 

P 5 k 
_££ 
^4/ 
<4v<r 
THl* 
£51 
<9& 
_24k 

.252 
953 

Sorb. 
bnp. 

Outlet 

5) 
S5T 

SZ 
$■] 

& 
5TJT 

S"/ 

!5V 

57 
oC_> 

5 3 
SI 
53 

DGM 
hi 

i?) 

^ 

Sfo 

31 
? o 

2-" 
77 
7 ? 
-7? 

"7"? 

7 ^ 

rft> 
S) 

DGM 
out 

7 ^ 

7 t 
74, 

7/7 
7 ^ 
7 T 

-75~ 

7 ^ 
-75T 

"7*f 
- * / 

?5~" 

7T 

fob*A <l£.**f 
»/J3. .&ob 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant \Dai'(lv* 
San  l i no Loca t i on Oi l , *M_r < ^ |  V 7 
S e t U D B v  ^ J O C 1 7>W5 

Conwi ts ^AOJA& 

Oat« ' ojl&frl 
Run No. '•? 

!> Run Oate M foshs 

Ana lvs t Responsible f o r Recovery 'l7*u 7 / * *__—■ " 

C a l c u l a t i o n s & Report Reviewed By Reoort Oate 

FILTERS USED 

Filter HO. ZQ \4°\ 

Sorbent Trao Ho. ... , , 

Condenser Ho. 

IHPIHGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL WEIGHTS: 

To ta l s 

COHHEHTS: 

Color of S i l i c a Gel : A) a 

I n i t i a l 

W 5 .  5 
59 7.2

478.S 

— 




r hem f Cr ■ 

9 

9 

9 

9 

9 

9 

9 

10 it 

5 It 

2.0 it 

1.0 |t 

O.S i t 

I n i t i a l 

n 2.4

CYCLONES 
Used Prepared Container 

(Yes/No) (No.) 

F ina l Gain 

r.6,^% q H^S 
(DO* 7 q " > ^ 

H<S&.?> q i . f 
q 

q 

9 

9 ~ 

Final 

* <k*Zo

<> 

<» 

ror/\*

9 

9 

9 

9 

9 

9 

9 

^ 
9 

9 

D e s c r i p t i o n o f Impinaer Uater : 

k 1. 

G122 



HASS TRAIN OPERATION 7 Out dp PITOT dP ORI dp PITOT dP ORI 

« ANALYSIS - 02 : 
C02 ■ 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Hutech 3 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfn 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Read Min./point 
Use Minutes/point 

6.2 
12.8 
10.0 
29.30 
7.5 

0.79 
0.50 

: 0.050 

: 312 
: 75 

: 0.82 
: 1.89 

: 0.190 
: 0.616 

0.63 
0.3712 

20 
53.882 
0.898 

20 
2.6941 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

22.3 

0.42 
0.46 
0.50 
0.54 
0.58 
0.62 
0.67 
0.71 
0.75 
0.79 
0.83 
0.87 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 

predicted vol. 
nozzle T2 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

5 ports X 4 points/port 
9/5/93 Unit 7 Outlet 

1.17 
1.21 
1.25 
1.29 
1.33 
1.37 
1.42 
1.46 
1.50 
1.54 
1.58 
1.62 
1.67 
1.71 
1.75 
1.79 
1.83 
1.87 

imAc*-—- train op 
/V.<

C
7 

1 
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ntr\c_ 3. o\ 3 _ 

o 
IV) 
4-. 

METHOD 5 FEIJ) DATA i <Po o — ^ 
+ 1
- Z. *T 

Planl/|jocatton__^___££2_______r^^^V Pilot Coefficient, Cp 
Operator Jg-ji^ f T.t. 
Date oifoiT / <? 1 
Test No. /Run No. _?__f_______-_£/>-=, 
Meier Box ID _J_______< /___Vc£ 
Ga3 Meier CaL Factor 
Oiifice ID 
Oiifice DH@ 

Nozzle ID. 
Average Nozzle Dia., inches 
Daiximeliic Pressure, In. Hg 
Ambienl Temp., deg. F j C TaX sraerc 
Assumed Moisture, % 
Filler ID 
Slack Pressure, hi. 1120 __7______>_̂ c> 

I si Fillen f 
Leak Rale, cfm. Prelesl y 1° H1 
Leakrale, cfm, Posl-lesl ____ 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale. cfm. Posl-lesl 

'A: 
/ '</•■ 

_ it 
> r V > _ 
K»H?c 

. if 
,01/ 

4tfr 
fciTT f,tr>T: + 

o S o&oo GAS METER START, cf: %6C3o GAS METER END. cf ^ 7 ^ , (oV 
^ START TIME _? ?;g*o END TIME fSr&zr ; y. df^y 

f i O US * 
Clock 
Time 

Travese 
Poinl 

Number 

0^20 CA 

\0lo 

fa 7/ 

7LAL 
t  i 
6tf

5 J 

3 ' - 2 PO 

Sample 
Time 

70 
20 

3o 
170 

JO_ 

r~i 2°. 

Vacuum 
hi. Ilg 

2A. 
^A 
2A 

Slack 
Temp 
deg. F 

17o 

Ho 
IML 

a 3oi 
S77> 

PJ 
JJ 
£AL 

ILL 
3lZ> 

3 7 if

Pilot 
DP 

hi. 1120 

_ So 

___£o 
LA 
■4^r^ 

i^O 

i%o 

Oiifice 
DM 

ill 1120 

.69 
. if 
LA. 
££ 
, 6q 
•C<7 

Meter 
VoL 
cf 

?//./» 
sty, y£ 
w ?7P 

vnvi 
*P7.#& 
# 3 2. 

r*. 
/</\'f> Hlljlo 

Tempera 

Probe 

yoo 

■sog 

?o< 

27? 

21L 
"Sot 

? / 6 

ui-es (deg. F> 

Filler 

z¥o 

}(JZ 

J«<7 

?<m 

2U> 
2AL 
7,^7 

Sorb. 
Imp. 

Outlet 

7>? 

sr<7 

srz. 
Jj£_ 

> ' i 
1 

zi 

DGM 
bi 

"7C 

2AL 

ns
¥2

0L7 

S3 

DGM 
out 

"77 
7 7 

_7_Z 
:_?£ 

_̂ o 
J Z 

Tola! Max Avg. Avg s m t Avg, 
I f 3P_T ' Wcv1 0.?f • 

Total Ave. Avg. Max. Max. 
I 

_E2J £ % 
Avg. Avg. 

«W 
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Method 5 Field Da 
Clock 
Time 

/Off 

/ / ; / 

Travese 
Pohil 

Number 

J"* 

If7 

•/-z 
V'5 

ti—£/ 

3f 

3 Z 

3 - 3 

7if 

2A 

2^ 

z1 

la Conlmued. Date ^f/tfi- -

Sample 
Tune 

f 0 

/ o 

2-0 

*5o 

ifo 
1 

( & 

■20 

Jo 
z/O 

5 

/ < ? 

- Z ^ 

^ 

Vacuum 
in. Hg 

P ^ 
5/z>F 

p i 0 

3tO 

?A 
PA 

f~Z>r^ 

2>A 
#1 K(P 

77K 
M 

TV/* 

*y 
-_-<? 

ID,< 

Slack 
Temp 
deg. F 

5 / 0 
OuTT 

31$ 
3t<1 

?77P 

2?>£ 
o^T 

tto 
33( 

3?^ 
3M 
c? <^A 

W 
>11 
3f z 

' Location 
Pitol 
DP 

ia H20 

7> 

>tf 
A^ 
/'fit 
Al 
/WT 

/,o<r 
/ . ©_$T 

' t f 

. ?r 

,%f 
a* 
i<*t ( . , . ( , . 

<9<x7<L&y 

Oiifice 
DH 

ia H20 

7A 

. 7 3 

,13 

>?rf 
<7<7 

><to 

Ao 

/ . o i 
S r s v 

.71 

. 11 

1^ 

Run No. ** ? Mei^L $ 
Meter 
VoL 
cf 

&<72. °ra 

*«%Ad 
V4>9,oo 

4yj. 13 
Vsr.sV 
itifz. 
Mt.7ol 
%(S^n 
«73.q/ 
zinc 
4$n, £ i 
ft*!. S£> 
<*<&.£ f 

. — -

Sffc ii 

Tempera 

Probe 

?& 

; ? / 

W 
y& 
7^(fb 

2<iro 

Operator /2 / ^ / 
lures (deg. F) 

Filter 

>S~7 

?A^ 

2S( 

pyz. 
?<7z

2>D 

37 7 Wl 
?7? 

'jAb 

ifb 

^ 7 o 

iff 

_?XT 
7& 

?yti 
P^? 
z£ o 

Sorb. 
hnp. 

Outlet 

3-y 

^ ° 
6 / 
£_■ 

<^7 

f< 
(,c 

w 
rV 

<£ "2̂  

^ 0 

/7 

DGM 
hi 

8"? 

_tt_ 

5 7 
9* 
f o 

* ? 
fo 
^ n 

SV 

* ' -

•ZA> 

23 

DGM 
out 

7f^ 

<7^~ 
<£tT 

Vi 
S7? 

%4 

?<r 
vi 
96 

lb" 

?¥ 
$Z 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant Sa-iA^ 
Sampling Location (i^.f % Oii4l_.T 
Set Up By }££ ImS I 
Co—sent* JkiM^Jkkk. 

Oate ___________ 

Run No. 
Run Date o ikshs 

Analyat Responsible for Recovery "2____ 
Calculations & Report Revieuad By ____ Report Date 

FILTERS USED 

F i l te r Ho. 3Q\A\ 
Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

CYCLONES 

10 Jl 
5 * 

2-0 it 
1.0 It 
0.5 it 

Prepared Container 
(No.) 

O 

IMPINGER SOLUTIONS: in i t ia l 
380.3 
Art.4 

AIL.-] 
(*48 7 
MI.O 

Ar>4.1 

9 
g 
9 
g 
g 
g 
f> 

Final Gain 
Fi rst 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

It+'S' 
(ooS.3 
417.2 
<e^(tf 
5Sf.S~ 

5*5.+ 

m*-
^ 

_L_L 
_3_i_ 

± 
SILICA GEL UEIGHTS; In i t ia l Final 

7,?/ X. X72..2. ^ 

Totals 

rV* *, ^v 
C0HHEHTS: uu—Aema; ./ , 
Color of Silica Gel: 'BottertL. 7s Al*l7c 
Description of li—.inger uater: 

sU««U»*t ^f7fi.7 rv*. 
rtw± 

G-127 



<r*__ __ O V rj>_ 

G) 
l\3 
CO 

MB11I0D 5 FIEIi) DATA 

Plant/li>calion &*cW JT+J'-^'r 
Operator £P/JZCT/ 

^r__/ -* 

.W 
Dale ^ ^ . ^ ^ T 

Pilot Coefficient, Cp _ 
Nozzle ID. T ~ . - - 4 . _ S 

• * l 

Test No./Run No. J 
Meier .Box ID Ho7e-c/4 Lf 
Ga9 Meier Cail Factor 
Oiifice ID 
Oiifice DH# l<&7 

Average Nozzle Dia., inches -______} 
Barometiic Pressure, hi. Ilg ______£S 
Ambient Temp., deg. F 77 "7* 
Assumed Moisture, 7* — 
RlUr ID --W-Q-iq-Q-
Stock Pressure, hi. 1120 ~(*?-_S 

1st niter. / ex 
leak Rale. cfm. Prelesl ____?°/-^^ 6 ^ 
Leakrale, cfm, Posl-lesl i^O^l^^^tzT 
2nd Filler (if used): >05bft*\ Q> ■ tfc 

leak Rale, cfm. Prelesl 
Leakrale, cfm Posl-lesl 

GAS METER START. cf:k7_->- 2_ffQ 
START TIME i q . 3 o 

GAS MEIER END. cf 
END TIME 7C?& 

Clock 
Time 

(<r-30 

_/_.___,.-.--

Travese 
Pohil 

Number 

' - ( 

^ z 
1-3 
/ ' ^ 

2-/ 
2-1 

Sample 
Time 

O 
-7 

(o 
9 
\Z 

IS 
16 

Vacuum 
hi. Ilg 

~4*0 

- 4 - 0 

■ l+.O 

- 4 - o 

- i f . 0 

- 4 . 0 

Slack 
Temp 
deg. F 

3 2 0 

32>o 

3S2. 

32S, 

33£ 

Pilot 
DP 

hi. 1120 

*o 
'!>2 

>91 
•S5 

/■OS 

/ -<9<? 

Oiifice 
DH 

hi. II20 

•S3" 
6 ? 

•7E 
-6S 

•78 

Meter 
VoL 
cf 

67&Z.10 

Lff-tfc 
679 -0 -3C__L .OO 

6S0 -S9D 

k% I-(_,_£ 

6# • no 
AH &0$$Uo 

Tempera 

Probe 

^ ^ E > 

2 0 

f g 3 . 

1X5 

£7 

ures (deg. F) 

Filler 

ZS7 

ZS5 

2S5> 

£ 7 ( 

£7Z 

26S 

Sorb. 
hnp. 

Outlet 

GZ. 

(oZ. 

62 
60 

3 
5? 

DfJM 
hi 

g£ 
8£ 

S2_ 

_3_1 

£3> 

*H 
85 

Total Max Avg. Avg seal Avg. Tolal Avg. Avg. Max Max. 

1 _ n j j 

DGM 
out 

go 
so 
S\ 
SI 

*?/ 

81 

http://T~.--4._S


* » 

> 02 
H20 
Hg 
H20 

el., fps 
.< ROOT d 
PITOT dP 

.CREMENT 

STACK GAS TEMP, F 
GAS METER TEMP, F 

PITOT COHSTAHT 
ORIFICE COHSTAHT 
Hutech 1 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volute 
Minutes to Vol. 
hours to vol. 
No. of points: 
Read Min./point 
Use Minutes/point 

I 8 Out 

5.7 
13.3 
10.0 
29.30 
7.5 

: 1.01 
0.50 

: 0.050 

: 320 
: 85 

: 0.81 
: 1.87 

: 0.192 
: 0.798 

1.01 
0.4763 

110 
230.94 
3.849 

24 
9.6225 

10 

dp PITOT dP ORI dp PITOT dP ORI 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0.43 
0.47 
0.52 
0.56 
0.60 
0.65 
0.69 
0.73 
0.77 
0.82 
0.86 
0.90 
0.95 
0.99 
1.03 
1.08 
1.12 
1.16 

114.3 predicted vol 
nozzle T40 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

1.20 
1.25 
1.29 
1.33 
1.38 
1.42 
1.46 
1.51 
1.55 
1.59 
1.63 
1.68 
1.72 
1.76 
1.81 
1.85 
1.89 
1.94 

9/5/93 Outlet 8 retals train operatio 
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j c n Q 2L or - ^ 

Clock 
Tune 

/_TJ? 

Ti*avese 
Point 

Number 

53 
_ _ _ _ _ 

bl 

Method 5 Field Data Continued. Date Location Run No. 

u*-^ 
Sample 

Time 

5? 
(oO 

IStl 

_ _ _ _ _ 

iz_3 
fc"? 

c_fMr> 

£3 
_ _ _ . 

Vacuum 
iu. Hg 

_>o 

 S o 

Stack 
Temp 
deg. F 

3^^Z 

Pitot 
DP 

in. H20 

- 5 -0 

(c9 
n 

S D 

So 
Ao 

3 5 b 

3I<

32k 
3<fO 

3qi 

•S3 

Orifice 
DH 

in. 1120 

•&( 

7__ SC 

76 

■9( 

?5 

»70 

5 7 

 & * 

sv 7to6.<4 / 

S2 

Meter 
Vol. 
cf 

1fo.c>2> 
 fo. _>_. 
702So 

7o*>J*> 
7o j . s io 

?QS.oG 

101MS 
lot 7m 

Operator 
Tempera 

Probe 

\7J 

nq 

^ 

Zoi 
H9 * 

<8S 

ures (deg. F) 

Filter 

£9_i 
. 5 / 

e9o 
z3y 

Z34 

25>l 

Sorb. 
hnp. 

Outlet 

5 7 

S 7 

-S5> 

3 2 

S!3 

DGM 
hi 

ss 
39 

& 

ES 

* S 
§3 

■»)»•*

_4~-rSfV-
"y o*"*' >A> 

DGM 
out 

S3, 

S* 

8 V 
8<f 

S* 
S^ ^ 2 

C"2>C(<4E*y_-b r<M/M-9 

I few 
CU.J 



,___"/--* i ~ £ ' ~ ^ - ^ — & ' 
HASS TRAIN OPERATION Inlet 8 dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HINIHUH PITOT dP 
dP INCREHEHT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Nutech 4 
NOZZLE DIA, in 
SYSTEM FLOW, acfra 

FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Hinutes/point 

5.5 
13.4 
10.0 
29.35 
-20.0" 

1.09 
0.50 
0.050 

332 
80 

0.81 — 
1.87 

0.190 —*■ 
0.876 
1.18 

0.5157 
20 

38.782 
0.6464 

24 
1.6159_ 

J ^ 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
.800 
.850 
.900 
.950 
.000 

1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0.37 
0.41 
0.45 
0.48 
0.52 
0.56 
0.59 
0.63 

67 
71 
74 
78 
82 
85 
89 
93 

0.96 
1.00 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

1.04 
1.08 
1.11 
1.15 
1.19 
1.22 
1.26 
1.30 
1.34 
1.37 
1.41 
1.45 
1.48 
1.52 
1.56 
1.60 
1.63 
1.67 

24.8 predicted vol. 
nozzle T45 

9/5/93 Inlet metals train operation 
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SAMPLING TRAIN SET-UP 
AND nePINGER tt&IGHT SHBST 

Plant Ba.llvj 
Sampling Location 7n\e\ ( l n i 4 - _? 
Set up By "/•DL.jW, 
Coranents SJKCXAS 

Run No. 

Oate 0*1 lotH 3 Run Date o</7o£'rcl3 

Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By Report Date 

HITERS USED 

F i l t e r No. 4q/+t 
Sorbent Trap No. 

Condenser No. 

CYCLONES 

(Yes/No) 

10 it _ 

2.0 it _ 
1.0 n _ 
0.5 M _ 

Prepared Container 
(No.) 

IHPIHGER SOLUTIONS: Init ial Final Gain 
Fi rst 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

L>41.+ 
(pQ74 
474.* 

a ?. 7 
<*/?.* 
4 77<f 

_ 
— 
— 

4& 

SILICA GEL WEIGHTS; I n i t i a l Final 

7*73.-- J7>7. ^ 

Totals 

4- &-7-) 

COMMENTS: 
Color of S i l i ca Gel: 
Description of Inpinger Water: 

r«V i>7-7? 

G-133 



W i c - t i oi- 2 

MEIHOD 5 FIELD DATA 

O 
i 

co 
4** 

Plant/Ijocation BAm-v ?7Ao< 
0|)eralor 
Dale 9

Tesl No./Run 
Meter Box ID 

CAH 
3 9i 
No. Acio 3 

7116 
Gas Meter CaL Factor 
Oiifice ID 
Oiifice Dll® i. u 

Pilot Coefficient, Cp _ 
Nozzle ID. SHAW/< 

.80 

Average Nozzle Dia., Inches . 251 
Dammeliic Pressure, hi. ilg ?9iQ 
Ambient Temp., deg. F £7 
Assumed Moisture, % /_? 
Filler ID . 
Slack Pressure, hi. 1120 .8 

Jsl Filler. 
leak Rale, cfm. Pretest .o\ c £V>. 
Leakrale, cfm, Posl-lesl 
2nd Filler (if used): 
leak Rale, cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: 6 9*08 
START TIME 16A0 

GAS MEIER END. cf _____!_______ 
END TIME ■ HA8 

Clock 
Time 

■J7AITT 

/*M3 

16 466 

I6S*Z 

I6S0& 

\io% 

no& 

1713 

Travese 
Point 

Number 

3 - / 

2 

3 

3 2 - 1 

Z 

3 

Sample 
Thne 

O 

45 

# " 
IS 

+6 

* T 7 
30 

Vacuum 
hi. Ilg 

— 

$.0 

13 

Jl 

78 
75 
7\ 

Slack 
Temp 
dea. F 
J/3 

///? 

n£ 
tz4 
\zo

\Z3 

I2_? 

Pilot 
DP 

hi. 1120 

- 32. 

. 5 Z 

.34 

. z6 

. 3 ^ 
. 30 

. 2.6 

Oiifice 
Dll 

hi. 1120 

.fi& 

.86 

.94 

. 7Z. 

.&& 

.#5 

. 7 2 . 

Meter 
Vol 
cf 

49l.o3 
693. 9A 

696.5"2-

69&.i7o 

701.4Z. 

70S.H 

706 00 

Tempera 

Probe 

229 

745 

255 

Z5A 

zAA 
zAo 

ZAo 

lures (deg. M 

Filler 

2 25 

7.54 

2SO 

z5< 

7.58 

■ZZ5 

■750 

Sorb. 
Imp. 

Outlet 

7,7 

6 1 

60 

59 
59 

59 

59 

DGM 
hi 

70 

T Z 

73 

13 

74 

74 

i4 

1 
DGM 
out 

69 

70 

70 

i& 

70 

IO 

70 

Tolal Max Avg. Avg sail Avg. 
1 ' ' ^ ' 0*< ' o*d . 

Total Avg. Avg. Max Max. 
II 

Ihfa 
{ 1 

file:///-zo
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co 

Method 5 Field Da 
Clock 
Tune 

S/Arf-T 
l-tli$ 

/7 2 3 

>72# 

••7 3 3 

/73£> 

/7><3 

/ 7 ^ 

Travese 
Point 

Number 
l̂ -fc><-"T -

/ - f 

z 
3 

te-f 

2 

3 

la Continued. Dale 
Sample 

Time 

3-5" 

>io 

•45 

5c 

55 

60 

Vacuum 
hi. Hg 

5.0 

5-& 

4-9 

5-a 

5.o 

So 

9-5'9?> 
Stack 
Temp 
deg. F 

IZ5 

k"Z6 

\"ZT 

\Z& 

129 

no 

Location 
Pilot 
DP 

hi H20 

• 36 
. 34 

,3>z-

,*4 
.$4 

• 7>4 

SrAciL I 
Orifice 

DH 
hi. H20 

. 99 
A4 
.88 

. 94 
.<?4 

.94 

fan No. Act& 3 
Meter 
VoL 
cf 

708. r3 

7/1. 2& 

V 3. 77 

116.36 

719-00 

7ZI Al 

Tempera 

Probe 

2 3 3 

2 3 3 

Z36 

Z3r> 

2 35 

Z3>0 

Oiicrator yfarT 
ures (deg. F) 

Filter 

2 5 3 

~Z5Z 

■Z56 

7>.*\ 

■Z5I 

2 5 3 

Sorb. 
hnp. 

Outlet 

63 
5? 
59 

59 

59 

60 

DGM 
hi 

7 3 

r4 
75 

76 

70 

77 

DGM 
out 

70 

li 

71 

7 ( 

11 

71 



i TRAIN OPERATION Stack 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volune 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Hinutes/point 

: 6.4 
12.8 
18.0 
29.10 
0.7 

0.60 
0.10 
0.020 

133 
80 

0.80 
1.94 

0.251 
0.720 
0.36 

0.5113 
20 

39.113 
0.6519 

12 
3.2594 

^fy-

dp PITOT 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

24.5 

dP ORI 

0.28 
0.33 
0.39 
0.44 
0.50 
0.55 
0.61 
0.66 
0.72 
0.77 
0.83 
0.88 
0.94 
0.99 
1.05 
1.10 
1.16 
1.21 

predicted 
nozzle T2 

dp PITOT 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

vol. 

dP ORI 

1.27 
1.32 
1.38 
1.43 
1.49 
1.54 
1.60 
1.65 
1.71 
1.76 
1.82 
1.87 
1.93 
1.98 
2.04 
2.09 
2.15 
2.20 

9/5/93 Stack metals train operation 

?7^A 

\rv\i . v\ ° \ J r , u 

G-136 

file:///rv/i


SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant "Bo-ill 
S a n d i n g Loca t ion O-hxcJ-*. 

Set U D B V - Z L C V - - 7 f)UJ f 

Co—tents feiQp 

Ana lys t Responsible f o r Recovery 

Ca l cu l a t i ons & Report Reviewed By 

FILTERS USED 

Filter No. 3Q \ 5 \ 

Sorbent TraD No. 

Condenser Uo. 

IMPINGER SOLUTIONS: 

f i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL UEIGHTS: 

T o t a l s 

COMMENTS: 

Color o f S i l i c a Ge l : / l.c-i 

Date O'Tf/oiT 

I n i t i a l 

49 LO 

C ktirtGC- . 

9 
9 
9 
9 
9 
9 
9 

I n i t i 

zoz> 

10 

5 

2.0 

1.0 

0.5 

a l 

• | 

Run No. 3 

k'3 Run Date O*} lo$fa 3 

Resort Date 

CYCLONES 
Used Prepared Conta iner 

(Yes/Mo) (No.) 

-
-
it 

-
-

F i n a l Gain 

loOO>.o g \l-7> 
if>3. 5 g C L ^ 

~ q " " 

~ 9 ~ 

- q 

- 9 -

Final 

11*. if 
t 

q 

T»T/AL (Us,» 

9 

9 

9 

9 

9 

9 

9 

9 ' 1 
9 

9 

^ 

D e s c r i p t i o n o f Impinoer Water: 

G-137 



v'/ i tr t _. ov 3 _ 

Planl/ljocalion 04IL.-Y STACI< 
0|)eralor CAM 
Dale 9- 5- 9 3 
Test No./Run No. jAjrr&L£_3 
Meier Box ID 71-16 
Gas Meier Cal Factor 
Orifice ID 
Oiifice DH-t h?4 

GAS METER START, cf: _T_?3 . 58 GAS MEIER END. cf ___£2________, 
START TIME a9z5 END TIME ■ ,5AO 

Clock 
Time 

STA-fT 

_>9E_r 

o?Ao 

V9 5S 

loio 

ioz5 

it>kt> 

in 55 

Travese 
Point 

Number 
pox-r-

I ' l 

/ 

Z 

z 
3 

3 

Sample 
Time 

O 

IA 
30 

45 

bo 
15 
90 

V a c u u m 
hi. Hg 

7. 7 
7.6 

7.. 6 

Z-5 

-2.5 

7.-5 

2.5 

Slack 
Temp 
(leg. F 

/ 3 I 

i3Z. 

13?-

\3o 

131 • 

i3o 

129 

Pilot 
DP 

hi. 1120 

,1* 

• 34 

Ah 
.3Z-

,3Z 

.30 

.3o 

Oiifice 
Dll 

h). 1120 

i.oo 

loo 

l-Oo 

M 
?4 

.88 

• &3 

Meter 
VoL 
cf 

50Z.58 

S)o.51 

S&.S3 
526. 3o 

634. > 9 

SAL 65 

549. 21 

Teinuera 

Probe 

Z68 

Z&4 

266 

3o9 

3o8 

3o5 

3oo 

ures (deg. F) 

Filler 

Z65 

256 
Z53 

-Z63 

2SO 

Z4S 

75 \ 

Sorb. 
Imp. 

Outlet 

7i 
SI 

53 
5S 

53 

<?4 

56 

DGM 
hi 

1? 
S3 

£5 

#J5 

S4 
do 

76 

DGM 
out 

7A 
76 

7T 
7$ 

7# 

76 

76 

Tolal Max Avg. Avg scitl Avg. Total Ave. Avg. Max. Max. Avg. Avg. 

i(o>d 

METHOD 5 FIELD DATA 

Pilot Coefficient, Cp 
Nozzle ID. S V / A ^ u z. t 
Average Nozzle Dia., inches 
Barometric Pressure, hi. Ilg 
Ambient Temp., deg. F 75 
Assumed Moisture, % \R 
Filler ID 
Slack Pressure hi. II20 .85 

T-SMT. ■78^' 
_: . o * c£&* 

" i s tF j l l e r . k, 
^Jigk $al_t v!cfm. Pretest 
<§3kii'lei cfm, Posl-lesl <£___-<■ cC, 
2nd Hler (if used): 
Leak p i e , cfm Prelesl 
LeaktttfL cfm. Posl-lesl 



<_■ t 

o 
co 

Method 5 Field Da 
Clock 
Tune 

.STAH7 

to55 

l<\0 

ll 2.5 

n Ac 

/■_>-_? 

\Z\0 

iZz5 

12 34 

*W4 

/3/5>4 

(31*? 

13 34 

I3A7 

\Aok 

Travese 
Pohil 

Number 

/ - 1 

1 

2 

Z 

3 

3 

. E - l 

1 

2 

a 

3 

3 

a Continued. Dale 
Sample 

Time 

i_?6' 

i 2 t f 

>3_S" 

/5<9 

^65 

ISO 

195 

Z\o 

ZZ5 

z4o 

Z55 

21 o 

Vacuum 
hi. Hg 

2- 7 

Z & 

z.d 
? ti 

2.8 

ZB 

30 

3 . a 

3 . o 

3o 

2.9 

3.0 

9593 
Stack 
Temp 
deg. F 

\Z9 

(30 

!3dP 

129 

\z9 

129 

lz9 

iZ9 

\1o 

i29 

[29 

(3_? 

Location sr^cK I 
Pilot 
DP 

in. H20 

>34 

.34 

34 

,34 

.34 

.34 

>36 

, 36 

.36 

.36 

. 32 

.34 

Orifice 
DH 

in. H20 

i .oo 

Loo 

\.oO 

l.oO 

\.oo 

Loo 

l£>6 

\.o6 

i.o6 

f .06 

.94 

LOO 

fall No. *>e<aU<i 
Meter 
VoL 
cf 

54 p. z \ 

557. i9 

565. 26 

5 7 3 . 3 4 

58 L 35 

589 35 

597.36 

60S'■ 45 

6 13.6'\ 

621.77 

63D. oi 

63~t87 

6h5. BI 

Temnera 

Probe 

•Z66 

269 

3o4 

298 

287. 

Zfi6 

Z43 

Z34 

z\o 
zie 
Z3( 

233 

3 Operator a* 
Lures (deg. Fl 

Filter 

25 2 
1 7 

253 
253 

Z3Z 

251 

Z5Z 

Z5Z. 

252 

Z5Z. 

254 

254 

7^Z 

Sort* 
hnp. 

Oultet 

H 7 

57 
56 

55 

54 

53 

«4 
5o 

46 

47 

49 
49 

DGM 
in 

72? 

73 

7 7 

7 7 

17 

7 7 

l4 

7? 

78 

80 

So 

$f 

DGM 
out 

74 
74 

73 

7Z 

72. 

iz. 

77. 

73 

71 

73 

74 

7J) 
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\r\ 
m 
Vfl 
va 

 <  * 

o. 
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rn 

 « ■ 

15 
0 
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■^t

cs 

a 
0 
K\ 
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K«o 
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0 
T 

Ov 
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ro 
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3o 
CO 
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ro 

S 
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M 
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$ 

5 
N 
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K . 

«n 
<5R> 
H i 

tvl 
Qc. 

ro 

ro 

Ov 

<\J 

!? 
m 

r«. 

'•A 
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^ 

0 
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VJ 

X i 
N 
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(VI 
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HASS TRAIN OPERATION Stack dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HINIHUH PITOT dP 
dP INCREHEHT 

STACK GAS TEHP, F 
GAS KETER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
CAE 71-16 
NOZZLE DIA, in 
SYSTEH FLOW, acfm 
*P 
FLOW, scfm 
Target voluae 
Minutes to Vol. 
hours to vol. 
Ho. of points: 
R^xl Hin./point 

linutes/point 

6.4 
12.8 
18.0 
29.00 
0.7 

0.60 
0.10 

: 0.020 

133 
: 80 

: 0.80 
: 1.94 

: 0.2S5 
: 0.745 

0.36 
0.5269 

185 
351.14 
5.8523 

12 
29.261 

30 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

189.7 

*r 

0.29 
0.35 
0.41 
0.47 
0.53 
0.59 
0.65 
0.70 
0.76 
0.82 
0.88 
0.94 
1.00 
1.06 
1.11 
1.17 
1.23 
1.29 

predicted vol 
nozzle T2 

9/jK*93 Stack metals 

0.460 
0.480 
O.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

. 

1.35 
1.41 
1.47 
1.53 
1.58 
1.64 
1.70 
1.76 
1.82 
1.88 
1.94 
1.99 
2.05 
2.11 
2.17 
2.23 
2.29 
2.35 

train operation 

"y 
L^ \L 

0[ 
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METHOD 5 HELD DATA 

Plant/Location 0 * ' ^ ""Ar^ Pitol Coefficient, Cp 
0[>eralor ^fJ<L 
Date _p 9 /oS^/f 3 
Test No./Run No. ___C_________.<T 
Meier Box ID •*?/ AS urgjz./* 
Gas Meier CaL Factor 
Oiifice ID 
Orifice Dll® • 

Nozzle ID. 
Average Nozzle Dia., inches _ 
Daromelric Pressure, hi. Ilg 
Ambient Temp., deg. F 
Assumed Moisture, 7» 
Filler ID 

1st Filler „ 
leak Rate, cfm. Prelesl ____̂  / 2 "ft0l/ 
Leakrale, cfm, P o s l - l e s l ___._• /-> u 

<*•>/, 

2nd Filter (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Post-test 

3~ /Oo0 

Slack Pressure, hi. 1120 "?, o 

i C 
° » 6 O O O 

'A 

9,tor T'/r+c + ,ooo 

GAS METER START, cf: 95~(f .$Z

START TIME ___________r___/_______^T 
GAS MEIER END. cf ___________! 
END TIME • / 7 _ 9 / 

Clock 
Tune 

_ j ; * r 
IL& 

Ti*avese 
Pohil 

Number 

/  / 

/ v 
l  l 
(17 

Sample 
Time 

SL 
L 

Vacuum 
hi. Ilg 

^ 

0. Z. 

^4

£. 7 

Slack 
Temp 
deg. F 

_?3^ 

3 ^ g 

?^< 
3^7 

Pilot 
DP 

hi. 1120 

/. P 
7 
) » t > 

A l 

Oiifice 
Dll 

hi. 1120 

___£_!_ 

Meter 
VoL 
cf 

_ ! _ ! . 

/ . f r  9 ^ , 79 
/or TYfl.1? 

£•*?,?» 

Tempera 

Probe 

■z.s'b 

2>3" 

Z__£ 
7ZO 

ures (deg. F) 

filler 

7Cz 

2^7, 

Z.£& 

Sorb. 
Imp. 

Outlet 

77 

^ 

2±. 
Z*_Z 

DGM 
hi 

7C 
7? 

2_1 
24 

DGM 
out 

TH 
TV 
7„ 
1L 

SrOf 

3J 3 tf.f 33o ■hl 
•?>' 

fife, ?o 

_2l 2^Z ^ ? 67 _ZZ 7^ 
J-* 1 ^ , f 3?<9 

•3'71 T Mbur l / . / 1 
f> _2_> %Xfe. 37 o 1s?% 

.91* Mr.?* I/O 

&JL ZZ IC 
Z5 1 CG 7 7 7 ^ 

Total 
i r 

Max Avg. Avg snr l Avg. Total 

' 3*1 * ) 0371 0A\»\ [ 
Avg. Avg. Max. 

T ~ ^ 
Max. 

1—r 
Avg. Avg. 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant fiATLU 
Sampling Location £)"fACK-
Set Up By - v ^ 3 i - / 7 > * / S 
Cownents . Atxl-f-iple^ jk.nM.J5 

Oate c^SeS/lB 

Analyst Responsible for Rtcovery 
Calculations & Report Revicwad By 

MA / J/i 

Run Mo. 
Run Date __2£________L 

h> «-
Report Date 

FILTERS USED 

Filter Ho. 3-^ 142-

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 _ 

CYCLONES 
Prepared Container 

(No.) 

5 _ 
2.0 I I 

1.0 _ 
0.5 _ 

IHPIHGER SOLUTIONS: i n i t i a l Final Gain 

First 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

fras".'? 
566.3 
4IQ-7 
54>7,f 

I ( g l 4 . & 
<_ot •*_: 
MfK.7 
5fc5?.S 
&65 . O 

M76.ff 
— 

j_____L_l 
i-i_l 
________ 

/ f O 
- 0 6 
_L_L 

SILICA GEL UEIGHTS: I n i t i a l Final 

$05.7 <6iL5 ___?. > • 

Totals 

___>_<__ u- 03-^ 

COMMENTS: 
Color of S i l i ca Gel: 
Description of Impinger Water: 

Xf* r».'nf*-

G-143 
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, c . ^ _ 

Method 

_V „i 2 . 

5 Field Data Continued. Dale 07/oi Location -_-&-#*£ Run No. ** 3 fiC^(P Operator & ££, 
Clock 
Tune 

Travese 
Pohit 

Numbei* 

t 1 
Sample 

Time 
Vacuum 
in. Hg 

Stock 
Temp 
deg. F 

Pilot 
DP 

in. H20 

Orifice 
DH 

in. H20 

Meter 
VoL 
cf 

Tempera ures (dec. F) 

Probe Filter Sorb. 
bnp 

Outlet 
DGM 
hi 

DGM 
out 

5« ^ 5ZV <1¥ .*l ML % ZK 75% <f7 If _2J> / 

i___£ ?_:?■ ^ 2 2_?f-___2___: 
> ; _ _ _ _ _ . Z__l__Z___ . 9 * j£ f/y, ̂ 2. J-_5 2^o ££_ yy ?c 

C i^o_ la CfO . 7 / W. ¥3 7t>' 2£1 C<?<=> 15 7 £ 

± * > 4 * 3J(* UA zz CflLPll 3/* J>C s& 7C 15 

IT* 4xi* AA£ io i7_> 
y 

n?, 79 ?/<•> 2£>' x •^7 _7A 7 ^ ' 
5 / 3 jP 77*/, ^ 

^ 4 o ILL <%y no 3o\7> JJstC _?2~ 73" ys 

_2_ 

^2_A 

^ f a 

iX 
$.1 

*LJL 

£1 

ILL 

_Z_2X 

_M 
2<_1_ 

1__2 

5$___f 

__j_o 

' f ro 

_A_i_ 

___2o_ 

t - ^ 7 

i £7 

_4___i 

?7.^r7 

97£, fr 

?2o, z5 

5M 99 

?°<7 

3<rt 27>z, 

_?_^_^_#=: 

3oi 

2 5 ? 

2_a 

____o_ 

£5L 

■>"f 

_l3_ 
X9 

7 ^ 

_z_r 
_Z_L 

_Z_C 
7T 

7_r 

7 r 

UtL 



> «_• I s V 
Method 5 Fiekl Data Conthiued Datep^7o^Location ° ^ T Run No. ^ 3 7h6/D Operator &7/C^ 
Clock 
Tune 

Travese 
Pohil 

Number 

Sample 
Time 

Vacuum 
hi. Hg 

Stock 
Temp 
deg. F 

Pilot 
DP 

in. H20 

Oiifice 
DH 

hi. H20 

Meter 
Vol 
cf 

Tempera 

Probe 

ures (deg. F) 

Filter Sorb. 
hnp. 

Outlet 
DGM 
hi 

DGM 
out 

<f-L7 iz- C»l ^ 07 / . > " 7zs 9'_w.„..r 3Q 2JV S~Y yt 2H 
J2_ ';vf_ _M___J_ 

\»*« 
2~ 

L-L 57o 332 9* , -w ?r&. «^o li/ .____£ J__i 7__ x 7 ^ 

Lf 

frlUo. 

____ 

T 
£7o 111 
&>< 3<7T7 

LL 7^1 
J_.il 
AS 

________ 9777 2}?/* __£1 
?___. 

3oA?S0 

______ 

______ 

-T7 

_____ 

_z_z 
______ 

_Z__-
_Z_L 
7 £ 

http://J_.il


, TRAIH OPERATIOH 8 Out dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HIHIHUH PITOT dP 
dP IHCREHEHT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE COHSTAHT 
Nutech 1 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
* 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

5.7 
13.3 
10.0 

29.30 
7.5 

1.01 
0.50 
0.050 

320 
90 

0.81 
1.87 

0.190 
0.782 
1.01 

0.4664 
20 

42.878 
0.7146 

24 
1.7866 

*r 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

22.4 

0.42 
0.46 
0.50 
0.54 
0.58 
0.62 
0.67 
0.71 
0.75 
0.79 
0.83 
0.87 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 

predicted vol. 
nozzle T48 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

9/5/93 Outlet 8 metals train 

1.17 
1.21 
1.25 
1.29 
1.33 
1.37 
1.42 
1.46 
1.50 
1.54 
1.58 
1.62 
1.67 
1.71 
1.75 
1.79 
1.83 
1.87 

operati 

3 

OUT /f-^ (/\ 
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SAMPLING TRAIN SFT-UP 
AND IMPINGER WEIGHT SHEET 

Plant 'BA 
SanDling Locati in On 4 \&\ l i » \ i V _? 
Set UD Bv^k jO f— / „?*/_> Da 
Corasents ^ciO.? /. / 

te P 1 / 
Run No. —> 

0sA?_3 Run Date OI/OST/43 

Analyst Responsible fo r Recovery 7/iMi J. iQfa*^— 
Calculations & Reoort Reviewed Bv Report Date 

FILTERS USED 

F i l te r No. <3C\ ISO 

Sorbent Trap No. 

Condenser No. 

IMPINGER SOLUTIONS: I n i t i a l 
First 6>35 .3 

Second 5ED.3 
Third  f  Y ^ . f o 
Fourth — 
Fi f th 
Sixth — 
Seventh 

SILICA GEL WEIGHTS: 

Totals 

i 

9 
9 
9 
g 
9 
9 

In i t ia 

157. 

CYCLONES 
Used Prepared Container 

(Yes/No) (No.) 

10 it 
5 _ 

2.0 u. 
1.0 i i 
0.5 u 

Final Gain 

I Final 

■+ a 7 A , Q . < 3 

o 

9 
9 
9 
9 
9 
9 
9 

9 
9 

9 

7*. 

COMMENTS: 

Color of Si l ica Gel: {L> * * n t 

Description of Impinger Water: 

G147 



ORY MOLECULAR WEIGHT DETERMINATION 

•r? HAW 
_.» *>/<7$J 
SA-TIUS TMIClHI l CLOCK) 
SAMPLING LOCATION 

/$/,. /.. i/I-— /_&■/-' 
.TEimg. 

SAMPLE H f E ( I M . INTEGRATE!. CONTINUOUS). 
ANALTTICAL M-THOt cytS/fs' 
AMII.RI TEMPERATURE ?C 
OPERATOR _ _ . _ ; - * ■ 
ORSAT LEAK CHECKED / _ : . V 

> V 

COMMfNTS: 
_̂ 2__ /</. ? ~/Cz /S'J ' 

\ RUN 

GAS ^ \ 

C0| 

0} | I IE f I I ACTUAL Oj 
REAOUG MINUS ACTUAL 
CO| READING) 

COINET is ACTUAL co 
REAIIK MUNIS ACTUAL 
0 | READING) 

H2<NETI I IMIMUS 
ACTUAL CO REAOING) 

1 

ACIUAL 
READING 

7f. L 

J}. L 

NET 

//• '_ 

T j 

• 
ACTUAL 
REAOING 

/ / .~L 

* U _. 

NET 

/ j T l 

5'7o 

l 

ACTUAL 
REAOING 

/)" L 

?(: 2 

NET 

/JTI 

Ca 

• 

AVERAGE 
NET 

VOLUNE 

'J7L. 

*v 

7?./

MULTIPLIER 

••/III 

" ' I * 

a
/m 

"• in 

TOTAL j p 

MOLECULAR IEKM TOP 
STACK GAS lORVIASIS) 

M j . » ft ••"« 

_< ^ J V 

/ / *J 

^V.^^v 

4 ^ J' i t . 



DRY MOLECULAR WEIGHT DETERMINATION 

OAIE ^7^793 i f If NO _k. 
SAMPLING I N K 1 1 1 * CLOCK). 
SAMPLING LOCATION 

sLar 5/*/V_. 
/%f£, T ^ / ^ C 

SAMPLE TVPE HAG. INTEGRAIEt. CONTINUOUS). 
ANALVTKAL « * raftl ^ : iW / 

7}&$. 

AMIIENI I tMf £RA!UAE____ i_ i 
OPERATOR ^ L 2 _ _ . OPERATOR "  / < u__
ORSAT LEAK CHECKED ■ » _ * * • 2. V. o  y / </. (  . ^ 

COMMENIS: 

ACTUAL 
REAOING NET ACTUAL 

REAOING NET ACTUAL 
READING NET 

AVERAGE 
NET 

VOLUNE 
MULTIPLIER 

MOLECULAR MICH I OP 
SIACK GAS lORVIASIS! 

Mj. ft ft <M*I 

'*.._ _f i».o * " • / 3.6J «m Z1\J 
OjlETU ACTUAL Oj 

JREAOWG MINUS ACTUAL . .. . 
' |C0|REAMNG) | A  <' 76. u n, / A

;
./ /$'.' c 

CO'NEI I I ACTUAL Ct 
REAIUK MINUS ACTUAL 
0|REAMM) 

NllNniSINWNUS 
ACIUAL CQ REAOING) 



J I 

Mo "m 

VIM 

m 

TOTAL 

7 20 



DRY MOLECULAR WEIGHT DETERMINATION 

H I H ' - W w 5/r6»~ / / - ^ T 
n»ii #>A75.3 I E IT NO _ 
SAMPLING IMC { l i t e CLOCK) 
IAMPLING i n r a f - - pry,-. rtus>,r {C/tS 
%UtM TVPE (BAG. WTEGRAIE6. CONTINUOUS) 
ANALYTICAL METHOi O^A 7 
AMIIENT -WR l - l l l t - 7 Q 
OPERATOR L^rZ. 
ORSAF LEAK CHECKED ?. . n ^ I * - / . - " 

\ ^ ^ RUN 

GAS ^ \ 

C0_ 

OjtNEf IS ACfUAL 0 | 
REAOWG MINUS ACTUAL 
C0 t REAOING) 

COlNETI! ACTUAL M 
REAIIN6 MINUS ACTUAL 
0 } READING-) 

HjmniUMMWUJ 
ACTUAL CtREAWNQ 

1 

ACIUAL 
REAOING 

CO 

0 .0 

NEI 

Co 

Cd 

1 

ACIUAL 
REAOING 

C. d. 

C Z 

NET 

6 0 

Cd 

1 

ACIUAL 
REAOING 

CC 

0.t_. 

NET 

C C 

C.<-

• 

I AVERAGE 
NET 

VOLUME 

0. 0 

_• 6 ' 

MULTIPLIER 

"m 

» l « 

*/ ! ! • 

••in 

TOTAL 

MOLECULAR l E K N I OP 
STACK GAS lORVIASIS! 

M|. ft ft ««ti 

-

. 

COMMENTS: 

• -J-**; er *•-<-' 



DRY MOLECULAR WEIGHT DETERMINATION 

PLANT. 
OAIE_. 

&*t(Lj .SV^*-- /Y»frS~ 
<?/&'7*3 it IT MO 

SANPLIM TUB! I l l t o M OCMl (0 9 7/' — 
SAMPLING 10CATWN_____£___2_____. 
SAMPLE TYPE (IAQ. INTEGRAIEO. CONTINUOUS). 
AHAUIICAL MMHOII r:<L!>A7 

/P**';t'-*>'*y 

AMIIENT TEMPEAAIURE ___________ 
OPERAIOR —-> 7 J . 

COMMENTS: 

C'J^-J . s ^ 7*, S*-7^7 

ORSAT LEAK CHECKED / 2 . V 72?. • ? • 

1 

[ ^ ^ RUN 

GAS ^ ^ 

co2 

021NET IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
COjAEAOIHG) 

COlNET IS ACTUAL CO 
REAOING MINUS ACTUAL 
0|REAUNC) 

N 2 i N n i s i N W N u s 
ACIUAL CO REAORG) 

1 

ACIUAL 
REAOIHG 

n
€
> 

m 

NEI 

n-1 

<£.\" 

• 

1 

ACIUAL 
REAOING 

12. ' ; 

/?.• 

NET 

* > 

^
:
/ " 

1 

ACIUAL 
READING 

12.') 

/? , / 

NET 

/_•'/ 

f
j
" 

• 

AVERAGE 
NET 

VOLUME 

/V. ." 

■*.r 

fi[ h 

MULTIPLIER 

«/IOI 

» I N 

n
/IH 

a
'IH 

MOLECULAR IEIGHT OP 
SI ACX GAS lORVIASIS! 

M|. I I ft «•■« 

*\Y/£ 

Z.of" 

ze.ftf 
TOTAL ?** '., , 



DRY MOLECULAR WEIGHT DETERMINATION 

m.i &*''? S ^ ~ - ^->»^ 
OATE y/sYZJ I I ST WO. _ T 
SANPLUR1 THE I I I * r i n r i n ^ f r , - / ? < 7 
SAMPLINGinffitMii **• T V ^ r / c - y ^ » ^ ^ _ 
SAMPLE TVPE (RAG. INTEGRAlEi, CONTINUOUS) ^ y i _ _ ^ 
ANALV1KAL METHOt _________|___{Z 
AMIIENT TEMPERATURE 
OPERATOR ___ 

_____ 

ORSAr LEAK CHECKED /_/=: i 2.L C ~ 

COMMENTS: 

\ . RUN 

GAS ^ " \ 

C0j 

OjWET n ACTUAL Oj 
REAOING MINUS ACIUAL 
C0_ REAOING) 

COINETII ACTUAL co 
REAIING MINUS ACTUAL 
0 | READING) 

N l l N f T IS I M MINUS 
ACIUAL CO READING) 

1 1 

ACIUAL 
READING 

/ f . o 

77 Y 

NEI 

7?* 

6.1 

ACTUAL 
REAOING 

77 o 

rtr 

• 1 
1 NET 

— 

6)" 

ACTUAL 
REAOING 

/? -

/ * , 

i 

NET 

tfu 

7,</ 

I AVERAGE 
NET 

VOLUME 

7f.Q 

6.VJ 

fr.s'7 

MULTIPLIER 

«m 

»w 

" / » 

*wt 1 

MOLECULAR IEKMI.OF 
HACK GAS lORVIASIS! 

M4. ft ft «•(• 

5~,7Z^ 

2.CS~8 

zz.j-'tc? 

TOTM. j»__ j . j . ^ 



DRY MOLECULAR WEIGHT DETERMINATION 

PLANT. 
BATE. 

_/_<__ 
__J__ 5" / f ;3  fc,'h^~ 

?7r/> 7 .TEWRO. 
SAMPLON] TIME ( I IV CLOCK) ___2_L____Z__. 
IAMPLIN6 inirAfinii M J>ck.?/c / snc^K^ 
SAMPLE TVPE (BAG. INTEGRAIEO, CONTWUWJll _ _ _ _ _ l u _  _ _  _ _ 
ANALVTICAL METHOi__________il_Z 
AMIIENT TEMPERATURE ___________ 
OPERATOR  U T ^ 
ORSAT LEAK CHECKED /</■ _ __ 

COMMENTS: 

\ . RUN 

GAS ^ \ ^ 
COj 

OflNET W ACTUAL Oj 
REAOING VNUS ACTUAL 
CO| REAOING) 

COiNET IS ACTUAL CO 
REARING MINUS ACTUAL 
0 | READING) 

N Z I R E T is m MINUS 
| ACIUAL CO REAOIHG} 

1 1 

ACIUAL 
REAOIHG 

/2r 

ft* 

NEI 

/ir 

CL 

. 1 . . 
ACTUAL 
REAOING 

(2 7 

71./ 

NET 

(2f 

C3 

ACTUAL I „ „ 
READING 

/  > / 

75. o 

72 r 

7. ■? 
w. (_. 

■ 

I AVERAGE 
1 NET 

VOLUME 

/:f 

7% 77' 

■ ■■ 

P7 ■ •* 

MULTIPLIER 

«M 

" I M 

" / » 

1 

MOLECULAR IEK1N TOP 
HACK GAS lORVIASIS) 

Mj.ftftMll 

f.tf*

Alrf • 

sz, tss^ 

'
T0TAL Set ??y 



DRY MOLECULAR WEIGHT DETERMINATION 

H.t.1 /J/fiUy lfe<h /■%*>/**• , COMMENTS: 
P»»

 c
}/r/V?' I f IT MO J " 

MWIItflMtlllAiHOKl /Oc'C /ZC'^T 
«_niCiociiiOM i»xr*fi Airfite >?/.<— 
SAMPLE TVPE (BAG. INTEGRAlEi. CONTINUOUS) W* > ~* <'*a 
ANAL»IK:aMETH^_____u___i___lZ ___ _____ 
AMIIENT TEMPERATURE ____Z____f 
OPERATOR *<7*?r. 
ORSAT LEAK CHECKED  ^ " i ^ IZ.b^ 

\ ^ ^ RUN 

GAS ^
s

\ 

co2 

0] |NEr I I ACTUAL 0 | 
READING MINUS ACTUAL 
CO|REA«NG| 

C0(NET IS ACTUAL CO 
REARING MINUS ACTUAL 
0} REAOING) 

N j m n i S I N M I N U S 
ACTUAL CO REAOING) 

1 

ACIUAL 
REAOING 

/ y . u 

T?.± 

NET 

/ * . < _ ■ 

f."_. 

1 

ACTUAL 
REAOING 

/</. u 

77.6 

1 

NET 

/r.O 

f . 'J 

1 

ACIUAL 
READING 

/ « u 

/ * d 

NET 

/ * c 

*."c 

• 

AVERAGE 
NET 

VOLUME 

/ # 0 

f^' 

JV.o 

MULTIPLIER 

" I N 

»m 

"/»• 

" ' i n 

TOTAL 

MOLECULAR lEKH I OP 
SIACK GAS lORVIASIS! 

Mj.ftftnlt 

7. / c

/ . 6 <> 

7*.if 

lo.. vV 



DRY MOLECULAR WEIGHT DETERMINATION 

PLANT. 
O A I E _ 

■ '■_':—rs 3—
. I E ST NO. 
_ _ _ _ ! 

_ _ 
SANPLING TIME III*) CLOCK). 
SAMPLING LOCATK)N_____J_____I_t ^  f r '  * 
SAMPLE TVPE (RAO. INTEGRAIEO. CONTINUOUS). 
ANALIIICAL METHOM J*L5*7 

' ( . ' AMIIERI TEMPERATURE __ 
OPERAI0R__

 L fr
 r

'
Z


ORSAr LEAK CHECKED. ^ , " ■ > 7 . 2 . • ¥ * 

COMMENTS: 

\ . RUN 

GAS ^ \ , 
co2 

OjINET IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
CO, REAOING) 

COlNET IS ACTUAL CO 
REARING WINS ACTUAL 
0 | READING) 

tylNET IS I M MINUS 
ACIUAL CQNEAOING) 

1 1 
ACIUAL 
READING 

n.y 

/ < / < / 

NET 

lit 

7Q

I i 

ACTUAL 
REAOING 

/77 

17 i 

NET 

72 t 

7c 

ACIUAL 
READING 

/it 

/y.r 

NET 

12 J 

7,t 

' 

AVERAGE 
NET 

VOLUME 

77 J 

/.. 6 ' 

* f c _ 

MULTIPLIER 

M/|» 

»'IN 

a
/IIR 

a
m 

MOLECULAR IEIGHI OF 
HACK GAS lORVIASIS! 

Mj. ft ft ••*• 

y.7j2

' " ^ 

i2rcs 

TOHL y _ . _ y ^ 



DRY MOLECULAR WEIGHT DETERMINATION 

HAM Ti.fucy S 7^~ 77^7 COMMENTS: 
OATE <&/r75J IE IT NO . 
lAftlNG TIME ( l i f t) C10CK)______£_______: ! 
SAMPLING L0CATI0M_________________: _, 
SAMPLE TVPE (BAG. INTEGRATEi. CONTINUOUS) / / W t f s . M  r « * 
ANALVTKAL MfTHOi /'■•^.Sf\7 • 
AMIIINI TEMPERATURE Zi_
OPERATOR Ti.71.. . ( 

ORSAr LEAK CHECKEO 7t7, "' 2"V. 2. *' 

P \ ^ RUN 

GAS ̂ \ , 
co2 

0]{NEf IS ACTUAL 0 | 
REAOWG MINUS ACTUAL 
CO| REAOING) 

C0(NET l | ACTUAL CO 
REARING MINUS ACTUAL 
0|REAOIIKi) 

tylNETtS I N MINUS 
ACIUAL CO NEAOING) | 

| 1 

ACIUAL 
REAOING 

/V ̂  
1 

NET 

'v.'c 

$.4 

t 

ACTUAL 
REAOING 

/y 0 * 

/$./ 

NET 

<r*._* 

J> 

1 

ACIUAL 
READING 

' / . _ . 

/£ / 

NET 

^ c ) 

O 

• 

AVERAGE 
NEI 

VOLUME 

/ « 0 

* : , ' 

% 

MULTIPLIER 

M/IM 

» I N 

a
/m 

8 MO 

MOLECULAR HIGH 1 OF 
HACK GAS lORVIASIS! 

Mg. ft ft ••!« 

< ; . / ( . 

/ 7?r 

2?.n>f 

TOTAL , ^ _  , 



DRY MOLECULAR WEIGHT DETERMINATION 

PLANT_ 
OAIE_______2_L 

fifiiU./ SYe*A*dL COMMENTS: 
. I E IT NO. 

IANPLUG TNRE 111. CLOCK) ___^________Z___ik — 
lAMPLING i n f U M m *f ^ ' " " " ■ > >4 <7^ S?* "> _  _ £  _ 

SAMPLE TVPE (BAG. INTEGRAIEO, CONTIMUOU!) ________ 
ANALYTICAL METhW_______£____l__L 
AMIIINI H  f E R A I  A E _________ 
OPERATOR 7^7*~ 
ORSAr LEAK CHECKEO / 9  /fre. " 

ACIUAL 
REAOING 

NET ACIUAL 
REAOING NET ACTUAL 

REAOING NET 

AVERAGE 
NET 

VOLUME 
MULTIPLIER 

MOLECULAR HIGH I OF 
HACK GAS lORVIASIS) 

»t. ft ft t i l t 

7*7. t 7<4. -- A  7".L 7«.L /</. L 
\\, IM 4.?*/

102INET H ACTUAL 0 | 
REAOWG MINUS ACTUAL 

' COt REARING) / ^ 5".".. n. t~ s\'_, / ; : z . 5. u re »m 7>c OJ 

COHIETI I ACTUALS* 
REARING MINUS ACTUAL 
0 ] READING) 

■/lli 

N2INIIISIMMUUIS 
ACTUAL CO REAOING) J _ l t r < - ' IN 22 *?</■ 

jmi SW72 



V/-»•>•__ __ o\

Q 
i 

_-
tn 
co 

— HWrug DAy B.MeTALS 
*JWF MEIHOD 5 FIELD DATA 

Planl/Localion 8ft«-L*//X^-gr* o-g> 
Operator ( ^ -P / _bi__* 1 C£> 
Dale -̂  1_S fq3> 
Test No./Run No. Mg"7A___ ̂ - 3 
Meier .Box ID (-JO T_̂ <_.̂  14. 
Gas Meier CaiL Faclor 
Oiifice ID 
Oiifice Dll® 

Pilol Coefficient Cp 
Nozzle fP. T39 

31 
Average Nozzle Dia., indies - / ^ Z 
Baromeliic Pressure, to. Hg 2 3 3 0 
Ambienl Temp., deg. F TS'F 
Assumed Moisture, % 
Filler ID Gf") 

IsL Filler. 
Leak Rale. cfm. Prelesl _ _ _ y m . ^ s » I O ' H . C 
Leakrale. cfm. Posl-lesl __3o©fri5w © f t f 
2nd Filler (if used): /vi c «o _-

Icak Rale. cfm. Prelesl 
leakrale, cfm. Posl-lesl-

Slack Pressure, In. 1120(9*3 

GAS METER START, cf: ^IS^SO 
START TIME _ _ _ ? _ Z 

» RTOT LeAfe Cftecfe <§> \*o"hi 

GAS MEIER END. cf _ ? ? S . S a o y 
END TIME 1 2 4 3 * 

Clock 
Time 

(Ms 

Q93& 

(OOO 

Travese 
Pobil 

Number 

1-1 

1 - 2 

/ - 3 

lH 

21 
ZZ 

Sample 
Time 

O 

8 • 
/fo 

2-4 

3 2 

/+o 

•46 

Vacuum 
In. Hg 

-3 _ 
- t / . O 

-i*-.o 

-Aj-0 

-/f-0 

%£> 

Slack 
Temp 
deg. F 

— 

$7.+ 

33Z 
SqO 

3^8-

Z27-

338 

Pilot 
DP 

in. 1120 

•%^ 

-_<4 

•OS 
• 9 6 

-&» 

/ • / S 

f . / O 

Oiifice 
Dll 

bi. 1120 

~_-_^ 

••-»£ 

*?2 
♦75 

'67-

•S5> 

•55 

Meier 
VoL 
cf 

S"_?S-£SO 

585)-. 125 
5^2- Soo 

5 % - 6 _ 
60D. l ib 

&>0-$£ 

yfySlQ 

Tempera 

Probe 

■£i*S 

ZIS 

211 

2 2 ? 

2 2 (p. 

2.3c/ 

23Z. 

ures (dec. Fl 

Filler 

z_f5 
22S 

-2-W 
2 2 ; 

22.3> 

ZifG, 

ZK* 

Sorb. 

—___ 

— 

- — 

— 

— 

— 

Imp. 
Oultel 

^ 3 

5 -

S7 
££> 

S £ 

— 

58 
£& 

DGM 
bi 

8<-f 

£G 

8j 
?2 

5>3 
— 

5 7 

?<5 

DGM 
out 

s/ 
2 / 
_5 

*S 

&£5 

<25> ( 

9o 
l l ) 

Tolal 
1 r 

Max Avg. Avg sent Avg. Tolal Avg. Avg. Max Max. 
— r Avg. 

r _ _ _ 

tMtU- Po__cs>_s_ r b ^ r - T o / % < r 

*£-<V--i£_e "7-7_A,AJ 

<-U<k 



Z' _ > I ____ 2>J<W _~T <*<___. "vl_.£T -> 

o 
I 

—_ 
01 
to 

Method 5 Field Da 
Clock 
Time 

1032 

1105 

U0<4 

use 

Travese 
Point 

Number 

2 - 3 

2 - 4 

3 - / 

3 - 2 
3 - 2 

3 - ¥ 
— 

< 4 - / 

< W 
M ^ S 

H-- "4 

S - ' 

S-? 

a Conlmued. Dale 
Sample 

Time 

56 
6 if 

— 

72 
$ 0 

Sg 

96 
— 

\Oq

//2 
/ 2 0 

;z« 

/36 

/ 4-U. 

Vacuum 
to. Hg 

-4-0 
-4-0 

--4-0 

-4-5 
•—5-0 
- 5 - 0 

— . . 

- S - O 

r-5-0 

- r -o 

-5 -o 
— 

-5 .0 

- b o 

^ / ^ 

Stack 
Temp 
deg. F 

_?46 
2><5g 

3S_T 

3-+S 
^ 4 , 

3£_; 
— 

3 2 0 

<§£/ 

i 6 / 

-564-

— 

3 2 3 

3 3 f 

1 Location 
Pitot 
DP 

to. H20 

•72 
-90 

lZ£> 

( -Zo 
1. 0 0 

•6_? 
- — 

/ • 2 S 

(/ 5 

/ • o 
• 6 0 

! • ( 

-so 

0-8 
//•o __*■■■ 

Oiifice 
DH 

to. H20 

-*s<_; 
-7C 

-5>3 
■SB 

7 7 

• « t f 

— 

97 
• ^ ^ 

* ? 7 

' AG> 
— 

• ES 

■ < b 2 

ton No. Me 
Meter 
VoL 
cf 

6P_-50O 
6 nil 5 

£>(S5>Z& 

&7S7t75 

6ZO.C& 

GZ^US 
bZl'tfo 
VZU9 
65/ -^5 

6S5-64S 

639 — 
<_>43 __£ 

(o^.kftt 
&l+(o7&S 

650.%(& 

~*Vt___ 
Tempera 

Probe 

2 3 5 

2 3 5 

234 
2 3 4 
2 3 / 

zzC? 

2.Z9 

2 2 S 

2.Z1 

2Z9 
- — 

2 3 2 

2 3 5 

- _ . Operator orP 
ures (deg. F) 

Filter 

249 

Z3± 

— 

2 5 f 

2_b/ 

Z-5f 

Z-«V C 

— 

2-^9 

£ 5 1 

2 - 5 / 

£ 5 3 

2 5 9 

2 3 3 

Sorb. 

■ — 

-

— 

— 

— 

— 

— 

— 

— 

bnp. 
Outlet 

- 5 5 
5? 

— 

^ 7 

5 - 7 

S > 
_F? 

-

5 9 

S 9 
S9 

6 / 

< _ - _ 

6 3 

DGM 
to 

l o o 

l o o 

- -

loo 
l<_>(b> 

^ O o 

55? 
— 

59 

5 7 
3G 

5>6 
— 

93 

J(o 

DGM 
out 

5-1 

5 3 

94-

3 4 -

5 ^ 
9 f 

— 

9 ^ 
9 3 
9 5 

92 
— 

91 

5/ 



I a.. . , __L o l =*
•L>i"<Y z^te ''̂ ^r-—* /AJ_fc ' 

Q 
i 

o 

- M <e _ > 1 — — 

•J ? 
Method 5 Field Data Continued. Dale 
Clock 
Tune 

m o 
iZW 

\25$ 

Travese 
Poml 

N u m b e r 

53 

S--+ 
... 

(ol 

(oZ 

la~3> 

(o<4 

£"Mi> 

Sample 
Tune 

152 -

/&6 

/_?8 

176 

' 2><4 

192 

Vacuum 
to. Hg 

SO 
SO 

s.o 
-S-O 
- 5 - 0 

- 5 . 0 

/■tfs 
Slack 
Temp 
deg. F 

347 
3S( 

3 / 3 

3 2 3 

53S 
3cf6 

— ■ 

Location 1 
Pilot 
DP 

to.H20 

«90 

•77 

- ^ _ T 3 -

-2/ 
•so 
• ?2 

Orifice 
DH 

to. H20 

- t o 

- 6 0 

• .fog 

• 6 3 

-62 
"56 

ton No. M 
Meter 
Vol 
cf 

6*34.375 
<&5S.030 
&>6(.<tfo 
66/.6&0 

665-310 

66g- 7_>S 
672-I&5 

675-<?20 
V 

_r-r-At_s -^43_, Operator _A£P 
Tempera tu res (deg. F) 

Probe 

2 2 9 
2 Z 9 

2 2 3 

___// 

2 2 S -

2 1 ^ 

_ > ■ 

r 

Filler 

2 5 4 
3 5 / 

<2S5 

2 4 7 

2 S O 
2_SI 

Sorb. 

• 

■ 

bnp. 
Outlet 

•4-2. 

62. 

6 3 

6 2 

6Z 

6 2 

— -

DGM 
to 

92> 

9 3 

93 

9 3 

93 
95> 

DGM 
out 

9 o 

89 
— 

8 S 

SS 

S S 

St f 

— 



"•\Qr-Y UlgTfrLS TtArtA U/0(T" & __XMl 

MASS TRAIH OPERATIO* 

GAS ANALYSIS - 02 
C02 
H20 

AMB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
Hutech 4 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dp 
FLOW, scfm 
Target volune 
Minutes to Vol. 
hours to vol. 
No. of points: 
Read Min./point 
I inutes/point 

1 Inlet 8 

5.5 
13.4 
10.0 

29.30 
-20.0 

1.09 
0.50 
0.050 

335 
82 

: 0.81 
1.87 

: 0.192 
: 0.897 

1.18 
0.5252 

100 
190.41 
3.1734 

24 
7.9336 

8 

dp PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

dP ORI dp 

0.39 
0.43 
0.46 
0.50 
0.54 
0.58 
0.62 
0.66 
0.70 
0.74 
0.77 
0.81 
0.85 
0.89 
0.93 
0.97 
1.01 
1.04 

100.8 predicted vol. 
nozzle T39 

PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

dP ORI 

1.08 
1.12 
1.16 
1.20 
1.24 
1.28 
1.32 
1.35 
1.39 
1.43 
1.47 
1.51 
1.55 
1.59 
1.62 
1.66 
1.70 
1.74 

9/5/93 Inlet metals train operation 
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SAMPLING TRAIN SET-OP 
AND IMPINGER WEIGHT SHEET 

Plant V*-ill\J 
Sampling Location .Mil^-f- (jf^if-ff 
Set Up By ^jJO^/D^^ 
Comaents \jlu. Ujplt JU eta, (s 

Run No. 
Date 0 l7oSff3 Run Date 

3 
o<i7**7<>3 

Analyst Responsible for Recovery _oQ///
tJ:
/?

l
'-*^At^-f 

Calculations & Report Reviewed By Report Date 

FILTERS USED 

Filter Ho. 4Q Ml 

Sorbent Trap No. 

Condenser No. 

Used 
(Yes/No) 

10 _ 

Prepared Container 
<No.) 

5 _ 
2.0 it 
1.0 u 
0.5 u 

IHPIHGER SOLUTIONS: Initial Final Gain 
Firs t 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

__T____fL 
CM.iU^^r-Z ■ * * i 

_4__Z____ 
___2_____ 

5(>7.o 
<fot.t 

n-n.t 
________ 
________ 
____L__ 

_2___£__L 
W1 4*&r6r " * S 

_____ 
_/_LJ_. 
____E 
/ .s 

_______ 

■IS-

\4 

SILICA GEL UEIGHTS: Initial Final 

y ^ . ? 2/-7.JJ Htk*1j 

Totals 

-flKA* _L__v.c* 

COMMENTS: 

Color of Silica Gel: 
Description of Impinger Uater 

A <-+*2~M—• 
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Appendix G4 
September 6 Tests 

i 

( 
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v'/-it-t _. oi- _Q__ 

ME11III 5 FIEU IATA 

PUnl/L_calbn^_2_______ 
•(eraltr jCul 
Dale ^-(o-0 

Tesl Na/Run No. # / JL>w-_.r/i---i--_-
Meier .Box ID AJctfc^J-y ■»,;_ ' 
Gas Meier Cat Faclor 
Oiifice ID 

Pllol Coefficient, 
Nozzle ID. 

Q> — 

Oiifice Dll>3> [.%°i 

Average Nozzle Dia., inches •— 
Daitimeliic Pressure, In. Hg _?___& 
Ambient Temp., deg. F lef 
Assumed Moisture. % \ o . o 
Filler ID 
Slack Pressure, to. 1120 7 -> 

1st Filler. 
Leak Rale, cfm. Prelesl ___p@^«T'£ 
Lcakrale, cfm, Posl-lesl 
2nd Filler (if used); 
Leak Rale, cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS MEIER START, cf: 
START TIME VVo'Q3' 

__________ GAS MEIER END. cf 
END TIME • 

\\% oo\ 

Clock 
Time 

V& 

Ti*avese 
Pobil 

Number 

s»i^W«_. 
Pe> J V _ -

Sample 
Time 

S 

IO 

lo 

_io 

<$2€ 

3 0 

3 5 

Vacuum 
In. Hg 

3.o 
^ 

Ao 
3?0 

3X) 
3.0 

_.*b 

Slack 
Temp 
(leg. F 

3*0 

30 
2A3 

2KV 
_3Y_. 
313 
3\"b 

Pilot 
DP 

to. 1120 

» — -

Oiifice 
Dll 

to. 1120 

v. a 
\.a 
\.a 
f.& 

/.a 
/.<*? 

■ / . a 

Meier 
Vol 
cf 

<5-7.l_.03 

<\0.<f> 

°[\1 

£ft,[ 

10M 
703. 3 

/ot.3 
\« \ .3 

Tempera 

Probe 

_2UD 

_2S^7 

<_W 
,_w 
d % 

dflt 
JW" 

lures (deg. Fl 

Filler 

3K\ 
£ 3 D 
£ 4 0 

<#2 
_25/ 

j W 

£M£ 

Sorb. 

. 

— 

— 

_. 

bnp. 
Outlet 

' 

k& 

(oH 
(,l 

iA 
fcC? 

s<? 

$1 

DT.M 
111 

$1 
8f 
?7 
?} 

% 

59 
$*? 

DGM 
out 

9̂ 
-77 
£D 

£0 
so 
20 

SO 
Tolal Max Avg. Avg scut Avg. Tolal Avg. Avg. Max Max. Avg. Avg. 

I | I-2I-T, I I o I I I I I I I I 3i3 

SI? 
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J___ <_• i J__ 
Method 5 Field Da 
Clock 
Time 

Travese 
Potot 

N u m b e r 
-SWtl___ 

\ V 

la Continued. Dale^-VYi 
Sample 

Time 

c_m 
40 
*-\\«« 

Vacuum 
to. Hg 

XO 

3.1-P 

Stack 
Temp 
deg. F 

2>\_ 

3t\ 

Location*! C ^ - ^ l 
Pilot 
DP 

to H20 

—>__, 

Oiifice 
DH 

to. H20 

U 
I . J 

Sun No. t * \ 
Meter 

VoL 
cf 

113.3 

ll2>.D0H 

AVAV^AJII b—- M / ) M M ^ 

Tempera 

Probe 

oft! 

Operator 7>y^v 
Lures (deg. F) 

Filter 

7W 
asi 

Sorb. 
bnp. 

Outlet 

5Z 

S7 

DGM 
in 

81 
3V 

DGM 
out 

91 
$i 

J3 "^ * 
til /3*> 

//3/JcO 



X'nCrt. 1 OI- 1 

ME1110D 5 FIELD DATA 

O 
i 

o> 
CO 

Plant /Locat ion «fr ~7 CXMcX 
Operator l - t v _ y 
Dale ^ta^hi 
Test No./Run No.-fr-v il\_u_><_U. 
Meter Box ID Ajr>*rfJk _V_> 
Gas Meter Cat Factor 
Orifice ID 

Pilot Coefficient, Cp 
Nozzle ID. 

Oiifice DH<_* I S A 

Average Nozzle Dia., inches •—— 
Daitimeliic Pressure, In. I!g—~_f£> 
Ambienl Temp., deg. F 7<S° 
Assumed Moisture, % / O . D 
FUler ID _ _ 
Stack Pressure, to. 1120 > . _T 

1st Filler. 
Leak Rale, cfm. Prelesl .cft^ <__-(•** H_-

Leakrale, cfm, Posl-lesl ,00k a^i-""^) 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf:J_^_______ 
START TIME p{ / j ?7 

GAS MEIER END. cf J'bS.CeQ'(_? 
END TIME ■ ft.HX 

Clock 
Time 

Travese 
Point 

Number 

\ 

Sample 
Time 

■ 5 " 

10 

IS 
3D 

H5T 

OO 
* » 

J_Sr 

Vacuum 
to. Ilg 

3 D 

_5tt> 

l-a^ 
P 2 . V - > 

^ 

£-<> 
(2-T 

Slack 
Temp 
deg. F 

3 & 

313 

2>\2> 
3\4-

2>\3 

3\^ 

3l3 

Pilot 
DP 

to. 1120 

— -

~ -

— 

— 

. 

— ^ ' 

Oiifice 
Dll 

to. 1120 

\A 
l.Q 

(•A 
/•H 
I.& 

14 
i.a 

Meter 
VoL 
cf 

l(3tf3U 
lld.b 
ift.F 
t&r 
/ . t t / 

m.3 
ISO.(6 

l U i . b 

Tempera 

Probe 

_-,53 

<Qfi 

THo 
3.8b 
m 
oft\ 

rfta 

lures (deg. Fl 

Filler 

4H1 
J2W 

diso 
cOS4 

5%> 
o W 
As/ 

Sorb. 

1 
Imp. 

Outlet 

&7 

3 3 
5T? 

5-0 
5 4 

5V 
Sr 

DGM 

Sk 
^ > 

7A 

93 
95-

9V 

<?3 

DGM 
out 

^ 

'S3 
S3 
$H 
S^ 
& 

P7 
Tolal Mux Avg. Avg scut Avg. Total Avg. Avg, M M . Max. Avg. Avg. 

i— i 1 " I i " i — i i M l I I I 
5I> 'tf~ ! 

^ 



K, 

> 
-fl 

i__ 

3 

ii 
O 

3 
1 
-J 
*£ 
d 
z 
_ 
3 

if 
1 
_ J 

■4P 
a 

_o 

fl 
_3 

<P 

<C 
1 
-rf 

_ I 

S 

J 
CC 

_3 

•_ 
_i 
_y 

v 

•__* 

3 

1 

l l 

S3 -2 
__ 

- _ y 

o 
__ 

J_ 
2 

O H 

a! .,. .i . . 

j * * 

o .3 

o 
°___ 
- d 

__ 
__ o.— 
CJ c . 

-y-j E - •*_! 

C tsD 
3 __ 
3 
CJ .-* 

^ 8 . 3 

■iii 
CO 

III 
___ 3 
t- z 

__ (y 
__ £ 
o £*-

_> 
o 
^ 
—' 

oo 

~~ 
CO 

ST 

( 

1 
c^ 

$ 
J* 
s 
CO 

-9 

c* 
•— 

1 

1 

TO? 

£ 

. *^v i -> i 

3
H 

o ,_ 

<3& 
X 
^ 

> 
o 
O 

•^^n 

X 
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(zt-77z/3,0 / ^ ( T V ) 

Plant/l_)cation-g7^ c fe_ 
Operator ./. /V. 
Date ^ - g - 9 3 

MEIHOD 5 FIELD DATA 

i 

•^i 
o 

Pilot Coefficient, Cp 
Nozzle ID. 

* -

Tesl No./Run No. 
Meter Box ID - r ~ 7 _ _ g X 
Gas Meter CaL Factor 
Oii/ice ID _ 
Oiifice DH* 

Average Nozzle Dia., inches 
Daitimeliic Pressure, to. Ilg 
Ambient Temp., deg. F 
Assumed Moisture, % 
Filler ID 

£>A,e/,,4 C&LUHO^ 7*% 

1st Filler 
Leak Rale. cfm. Prelesl hOtofl/'H)) 
Lcakrale, cfm, Posl-lesl 
2nd Filler (if used): 
leak Rale, cfm. Pretest 
Leakrale, cfm. Posl-lesl 

Stock Pressure, to. 1120 

GAS MEIER START. cf :__^___5__ 
START TIME / # / _ _ 

GAS MEIER END. cf Ho^VJiL 
END TIME lC<-7^ 

Clock 
Time 

toiz. 

Travese 
Pobil 

Number 

■V/ 
Y/ 

3/Z. 
3/2 

¥3 
V* 

Sample 
Time 

O 

/£-

3(_ 
*h!T 

£0 
~-T~ 

Vacuum 
to. Hg 

H.O 
3.ST 

4-.0 
* ~ 

3 . ^ 
3-JT 

Slock 
Temp 
deg. F 

/Zff 

rz.1 

/ 3 / 
I3(-

' 

13/ 
'*/ 

Pilot 
DP 

to. 1120 

~z% 
- 2 & 

.3*. 
-a& 

.*a 
-as 

Oiifice 
Dll 

to. 1120 

. _ < ) 

.6? 

.77 

- t y r -

'6*7 
.6? 

Meier 
VoL 
cf 

2a<^_S7 

2 3 3 , ^ 

* * / . / 

2^7 ? 

ess: 6 
£6^./ 

Temucra 

Probe 

Z-^ 
*32 

2J/ 
l e y 

ear 
/€-

Lures (deg. F) 

Filler 

ea> 
V76 

£?3 
^ 2 . 

£ScL 
* * / 

Sorb. 

K# 
1 

bnp. 
Outlet 

MJ9 

\ 

DGM 
to 

Cl 
" 7 " 

7 ^ 

^ T 

/o/ 
>0>S 

DGM 
out 

6Z_ 
6-3 

"73 
77 

8"L 
ay 

I—I 

•7-Tn* ^Hy i fv 

Tolal Max Avg. Avg seal Avg. Tolal 
1 |}_ I o-vf-vl pni I r 

Avg. Avg. 
I r 

Max Max. 
— r " Avg. Avg. 



■A- ' \ < * - _ O- 1 

Method 5 Field Da 
Clock 
Time 

'no 

Travese 
Poinl 

Number 

•V' 
V/ 

V_ 
a. 

3 / 3 

3 

*7/ 
« / / 

SA 
3 / _ 

l a Continued. Dale 
Sample 

Time 

Jo 
los~ 

/ 2 0 

'or 

/_TO 

/4or 

i£o 
/7<r 

2./ o 
^ Z - S 

Vacuum 
to. Hg 

3,6" 

fco 

4 . 0 

^o 

3.JT 

*sr 

H.g 

* & 

sno 
JT.O 

?*-£-V_. Location-! 
Stack 
Temp 
deg. F 

' 3 / 

/ 3 / 

' 3 / 

/ 3 / 

' 3 2. 

/ 3 0 

/*7 
/2>D 

/ Z ? 

/3o 

Pitot 
DP 

to H20 

- 3 2 

-3 2. 

.3?_ 

.3 U 

. 2 8 

• ^ 

. 3 ^ 

■ U 

- i H 

/3»f 

'Ac/c 
Orifice 

DH 
to. 1120 

- 7 ? 

.77 

' 7 ? 

• 7 ? 

,67 
<_>? 

*̂ 7 
. 7 ? 

>n 
• §<-/ 

Run No. / Operator /M 
Meter 
Vol. 
cf 

2<_7. H

2.77J 

£8<0 
^ • - ^ 

3oo./ 
3o7^ 

nr.zo 
3evo 

3 ^ . 8 

337 7 

Tempera 

Probe 

^ & 

ZlZ 

£z;_ 
a// 

/_7 
/ ? J 

/_<_. 

/So 

.ures (deg. F) 

Filter 

agy-

2.3 <f 
**? 

2£r 
2 ? / 

3 O L 

£?£ 

2?7 
f 

£73 

Sorb. 
Imp. 

Outlet 
• 

DGM 
to 

lo$ 

/OS" 

/ 03 

/ a / 

loo 

% 

< ? ; _ 
/o£ 

/<W 
lo(. 

DGM 
out 

s\r 
s<_ 

§ 6 

*7 

^7 
SS 

$<_ 

*7 

8$ 
SS> 



o 
1*3 

54 
o 

a 
Z 
3 
3 

V 
0 

is 
w 
3 

s 
__ 

1 
6< 
__ 
__ 
■a 
3 
q 

;S 
ce 
1 
23 
__ 
0 
•_ 
a 

' 1 

1 
3 
2 

3 

§ _5 
25 •

a 

0 

._ 
a 

B_ 

__ 
__ 

_ _ — > « _ l 

__ ^ 

| g | 
0 .Si 

__<=__ 

° ._j 

•3 * * ! 
tn _ •_) 

3 
CJ  : 
_° "3 

_y _i 

55 

III 
6 Z 

1 s 

GO 

* 
O 

r

(s) 

In 

f > 

d

to 

0 
~v 

$ f\J 

£ 

00 
CO 

*) 
0 

_ ^ 

<0 

O 

c > 

4 

— ■ 

i? 
r J 

00 
00 

vS 
0" 

0

0 
N 

>• 

0 

ZT" 
00 

O 

~— 

O 

'•0 

O 

A ; 

00 
00 

vS 
0 

vQ 
0^ 

7 ^ 
v9 
<̂ 9 

■ r ^ 
OO 

d
^ 

0 

"""""" 

O 

PC 
rJ 

$ 

CT

r r 
0 

<0 
0^

O 

<v> 

CN 

r

^3 

O 

— 

0 
'■0 

0 
0 
" \ 

^ » 

0 
0 

vS

0 

> 

u 
00 
co 

 <t

r>> 

n 

O 

~~* 

0 

<0 

<2 
n9 



a 

•0 

OQ 

00 

3 
0 

00 

^ 
\ 9 

* 

■ * " ■ 

O 

3 

* 

0 

/ ^ 
•0 

fe 
6

s 

^ 0 

^ H 
v 3 

<o 

5IK 
•*•"■) 

_ 

0 
V9 • ^ 

X 
* 

' 

1

,.f 
St 

»*_? 
a )F 

< X ) N 1 
60 Oo 1 

^ 1 
•^ 

1 DO CO 1 ^ 

y/t yl 

^9 O 

v *S 

, 2 
0 

 V 

V_J ^ 

i 5 

0 O v> 
\ < > 

< S 
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HASS TRAIN OPERATION Stack dp PITOT dP ORI dp PITOT dP ORI 

,S ANALYSIS - 02 : 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
HINIHUH PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE CONSTANT 
RAC 5728 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
dP 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 
Use Minutes/point 

6.4 
12.8 
18.0 
29.16 
0.7 

0.60 
0.10 
0.020 

133 
: 80 

: 0.80 
: 1.75 

: 0.251 
: 0.719 

0.36 
0.5119 

185 
361.42 
6.0237-

12 
30.118 

31 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

190.4 

0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.59 
0.64 
0.69 
0.74 
0.79 
0.84 
0.89 
0.94 
0.99 
1.04 
1.09 

predicted vol 
nozzle T2 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

1.14 
1.19 
1.24 
1.29 
1.34 
1.39 
1.44 
1.49 
1.54 
1.59 
1.64 
1.69 
1.74 
1.78 
1.83 
1.88 
1.93 
1.98 

9/6/93 Stack Radionuclides train ope 
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\'htr\c 3. OV 3 

METHOD 5 FIELD DATA 

Planl/Localion & / _ _ v g-y^K 
Operator cAii 
Dale 9-6- -72 
Test No./Run No. AAI-AJS I 
Meter Box ID 7/- 16 
Gas Meier Cat Factor 
Oiifice ID 
Oiifice Dlia /. 94 

GAS METER START. cf:__7___________ GAS MEIER END. cf OzS. 95 
START TIME io'eo END TIME ,A46 

Clock 
Time 

\o\0 

io65 

It IO 

u z5 
n Ac/ 

)*$£ 

Travese 
Potot 

Number 

r&u-r 

1- 1 
/ 

Z 

2 

3 

? 

Sample 
Time 

O 

\J3 

w-

A* 
do 
75 

fo 

Vacuum 
to. Ilg 

- ~ 

SO 

so 
&.o 
•2 0 

5.0 

5-0 

Slack 
Temp 
dea. F 

CZ9 

\7f3 

/3_9 

13& 

tup-

• -y 
\-z9 

Pitol 
DP 

to. 1120 

Ao 
\4o 
,Ao 
. Ao 
Ak 
3o 

• 36 

Oiifice 
Dil 

to. 1120 

I.i7 
\.<7 

i.<7 

1.17 

i.z9 
(. 06 

1.06 

Meier 
VoL 
cf 

-731.4o 
739. 73 

74&.o-*> 

-75L3& 

7'65.00 
■773.17 

7&I.ZI 

Temuera 

Probe 

? 5 3 

-Z60 

7.6S 

Z_-__T 

7.A7 
■zAT-

-2.59 

Lui*es (deg. F) 

Filler 

Z ^ Z 

•2_53 

-Z5( 

25* 

Z50 

7A9 
ZSi 

. 

Sorb. 
bnp. 

Oullet 

57 
so 
Ay 
AS 
50 
7(8 

A7 

DGM 
to 

61 
6y 
■ 7 / 

•73 

73 

7 Z . 

7 Z 

DGM 
out 

so 
o 3 

(i 4 
65 
66 

66 

66 

Tolal Max Avg. Avg s a l t Avg. Total Avg. Avg. Max Max. Avg. Avg. 

l O ^ 

Pitol Coefficient, Cp . && 
Noiile ID. €rfAN« a 1 
Average Nonle Dia., inches ______->" 
Daitimeliic Pressure, In. Ilg 2 9-16 
Ambienl Temp., deg. F 57 
Assumed Moisture, % ifi 
Filter ID 
Stock Pressure, to. H20 .3 

1st Filler. 
leak Rale, cfm. Pi-elesl _____2 ^C--
Leakrale, cfm, Posl-lesl .cz cCn 
2nd Filler (if used): 
Leak Role, cfm. Prelesl 
Leakrale, cfm. Posl-lesl 



<-> \ 

Q 

-si 
OI 

Method 5 Field Da 
Clock 
Time 

Sf/W-T 

n£5 

tZio 

■ Z-.5' 

\zAo 

[155 

iZio 

ill* 
$TA*T 

/33_T 

'3_r_? 

\Ao5 

\hZO 

14 3 5 

/4_;^ 

\5oS 

Travese 
Potot 

N u m b e r 

/ - / 

/ 

2 

e 

3 

3 

3 - f 

/ 

2 

Z 

3 

3 

a Continued. Dale 
Sample 

Time 

laS 

\~ZO 

I3S 

\5o 

165 
i&o 

>?S 

Zio 

2Z& 

ZAo 

ZS5 

Z7Q 

Vacuum 
to. Hg 

£<Z. 

5 4 
5 6 

5.6 

SO 

SO 

5.9 

5.9 

55 

55 

51 

S.I 

^-^•JLocalion 
Stack 
Temp 
deg. F 

CZI 
I -.1 

ir,S 

126 

126 

izt 

iiS 

lZ5> 

tz4 

iz9 

\2& 

\Z6 

iz6 

Pilot 
DP 

to H20 

AO 

Ao 

, 4z, 
Az 
. 3Z 

* 3Z 

.36 

*y6 
.s4 
• 1* 
. ?>o 

> 3.7 

STA'tt J 
Oiifice 

DH 
to. 1120 

/.n 
\.a 

1 . - 2 3 

I.Z3 

• 94 

.94 

l.o6 

I o6 

1.00 

f.OCP 

.88 

8X 

fan No. //i//»_f / 
Meter 
VoL 
cf 

7BI zl 

789*?

798. IX 

&o7, t 7 

81A.0Z. 

gZ*. 7( 

#3167 

83 9 99 

848 bO 

37ZA9 

8T9. 73 

Tempera 

Probe 

2 7 3 

779 

Z 7 7 

Z"70 

756 

241 

t 99 

Zol 

Z07 

Z06 

1 94 

\9S 

O u e r a t o i ^ ^ -

lui_s (deg. F) 

Filter 

7S\ 

zso 
*?5C> 

~50 

2*9 

ZSZ. 

zA9 

zso 
zSl 

Z _ 5 3 

ZSO 

Z50 

Sorb. 
bnp. 

Outlet 

A3 
49 
50 

52 

53 

54 

SZ 

SI 

5 -

51 

A? 
48 

DGM 
to 

7 3 

75 

76 

77 

76 

75 

74 

74 

74 

73 

73 

7 2 -

DGM 
out 

A7 

67 

69 

69 

■70 

70 

6 9 

68 

68 

68 
66 

68 

1 
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2 

tn 
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sa 

i
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KASS TRAIH OPERATIC* Stack dp PITOT dP ORI dp PITOT dP ORI 

GAS ANALYSIS • 02 
C02 
H20 

AMB PRESS, In Hg 
STACK dP, In H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MIHIHUH PITOT dP 
dP IHCREMEMT 

STACK GAS TEMP, F 
GAS METER TEMP, F 

PITOT COHSTAHT 
ORIFICE COHSTAHT 
CAE 71-16 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
•* 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Read Hin./point 
U inutes/point 

6.4 
12.8 
18.0 

29.16 
0.7 

: 0.60 
: 0.10 
: 0.020 

: 133 
: 80 

: 0.80 
: 1.94 

: 0.255 
: 0.742 

0.36 
0.5283 

185 
350.17 
5.8362 

12 
29.181 

30 

0.100 
0.120 
0.140 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 

0.29 
0.35 
0.41 
0.47 
0.53 
0.59 
0.65 
0.70 
0.76 
0.82 
0.88 
0.94 
1.00 
1.06 
1.11 
1.17 
1.23 
1.29 

190.2 predicted vol 
nozzle T2 

9/6/93 Stack HH5 tra 

0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 

n operat 

1.35 
1.41 
1.47 
1.53 
1.58 
1.64 
1.70 
1.76 
1.82 
1.88 
1.94 
1.99 
2.05 
2.11 
2.17 
2.23 
2.29 
2.35 

'on 
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 DRY UOLEGULAR WEIGHT DETERMINATION 

PLANT. 
DAIE_ 

6/jgL, SV^ 7'^tJ" 
y/Wi? TfWIlO - _ — 

COMHCNn: 

lA_ f t l«T I <(H*»CLOCH| . 
JWLM610CATWII. 

~7lZ 
OPrL CU.I. A. 

SAMPLE TYPE (RAQ, IBIEGRAIEO. COHTINUQU!) X A  & 

AMALimCAl MEIH0O___________V__AZ \ 
AMIIINf TEMPERATURE J>ff 
OPERATOR 7£> 7 ~Z

■ _ / $ ■ /  5 u i  * ' " / 

ORSAT LEAK CHECKEO v "■•> 
\ . RUN 

GAS ^ \ 

C02 

02(NET I I ACTUAL 0 | 
READING MINUS ACTUAL 
COjflEAOMG) 

CO|IIET IS ACTUAL CO 
REAOIKKNUt ACTUAL 
0|REAOMC) 

Hj lNCTI t lNIUNUt 
ACIUAL CO AEADING) 

1 

ACTUAL 
REAOING 

/v.? 
TGt 

NET 

/</<> 

s',1 

• 

1 

ACTUAL 
REAOING 

/>. d 

NET 

AC 

STci 

i 

ACTUAL 
AEADING 

7$: o 

A l o 

NET 

/ / . " o 

Cj 

• 

AVERAGE 
NET 

VOLUME 

mn 
f<6> 

& 

MULTIPLIER 

«'IM 

»'IN 

a
/ IOR 

a
' l f l t 

MOLECULAR IEIGHT OF 
STACK CAJ lORYIASISl 

t.rn 
/ < t e # 

?2t </£) 

mAL ^:ny 



DRY UOLEGULAR WEIGHT DETERMINATION 

m m b7ft7(u. $"/e*>~ /_ • , . * /  COSENT* 
OATE _ J 2 _ J   2  2 TE ST WO ~ 
SAJTLIW rmc i i i f t f CLOCMI ___!__■ 
SAMPLIRG LKATION___iz__Z___£__%_ _________ 
SAMPLE TYPE ( I M . IMTEGRATEO. CONTINUOUSI. /^ f* ; / 'Vrr* .Q 
ANALVT1CAL MEIHOO _2_l____ : 
AMIIINI TEMPERATURE _ _ _ _ i l Z . 
OPERATOR *£' 7"*^ 
ORSAr LEAK CHECKED /(,.4 

\ . RUN 

GAS ^ \ ^ 
co2 

02IREI IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
CO| REAOING) 

CO|NET I I ACTUAL CO 
REAOIM MINUS P.CTUAL 
0|REAOIW) 

NflNnillNMINUS 
ACIUAL CO REAOING) 

1 

ACTUAL 
REAOING 

li.Sr 

/?.•/ 

NET 

\.r 
* . * , 

• 

1 

ACTUAL 
REAOING 

NET 

a.y \)ir 

fi>1 Ct, 

1 

ACTUAL 
REAOIHG 

(Z.t 

If. i 

NET 

H.r 

6C

AVERAGE 
NET 

VOLUME 

U Jr 

4 £ ' 

fi'.b 

MULTIPLIER 

«</IO» 

H'lM 

n
/m 

a#
ioi 

MOLECULAR IEIGHT OF 
STACK CAS lORVIASIII 

M4.»ftult 

<f.UT

<2.//l

22.^Y 

TOTAL fd' hV 



DRY UOLECULAR WEIGHT DETERMINATION 

four r/£— Ptej-
OATE ?/e/7>' IE I I HO— 
SAMPLING TMC ( l i t e CLOCK) /<?_> 7 ~ : 
SAMPLINGtmiVI 4.<r eitsrtet- / V * r 7M*~ 
SAMPLE TYPE ( I M . INIEGRATEO. CONTINUOUS) _ 
ANALIIICAl MEIHOO QMJ _ : 
AMIIINI IEiP£RAIURI________i 
OPERATOR ^ 7 ^ yi. 7 
.ORSAI LEAK tHCCKED / f . L 7&<7~ 

\ RUN 

GAS ^ \ 

CO| 

Oj INEI IS ACIUAL 0 ] 
REAOING MINUS ACTUAL 
CO} REAOING) 

CO|NET IS ACTUAL CO 
REAOING MINUS ACTUAL 
0|REAOIN-) 

NllNEiniNWNUt 
ACTUAL CO REAOING) 

• 

1 

ACTUAL 
REAOING 

/0.2-

/G.r 

NET 

(0,^ 

iu 

• 

i 

ACTUAL 
REAOIHG 

70 L 

A y 

NET 

i 1 - - . - - . 

6-V 

i 

ACTUAL 
REAOING 

70. L. 

/cr 

NET 

£ . -

U 

• 

AVERAGE 
NET 

VOLUME 

/D.2-

(a.if 

HL 

MULTIPLIER 

M/IM 

» I M 

" / IM 

a , I M 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASIII, 

N|. ft ft-nil 

^ ( f ^ 

Z.//L 

23.iy'<r 

T0T/lL £1.5lk 

COMMENTS: 

sfjL jj^ 



DRY UOLEGULAR WEIGHl 

PLANT_________£___4±__ 
0AIE_______2_4_____Z 

^■/e,~»~ /bfrS* 
P.O. BOX 190 LEEDS, ALABAMA 35094 

205/699^647 

. I E SI HO. 
/ £/<>'-1 3CQ SAMPLINQ INK ( I I t i CLOCK) 

SAMPLINGL0CAIM1M ^ . J r y / w . r SVrts'TX&t^ 
SAMPLE TYPE ( I M . INTEGRATED. CONTINUOUS). 
ANALIIICAL METHOB _£•-_r.fr* 
AMIIINI lE i f ERAIURI 
OPERATOR. 

^ A ^ i / ' ^ / ) 

:+s. _, 
ORSAI LEAK CHECKED____j £.' Jill. 

SAMPLE 
ID: MMSmj JL**TV.Jt 

PARAMETERS: 

DATE 

\ . RUN 

GAS ^ " \ 

COj 

02INETII ACTUAL 0 | 
1 REAOING NINUS ACTUAL 

C0 } READING) 

COlNET IS ACTUAL CO 
REAOING MINUS ACTUAL 
Oj READING) 

N l l N n n i M M I N U S 
ACTUAL CO REAOING) 

1 

ACTUAL 
REAOIHG 

H^ 

l
£
].i} 

NET 

|fw 

< / ■ < - * 

f 

ACTUAL 
REAOIHG 

H H 

\U 

NET 

|t/.V 

</.£ 

1 

ACTUAL 
READING 

/Y -V 

m-

NEI 

1 </ </ 

¥(, 

• 

.._ 

AVERAGE 
NET 

VOLUME 

A i 

.V.w
€ 

f / :■ 

MULTIPLIER 

M
/ I M 

»1M 

a
/ IM 

a ,
I M 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASIII 

M4.ftft««li 

L. ?
SL 

/,"7
L 

7 7 <«y 

TOTAL ?c Sfr 

http://-_r.fr*


DRY MOLECULAR WEIGHT DETERMINATION 

ri.Mi &#tiC. ^Z/e,* /'6*7>^7 COMMNn 
OATE, ffrft.'/?-* IE SI MO CL 
MMMI--tll-f<ll-.f!inCKI Sf.ti~/l&> 

SAMPLING LOCATION <?%£&, : 
SAMPLE TYPE ( I M . INIEGRATEO. CONTINUOUS) / ^ * ^ ' * « • - ' 
ANALYTICAL MEIHOO C <  * ' 1 7 : - '. 
AMIIERI TEMPERATURE _____________£ 
OPERATOR A**r ± 
.ORSAI LEAK CHECKED / ■ £ L ^ 12 V 

[\.
 fluM 

GAS ^ \ ^ 
co2 

O j I N E I IS ACTUAL 0 | 
REAOING MINUS ACTUAL 
C02 REAOING) 

CO|NCT IS ACIUAL CO 
REAOING MINUS ACTUAL 
0 | READING) 

H;METIS I N MMUS 
ACTUAL CO REAOING) 

1 

ACTUAL 
REAOING 

/,e 

I'M 

NET 

/ i C 

H 

• 

i 

ACTUAL 
REAOIHG 

U c<

/ • . . * / 

NET * 

/?•• 

i1 

1 

ACIUAL 
REAOING 

/?." 

n i 

NET 

7?

&i 
• 

AVERAGE 
NET 

VOLUME 

(7 o 

6,i ' 

K <* 

1 
MULTIPLIER 

(«/IM 

" I N 

a
/ IM 

a ,
I M 

... _. . ._ . 

MOLECULAR IEIGHT OF 
STACK CAS lORVIASIS) 

\ Ik ft t i l l 

iT/*

?.£/ /" 

_>_■ Ct^ 

TOTAL  , ; _ » , 



DRY UOLEGULAR WEIGHT DETERMINATION 

XW/,f i % ~ Jj7^ nm /IS+LCL, J/*~ s-'cs.** ( coaasBH: 
OATE 'ISO/**? i f t fMf l 
SAMPLING INK 111* -LOCNi / 6 2 c W 7-T1 
SAMPLING inffllHlM Jf-f/sJie-/' A ^ A c ^ / ^ W / ^ ^ - ^ V - y ' c 
SAMPLE IYPE (IM. INIEGRATEO. CONTINUOUS) / • j t . S s f ^ i y r Si 
ANALYTICAL H I H O O . 
AMIIINI IEMPERAIURE 
OPERATOR _ 

&st±*7 
____£-

S-c.7'* 
ORSAr LEAK CHECKED_________L___ £ _ . y f 

o 
CO 
CO 

i 
II 
0 
> 

2 

2 

p \ ^ RUN 

GAS ^ " \ 
co2 

Oj (N£ I IS ACIUAL 0 ] 
1 REAOING MINUS ACTUAL 

COj READING) 

COjNET IS ACIUAL CO 
REAOING MINUS ACTUAL 
0 | READING) 

tylNEI IS I M MINUS 
ACTUAL CO REAOING) 

• 

I 1 
ACTUAL 
READING 

/y.c 

/y-^ 

NET 

ft.Y 

H.L. 

• 

1 

1 

ACTUAL 
REAOIHG 

/y,c. 

f'i.L 

NET 
1 

/< / , ! -

^ c 

1 

ACTUAL 
REAOING 

1 
/ % fc 

/ ^ 

NET 

/ y . c 

y.G 

• 

AVERAGE 
NET 

VOLUME 

/ * _ 

V. t. , 

tir 

MULTIPLIER 

••/IM 

» I M 

a / IM 

a ' I M 

TOTAL 

MOLECULAR IEIGHT OF 
STACK CAS lORVIASIII 

M 4 . f t f t « i l | 

G.tzV 

/. 171 

eiay 
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DRY UOLECULAR WEIGHT DETERMINATION 

7WT PLANT 
n T f 9/fc /'> > TEW NO 

Arftf" COMMENTS: 

SANfLIMINKIHWCLOCK). /? ?l{7
l
f
i
r. 

SAMPLING LOCATION. SzS/)c/t_ 

SAMPLE HPC ( I M . INTEGRAIEO. CONTINUOUS) __»______i_____________ 
ANALITICAL METHMI S~l*w? * 
AMIIINI TEMPERATURE. ' " 

/cs"2OPERATOR 
.ORSAI LEAK CHECKED 72..Q 7h ,f. L^ 

v
\ . RUN 

GAS ^ " \ 
co2 

OjlNET IS ACIUAL 0 | 
READING MINUS ACTUAL 
CO| REAOING) 

C O l N H IS ACTUAL CO 
REAOING MINUS ACIUAL 
0} READING) 

N g l N E i n i M I H N U t 
ACIUAL CQ REAOING) 

1 ... 1 

1 

ACTUAL 
REAOING 

77. / 

/ / . / 

NET 

n.r 

&.C.

• 

t 

ACTUAL 
REAOING 

72,r 

■>' y 

NET 

/?>" 

&.U 

i 

ACTUAL 
REAOING 

,.■ J . y ■ 

/ f : v 

NET 

/ '..'

£ £ 

• 

AVERAGE 
NET 

VOLUME 

/?./• 

6«V £•> 

■f*_ 

MULTIPLIER 

«/IM 

" I M 

a
/ IM 

a
I M 

MOLECULAR IEIGHT OF 
HACK CAi lORVIASIII 

»t. I I ft Mill 

iTj' 

,".//2 . 

Pisir 
TOTAL 5*6: ? /1^ 



DRY UOLECULAR WEIGHT DETERMINATION 

SAUCL^ .\/_____. SC^ D/ttCCu 
3/__/&__ 

PLANT. 
„_» 1/OS?J TEST RO. 
SANPLIN6 I N K I I I * CLOCK) 
SAMPLING 10CtlQM ?7 7 6^7cc.?. 
SAMPLE TYPE | I M . INTEGRAIEO. CONTINUOUS) / ^ /  ^ t  ^ f i g ^ 
ANALITICAL MEIHOO S/1SA 7 

AMIIINI TEMPERATURE ___________ 
OPERATOR <U.r&
ORSAI LEAK CHECKED 2 ? .4

l 12* 

w^"^^^^"fc ^wW Wt 

\ . RUN 

GAS ^ \ 

co2 

OjINEI IS ACIUAL Oj 
REAOING MINUS ACIUAL 
CO| REAOING) 

CO|NCT IS ACTUAL CO 
REAOIK MINUS ACTUAL 
0 , READING) 

N2(NnrsiMmNut 
ACTUAL CQREAOMG) 

1 • 
ACTUAL 
READING 

72. 7~ 

h. </ 

NET 

nr 

i
L
: 

• 

i 

ACTUAL 
REAOING 

/?/

/ > > 

NET 

AT 

^ . » 

i 

ACTUAL 
READING 

/2..T

'>■ y 

NET 

Ms

/ . 

• 

AVERAGE 
NET 

VOLUME 

/^.J~ 

/ 7 ' 

fec> 

MULTIPLIER 

«/IM 

»'loi 

a
/IM 

a
l M 

TOTAL 

MOLECULAR IEIGHT OF 
STACK GAI(ORVIAIIII 

»t. II ft •«*« 

/ T ^ j ' c 

J7. //___ 

_
7
P j * " ^ 

^ ' . Z/2. 



DRY MOLECULAR WEIGHT DETERMINATION 

mm A*?, £U <T/A 7 u,\7 COMMENTS: 

SAMPLING I N K (11 *CL0CK | . 
IE IT NO. 

_>____-__-
SAMPLING inrnin- - # £- /So/v*. 7~ : 

SAMPLE TYPE | I M . INTEGRAIEO. CONTINUOUS) { " 7 Z J ^ t ^ 
AHALYIICAL METHOD ________________ : 1 

' S'\lu±*. yJ^ s:l~c^~/7 

AMIIINI I IMP ERAIURE ________ 
OPERATOR _U,r«-

ORSAI LEAK CHECKED _ ? 6 . « / •7 

_. ' ^  X 

\ RUN 

GAS ^ \ 

CO; 

OjtNEI IS ACTUAL Oj 
REAOING MINUS ACTUAL 
CO{ REAOING) 

COlNCT IS ACIUAL CO 
REAOING MINUS ACTUAL 
Oj READING) 

N j l N n i S I M M t N U t 
ACIUAL CQ REAOING) | 

1 ' 
ACTUAL 
REAOING 

72J 

l?.L 

NET 

t±f 

If 

• 

I 

ACTUAL 
REAOING 

11. f 

/?_ 

. 

■ 

NET 

mr 

£r 

1 

ACTUAL 
READING 

/ . ./* 

/ ? _ 

• 

NET 

/•?.r 

*<V 

• 

AVERAGE 
NET 

VOLUME 

/2r 

M
y 

fa.r 

MULTIPLIER 

M/IM 

" l e t 

a
/ IM 

a
' IM 

MOLECULAR IEIGHT OF 
STACK GAS lORVIASIII 

Mj . f t f t i i l i 

yr 7Z. 

2.v7.r 

P2C 21/ 

nra. JS.S'f 



■ > _ _ _ . o l 

O 
i 

co 
- v l 

3f 

r 

Planl/Walion f^^SA? Q^T^T 
Operator /_£ fS^ 
Dale Q <1 /0fi/fJ / 
Tesl No/Run No. '<& / *iM * 
Meier Box ID f / 7 / T * •**» / 

METHOD 5 FIELD DATA 

Pilol Coefficient Cp 
Nozzle ID. 

Gag Meier Cal Factor 
Oiifice ID _ 
Oiifice 011*3* 

Avemge Nozzle Dia., inches 
Daitimeliic Pressure, In. Ilg 
Ambienl Temp., deg. F __________£_>9__//*-
Asaumed Moisture, % 
Filler ID L*,(l PttrgK
Slock Pressure, bi. 1120 ~7■ O "*2<*

1st Filler j / 
Leak Rale. cfm. Prelesl ___f ' z rJc -

Leakrale, cfm, Posl-lesl _,/ , ooo 
2nd Filler (if used): / o / j r , 
leak Rale. cfm. Prelesl *?■—.ooc 
Lcakrale, cfm. Posl-lesl 

GAS METER START, cf: Of 7'19 
START TIME Joon 

GAS MEIER END, cf / / / _ ? . < F V 
END TIME ■ / ^ s^<f 

Clock 
Time 

I0Q1 

— -

Ti*avese 
Point 

Number 

_ w 
<r-^ 
^ - > 

{ ' u 

S'l 
*~-z. 

jr~3 

Sample 
Time 

17 
ui 
?&r?7 

#4 

/ Z 

*¥ 
16 

Vacuum 
bi. Ilg 

V 
IA 

sir 
\yT0J 

4*1 
L^A 
- * / 

Slack 
Temp 
dea. F 

3IL 
7>otf 
it" 
3c _; 

& 

3otf 

3otf 
7 / 0 

Pilot 
DP 

in. 1120 

,yz 
,%L 

ht 
/ . 5 

. — — 

. < ? * 

. ?<& 

A/ 

Oiifice 
DH 

111. 1120 

n\ 
t i l 

/fz> 
U 

, 

ns 
nf 
>7f 

Meter 
VoL 
cf 

srmzr 
o\7 ic, 

W . Z 7 

oSS'AC 
Oi42>$Z> 

0lj?iS7J 

<sMt(7 
051*11 

Tempera 

Probe 

ZT3 
2<jo 

2% 
ts%> 

. 

2 ^ 
lo% 

Lui-es ((leg. Fl 

Filler 

y#4 
& 

&r? 
*¥/ 

P*(o 

J55 

1o<* \?** 

Sorb. 

. ._ . 

bnp. 
Outlet 

St) 
srl 
bz. 
& o 

51 
5V 
<r( 

DGM 
Ul 

& < 

Ci 
7 o 

71 

7* 
•7 2. 

7 ^ 

DGM 
out 

6f 
&r 
6Q 
tv 

— 

i? 
Ci 
C 1 

Total Max Avg. Avg sqrt Avg. 
I I ~r~r\—TTT Total 

D1i 
Avg. Avg. Max 

T — r Max. Avg. Avg. 

b<\ 1^ 

■1 1 

file:///yT0J


c o I 

Method 5 Field Data Continued D a l e ^ / g<cJjocaUoa ^ <JT Run No. ?^/**?Sf C 
~rT 

Operator K^° 
Clock 
Time 

Travese 
Point 

Number 

Sample 
Time 

Vacuum 
in. Hg 

Stack 
Temp 

j e g - F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

in. H20 

Meter 
VoL 
cf 

Tempera! 

Probe 

ures (deg. F) 

i l l ter Sorb. 
bnp. 

Outlet 
DGM 

in 
DGM 
out 

_5____Z #<l 5'yZ. l*k IA iii 06o.oG> ZSU P ^ _r_i 1L a 
jiv* 5 rvrt OU, C1 

4*/ 11 f,.r\?*t 15 LU. OU< i79 Z5V ^ & 

^Z **( HA 3?z. . * 6 v :7c/ o7£,? f ~£o* 24S. 

53_ nL (?<=i 

LIL C'<? 

V-5 iC Ll± 1 Z 1 
/ ' ' 

, 7 0 7 7 , ^ JolJ 24_Z ^ 7d >_ ) 

**£-# tf* <*£ ?>3 _=_i_3 
. £ 9 

•pg-^U? 2$2> 2____2 .__£ _2i__ 7* 

_5i_?^' 0S9t7<7 
"•Cr 

/ ^ ^ jLsl fZ. _£U 
3 ^ 3 

LL ±3L 0W.1*) ^cr __?£/. 5~£> •7-J _2<__. 

_3__2__ Z ^ 
^ ^ 4

 ;
' / ?y dcM 21, T1V7 JLL 7£_ JJL 

Z5 $C> slL 3^ W _ ^ L ^Z-VtZ _?_£*> 3^3 >7 7J 7_ff 
7  ^ ^ # ^.y ?>y ___?■ __n / o g . g y ?7<p ^ z J>__3 __Z2. ?_£. 

Jt3 
^ / ^ ^ c_ 

_H //■¥. So 

 > _ _ / Z__L ??7 
. "2 7 

//</« 3> III. 2t7< £%L Z27 _Z_2_ 

^  3 

2 V 

J5£ 

o-.-r 
7, o MX L± 

LLL _____£_ so 
_£_! 

77 

__ZJZ_. 

10 

7 O 



■3 o • 

Method 5 Field Data Continued. Dalep9/oCLocation ■& *? Run No. " ^ / s*f7°l ? 
Clock 
Tune 

© 

oo 
CD 

Travese 
Pomt 

N u m b e r 

 / 

/  / 

/z. 

Sample 
Time 

4___*__ 

;z

Vacuum 
In. Hg 

J_lo 
< 7Z>/> 

_ _ _ ! 

/  < * 

2 4 
14 
4 ^ 

___t 
<££ 
_ _ _ _ 

;__a 
__ 

Stack 
Temp 
deg-F 

IJ£_ 

Pitot 
DP 

in. H20 

/ • / 

J 3 ? 

i i i 
2^£ 
# > __i 
Z2_^ 

Oiifice 
DH 

in. H20 

/<?>" 

. f>

, ? r .g^z 
.___£ 
^ i o 

, f_ 

AS 'tr/.CL 
JO

Meter 
VoL 
cf 

/ ^ , ^ 3 ' 

/ 3^7 ? 

/__£___I___4__ 

tsm&o 

ML,9* 

Tempera 

Probe 

2,>7) 13^ 

2*ik 
l3o 

231. 
%SS 

.ures (deg. F) 
Operator £ f^Cs 

Filter 

2_4____ 

2?0 
T#AL 

2£± 

Sorb. 

_4____^______L__1^_: 

bnp. 
Outlet 

J__ik 
.Tiz

 S i 
_£_3 

DGM 
hi 

7? 

-Zfk. 
72L 

7 J 
_Z£_. 

DGM 
out 

7 o 

Z o 
7o 
_ZA 
ZLL 

« Ooo 



t 

MA H OPERATION 8 Out 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEHP, F 
GAS HETER TEHP, F 

PITOT CONSTANT 
ORIFICE COHSTAHT 
Hutech 1 
NOZZLE DIA, in 
SYSTEM FLOW, acfm 
•* 
FLOW, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reod Hin./point 
Use Minutes/point 

5.7 
13.3 
10.0 
29.46 
7.5 

1.01 
0.50 
0.050 

320 
85 

0.81 
1.87 

0.192 
0.796 
1.01 

0.4776 
110 

230.3 
3.8383 

24 
9.5958 

12 

dp PITOT 

0.500 
0.550 
O.600 
O.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

137.6 

dP ORI dp 

0.43 
0.47 
0.52 
0.56 
0.60 
0.65 
0.69 
0.73 
0.77 
0.82 
0.86 
0.90 
0.95 
0.99 
1.03 
1.08 
1.12 
1.16 

predicted vol. 
nozzle T40 

PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

dP ORI 

1.20 
1.25 
1.29 
1.33 
1.38 
1.42 
1.46 
1.51 
1.55 
1.59 
1.63 
1.68 
1.72 
1.76 
1.81 
1.85 
1.89 
1.94 

9/6/93 Outlet 8 MM5 train operation 
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rt>__ _. o |-

MEI1I0D 5 F1EIJ) DATA 

O 
i __ 

CO 

Plant/ljocatloii • ^ t / 4 ^ V _? 7̂2* eT~ 
Operator j_?/4_; / V r _ u , 
Date (09-C Q - 9 3 
Test No./Run No. ______v_____̂ __y/̂ 7<_r 
Meier Box ID *g / jJuTt?s-£/ 
Gas Meter Cal Factor 
Oiifice ID 
Oiifice 011*8* 

Pllol Coefficient, C]i 
Nozzle ID. 

V ^ . ^ O 

Average Nozzle Dia., Inches _ 
Daiximeliic Pressure, in. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture, % 
Filler ID 

„r> 

1st Filler 
leak Rale, cfm. Pielesl , 
Leakrale, cfm, Posl-lesl^- S"^ -
2nd Filler (if used)* , o o o 
leak Role. cfm. Pielesl 
Leakrale, cfm. Posl-lesl 

Slock Pressure, In. H20 "7. a "7^ q /r 

GAS METER START, cf: p-&3A 
START miE ,?f?^ f-n - / ? JO 

GAS MEIER END. cf 
END TIME • 

I.Z." f* 7*><S. 

Clock 
Time 

(W 

Travese 
Point 

Number 

5 I ' ^ S ^ 

fo)// 

1 

Sample 
Time 

0 
3-Q 

Lf-O 
& O 

1?0 
S3 

Vacuum 
bi. Ilg 

«/.<r 
u.l 
W 
£>f7) 

Slack 
Temp 
dec. F 

3/0 
31 I 
3/0 

370 

37 O 
r 

Pilot 
DP 

hi. 1120 

Oiifice 
Dll 

hi. 1120 

u 
l.a 
l.a 
1,2 
A 2 

Meter 
VoL 
cf 

^.C*o 

ai\e-3c 
J?SA1 
^ i / , 0 s >~ *-

i5z,(f, Q 

zrttiR 

Tempera 

Probe 

3o{ 

5 * 
3oS 
3 0 7 

_?£>? 

l u i e s Idea. F) 

Filler 

<̂ >7 
_W/ 
;?63 
_*£*"* 

??? 

Sorb. 
Imp. 

Outlet 

^ ^ 

<_y 

^ 

r̂  

DGM 
hi 

7tf 
7r 
77 
7^ 

DGM 
out 

7^ 
77 

-7S 
-7* 

Total Max Avg. Avg st i l l Avg. 

31D J ^ 
Total Avg. Avg. Max. Max. Avg. Avg. 



V'/iOfc. __ o\- _/___ 

H7, 

J.0 i 

METHOD 5 FIELD DATA 

Plant/ljocation % QcTTl^y-
Operalor JS'JLSC 
Dale Df/toS^ 7<r* 

Pilot Coefficient, Cn 
Nozzle ID. 
Average Nozzle Dia., inches 

Test No./Run No. _______________,# eiyt^d*. Barometiic Pressure, In. Hg 
Meter Box ID Put^.rA &■/ Ambient Temp., deg. F 
Ga3 Meter CaL Factor Assumed Moisture, 7. 
Oiifice ID 
Oiifice DII& 

Filler ID * ■ 
Slock Pressure, ,bi. 1120 i . n< fJo7 •7,? 6 

rT77o 

/s> //$ 
1st Filler 
leak Rale, cfm. Prelesl <--
Leakrale, cfm. Posl-lesl t/_ 
2nd Filter (if used): jt° , o _ £ 
Leak Rale, cfm Prelesl 
Leakrale, cfm. Posl-lesl 

_r . . C o 

o 
ro 

Sn>y^7?oi, 

-fĉ zA fori" GAS METER START, cf:_j__=_^____T6 __c=L___ 
^ ~ START TIME / < / g I ' y 0 . 9 b 

/ 7 7 Q 

GAS MEIER END. cf flpf, I P 
END TIME ■ 

Clock 
Time 

Travese 
Point 

Number 

f/#fh 

Sample 
Time 

O 

Fb(0 io 
2 0 

J O 

i7o 

Lh> s 

Vacuum 
In. Hg 

<?. / 

2A. 
2± 
$A 
2_± 
2LL 

Slack 
Temp 
deg. F 

ILL 
Hi 
3/( 

2/L 
3/ a 
Ho 

Pilot 
DP 

hi. 1120 

• Oiifice 
! on 
hi. 1120 

______ 

At 

A 2. 

___i 
1.2-

A Z-

Meter 
VoL 
cf 

r?.?,t>2 

1779.0(7 
196 fo 

JQf. / 3 

.2off / o 

Tempera Lures 

Probe 

P<£"-> 

_?gy 

2lL 
29* 
2£t 
Z7&L 

S3 
Filler 

275 

21SL 

,213. 
231 
?I7-L 

-237 

Sorb. 
Imp. 

Outlet 

6 7 

(o% 

AJ_ 
&C 

£L 
LO. 

DGM 
hi 

__Z_1 

_2_£_. 
7<£ 

7y 

7^" 

DGM 
out 

ii 
j__l 
-7/ 
7 

7r"7i 
7 X-

Total Max Avg. Avg s m t Avg. Tolal Avg. Avg. Max. Max Avg. Avg. 

i — i 1 ̂  i i i I I I 1 I i i 
i-i- • 

la? 



•> t a. oi 

Plant/lacalion _>A<-_y X*±U*T u - g > 
0|ieralor U_S"p 
Dale 7l&lq3 
Test No./Run No. M M S - / 
Meter Box ID __o__£_______S92. ___^ 
Gas Meter Cat Factor 
Oiifice ID 

fVi*v1s> iDay 4-
ME1110D 5 FTEIJ) DATA 

Pilot Coefficient Cp _ 
Nozzle LP. T - 3 9 

_£1 

Oiifice DH® j . 2 ^ 

Average Nozzle Dia., inches __l_7_2. 
Baitimetiic Pressure, hi. \\gZ5H(o 
Ambient Temp., deg. F <_?3 
Assumed Moisture, % 
Filler ID 
Slock Pressure, hi. 1120 

IslFHlei: 
leak Rale, cfm. Prelesl »oo<> *■**/* »> -S5 '5 

Leakrale, cfm, Posl-lesl 
2nd Filler (if used): 
leak Rale, cfm. Prelesl 
Lcakrale, cfm Post-test 

GAS METER START, cf:_Z_________L 
START TIME Q 9 3 3 

GAS MEIER END. cf % 7 2 - W S 
END TIME ■ 1 3 m 7 rar UAk. atek 

Arrl'Ok.V 
Clock 
Time 

09-53 

0 

fO/tf 

Travese 
Point 

Number 

\ ~ \ 

2 

3 
H 

2 1 

2 

Sample 
Tune 

O 

IO 

zo 
33 

i+O 

5o 
60 

Vacuum 
In. Hg 

•MO 

- t f . O 

A.O 

<o.O 

Co 
LO 

Slack 
Temp 
de/z. F 

3ZS 

3 3 2 

Sx-f^ 

355. 

5>2S 

S 3 ^ 

Pilot 
DP 

hi. 1120 

" 8 7 

*°i\ 

-92 

•sn 

1 </S 

I . 2 0 

Oiifice 
Dll 

hi. 1120 

• 6 7 

♦ 71 

-72 
•<_>.) 

• 

•#r 
93 

Meter 
VoL 
cf 

76/-<K/0 
76_>- S 6 0 

^ 7 0 . 7 8 0 

775-3tfO 

7 7 ? -OO 

7 _<D •<_-*> 

785. (g^ 

Tempera 

Probe 

2^c{ 

Zoz 

l%G> 

/eo 
16/ 

/e3 
:'_l 

lures (de_. Fl 

Filler 

Z 5 9 

2 5 4 

2-81 

2 6 « 

2 7 2 

2.65* 

£ 7 S 

Sorb. 
Imp. 

Outlet 

£7

5 2 

S O 

S O 

52. 

sq

33 

cat 
hi 

71 

7S> 

7 5 

-*fc> 

77 

7_f 

7 2 

DGM 
out 

6 9 

7 / 

7 | 

7/ 
7 / 

7/ 

7z 
Tolal Max Avg. Avg scut Avg. 

3 ? K O/HPB a--** 

Tolal Avg. Avg. Max. Max. 
.... 

Avg. Avg. 

1b.o 



3 
a 
2 

7 
LO 

d 
Z * 

_3 
0_! 

CO 

_ 

_§ 
a 
_3 

_> 
__ 
■a 
- i _3 

__ 
__ 
£ 
-a 
a 

1 

1 
1. 
3 
2 

5 

_ i , __> 
5 = _ _ 
•="_. 

o 

3 
oo 

Ul 

__ 
g 
J_ 
g 

Cu 

u 
41 —* «_< 

2 ^ 

-J_s_i 
« -St 

1 &
8 

__ a.t-< 

-s _€ a 
oo E- -a 

3 
a ,-: 

JO .s> 

tn 

ill 
£ * _ 
__ <_ 
O P 

ftl 

4 

M 

oo 

rf 

c\J 
N-

0 
1 

0 

(A 

Hi 

•0 

- 5 

W*4 

J" 

(VJ 

•>0 
• 

fi 

0 

O 

:*-

• 

0-

i\) 
•V) 

r-

vo 
k 

5_1 

0T) 

<0 
si) 
i 

O 
<3-

i 
no 

1 

l l 

r-

csi 

r-

!3 

0 

0° 

oo 
* 

—• 

<9 

1 

s 
oo 

§1 
r-v 

ON 

vrs 

I 

o 

^0 

CO 

i^ 

r-

0 
l
0 

y 
■>£> 

60 

o 
I 

O 
CM 

3 ~ 

3 

r
4 

00 

\ 

k 
1 
•A. 

•1. 

0 

tvA. 

5? 
0 

Cr 
tv\ 

q 

O 
£_0 

_3-

9-i 

CO 

fs -

0 
r-

I 

0 

I 

§ 
CM 

&• 

5
s
-

£7~ 

■3 

r 

! 

_> 

s 

s9 

i A 
s_» 

1 

^ 

V) 

IX) 

l ^ 
1^ 

.o 

N 
CO 

•>3 

7 
• 

N*A 

I 

o 

CJ-

' 

p 
o 

V 3 

vn 
r-

3-

0 

o 

— 

cy_ 

cq> 

s9 
1 

§ 
1 

0̂ 

0 

v3 
r-

r-

0 
_j 

» 
1 

C__i 

(N 
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oc\ «■ __1 o f r £ * _ , «_ 4

■ 
__ 
co 
Ul 

Method 5 Field Da 
Clock 
Time 

*%*% 

i3_)f 

mi 

Travese 
Pomt 

N u m b e r 

3 
a

b( 
I 
3 
<f 

F M D 

La Conlmued. Date 
Sample 

Tune 

\°\0 
ZGO 

HO 

220 
220 
mo 
—. 

Vacuum 
in. Hg 

- 6 . 5 
(oS 

■ 

&.0 

- < _ > . 0 

-fc.0 
-&£ 

^M^IxjcolJon 
Slack 
Temp 
dea. F 

3 3 0 

3*f£ 

3&0 

3^? 
Sifo 

3^5 

Pilot 
DP 

in. H20 

'*> , 

• _»7 ; 

*7g 

45 
otl 

'1* 

Orifice 
DH 

in. H20 

• 6 9 

*(o7

Go 
»(_?te? 

. & * 

•57 

. . ' ■ ' ' 

■ 

ton No. M 
Meter 
VoL 
cf 

846 UO 
&S6.G20 

<%$$.ol 

ass-m_> 
fcSSUfoX) 

%<+ao6 

%6>% • 3 5 

572.H5 

M s -
Tempera 

Probe 

' 8 1 

( 7 3 

' * < _ > 

l&S 

f*/ 

(G^f 

i Operator 
* * / > 

ures (deg. F) 

Filter 
2 7 7 

Z 7 6 

Z7<£ 

2 7 5 

27-2 

ZtfO 

Sorb. 
hnp. 

Outlet 

HS 

W- ^ 

Cf5 

i + 5 

<-fS> 

^ > 

DGM 
hi 

8 2 

&Z 

22 

S Z 

__Z 

* S 

DGM 
out 

74-

7 3 

7 7 

7 7 

7 7 

7 7 

% Utf Cttecu 0(S.Q(VU 



SAMPLING TRAIN SET-UP 
AND IMPINGER 'WEIGHT SHEET 

Plant 6c,: i 
Saonl inq Loca t i on jTn' / * i~~ * " / ' ' ' ^" J 

Set Uo Bv ~hJ07 ll>u)<, Date 

Co-merits S"\ S*l S~ 

_* 
Run Ho. / 

9/fit A* Run Date />l7ot,f*3 

Ana lys t Responsib le f o r Recovery •~ti£t/ 

C a l c u l a t i o n s & Report Reviewed By Reoort Oate 

FILTERS USED 

Filter Ho. ULrtUselal&a 

Sorbent Trao Mo. HS'iO-AS-8 

Condenser Ho. 

IMPINGER SOLUTIONS: I n i t i a l 

First TSS.O 

Second £7 "7. J* 
Third S%OS 
Fourth 484.7, 
F i f t h — 

S i x th — , 

Seventh — 

9 

9 

9 

9 

9 

9 

9 

SILICA GEL WEIGHTS: t n i t 

CYCLONES 
Used Prepared Container 

(Yes/Mo) (Ho. ) 

10 _ 

5 u 

2.0 u. 

1.0 a 

0.5 it 

F ina l Gain 

5*2.3 q I.& 

O
I 

O
I 

1 
I 

i a l F ina l 

S2b.O « ZSS.o 

To ta l s 

« 

" q 

- D ^ -

9 

9 

g 

g 

9 

9 

9 

__.£ '̂0 

, 9 

9 

9W 

COMMENTS: 

Color o f S i l i c a G e l : 73 - ^ a v C - * — ^ — -

D e s c r i p t i o n o f Impinaer Uate r : 

G-196 



o 
CD 

h ffyf 

■>t _L o F -1 

Plant/Location fefttiW J^arT O - 4 
Operator U_CSP ^!_> |J_>tS 
Date 9 / 6 jq*> 

STesl No./Run No. M<-r_.c+/ <+ A -^a'-S 
Meterjox ID /fcro Cu^ipe \ 

^"Tias MeJM^C-t-P-elor 
Oiifice Q) 

" T E S T £ > A •*■* *-+■ 

METHOD 5 FIELD DATA 

Pitot Coefficient Cp _ 
Nozzle Q). JJ/A 

/ O / A 

r 

*r* Orifice Dlia 1*67 

, \ ^ 

Average Nozzle Dia., inches /-I/A 
Barometiic Pressure, hi. Ug 23__4(o 
Ambient Temp., deg. F 
Assumed Moisture, % .■ 
Filter ID 
Slack Pressure, in. H20 - N O 

<_? r. 2. c)i

Ist Filter. , . 
Leak Rate, cfm. Prelesl « o o o / n u ^ 0 fo 
Leakrale, cfm, Posl-lesl _ » o ^ - <2 _»^ 
2nd Filter (if used); 
Leak Rale, cfm Pretest ______ 
Leakrate. cfm. Posl-lesl \j//*r 

GAS METER START. cf:__l2___l____! 
START TUffi > 5 * f g 

GAS METER END. cf _ f f l _ _ Q O 
END TIME ____x_____J 

Clock 
Time 

154 & 

fbSi 

Ti*avese 
Poml 

Number 

sz 

&/0>i_. 

Sample 
Tune 

0 

tijt. 
2.0 

SO 
40 
^ ' 

^ 2 %t 

Vacuum 
In. Ilg 

S o 
-5-0 

-3-0 
- i o 
-5>0 

Slack 
Temp 
(lea. F 

3 5 3 
3_£_5 
-253 

355 
355. 

Pilot 
DP 

hi. 1120 

— 

— 

-

-

— 

Oiifice 
DH 

hi. 1120 

' . 2 

lZ 

1-2 

i-2 

/ ■ a 

Meter 
VoL 
cf 

g7i*-i OO 

S2/-oao 

S85.9^s 

8S/.&5D 

«??.^s 
2>^./CO 

Tempera 

Probe 

2t fo 

eoq. 

SOS 
207 

2 o 6 

Lui*es (deg. Fl 

Filler 

^So 
azG 

2 5 ' 
2 3 5 

Z3& 

Sorb. 
bnp. 

Outlet 
rxjM 
hi 

T 2 

7 7 

75? 

82 

S 3 

DGM 
out 

70 
7Z 

7Z 

74-

7 5 

Total Max Avg. Avg sor t Avg, 

liC 
Total Avg. Avg. Max Max. Avg. Avg. 

13
 : 



VVltr fc- __ OV 

Plant/LocationiW. ° ~ j 
0peralorU^f>|__^_S U_^3 
Date ^ / f a /<<____>' 
Test No./Run No. y_____>_£___j_D& -^ f 
Meier .Box ID N Q T S C K _. -̂  A 9 Z I S 
Gas Meier Ca'L Factor 
Orifice ID 

METHOD 5 FIELD DATA 

Pitol Coefficient, Cp 
Nozzle ID. _3/_r 

(fG 

Oiifice Dills' / . S 7 

Average Nozzle Dia., inches NIZ 
Daitimeliic Pressure, In. Hg Z5 
Ambienl Temp., deg. F 
Assumed Moisture, 7, 
Filler ID 
Slock Pressure, hi. 1120 --/*/■ O 

1st niter. , 
Leak Rale, cfm. Pretest ' C X D ^ / M w 
Leakrale, cfm, Posl-lesl 
2nd Filler (if used). . 
leak Rale, cfm Prelesl k-VfrtV 

Leakrate, cfm Posl-lesl ____/£. 

GAS METER START. cf:___>__l_5__0 
START TIME \b<4y 

GAS MEIER END. cf >€_2__________i<^ 
END TIME ' g e y ? 

Clock 
Time 

Ibl+Lf 

noo 
170? 
1716, 

TOk 

/73<f 

I7tf 
/ft/J 

Ti*avese 
Pomt 

Number 

3 - Z 

Sample 
Time 

M , A J 

O 
\6 
£2> 

3a 
^2 

^0 
65 
tS.(, 

Vacuum 
hi. Ilg 

S-O 

-so 
-5 0 

-O-O 
~fo.& 

-&-0 
»?-o 
S-o 

Slack 
Temp 
deg. F 

S3S 
355 

355 
_>-SS 
35S. 
35Q, 

356 
— 

Pitol 
DP 

hi. 1120 
— 

— 

— 

— 

— 

.— 

Oiifice 
Dll 

hi. 1120 
i-Z 

U 
\-z. 
\ .z. 
{■1 

1-2 

l 1 

Meier 
VoL 
cf 

CT.fgo 
905 •*£ 
%-HZS 
°)llb50 

1z<t.w 
W-lOO 
937.^7 
%9- %C 

Tempera 

Probe 

Z30 

Zo9 

ZQ9 
Z_( 0 

Z09 

2<S£ 

^o7 
— 

ures (deg. Fl 

Filler 

2 . ^ 

2*3 
2*3 
2-^3 

2q.fe 
ZCf-G 

^ ^ 6 

— 

Sorb. 

76 

bnp. 
Outlet 

C*<o 

£ S 
(o(h 

4 5 

(_>«A 
6 3 
6f 
^ 

DGM 
hi 

go 

g^> 
Stf 

* 3 

SG 
2 7 
%1 

%1 

DGM 
out 

7_5 

76 
7 7 
7 8 
79 
go 
8/ 
go 

Total Max Avg. Avg sai l Avg, 
I — [ y 1 I

-

1 . ^ j 

Total Avg. 
1 r Avg. Max Max Avg. Avg, 

fi/t 



MASS TRAIN OPERATION 

GAS ANALYSIS - 02 ' 
C02 
H20 

AMB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT d 
MINIMUM PITOT dP 
dP INCREMENT 

STACK GAS TEMP, F 
GAS METER TEHP, F 

PITOT CONSTANT 
ORIFICE COHSTAHT 
Hlitech 4 
NOZZLE DIA, in 
SYSTEM FLOU, acfm 
dp 
FLOU, scfm 
Target volume 
Minutes to Vol. 
hours to vol. 
No. of points: 
Reqd Min./point 

linutes/point 

Inlet 8 

5.5 
13.4 
10.0 

29.46 
-20.0 

1.09 
0.50 
0.050 

335 
82 

: 0.81 
: 1.87 

: 0.192 
: 0.895 

1.18 
0.5266 

100 
189.92 
3.1653 

24 
7.9131 

10 

dp PITOT 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

dP ORI 

0.39 
0.43 
0.46 
0.50 
0.54 
0.58 
0.62 
0.66 
0.70 
0.74 
0.77 
0.81 
0.85 
0.89 
0.93 
0.97 
1.01 
1.04 

dF 

126.4 predicted vol 
nozzle T39 
d*H 

9/9/93 Inlet HM5 
U 

) PITOT 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

. 

dP ORI 

1.08 
1.12 
1.16 
1.20 
1.24 
1.28 
1.32 
1.35 
1.39 
1.43 
1.47 
1.51 
1.55 
1.59 
1.63 
1.66 
1.70 
1.74 

of 7tsr 
train operat ion 

/Js4_f 

' i. 
( / 

\ ' \ 

_> ( ^ _ O C KS "Z_»^-JO-- - | 

v . / 

•rw 

G-199 



X'Htrk. __ Ol* 

ME11I0D 5 F1EU) DATA 

Planl/LoeaUon 0 A I - - V ST AC K 
Operator _7W-I 
Dale 9-6- 93 
Test No./Run No. 4_*foa leiJvi&i: 
Meter .Box ID 77 - ' <^ 
Gas Meter Ca'L Factor 
Oiifice ID 
Oiifice DH-a* /. 94 

Pitot Coefficient Cn —" 
Nozzle ID. -— 
Average Nozzle Dia., inches _ 
Daitimeliic Pressure, hi. Ilg 
Ambient Temp., deg. F 
Assumed Moisture, % 
Filler ID 
Slock Pressure, hi. 1120 

GAS METER START, cf: 9Z9 .13 
START TIME i8n 

1st Fillen 
leak Rale. cfm. Prelesl /<~oK 
Leakrale, cfm, Posl-lesl 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS MEIER END. cf 9S3 ■ •> 4 
END TIME • f&SZ. 

■ 
ro 
o 
o 

,Q 

Clock 
Time 

1017 

i857-

Travese 
Poml 

Number 

Sample 
Time 

Vacuum 
hi. Ilg 

^3 

a. 5 

. 

Slack 
Temp 
deg. F 

(>fi 

137-

. 

Pilot 
DP 

hi. 1120 

Oiifice 
Dil 

h). 1120 

/ .a 

Meter 
VoL 
ef 

9Z9. 13 

95&.oO 

Tempera 

Probe 

z4e 
■zAo 

ures (deg. F) 

Filler 

?*$ 
Z5\ 

Sorb. 
Imp. 

Outlet 

67 
6£ 

DGM 
hi 

6? 
7 7 

DGM 
out 

6? 
70 

Total Max Avg. Avg sort Avg, 
I 1 

@ 

l r 
I , _ < -

Total Avg. Avg. Max. Max. 
"T 



Cr fc. 1 OV 

METHOD 5 FIELD DATA 

Plant/Location g A ' - O ' 5-rac« 
Operator C A H 
Dale P'd93 

Pitot Coefficient Cp 
Nozzle ID. 

Test No./Run No. 
Meter Box ID *7/ ■16 I 
Gas Meier Cal Factor 
Oiifice ID ___ 
Oiifice DUG* (- 94 

Average Nozzle Dia., inches 
Barometric Pressure, hi. Ilg 
Ambient Temp., deg. F 
Assumed Moisture, % 
Filter ID 
Slack Pressure, in. 1120 

GAS METER START. cf:_ 
START TIME t?o6 

95S. z I GAS METER END. 
END TIME • 

ls l FUler. 
Leak Rale, cfm. Prelesl 
Leakrale, cfm, Posl-lesl 
2nd Filler (if used): 
Leak Rale. cfm. Prelesl _ 
Leakrale, cfm Posl-lesl 

cf ' H * ^ 

Clock 
Time 

I9&6 
mo 

l9Ao 

1957 

Travese 
Pohit 

Number 

Sample 
Time 

Vacuum 
In. Ilg 

S.O 
5. a 

SO 

Slack 
Temp 
deg. F 

132-

(3-z. 

/ 3 £ 

Pitot 
DP 

hi. 1120 

Oiifice 
DH 

hi. 1120 

Meter 
VoL 
cf 

9 45.ZI 
966 .oo 

9&z.<5

P9$7Zf 

• 

??5.z( 

Tempera 

Probe 

Z39 
zAo 

Z36 

Lures (deg. Fl 

Filler 

zA9 
ZSO 

?<70 

Sorb. 

<_3T 

hnp. 
Outlet 

65 
$8 
57 

DGM 
hi 

7 3 

18 
76 

DGM 
out 

7<P 

70 

70 

Total Max Avg. Avg sqrt Avg Tolal Avg. Avg. Max. Max. Avg. Avg. 

V^ '9- -
T T 

nv 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

& ; / / / Plant 
Sanpling Location 
Set Up By 
Connents 

U/eJ- IJjJi 8 

Milled, 
k__̂_. Date _____2___2_L 

Run Ho. _ 
Run Date 

___ 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By Report Oate 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

10 _ 

CYCIOHES 
Prepared Container 

(No.) 

5 -
2.0 a 
1.0 _ 
0.5 it 

IHPIHGER SOLUT10HS; Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

__3_ 
76, 7 

__0__d 9 
J-_3-9 
_I__X9 

9 
9 
9 
9 

SILICA GEL WEIGHTS: Initial Final 

g?/#7 -Fys. £ M* J t t f ^ 

Totals 

-f»Wtl jon.sr 

COHHEHTS 

Color of Silica Gel: _ S _^Q ̂ O/*v A C 
Description of Impinger Water: 

G-202-



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant \feutt H-Sanpling Location I i \ l c f LJM.\ \ T> 
Set Up By ^Z^-Me^Ph 
Cucinwiits -̂ -Mrî d 

Date t>lio<*h^ 

6__ 

Run No. 
Run Oate 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By Report Date 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser No. 

Used 
(Yes/No) 

CYCLONES 
Prepared Container 

(No.) 
10 it . 
5 It. 

2.0 it 
1.0 U 
O.S it . 

INPINGER SOLUTIONS: Initial ___ Final 

z_2_£_ir 
Gain 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

i7SLGH^co$.<§ 

_±___2__L-___9 __*______£ 9 

ma 3 
SILICA GEL UEIGHTS: In i t ia l Final a A-0 

Zfi-S Jk _ 9 

Totals 

io____1 jtA-A-

COMMENTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

G-203 

file:///feutt


SAMPLING TRAIN S E T - U P 
AND IMPINGER WEIGHT SHEET 

2mLL Plant 
Sampling Location Qc_4-l<,\ 
Set Up By £Z&~^-' 

t 
esponsible V 

l4__2 Conments 
Analyst Responsible Yor Recovery 
Calculations & Report Reviewed By . 

Date VyleQf**. 
Run No. _ 
Run Date 

Report Oate 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser No. 

Used 
(Yes/Ho) 

10 a. 

CYCLONES 
Prepared Container 

(No.) 

5 _ 
2.0 it 
1.0 _ 
0.5 _ 

IMPINGER SOLUTIONS: I n i t i a l Final Gain 
Fi r s t 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

61Z.I 

SQQ<5 

<Zl%>7 9 
________________ g 

____2___j__i____ 9 

_£_>___ 

-a. TV 

SILICA GEL UEIGHTS: I n i t i a l Final A 
y//.7 2>&r& P 9 

Totals 

-yrtfti \0_/> 

COMMENTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

G-204 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Sanpl ing Loca t ion „ {&£____ 

Set UD Bv A?<£~~~ *>7s**Z? 
Comments _ > U l _ > _ \ u d - S 

Run No. / 

y Date dilobha Ru n Date 

Ana lys t Responsible f o r Recovery 

C a l c u l a t i o n s & Reoort Reviewed Bv 

FILTERS USED 

F i l t e r Ho. 

Reoort Date 

Used 
(Yes/No) 

10 11 

CYCLONES 
Prepared Container 

(No.) 

5 it 

Sorbent TraD No. 

Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL UEIGHTS: 

To ta l s 

COMMENTS: ^ 

Color o f S i l i c a Ge l : SV"£> 

D e s c r i p t i o n of Inp inger Water : 

I n i t i a l 

J77r3 9 
^ 3 ? P 9 
*-?/.*V „ 
&C&' 7 a 

q 

I n i t i a 

-7 /̂7 

<&c-?&S *" 

2.0 a 

1.0 11 

O.S it 

F i na l 

1 

g 

g 

Gain 

" iPd?'* 
'%k7h 

«f,-> 
* / _ > 
1,-v 

Final 

XGZ.i/ 

. g 

...... a 

_. . " 
. s 

9 

...... a 

. . . 9 

- O 

..... 9 

9 ySHET 
- _ _ C ^ ° ^ ' 

G-205 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant &UI * ■ 

Sampling Location   n i pA  lX*viV 

set Up By Y//K Date 

K_j_ __4 
0 * 7 / 0 , ^ 3 

Run Ho. 
Run Oate 

/ 
__̂ ______L 

_______ Cumei i ts 
Analyst Responsible fo r Recovery *jjXXL7*t4rPf 

Calculations & Report Reviewed By Report Oate 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser No. 

Used 
(Yes/Ho) 

10 u 

CYCLONES 
Prepared Conta iner 

(Ho.) 

S _ 
2.0 it 
1.0 it 
0.5 it 

IMPINGER SOLUTIONS: Initial Final Gain 
First 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

__!______: 

______________ g 
__&_____ 
_________ 
+70.1 

___&___: 
__2_Z_/_ 

■rtfey 
__£__k_± 
_____*_£. 
___2___L 

ftfU. 
St-o 
/ . * 
0.5 

-0 .1 
l,u 

SILICA GEL WEIGHTS: Initial Final 

__L_3^____ ___________ ^ t'M 

Totals 

-TKrV-

COMMENTS: 
Color of Silica Gel: -T/rurl. ardt^ _J-_»- A-l (QotJer^ 
Description of Inpinger Water: 

G206 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant _k_'6 
Saddl ing Loca t ion LJVJ 

Set UD Bv  / / / D t  l — 

Con_»nts _ i rD rY lO~ lA . 

f g C U k f 

.ICiMujntaL. 
Date 

Run 

$3 Run 

No. / 

oate 

Analys t Resoonsible f o r Recovery 

Ca lcu la t i ons & Report Reviewed By 

FILTERS USED 

F i l t e r No. 

Sorbent TraD No. 

Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S ix th 

Seventh 

SILICA GEL UEIGHTS: 

To ta l s 

I n i t i a l 

JTf_7.f 

47f.f 
47H.2. 
/r_,Z._i 

*•"?_■.*? 

g 

g 

g 

g 

g 

g 

9 

10 

5 

2.0 

1.0 

O.S 

n i t i a l 

17S. <_

Reoo 

Used 
(Yes/No) 

i t 

it 

it 

it 

F ina l 

47Q i7 
f76<^ 

S(e3< 1 

9 

9 

q 

r t Date 

CYCLONES 
Prepared Container 

(No.) 

_ 9 

_ 9 

_ g 

_ 9 

_ 9 

_ 9 

_ 9 

Gain 

+3* 
4*_f 

Final 

7#^y 

I'l 
0.1 

< 

9 

9 

9 

9 

9 

9 

9 

r
9 
9 

9 

V$ 

COMMENTS: 

Color of S i l i c a Ge l : 

D e s c r i p t i o n of I n p i r a e r Water: 

in 

\&* 

G207 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Saapl ing L o c a t i o n _>4- - i -

Set UD Bv il£tC__ 

Comments _ immen ' t_ -_ / C _ - & M C ( _ , 

Analys t Responsible f o r Recovery 

C a l c u l a t i o n s & Report Reviewed By 

FILTERS USED 

F i l t e r No. 

Di 

^ • 5 

Run No. 

i t e 0 < x / o _ , K i 3 Run Date 

Reoc 

Used 
(Yes/No) 

10 -

r t Da 

/ 

ce 

CYCLONES 
Prepared Conta iner 

(Ho. ) 

5 a 

Sorbent Trao No. 2.0 i t 

1.0 i t 

Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S ix th 

Seventh 

SILICA GEL UEIGHTS: 

Tota ls 

I n i t i a l 
G04.3 
uo&.q 
4fo.3 
ttf&.t 

SO** 

0.5 it 

Fina l 

£ * & \ ? 
G 31. $ 
W.j 
6&D<9 
La^-.l 
se>sr.</ 

g
 — 

I n i t i a l 

7/7. f 
9 

9 

9 

9 

9 

9 

9 

9 

9 

Gain 

MA* a 

*P% 9 

- O . S
- q 

\ S q 
— q 

F ina l 

W,Z> %\f 
q 

9 

- f W -

COMMENTS: 

Color of S i l i c a Ge l : 

D e s c r i p t i o n o f Imoinaer Water: 

! ■ 

<rt<< 

G-208 



SAMPLING TRAIN SIT-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Semolina Locat ion U n i t *7 Oc_.+l«H-

Set Uo Bv ^tiJDtL, 

Consents _Jj_v\mo«-c<j_. ICludn ids. 

Da te *?/« 
Run No. 

IO 7*3 Run Date 
/ 

o<j/c>6/93 

Analys t Responsible f o r Recovery 

Ca lcu la t i ons & Report Reviewed By Reoort Date 

FILTERS USED 

F i l t e r No. 

CYCLONES 
Used 

(Yes/No) 

10 it 

Prepared Container 
(No. ) 

5 tt 

Sorbent TraD Ho. 2.0 it -
1.0 u. 

Condenser No. 

IMPIHGER SOLUTIONS: 

F i r s t 

Second 

Th i rd 

Fourth 

F i f t h 

S i x th 

Seventh 

SILICA GEL UEIGHTS: 

Tota ls 

I n i t i a l 

<gv.r 
#7X4 
416.1 
(e(,9.i 

T V ? / 
41i.o 
— 

g 

g 

q 

9 
9 
g 

9 

0.5 it 

F ina l 

57%.& g 
<7f7. y q 

£>£%> 3 
t?7i.<7 g 
V ^ O 9 

— q 

I n i t i a l 

777 - * 
9 

q 

Gain 

"ZoA 
3.* 
..1 

0 •*»-
- ) . V 

\.> 

Final 

7#u>,q. 

-ftTty*--

q 

9 

9 

9 

g 

9 

g 

t 
_ g 

g 

W 

COMMENTS: 

Color o f S i l i c a G e l : 

Desc r i p t i on o f Inp inqer Water: 

l*r<V 

G-209 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Sanpling Location 

Set Up 
Comnents 

3*, l^, 
4><-+ /< g Location cJ -- T , 

By^___-ZIES 
Wy,; -t %- Run No. 

si AI r 
Date ______________ Run Date <*/ee.7c,i 

Analyst Responsible for Recovery ^tlfuL * 
Calculations & Report Reviewed By Report Oate 

FILTERS USED 

Filter Ho. i___J____L ĵ _£___ 
Sorbent Trap No. 

Condenser Ho. 

^-T*^-)-_r_--3 

Used 
(Yes/No) 

10 it 

CYCLONES 
Prepared Container 

(No.) 

Sit 
2.0 it 
1.0 it 
0.5 it 

IMPINGER SOLUTIONS: I n i t i a l Final Gain 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

•̂ •V7_iL___________ 

SSI.O 
£01.7 

70O.3 q 
__5__i__2_ g 

___S___Z__9 
-___2__-___9 

_3_____1 
a ^ 4_a 
i---

SILICA GEL UEIGHTS: I n i t i a l Final 

\k V^ %*£.& 8ZS.X _i 

Totals 

V>1h L ^ 

COMHEHTS: 
Color of S i l i c a 
Description of Inpinger Water: 

Gel: i f t fy l rVf lt£5 jLeun- /z. bt'hJ1-

ftij^f (*(<c 

G-210 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant f ''<■ ■ i I y 
Sanpling Location & c "*" It f i ' . 7 ; J 7 
Set Up By W H L / ^ > 
Comnents S*7 /*? T 

Oate _____ ________ 
Run No. / 

Run Date 017t^foj 

Analyst Responsible for Recovery ~UQL~

Calculations & Report Reviewed By _______ Report Oate 

FILTERS USED 

F i l te r No. t /  n t « J K a l u g a 

Sorbent Trap No. / / i
r
9 

)
 _ r _ r  / / 

Condenser No. 

Used 
(Yes/No) 

10 it 

CYCLONES 
Prepared Container 

(HO.) 

5 it 
2.0 u 
1.0 it 
0.5 it 

IHPIHGER SOLUTIONS: I n i t i a l Final Gain 
First 
Second 
Third 
Fourth 
Fif th 
Sixth 
Seventh 

A6I.S 
„?** 
boS.Z. 
W.7 

to48.C 
bo* £ 
(0f\(l>.4 
497. t 

.— 
■ — 

___ 

*m 
______ 
i . ^ 

44

SILICA GEL UEIGHTS: Initial Final 

M+.t 277 s ^f 
Totals 

J_>___r no ,0 

COMMENTS: 
Color of Silica Gel: 73 f>l*J<~ pilk. To toL ic JCalWlflti 

Description of Inpinger Water: 
fyyr'r $k. 

G211 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant B«. It*, 
Sampling L o c a t i o n 5 T «. c 4 i 

S e t U o B v > _ Z / 7 ) t f > £ 

Coimients / " ? ^ * T 

Date 

Run No. 

OV&h? Run 0«e 
/ 
_?/0^A_? 

Analys t Responsible f o r Recovery 

Ca lcu la t i ons & Report Reviewed By 

FILTERS U S 

Filter NO. ci/ i \*>e\qLiil 
'J 

sorbent TraD No. HS90 ~SS~' *? 

Condenser No. 

IMPINGER SOLUTIONS: 

F i r s t 

Second 

T h i r d 

Fourth 

F i f t h 

S i x t h 

Seventh 

SILICA GEL UEIGHTS: 

To ta l s 

I n i t i a l 

7fto.|

.432. _r 
471 ■(* 

9 

9 

9 

9 

9 

9 

9 

10 

5 

2.0 

1.0 

0.5 

I n i t i a l 

xeo / 

Re

used 
(Yes/No) 

i t 

i t 

i t 

i t 

i t 

F ina l 

/4S7.S

J59/. 2. 

9 

a 

q 

o r t Da ce 



CYCLONES 

9 

9 

9 

9 

9 

9 

9 

Prepared Container 
(No.) 

Gain 

= # 

Fina l 

?*&. O 

9 

9 

9 

9 

9 

9 

9 

& 
9 

9 

•W 
COMHEHTS: . 

Color of S i l i c a Gel : ^ 7 ~7>//l7t~ 

D e s c r i p t i o n o f Inp inoer U a t e r r . _ _ 

Hf.
0
! 

1 ^ ' > 

G-212 

r 



C o d e :
£V l i_ .> rB I>~  l  * r 

 "
l a n t s

^ / ) / c t ^ / S 
Opera tors : 1 . £jr£ 2 . .<£. 

PreTest > 
Leak Check: ' £ 

S t a r t Tine 

I o/s 
End Time 

/ f a ? 

P o r t / P t 

' / 
fc// 

I t 
1 J 
/ V 
1 

0 / 1 
/ < 

13 
1 1 

« / 
<"_/ / 

/ _ 

/ ? 
/ y 
/ 

* / / 
/ i 
/ J 
1 Y 
/ ' 

£ / / 
/ I 
/ I 
' 1 
1 ' 

* = / r 
1 L 
1 f 
IH 
1 ' 
1 
1 
1 
1 
1 
1 
1 
1 
/ 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TOTAL 
AVG 

Tube 

F i n a l 

I n i t i 

Wt. G 

V o l . 

TOT H 

Time 
(min) 

e> 
J 
f. 
9 

/a. 
i f 

,» 
* i 
•*>Y 

37 
JO 
I t 

*L 

*1 
v_ 
v * 

t e 

*i 
■»v 
*7 
6o 

* l 
K. 

6 5 
7 2 . 

l l l l l l l 

D , t e : lfc/93 
Box No: / } 7 5 g 6 

?to: Z*
 Bin 3

 /Pt 
PostTest 
Leak Check: 

No. 3 
Wt. S / U g . 

a l Wt. _?0 _ . o g . 

a i n g . 

H20: 6 3 m l . 

20 

Meter 
Reading 

9it. i"</(, 
?yr.? 
9/7.H 
9/S>.£> 

*?KJ. o _ Y 

Viz. I 

£*
3

7 

7 ,  T  T 
9ZC.C.S4 

9 2 f . 1 
Tio.z 
131.7 
9 3 J. oo7 

1J+1 
9Je>. 2. 
937.9 
"rs?. /DA 

vw.6 
91Z.3 
9 V J . f i 
yvr.3 72 

? * • . . * 
9 < « . . V 
9V9.9 
9J7.39L 

illinium 

F i l t e r No. >•£ . 

Fina l Wt.  0 *7 

Loca t ion : Q ^ ^ t ^ T 6t& 

Holder No: j 1 

Probe 10: /}> m T £ 

Duct S t a t i c 
Press, "H20: 

' < / Hoxz l * 

r3 

Initial Ut. XZtS*/

* Noz. Wt. 

UT. GAIN 

_P 
P i t o t 

. < ? / 
/ ' i O 
/ . « 
/ . j _ r 

/ 7 o 
/ i f i . O 
A w 
/ . o r 

/.JO 
1.70 
t. Ji" 

M 
J*6S 
/.Sb 
A V o 
.f*> 

/.rC 
/.vo 
A 2 0 
A / S 

• . * » " " 
/ . J O 

A 3 i ~ 
AiO 

VP)avg 

_K 
O r i f i c e 

.< ry 
. 7 / 
. •?

• f t ? 

Ao t ) 
.9* 
.sr> 
< K 

A<n) 
A O O 

. ro 
. J O 

• w 
,_■? 
«pa 
. V 7 

. < f f 

. ra 
• 7 7 

■ « » « > 

. 7 « / 
.17 
.SO 
. * $ 

l l l l l l l 

/&93¥ 
i.sin 

System 
Vacuus 

V.ft 
i T « 
•  ( / 
« .« 

* . / 
• f . fc 
$:_. 
 I o 

6 . 7 
* . 7 
£.7 
V . f r 

* . & 

«._. 
* . o 
< / . s 

< i . o 
_ . . « 
_T_. 
f.S" 

r, 7 
S,7 
r.s 
s.v 

iiiiini 
mum 

Stack 
Temp 

5 X 7 
?/b 
JS7 
rjt. 

500 
'13 
?3o 
3 Ho 

Z7Z 
z.e7 
3 J 7 
3,2. 

7.71 
zVv 

2.G9 
ZG<f 

2.t><4 
Zt>o 
i S  7 
3.SV 

it,iS 
Z C 3 
z s v 
' Y7 

mum 

Hetitr Temp 
I n l e t 

as 
£C 
*■{ 
72. 

72

7tf 
76. 
77 

77 
7£ 
7 9 
79 

77 
7 9 
SO 
8>e> 

77 

* f 
S>l 
6*/ 

7 * y 
« / 
fi>2 
ff_r 

Avg 

Out le t 

_ :_ 

^ ^ 

*i 
61 

6r 
6b 
67 
67 

' 7 
< 9 
 T O 
7 o 

70 
71 
7/ 
7/ 

72. 
72. 
7a 
73 

7Z 
7 3 
7 3 
73 

Avg 

r
GA8ANALY8t802: 6.0 

002: 133 
H20: 93 

AMBPRE8S,inHo : 2936 
STACK dP.inH_0 : 203 
AVG SQR ROOT dP : 1.090 
STACK GAS TEMP. F: 332 
GAS METER TEMP. F: 90 
PITOT CONSTANT : 0.76 
ORFICE CONSTANT: 1.71 
NOZZLE OA, hi : 0.188 
SYSTEM FLOW, adm: 0308 

dPp dPo dPp dPo 

030 0.18 130 039 
032 0.19 1.02 030 
034 020 1.04 031 
036 021 1.06 033 
038 022 138 034 
0.40 024 1.10 035 
0.42 025 1.12 036 
0.44 026 1.14 037 
0.46 027 1.16 0.68 
0.48 028 1.18 0.70 
030 030 120 0.71 
032 031 122 0.72 
034 032 124 0.73 
036 033 126 0.74 
038 034 128 0.76 
0.60 035 130 0.77 
032 037 132 0.78 
034 038 134 0.79 
036 039 136 030 
038 0.40 138 031 
.0.70 0.41 1.40 033 
0.72 0.43 1.42 034 
0.74 0.44 1.44 035 
0.76 0.45 1.46 036 
0.78 0.46 1.46 037 
030 0.47 130 039 
032 0.48 132 030 
034 030 134 031 
036 031 136 032 
038 032 138 033 
030 033 130 034 
032 034 132 036 
034 035 134 037 
036 037 136 038 
038 038 138 039 
130 039 1.70 1.00 
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METHOD 17 MASS TRAIN DATA REDUCTION  ftge 1 
Intfcl Catoutatione and Inout Data 

Run IdenlMlcaon BAILY8IE1MT 

Ambiont Preeeuro, in Hg 2936 
Stock dP, hi H20 20.0 
N<x_de Diameter, in 0.188 
Plot Constant 0.76 
Gas Motor Ca_bration 0390 
Time Sampled, min.... 72 

Run Dal*,,. 

Duct Area, tl2. 

Gee Meter Volume 

9/BIS3 

146.7 

Rna.Vdumo.fO 
InBal Volume. ff3 

961.396 
914346 

Volume Sampiad. A3 36.850 

n_,.iiiii_ ■*   __»_ rOTCHMaW, mp Water CoJeded 
Flar 

FkiaJ 6071.300 
lftal 2215.400 

Nozzle 
1693.400 
1571.700 

Total 
U6SMMSMC6(iM6668SS& 

•**W*f44*4**M*W4**4*t 

Fins. Dryrite MOM, g 8192 
kH_JDiyfMeMaae,g 807.0 
Volume H2Q. ml 63.0 

Total 

Point 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Avg 

3865300 

Pitot dP, 
lnH20 
031 
120 
136 
135 
1.70 
130 
136 
1.06 
1.70 
1.70 
136 
034 
1.66 
130 
1.40 
030 
130 
1.40 
120 
1.15 
125 
130 
1.36 
1.10 

1329 

121.700 

Sq.Root 
PMotdP 
0364 
1.096 
1245 
1.162 
1304 
1266 
1.162 
1.025 
1.304 
1.304 
1.162 
0317 
1286 
1225 
1.183 
0394 
1225 
1.183 
1.096 
1.072 
1.118 
1.140 
1.162 
1,049 

1.147 

3977.600 

OrifloedP. 
inH20 
034 
0.71 
032 
030 
1.00 
034 
030 
0.62 
1.00 
1.00 
030 
030 
036 
0.89 
033 
0.47 
039 
033 
0.71 
0.68 
0.74 
0.77 
0.8 
0.65 

0.625 

StkTemp. 
deaF 
317 
316 
337 
336 
300 
313 
330 
340 
272 
287 
317 
312 
271 
284 
289 
284 
264 
260 
257 
258 
263 
263 
254 
247 

290 
Ayg GM Temp, deg F. 

Total Water, ml 

^PflH Hpr4_Kf 

daaF 
63 
66 
68 
72 
72 
74 
76 
77 
77 
78 
79 
79 
77 
79 
80 
80 
79 
81 
81 
81 
79 
81 
82 
85 

77 

GM Outlet. 
deaF 

62 
78 
64 
64 
66 
66 
67 
67 
69 
69 
70 
70 
70 
71 
71 
71 
72 
72 
73 
73 
72 
73 
73 
73 

70 
73 

752 

Oxygen, 
% 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6 3 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
0.0 
6.0 

6.0 
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METHOD 17 MASS TRAIN DATA REDUCTION-Page 2 
Cafcula-on Reeuto 

Run MenWcatlon BAILYBlE-1-tf 

Flue Gas Compoetion 
02. 33 
C02 11.0 
C«_ou__tod%H20.......9.0 

lauUneUc Agreement, %........ 99.6 
Avg Go* Vetooty.fi/*. 71.7 
Avg Oae Temperature, F 290 

Gaa Volume Flow 
aofm 631,438 
decfm 379,496 
weofm. 417,078 
daofm (0% 02) 315,844 

Run Date. WB/93 

Dry MW, tAMnoJe. 2930 
Wat MW, JMMnoie. 2833 
Stack Praeeure, in Hg 28.08 

Par-cteMaaeLoadbv 
grreof 1.0300 

rngfiaom 2361.62 

Paticte Emtoeion Rote 
_VE6-etu 2.8878 
IVhour. 5574325 

G-215 

http://Vetooty.fi/*


/?_n_T

C o d <
'
s
g^ / t vgo i »Mr 

P t < i n t i f>AitA.£S & 
Operators: I f l j j g 2 . ^ g 
PreTest 
Leak Check 
Start Time 

0g3Z 
End Time 

Port/Pt 

£Z_Z 

~m 
ZLL 

/z. 
___L 
_____ 

IZ. 

■a 
__ 

_5___ 

/ 
!S_I 

_ _ i 
____: 
TH. i 

TEL 
13 

7W 

WvP 

TOTAL 
AVG 

fafBt@$ 

Oate : 7/fc/tt 
BOX Hoi ^ g 6 < / - ^ 
Run 
T U  W _ / ^ y ■

fn i g
 / p t 

Post Tes t 
LeakCheck 

Tube Ho. 

F i n a l U t . #■?•$,■? 0 . 

Initial UtJi2_____J_ 
U t . Gain g . 

Vol. H20: P  3 " i s l . 
TOT H20 

Time 
<min) 

_/_£_ 
JZ 
2£L 

35!

J__L 

w 
1 
ltr£_ 
USL 
liQ 

jmr 

l l l l l l l 

Meter 
Reading 

___________: 
_.3A 
£_22 _t 
n ^ ^ . g 
fe-?P'?3g 
?vz; ! _ 
fY5/¥
hHPt'T 
WiWr 
IfWtH 
__. irrkjTL 
UZ.GM 
^___i 

_ _ _________ 

_3I_m £?»7g 
6 ? q

r
? ' 

<t33. 2 

b?*&&
___f2_L___ 
6><r<»,9r 

AW.&I 

minium 

Location; g e o r c g r 

Holder Ho: 
J_tl 

Probe ID: 
Duct Static 
Press, "H20: 

IA' mT a-
•?./ 

Filter Ho. 
Final ut. 
Initial Ut. 
♦ Hot. Ut. 
UT. GAIH 

ImT fa< Nozzle 
/og./V* Jol.e>(.L S8.351 

7of.tt& /oo.lW Sf.a.1 

_p 
Pi to t 

122: 
7.tof 
TTfr 
hbQ 

3_L 
_____ 

A-_t-_ 
_______ 

Z2
_2__ 

i_____ 
2?. 

Z___2. 
/ i / Q 
_______ 
--221 
zz__i: 
/_____ 
Ott 
/,?-r 
Z_-_I: 
A Z  ? 
___3__ 
2 . Q O 

V_P)avg 

AH 
Ori f ice 

_23E 
______ 
S__L 

//<>■? 

______ 
__fe_L 

_ « 

sz: 
x__C 
[Eft 
___e 
_2__: 
L__C 
XL 

.____. 

IC 
sz: Z_Z5J 

12 I : 
n 
.a £ 

2S / f 3 f r 

IIIIIII 

System 
Vacuun 
2___L 
__!___. 
________ 
_3___2_. 

i___51 
*.Q 
7.Q 
&,<? 

___ [ 
_£____ 
_Z____ 
_2___1 
_______ 
?,g 
* * 

3JSL 
____£_. 
__2__r 
/2>Q 

/ / / / / / / / 
mum 

Stack 
Temp 

_2__Z_ 
_2C__ 
_3Z2_ 
2_3J_» 

_52f_. 
_22__. 

___.. 
_____ 

2 a . 
?____ 
rz___: 

:?/<v 
331 
 2 2 J 

_2Z2 : 

3_z_: 
___£Z 
2 ^ 
2____ 

S5_L 
_2___5. 

Heter Temp 
Inlet I Outlet 

Z_E 
_______ 

3d 

I 
2_Z. 
i O Z . 

33E 
______ 
/*>?■ 
_̂ _L 

2 £___ 
1 ____: 

_2_Z 
TPT 
/  y r 
«»* 

/ / / / / / / / Avg 

i_z_ 
___2_ 
i_2_ 
_fez__ 

____L 
______ 

______ 

_ _ _ : 
2Z. 

_S__L 

251 

_2-L 

is ____£ 
?£ 
___._: 

Avg 

GAS ANALYSIS02: 
C02: 
KZO: 

AMBPRE88,inHg : 
STACK dP. in H20 : 
AVG SQR ROOT dP : 
STACK GAS TEMP. F: 
GAS METER TEMP, F: 
PITOT CONSTANT : 
ORFICE CONSTANT : 
NOZZLEDIA.in : 
SYSTEM FLOW, acfm: 

dPp 

1J0O 
1.05 
1.10 
1.15 
120 
125 
130 
135 
1.40 
1.45 
150 
1.55 
1.60 
i.«e 
1.70 
1.75 
1.60 
1_» 
1J80 
1JB6 
2JOO 
2.05 
2.10 
2.15 
220 
225 
230 
235 
2.40 
2.45 
250 
255 
2.60 
2.65 
2.70 
2.75 

dPo 

0.68 
0.71 
0.75 
0.78 
0B1 
0B5 
0B8 
0_» 
0J95 
0.96 
1J02 
1.05 
1.09 
1.12 
1.15 
1.19 
1.22 
125 
129 
132 
136 
130 
1.42 
1.46 
1.49 
153 
156 
159 
1.63 
1.66 
1.70 
1.73 
1.76 
1.80 
1.83 
1£7 

dPp 

2.75 
2JBO 
2.85 
21*0 
2JB5 
3D0 
3JD5 
3.10 
3.15 
320 
325 
330 
335 
3.40 
3.45 
350 
355 
3.60 
3JB5 
3.70 
3.75 
3JBD 
335 
320 
395 
4D0 
4D5 
4.10 
4.15 
420 
425 
430 
435 
4.40 
4.45 
450 

6.0 
13.0 
95 

2956 
7.0 

1.005 
318 

96 
0.78 
1.77 

0.186 
0.715 

dPo 

1.87 
1J0O 
1J)3 
1.97 
2.00 
2J03 
2.07 
2.10 
2.14 
2.17 
220 
224 
227 
231 
234 
237 
2.41 
2.44 
2.48 
251 
254 
256 
2.61 
2.65 
2.68 
2.71 
2.75 
2.78 
2.81 
235 
2.88 
2U2 
2JG6 
2J08 
3.02 
3.05 
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METHOD 17 MASS TRAIN DATA REDUCTION - Page 1 
Initial Calculations and Input Data 

Run Identification BAILY80-1-MT 

Ambient Pressure, in Hg 29.56 
Stack dP, in H20 7.0 
Nozzle Diameter, in 0.188 
Pitot Constant 0.78 
Gas Meter Calibration 1.042 
Time Sampled, min 144 

Run Date. 

Duct Area, fr2.. 

Gas Meter Volume 
Final Volume, ft3 
Initial Volume, ft3 

9/6/93 

324 

699.391 
628.422 

Volume Sampled, ft3 70.969 

Particle Mass, mg Water Collected 

Inital 

Filter 
209208 
201.598 

Nozzle 
58.392 
55.667 

Total 

; ' f » . . . t f * fx»* VY__ 

Final Dryrite Mass, g 895.9 
Initial Dryrite Mass, g 876.1 
Volume H20. ml 127.0 

Total 

Point 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Avg 

7.610 

Pitot dP, 
inH20 

0.99 
1.05 
1.35 
1.60 
0.92 
0.90 
1.30 
1.40 
0.98 
0.96 
1.15 
0.87 
1.10 
1.10 
1.20 
0.98 
125 
120 
1.70 
1.35 
1.25 
120 
1.70 
2.00 

1.229 

2.725 

Sq. Root 
Pitot dP 
0.995 
1.025 
1.162 
1.265 
0.959 
0.949 
1.140 
1.183 
0.990 
0.980 
1.072 
0.933 
1.049 
1.049* 
1.095 
0.990 
1.118 
1.095 
1.304 
1.162 
1.118 
1.095 
1.304 
1.414 

1.102 

10.335 

Orifice dP, 
inH20 

0.67 
0.71 
0.92 
1.09 
0.62 
0.61 
0.88 
0.95 
0.66 
0.65 
0.78 
0.59 
0.75 
0.75 
0.81 
0.66 
0.85 
0.81 
1.15 
0.92 
0.85 
0.81 
1.15 
1.36 

0.690 

StkTemp, 
degF 
302 
306 
323 
336 
339 
332 
316 
314 
318 
318 
316 
316 
331 
331 
332 
327 
341 
341 
344 
339 
343 
343 
347 
349 

329 
Avg GM Temp, deg l r. 

Total Water, ml 146.8 

GM Inlet, 
degF 

63 
70 
77 
83 
81 
88 
91 
94 
90 
97 
101 
102 
94 
101 
102 
103 
93 
102 
98 
102 
98 
105 
105 
109 

94 

GM Outlet, Oxygen, 
deq F % 

62 6.0 
63 
63 
65 
69 
70 
72 
74 
76 
77 
79 
81 
80 
81 
82 
83 
82 
83 
83 
83 
83 
84 
84 
85 

77 6.0 
85 
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METHOD 17 MASS TRAIN DATA REDUCTION - Page 2 
Calculation Results 

Run Identification BAILY80-1-MT 

Flue Gas Composition 
02 6.0 
C02 11.0 
Calculated % H20 8.9 

Isokinetic Agreement, % 99.4 
Avg Gas Velocity, ft/s 70.0 
Avg Gas Temperature, F 329 

Gas Volume Flow 
acfm 1,360,300 
dscfrn 833,387 
wscfm 914,632 
dscfrn (0% 02) 594,137 

Run Date 9/6/93 

DP/ MW, #*-mole 30.00 
Wet MW, #/#-mole 28.93 
Stack Pressure, in Hg 30.07 

Particle Mass Loading 
gr/acf 0.0014 
gr/dscf 0.0022 
mg/acm 3.15 
mg/dscm 5.15 

Particle Emission Rate 
lb/E6-Btu 0.0044 
lb/hour. 16.03984 
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DveT 

4 

: 1« 
<.«" 

/ ■ • ' * * 

/•"if 

■'34> 
li 

x'Oli 

** 

%* 
%% 

3
e0 

r.«a 
yw 
I'y? 
V*

r 
3 • , 

/^ t  ^ 

Code:
_&*•?To  i  m r 

plant:
^__.(__rv 7 

Operators: 1 . ? ^ Z . y ^ / 7 . 
PreTest . . v t f ' ' ^ ) 
Leak Check: . 0 l / f /  * \ J y 
Start Time 

End Time 

Port/Pt 

2 / 3 

_'£ 
2 / 3 , 
i t / ' / 

_a / R 
2/_7 
"j i 3 
3iM 

• ? /2 
5 / 2 
3 / ? 
3lH 

V\ 4/2 
HIH 

c/z 
'*'$ 5 IJ 

i'i 

TOTAL 
I AVG 

Tube 
Final 
I n i t i 
Ut. G 
Vol . 
TOT 11 

Time 
(min) 

£> . 
I<L 

*i 3t> 
4* 
o 

12 
HI 
?f* 

Iff 
o 
12 
M 
>£, 
4k 
_> 

12 
2*V 
?> 
v*
o 

tfi 
14 
36, 
<4z 

MD 
iiiuii 

Date: « ? / ^ / f _ g 

Box No: ^ ^ 3 

*SLM0™(1 ** 
PostTest • /_••*& 
Leak Check: A,O7I>VH 

Ho. *3. 
ut. 8S8.3, g. 

al u t . o 3 o . / g . 
a in g. 
H20: 77fi ml. 
20 

Meter 
Reading 

4407783 
MT.ro 
joD.ai

TBl.lt 

?D7.L$ 
faiefr 
<SL. 90 

J.AD.S9
£&*3 

 r ^ v . y v 
5*13fi 
^3XPO 
_,_**•._,_ 
5W. ^ o 

^V^.7 io 
rs/frtl 
m.s<7 
5T

7
*'^ 

_5%_?, /;&> 
/?<~z,/*o 
,<_;fc*£__ 
trll.Cfj 
%%*> 
JT21.S3 

illinium 

Location: 7 ^ 4 , r C e r 

ttolcier No: £ . 0 

Prob
*

I0 : /SL'mr/ 
Duct Stat ic 
Press. "H20: 

F i l t e r No'. 2./J.T* /3_t^ 

Final ut. ni.oBS loa.m s 
Initial Ut. ?0.o34 /02>"l3 $ 

♦ Noz. Ut. 
UT. GAIN 

_P 
Pitot 

, k 4 
.f7 

^_U_r* 
.40 

.<aO 

.LO 
 • 3 8 

. 3 7 

, W 5 
_ , *5~ 
• A > 
^ 

, * * o 
22^? 
.9^) 
,_*_> 
.?__ 

.C2 
..tijT 

.HA 
,&<? 

VJOavg 

AH 
Or i f i ce 

■4? 
jf'_. 

4&? 
■JO 

" f r
 : 

•***t 
•*£? 
.a*

1 

»  y ^ 
M
% 

\4SL 
. ? ' 
. 5 5 
.  r ? 
.^.V. 
. 7 ^ 

, ^ 7 
■ , ^

r 

. ^ ? 
. f e j 

/ / / / / / / 
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GASANALY8IS02: 
C02: 
H20: 

AMBPRESS.inHg : 
STACKdP.inrCO : 
AVG SQR ROOT <JP : 
STACK GAS TEMP. F: 
GAS METER TEMP. F: 
PTT0TC0N8TANT : 
ORFICE CONSTANT : 
NOZZLE OA. In : 
SYSTEM FLOW, acftn: 

dPp dPo 

020 0.15 
022 0.17 
024 0.18 
026 020 
028 021 
030 023 
032 024 
034 026 
036 027 
038 029, 
0.40 030 
0.42 032 
0.44 033 
0.46 035 
0.46 037 
050 038 
052 0.40 
054 0.41 
056 0.43 
056 0.44 
030 0.46 
032 0.47 
034 0.49 
036 050 
038 052 
0.70 053 
0.72 055 
0.74 056 
0.76 058 
0.78 059 
030 031 
032 0.62 
034 0.64 
036 035 
038 0.67 
030 038 

dPp 

030 
032 
034 
036 
036 
130 
1.02 
1.04 
1.06 
136 
1.10 
1.12 
1.14 
1.16 
1.18 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
1.40 
1.42 
1.44 
1.46 
1.48 
150 
152 
154 
156 
158 
1.60 

62 
123 
95 

2956 
75 

0.791 
302 
90 

033 
1.76 

0.185 
0587 

dPo 

038 
0.70 
0.72 
0.73 
0.75 
0.76 
0.78 
0.79 
031 

032 
034 
035 
037 
038 
030 
031 
033 
034 
036 
037 
039 
130 
132 
133 
135 
137 
138 
1.10 
1.11 
1.13 
1.14 
1.16 
1.17 
1.19 
120 
122 

- ^ fa*. fi»** * £ Jts'uc, /Oo/rt * 1 /i*&007> 

Aa* poUi* 2. /iWi'r p
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METHOD 17 MASS TRAIN DATA REDUCTION - Page 1 
Initial Calculations and Input Data 

Run Identification BAILY70-1-MT 

Ambient Pressure, in Hg 29.56 
Stack dP, in H20 7.5 
Nozzle Diameter, in 0.185 
Pitot Constant 0.83 
Gas Meter Calibration 1.010 
Time Sampled, min 240 

Particle Mass, mg 

Run Date. 

Duct Area, ft2.. 

9/6/93 

216 

Gas Meter Volume 
Final Volume, ft3 
Initial Volume, ft3 

582.550 
490.985 

Volume Sampled, ft3 91.565 

Water Collected 

Inital 

Filter 
273.856 
192.047 

Nozzle 
56.452 
52.369 

Total 

__M__________MM__M. 

Final Dryrite Mass, g 858.3 
Initial Dryrite Mass, g 830.1 
Volume H2Q, ml 170.0 

Total 

Point 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Avg 

81.809 

Pitot dP, 
inH20 

0.64 
0.67 
0.40 
0.40 
0.60 
0.60 
0.38 
0.37 

.0.63 
0.63 
0.55 
0.41 
0.70 
0.70 
0.60 
0.72 
0.62 
0.65 
0.83 
0.89 

0.600 

4.083 

Sq. Root 
Pitot dP 
0.800 
0.819 
0.632 
0.632 
0.775 
0.775 
0.616 
0.608 
0.794 
0.794 
0.742 
0.640 
0.837 
0.837 
0.775 
0.849 
0.787 
0.806 
0.911 
0.943 

0.769 

85.892 

Orifice dP, 
inH20 

0.49 
0.51 
0.30 
0.30 
0.46 
0.46 
0.29 
0.28 
0.48 
0.48 
0.42 
0.31 
0.53 
0.53 
0.46 
0.55 
0.47 
0.50 
0.63 
0.68 

0.500 

Stk Temp, 
degF 
316 
314 
311 
310 
309 
309 
308 
308 
315 
318 
318 
320 
320 
320 
318 
320 
322 
320 
320 
321 

316 
Avg GM Temp, deg F. 

Total Water, ml 

GM Inlet, 
degF 

86 
86 
93 
94 
98 
101 
102 
103 
104 
107 
108 
107 
103 
99 
100 
98 
104 
101 
104 
114 

101 

GM Outiet, 
degF 

70 
70 
74 
79 
82 
85 
86 
88 
90 
91 
92 
93 
91 
91 
87 
84 
85 
85 
86 
91 

85 
93 

198.2 

Oxygen, 
% 
6 2 

6.2 
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METHOD 17 MASS TRAIN DATA REDUCTION - Page 2 
Calculation Results 

Run Identification BAILY70-1-MT 

Flue Gas Composition 
02 6.2 
C02 11.0 
Calculated % H20 9.6 

Isokinetic Agreement, % 102.0 
Avg Gas Velocity, ftVs 51.5 
Avg Gas Temperature, F 316 

Gas Volume Flow 
acfm 667,850 
dscfrn 413289 
wscfm 457,408 
dscfrn (0% 02) 290,686 

Run Date 9/6/93 

DryMW,##-mole 30.01 
Wet MW, #/#-mole 28.85 
Stack Pressure, in Hg 30.11 

Particle Mass Loading 
gr/acf 0.0094 
gr/dscf 0.0151 
mg/acm 21.48 
mg/dscm 34.70 

Particle Emission Rate 
lb/E6-Btu 0.0302 
lb/hour 53.6161 
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V'/ltrfc. 1 Ol* fi-

MEI1I0D 5 FIELD DATA 

Q 
i 

io 
ro 
ro 

PL.nl/lj_calbn__t_Z_______L_ 
Operalor Kitlaf 
Dale «*?--_,-•?.? 
Tesl No./Run No. 41 Wl#t h 
Meier .Box ID MuTxeli #3 
Gas Meier CaiL Faelor 
Oiifice ID 
Orifice Dlia ,,?■? 

Pilot Coefficient, Cp 
Nozzle ID. T-£S 

Xl 

Average Nozzle Dia., inches ______? 
Daitimeliic Pressure, In. Hg _______{-
Ambienl Temp., deg. F 6,8" 
Assumed Moisture, % IQ.Q 
Filler ID 
Slack Pressure. In. 1120 7..T 

1st Filler 
Leak Rale. cfm. Prelesl _0Q3 ^ ^ " 5 ' 
Leakrale, cfm, Posl-lesl _ J 2 6 k & - 3 0 " *b 
2nd Filler (if used): 
Leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf:__^__£____/# 
START TIME _ _ ^ _ _ 3 _ _ _ 

GAS MEIER END. cf tog7. 11"? 
END TIME ■ m : g 8 

Clock 
Time 

A 

Travese 
Poml 

N u m b e r 

^ l 

0. 

3 

w 
# I 

a 
3 

Sample 
Time 

W 

*8 

4_? 

6"G 

W 

as-

ua 

Vacuum 
bv Hg 

3> 

0. .0 

H.s 
V J 
7AS 
c t o 
4,eT 

Slack 
Temp 
dec. F 

3£S" 

zas 
3_2\ 
33JO 

3\% 

33.0 

■3fi 

Pllol 
DP 

bi. 1120 

.1* 

n* 
• W-T 

- 1 5 " 

."7s-

o\o* 

.<da 

Oiifice 
Dll 

bi. 1120 

.«*£ 
nb 
^ i 

.%9L 

-%CL 

.*-/•/ 

.n\ 

Meier 
VoL 
cf 

^StWM 

qta^ 
Q ( A ^ 

^ 7 ( o , n 

^33,037 
Q8°l.1 

^ • o . H 

ICVJ7.9 

Tempera 

Probe 

BSH 

3tf 
3CxJ 

* W 

-370 

"3tf/ 

^2£\ 

ui*es (deg. fl 

Filler 

<£JH 

^ 

3*0 
m 
azz 
£<\Q 

cam.) 

Sorb. 
Imp. 

Outlet 

Stf 

« 

57 

W 
5V 

. "50 

^ 

DGM 
bi 

-7J 

7? 
PO 

21 
1% 

S 3 

Sft 

DGM 
out 

11 

7$ 
11 

7 3 
71 

7€ 

7k 
Tolal Max Avg. Avg sail Avg. 

I [ S\1 }c$\<\ ' o.-?y ', 
Tolal Avg. Avg. Max. Max. Avg, 

1 1 *\ 
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G) 
i 
ro 
ro 
co 

Method 5 Field Da 
Clock 
Tune 

6 
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D 

Travese 
Poml 

Number 

H 
\ 

a 
3 

S 

/ 

A 

3 

S 

1 
3 

3 

H 

_i__. 

la Continued. DaleA-_"'?-3 
Sample 

Time 

SL 
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. * 
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af 

44 
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IS 

Hf 
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13.3 

î .-o 
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n.\> 
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Temp 
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- i \ $ 

^so 
%\ls 
3\^ 
3\£ 
5V* 

J^ 
AS 
3\2 

w 
3\P\ 

3n 
3l-> 

Lor_ition-^7a-^*^ 1 
Pitot 
DP 

in. H20 

.<=50 

. 7 5 

. "75 

.50 

.SD 

•6ft 

."7S 
.7o 
.50 
.7b 

-%0 

. ^ 0 

.7£? 

Oiifice 
DH 

in. H20 

.54 

. ^ 2 
.%9 

,34 

.&\ 

.27 

.«a 
*~7(-

.55M 

."7 {n 
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XpS 

.n 

Mi No.#-/ 
Meter 
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cf 
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(033 :^* 

It*-©.* 
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TRAK 'RATION 7 Out dp PITOT dP ORI dp PITOT dP ORI 

J ANALYSIS - 02 
C02 
H20 

3 PRESS, In Hg 
ACK dP, in H20 
ter Gas vel., fps 
AVG SQR ROOT d 
HIHUM PITOT dP 
> INCREMENT 

•ACK GAS TEHP, F 
IS HETER TEHP, F 

| TOT CONSTANT 
RIFICE CONSTANT 
utech 3 
OZZLE DIA, in 
YSTEH FLOW, acfm 
P 
LOU, scfm 
arget volume 
linutes to Vol . 
lours to v o l . 
Io. of points: 
»eqd Hin./point 
Jse Hinutes/point 

6.2 
12.8 
10.0 

29.46 
7.5 

0.79 
0.50 

0.050 

312 
87 

0.82 
1.89 

0.202 
0.694 
0.63 

0.4207 
100 

237.69 
3.9616 

20 
11.885 

14 

0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

0.54 . 
0.60 
0.65 
0.71 
0.76 
0.82 
0.87 
0.93 
0.98 
1.03 
1.09 
1.14 
1.20 
1.25 
1.31 
1.36 
1.41 
1.47 

1.400 
1.450 
1.500 
1.550 
1.600 
1.650 

"*1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2.200 
2.250 

117.8 predicted v o l . 
nozzle T22 

1.52 
1.58 
1.63 
1.69 
1.74 
1.80 
1.85 
1.90 
1.96 
2.01 
2.07 
2.12 
2.18 
2.23 
2.29 
2.34 
2.39 
2.45 

5 ports X 4 points/port 
9/6/93 Unit 7 Outlet W5 t r a i n operat 

I* 
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SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant & / // 
___ 

A, Sanpling Location 
Set Up By O yS . 
Comnents Sr I U -f h ¥ ■7A 
Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Date -?- "7- 4 5 
Run Mo. _ 
Run Date 

_r 
<?-"7-4* 7 

Report Date 

FILTERS USED 

F i l t e r No. I / O Ks<. t) h *c7

Sorbent Trap No, 

Condenser No. 

Used 
(Yes/No) 

CYCLONES 
Prepared Container 

(No.) 
10 it 

5 Ji 
2.0 it 
1.0 it 
0.5 it 

IMPINGER SOLUTIONS; I n i t i a l Final Gain 
F i r s t 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

___JL_____ 
672.7 

___t__l__L 

_ 9 
_ 9 

_2_9 
9 
9 
9 
9 

__£_£_£_____ 

J±±±L±t

SILICA GEL UEIGHTS; I n i t i a l Final 

%oH. 4 %\$i f 

Totals 

COMMENTS: 

Color of S i l i c a Gel: £» / / m h 7 
Descr ipt ion of Impinger Water: _ 

• Cr -l * % t / n £ ,«k I os I W A.// . «"» 
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Appendix G5 
Mercury Sampling 

< 

( 
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Southern Research Institute 
Biiminghani, AL 

Plant Bailly 
COC FORM - Mercury 

j _ _ _ 

lilt 
Project Number: 

7960.11.6 
Test Number: 

I 
Location: 

INLET (U8) 

Description 

Pair #1 Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

BA-8000 
BA-8001 
-BA-«ee2-

•SA-soes-

■_rft-oUU4 
BA-8005 
VkAt ?nnn 

Volume Comments 

Tram Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Time: 

Time-

Time: 

Time: 

Time: 

Time: 

Time: 
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Job No. 

Auk Job Name ___t, / / ^ 
T ft ~ far 

Run No. / LSIRr <-fv«.-c/-t Mf^/T 

Location _T„ /(?.~f U • f 

Date 9-?^ 95 

tf 
FIELD DATA 

Operator /?*/ S/yxA. 

Meter No. "7( " \l 73 

Ambient Temp. "C 

Barometer No. 

Probe Length 

Sample Point 

Initial Leak @ _3-5~ »||g - O elm 

Final Leak Q_ ."Ilg -

Baro. Pressure Pb o<7. J C " Hg 

cln 

■ 
ro 
co 
o 

1 Clock 
1 Time 

7^ 

Dry Gas 
Meter, liters 

Rotoraeter 
Reading 

Pump 
Vacuum 
in. Ilg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp "C 

1st 2nd 

Dry Gas 
Tenp *C 

Inlet Outlet 

• 

Dry Gas 
Meter 

Pressure 
in. 11-0 (P.) 

Remarks 1 

„ Wry Gas Hate r <-)C*-.c) ■_. „ 
v - C a / i b r a t i o n Factor < < ' < ^ * TB*C x - | I 32 - TB*F 

Vm>4  17.65 V„ 
T. * 460 - 17.65 x * \ + 460 J standard liters 



Job No. 

_>_/__ Job Name _ _ 

R«" N° •____: ___d_L__t__J_____ 

Location -Z^/g.f' U _f 

Date_l__l__U 

FIELD DATA 

Operator / 7 1 . _5*"fojYg-

Meter No. " 7 / - V* / ^ ? 

Ambient Temp. "C 

Barometer No. 

Probe Length S 

Sample Point ///n ft.'t,. f" ni' 

initial Leak @ __2_____"Hg - 0 elm 

Final Leak <____________ "Kg - # cln 

Baro. Pressure Pb o ? / j ( "Hg 

9 
ro 
co 

Clock 
Time 

\7fv 
7.1* 
T.<h 
7:4* 
7: Si 
T'.SS 
9:00 
°)!%S 
?■/ / ? 

Dry Gas 
Meter , l i t e r s 

OSCiO . -2& 
233 Tn 
13 S , IS 
4.11. Ll 
J 40 . 37L 
34^7. ^y 
a±S. 6 ̂  
3¥f. *7 
*S\ .03L 

* 

Rotometer 
Reading 

O.T 
o r 
o . r 
O.S 

o.S 
ts.r 
•^.T 
(__, T 
O.-T 

Pump 
Vacuum 
i n . Mg 
Gauge 

ho 
/ .f t 

/ 

/ 

1 
/ 

f 
f 
( 

Probe 
Temp. 

JSo 
2% 
Z% 
33* 
z.#) 
7.3 h 
2fa 
3?<P 
3h 

Condenser 
Temp *C 

1s t 2nd 

Dry Gas 
Teap *#/? 

I n l e t 
•6 

1* 
7? 
7S 
~7S 
nr 
7-r 
i r 
1^ 
?y 

O u t l e t 

Dry Gas 
Hate r 

P r e s s u r e 
I n . H20 (P„) 

/ . f t 

7.* 
7 A 
f.n 
1.7) 
7. is 
As 
fa 

Ao 

Remarks 

1 
«?c.tn if 

y Dry Gas hater 
■ " Calibration Factor . 9 9 9 - 3 . x Jt,,(cP> - g?_, k ^ I / O X -I I 32 - T-'F 

1/ - 17 65 V 
p
»* n ^ 

^ T. ♦ 460 j 

^.•-H 
5 

- 17.65 x Jb.Lf x ( *Y'J x ^ •*? 1 - «?O.C> standard l i t e r s 
_____ 

"-/y ♦ 460 

S3S 

file:///7--fv


9 
ro 
CO 
ro 

A 
FIELD DATA 

Job No. 

Job Name yjtc.' 

Run No. 3 
***

Ts>*> ( 

Location ././Jft-t" 

Date 9-7- ?:7 
-UX 

Operator TH. SiolJ^ 

Meter No. "7 / - K! (3. 

Aablent Temp. *C 

Baroneter No. 

Probe Length_ y 
Sample Point L* \Q t~ T-'cJl A N ^ I " 

Initial Leak @ £____L__''"8 " )Q clm 

3-^ «..- - 0 Final Leak Q ."Hg elm 

Baro. Pressure Pb QT.J'TJU "Hg 

1 Clock 
1 Time 

**l 
°t'.**S 
V<sv 
^ . y j r 

I/O:"-*. 
1 /cay 

/A.Vfc 
A> .vr 
/n : t . 

Dry Gas 
Meter , l i t e r s 

2S*L. (0 fc 
J-^-J - . ok 
2 / 7 . Th 
_t_0 . J2-

2U. IO 
2LS>?3 
4.L~\.lK 
?7f i .^ 
J1Z.?L 

Rotometer 
Reading 

0.* 
C\.S 
l l . . * -

* v y 
O.J" 
D. if 
E>,5" 

o.r 
o,r 

Pump 
Vacuum 
I n . Hg 
Gauge 

y 
* * , 

d 
_.-£ 
6 ■* 

74 
r* 
tt 
/.n 

Probe 
Tenp. 

? ib 
2 % 
270 
7J* 
£H 
2?G 
Z?o 
2 7_ 
2?$_ 

Condenser 
Tenp *C 

1s t 2nd 

„ 

Dry Gas 
Tanp •f/-' 

I n l e t 

7-2-

7 ^ 
-*? *z_ 

7 2 -

. 7 3 
| 7 5 

74 
7 f 
7 ^ 

O u t l e t 

Dry Gas 
Hate r 

P r e s s u r e 
i n . 11,0 (P„) 

/ . f t 
( 
/•0 
/ . f t 

/■a 

Afc 
/.tv 
/ ■ f t 

N 
/./_ 

Remarks 

■ " • 

| 

1 
^0t/(_ u 7v,^ 

V - " CauZatlon^otor .W* « 3 p . / . " „ f r . l * V « » | + 32 - V F 

_?^^5. 

V. _, - 17.65 V„ -»i) - i7.e5 _______ „ ( £#;t~P) L1A standard liters 
x <n 



mm Southern Research Institute 
Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

Data. 
^ 

Project Number; 

Location: 
7960.11.6 

Test Number: 

OUTLET (U8] 

Description SRI Number Volume Comments 

Pair #1 Charcoal 
Pair #2 Charcoal 
-Pair #3 Charcea. 
Bair/M Charcoal 

«Saig-#5 Churooal 
Field Blank - Charcoal 
ft ip Blank-Cliai coal 

BA-8021 
BA*8B23r. 
■BA-.023 _ 
BA-0024 -
DA- 8025 
BA-8026 
B A-8027-

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: . 

Time: 

Time: 

G233 



Job No. 

Job Name J WUY 
Run ̂ .UlTrll fa^to?) 
Location f) 7 dOTZ^T 

Date f / y / f e 

tf? 
FIELD DATA 

_3%> Operator, 

Meter No. /-4-*J S&T 70S 

Ambient Temp. *C_ 

Barometer No. 

a. 

7 
Probe Length_ 

Sample Polnt_ 

Initial Leak @ / S "Hg - Of O elm 

Final Leak 0 /< D "Hg - -
)
''

g>0
clfii 

Baro. Pressure Pb 7*77'J/& "Hg 

1 
Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuun 
in. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp *f^ 

1st 2nd 

Dry Gas 
Temp *C 

I n l e t Outlet 

Dry Gas 
Meter 

Pressure 
In. H20 (PB) 

Remarks 
JET fa'"} 

im. 13*6.1* &£ -/_£ & & . I± I^L 9 

9 
ro 
CO 

iSf^L 73Z'% 3 A*. AL 2&. <3Q MJ2_ s 
im MM A l _2_£. £LL oiO Jd2L 7o 
L&L avf<x JL&. £,0 2¥\ zo 7<Q ±L 
1321 /3J7.2 A£ 2.b 2</3 So AJ2. Jlo 
IhO^ /S1*.9> A^ Zip JUL * l UL 2$ 
Ml MM. % AL ________ &£>_ AL M£L ?g 
M± /4ft4r7£ AS. Aa. M i a i AsL rS 
IM 4 Wof,$ A$L X<0 m. *i 7<Q fo 

3x>r\7 L 
v Dry Gas Meter 
« " Calibration Factor 

«2D,2? 

.fl*\ x &nf  111* VOx I + 3 2 - V P 

V„„4 - 17.65 V. 
* » ♦ 

Tm 

13.6 
♦ 460 

tf.+ S 
- 17.65 x /?PlS WM /___ 

13.6 •) - 17.1 standard liters 



-||H| Southern Research Institute 
Bimtingham, AL 

Plant Bailly 
COC FORM - Mercury 

Uat&L 
~Wf n 

Project Number: 

Location: 
• 7960.11.6 

Test Number: 
I 

OUTLET (U7) 

Description SRI Number Volume Comments 

Pair#l Charcoal 
■Baic_-2-Charcoal 

1 Paii #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

B A-8007 
BA-SCQ8 
BA .009— 

1 ft A -?"T? 
.BA-snn 
■BA-0012 
_B A. 8013. 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By. 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: . 

Time: 

Time: 

G-235 



Job No. _^$3i Wuy 
Job Name 

Run No. / f e g , / - 2 > , / S£719a/4) 

Location {L^ ") »ttr?^*r— 

Date f/t/9) 

fo 
FIELD DATA 

Opera to r 

Meter No. 

Sfe 
11

Ambient Temp. *C 

Barometer No. 

> 

• / 
73 

Probe Length_ 70U 
Sample Point IJiLurQTL. 

I n i t i a l Leak g fisfffr "Hg - 0'0O elm 

Final Leak @ "Hg - elm 

Baro. Pressure Pb «?*_y. • Ilg 

o 
i 
ro 
co 

Clock 
Time 

//P£» 
//M>0 
\0b 
faO 
> * 

1 4;-U 
Mb 

Dry Gas 
Meter , l i t e r s 

zno.d 
}oll 1 
?>oi\<in 

3 £ ^ . f > 
3 I Ol.*> 
hi >>*\i% 
317^. Si 

Rotometer 
Reading 

^t/WM 
ti 
!73 
n 
u 
V 
Kb 

Pump 
Vacuum 
I n . Hg 
Gauge 

2$ 
?,< 
±r 
2.r 
A-y 

*.< 

fo 

Probe 
Temp. 

•c 
*>l* 

■ 

Condenser 
Temp "C 

1s t 

/J/A 
I 

\ 

2nd 

tifr 

Dry Gas 
Tenp *C . 

I n l e t 

7Y 
i°l 
1? 
ll 
i(* 
lb 

ff 
' t 

O u t l e t 

fill A 

1 

1 

i 
\ 

Dry Gas 
He t e r 

P r e s s u r e 
I n . HjO (PB) 

/<£> 
l,o< 
\lO< 

H< 
1,1 f 
\A< 
77G 

Remarks 1 

/ /3.5HU % ( * 

V - - Ca^rlllolTaltor _ _ ^ x j £ ^ " i _ 2 _ _ l V C x ± ♦ 32 - V F Calibration Factor • ■ -r i - i---f- ■ ' '«--■• - * -» - •• 5 

J ! l l L l 5 _ X - / 7 3 . a standard l i V.#1< - 17.65 V„ 
P». ♦ 

13.6 
T. ♦ 460 

- 17.65 x JJ£_ ■ fel x ( ters 



Southern Research Institute 
> Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

_2__ 

WF* Project Number: 

Location; 
7960.11.6 

TestNumber;. 

OUTLET (U8] 

Description SRI Number Volume Comments 

Pair#l Charcoal 
Pair H2 Charcoal 
•Pair #3 Charcoal 
Pair ff-1 Charcoal 
■Pair #5 Charcoal 
Field Blank - Charcoal 
frip Blank - Chm liU-l 

BA-8021 
BA-8n„_-
BV8023 
f t i n m ri 

_ J_liT_* U U  . t — 

B A-8025 
BA-8026 
•RA-Rfi?7 _ 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By. 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: . 

Time: 

Time: 

G237 



o 
I 
ro 
co 
co 

Job No. __s 
A. 
■Vei&T FIELD DATA 

_&____}__ Probe Length_ 
/ 

Job Name 

Run No. U$ 7*1 (S/JSQZI^ 

Location Q% QQ<T 

Date 7/%h 3 

Operator, 

Meter No, 

Sample Point Q'£ OO' 

4 7Sbe 
Ambient Temp. *jf <*s 7 *7 p" 

Barometer No. 

Initial Leak @ f S "Hg - _7_<3->clm 

Final Leak @ fa "Hg - ___J_____lclm 

Baro. Pressure Pb o</. _?̂ j'Hg 

1 Clock 
Time 

1*6 
t*& 
/3oo 
lV>$ 
/3/o 
731* 
l£>0 
7336 
ffl6 
folMh 

Dry Gas 
Meter , l i t e r s 

ll/SSn 
lZ<f,fl 
l%(*.<Z\ 
IZMZ 
73/.^l 
1 W< i 7/ 
Mk.ii 
fit, 4 
mlV* 

Rotometer 
Reading 

*L 
Hi
<ki 
fh 
2 3 
#1 
tl 
n 
*$•-? 

Pump 
Vacuum 
i n . Hg 
Gauge 

5<_f 
3.^ 
1.* 
Z.V 
s* 
1.x 
?<? 
3.z 
% * 

Probe 
Temp. 

'pr 
J43 
?&
Mt 
<M3 
SY3 
Zil* 
$Hh 
27& 
Mt 

Condenser 
Temp *C 

1 s t 

tJ/fi 

J 
... 

1 

2nd 

*i/A 

\ 

Dry Gas 
Temp "C 

I n l e t 

<_27 
2.7 

21 
&7 
3X 
^r 
9.1 
J<t 

£9 

O u t l e t 

A) /A 

*J7* 

\ 

Dry Gas 
Meter 

P r e s s u r e 
i n . H20 (PB) 

• 

Remarks 

AU* 

o 
<r 
/_> 

/ - -

■?& 

zs 
S* 
S? 
¥o 
+s. 

I1.7+ U JO.) 

v.-
Dry Gas Meter 

Calibration Factor _Ji£L 

- 17.65 V-
P„ ♦ 

13.6 
r_ + 460 

- 17 

ft. 74  17. ^ * V C x - | + 32 - V F 

.65 x ITAS x ( ^ ^ \ j ^ l ] - / 7 . 7 standard l i t 
- M ' \ 771." * 4 6 ° ' 

-* 1.2-

ers 



Probe Length 2 

Sample Point /fa& - " S ^ ^ T C 

I n i t i a l Leak @ /£fy'/-V'Hg - <_3^9 elm 

Final Leak (3 "Hg - elm 

Baro. Pressure Pb C2T, 3jb "Hg 

Clock 
Time 

Wf 

Dry Gas 
Meter, liters 

f)7.(7rl0/li 
1- ' 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 
•c 

Cond 
Tern* 

1st 

■ 

snser 

2nd 

Dry Gas 
Temp "C 

Inlet 

*1 r i 

Outlet 

Dry Gas 
Meter 

Pressure 
in. H20 (Pn) 

Remarks 

Job N o . _ 

Job Name 

- * ■ £ FIELD DATA 

/M/tcV ~ ? fed •-v. O 

Run No. U%M&L.l l&t-me) 
Location 0% ftpf 

Date ?/lh$ 

Operator 

Meter No. 

Ambient T< 

Barometer 

:?%> 
4-

smp. °C 

No. 

7£z>-e 

Dry Gas Meter 
Calibration Factor x T_'C x i. + 32 - T;F 



mm Southern Research Institute 
Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

____ 

I'l-ll 
Project Number; 

7960.11.6 
Test Number: 

i 
Location: 

STACK 

Description 

Pair#l Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

B A- 8028 
B A-8029-
-OA-oUJU 
D A_&mT 

_3A-l_w"hc 
B A-8033 

—Oru* BUJ4 

Volume Comments 

Train Prepared By: , 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

turfs* Time: 

Time: 

Time 

Time 

Time: 

Time 

Time . 

Time 

Time 

G-240 



Hi 
FIELD DATA 

Job No. 

Job Name jfc*,' f U , Operator / \ , 5J\*JQ. 

Run No.___ /f/ft^vC ff\~fc?7 Meter No. V C — / 

Location 5_̂ _X 
Date ____i__l______i 

Ambient Temp. *G_ 

Barometer No. 

Probe Length 

Sample Point jf/w, \( 

Initial Leak <§ o?^? "Ug - C elm 

Final Leak Q M
llg - cln 

Baro. Pressure Pb oS/i J b "Hg 

CD 
■ 
ro 
4-. 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuuia 
in. Hg 
Gauge 

Probe 
Tenp. 
•G 

Condenser 
Temp *C 

1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Meter 

Pressure 
In. ll20 (P.) 

Remarks 

1 
„ Dry Gas Hater //._/•?' „ 
v
« Calibration Factor f'0*!* x V

c * -f • 32 - T.'F 

"- - i ? " v - V/.Vo6 - " . « « \ ♦ 460 J standard liters 



Job No. 
Job Name 
Run No. ĉ -

Ldi ¥
Ur^>xr 

Location v5~7o,c- (C 

Date J"? °t3 

& 
¥M«- FIELD DATA 

Operator fA. JYSLSL(__ 

Meter No. \l^, - / 

Ambient Temp. "C_ 

Barometer No. 

Probe Length 7 

Sample Point /wf ^ _rAiM,^ 
Initial Leak @ 0X0 "Hg - /) elm 
Final Leak (_ _-?̂ ? "Hg - 0 elm 
Baro. Pressure Pb ->?/-/£? "Hg 

Clock 
Time 

/•V7 
I'.v* 
/:?<* 
/■W°> 
tf$«_H 

^ • • 0 1 

^ 1 ^ 
x.'io 
%Wa 
a.it 

Dry Gas 
Mete r , l i t e r s 

//<r. / ? 
A 2 2 . 0 O 
/3U.J* 
/ i f l , 3,0 
iW.sb 
H7i s 
M7.30 
/</-?. °)Q 
/ 5 ^ , </o 
/5T. ?0 

Rotometer 
Reading 

0.5-

«.r 
n . 5 -

o.y 
0,-f 
o.y 
o.r 
o.r 
c- r 
o.r 

Pump 
Vacuum 
i n . Hg 
Gauge 

/ 

/ 

/ 
/ 

/ 

1 

/ 

/ 

; 

/ 

Probe 
Temp. 

X3\ 
2fa 
a*b 
7U 
7.1$ 

l \ 
j w 
p34 

ffi 
77* 

Condenser 
Temp °C 

1 s t 2nd 

Dry Gas 
Temp • ( B ^ 

I n l e t 

« 

7t_ 
nz 
7¥ 
1ST 
nn 
if 
7^ 
7o 
Ti 

O u t l e t 

Dry Gas 
Meter 

P r e s s u r e 
I n . H20 <Pn) 

/ . 0 
/.o 
/-0 
/..o 
/ .0 
f.G 
l.o 
1.0 
7.0 

(* 

Remarks 

%.:7,* 
&.n L

o.r / £?9 

V - ~ ^liiratton^actor !•*>(? * ^ H " ^ - ^ V C * 4 + 32 - V F 

•ft.** 
13.6 

VBni - 17.65 VB 
_"„ + 460 

5 

1.0 
- 17.65 

V7u._^ + 4 6 ° I 

/.o 

standard liters 
. . _ < * \ 



m Southern Research Institute 
Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

Datei. 

J-*-**! 
Project Number: 

7960.11.6 
Test Number: 

2L 
Location: 

INLET (U8) 

Description 

Pair#l Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

BA-8035 
BA-8036 

^A-803? 

TJ-A Qfl'-fn 
Dft-BUw 
BA-8040 
BA 80-11 

Volume Comments 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 
/Z'/rrs*i 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: . 

Time 

Time: 

G-243 



1*3 
FIELD DATA 

Job No. 

Job Name 

Run No. 

Location 

Date 

$<*: 

( 

))Y 

?«\*f 
7 * W 

$/*/-•£_. 

Operator 7^ . 

Meter No. *7 / 

Ambient Temp. 

Barometer No. 

yf svfi lo 

- \Ji& 
•c 

Probe Length 

Sample Point pf*^ [C 

Initial Leak @ _______l_"llg - 0 -l" 

Final Leak @_ "lie -'Ilg elm 
Baro. Pressure Pb •■7it7x~J "Hg 

9 
ro 

Clock 
Time 

1 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Ilg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp *G 

1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Meter 

Pressure 
In. 11,0 (P.) 

Remarks 

i ■ ■ i i " ■ . . . . 

,. Dry Gas hater 
■ " C a l i b r a t i o n F a c t o r 

T,'C x - | + 32 - T„#F 

- 17.65 V. 
P ♦ P" 
p"* ITT 

Tm ♦ 460 
- 17.65 x 13.6 

♦ 460 
■ )  standard liters 



Job No. 

Job Name 

Run No. X 
A____. 

77
U fc3£ 

Location /._ (& f 

Date 9 - ¥ - ~> ? 

tfj 
FIELD DATA 

Operator 

Meter No. 

TH, 

7/ 
Ambient Temp. 

Barometer No. 

J W J 
- V/*^ 
•c 

Probe Length J 

Sample Point ^ A I Jot J'J*, fii/f 

Initial Leak @ _______"llg - 0 elm 

Final Leak 0 o?J "Hg - <_ elm 

Baro. Pressure Pb __0_______"llg 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
In. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp •©f 

1s t 2nd 

Dry Gaa 
Temp 'a/? 

I n l e t 
==___= 

O u t l e t 

Dry Gaa 
Meter 

P r e s s u r e 
I n . 11,0 (P.) 

Remarks 

273.77) Q.X 7.c z% U 10 
27lrQQ _____£_ _£_ •230 A_L A 

9 
ro 
p

iLzir. 60 Q.y IA Z/o ^ _Z__Il_ 

(imfx* .n SLJL UL 1% __Z_L Afl 
/1'>W*r3 . ^ _£____! 1_L e j _ __I_L _ZJ_. 
I2s**r(,.(ib JUL jjz. Zl$L 73. LJL 

fi'sr £77. <tc _________ _ZJ___ ______ 7 ^ _ZJL 
/:oi - ^ 0 . J ^ _____ /7 ______ _______ ____/}_ 

/■•»/ ' «??:?. 7sr _.r ao 2 ? Q _7___1 ______ 

ft.lfL 7_.r» 

V - - Cal'&atlo^ctor _m_ ^ A i l " i M L V« « | + 32 - V F 

^ - 17.65 V. 
P_ ♦ 

1_ ♦ 460 
£ # - 17.65 x_/__ iAl_x (- 2.̂ .*f«r 

5?
f_4o 

13.6 ■) JfLi standard liters 



Job No. 

Job Name &» ' / /> ¥~ 
Ru« No. 3 H^LiJ^i A:. 

Loca t ion tM SflroK 
Date °j^ l3 

to 
FIELD DATA 

Operator M. ^~7'<l/>

Meter No. "7 f - - V ' L 

Anblent Temp. *C 

Barometer No. 

Probe Length. 5 " 

Sample Point /)nk'\*t A.'x, 

Initial Leak Q _________NHg - O d n 

Final Leak <_____<______"-lg - _________clra 

Baro. Pressure Pb _7=5______1H,,6 

Clock 
Time 

Ml 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

■??</. ̂ 0 a^ 

Pump 
Vacuum 
in. Ilg 
Gauge 

* _ 

Probe 
Temp. 
•C 

Condenser 
Temp *C 

1 s t 

^ < Q 

2nd 

Dry Gas 
Temp • • f 

I n l e t 

13 

O u t l e t 

Dry Gaa 
Meter 

P r e s s u r e 
I n . 11,0 (P a) 

u 
Remarks 

33 fAQ^b o.x i J* 
________ J-k Zfc. 

p 
ro 
4

U-^J <- ?*r.^ 

V.- nJStoflHZ. .lilt x W . y - /*J._/) T-'Cx I +32-T.-F C a l i b r a t i o n F a c t o r -

Pi. ♦ 
V. _ - 17.65 V. 13.6 

T„ * 460 
- 17.65 x llf. L____x (-

41. ?x 
W.WTT6 
)*lif ♦ *60 )  _______ -> s t a n d a r d U t e r i 



m Southern Research Institute 
Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

/_£___ 

fA/n 
Project Number: 

Location: 
7960.11.6 

Test Number: 

Zs 

OUTLET (U8] 

Description SRINumber Volume Comments 

Pair #1 Charcoal 
.Pair %7 Charcoal 
PnirtfT Chnrrri.il _ 
Ba_r#*1 Charcoal ... 
Pair #5 Charooal— 
JEiekr-Blailk - Cll_J,__l 
JCrip Blank - Cli_lCU_l 

BA-8056 
B A-8057 
BA SPSS 
BA '■059 
DA-8060 

-BA-oUol 
-O A.1"' 6 vOi i 

Train Prepared By: 

Tram Relinguished By: 

Tram Received By: 

Tram Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

G-247 

http://Chnrrri.il


Job No. 7*960.77. (fi 

Job Name >/7<6C ¥
R™ HO. ovma. /^_^>-«^y^\ 
Location £)A)ty 7 0df 

DM. ~?7v/lh 

to 
FIELD DATA 

Operator_ ^ £ e 
Meter No. A)&7) ZgT(J*S 

Ambient Temp. *C __."S 

Barometer No. 

7>r 
Probe Length _^ 

Sample Point /Ju/r *? Pon^f 

Initia 

Final Leak @ 

1 Leak @ / 5 "Hg - <_>,->-) elm 

/ 3 "Hg - <g,<ge>clm 

Baro. Pressure Pb tAl.'iO " »g 

Clock 
Time 

Dry Gaa 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 
T 

Condenser 
Temp *C 

U t 2nd 

Dry Gas 
Temp *C 

In l e t Outlet 

Dry Gas 
Meter 

Pressure 
In . 11,0 (P.) 

Remarks 

_33j_ MW.bi1 JK_ £L 24£ ^__L _______ ____ 

o 
i 
ro 
p
00 

nn 
ML 

1*1 zn,i
M%% 

£JL 
ns. JLZ. 2HZ _______ 

_£_1 t#> __2_L 
_____! 

7>0 

r 
/o 

l i l t /y3.z,5- __!£! __5__£. 2tf£ _______ _^___ ______ 

/3$< /Y^ff j£_£ 57V 2 ^ 3 .-V A<P ______ 

/35k WtG.V MS krls 243L J^L AG _e_r 
IH0\ 74 3 4, 7?> MS. A_l _̂ __1 2/p AZ> Jo 
H0(P fWV.lS _A_H _£i J& ^ £ /0 _2_j__ 
Hli /y-v^y/ ______ i i ^1. _̂z_ __k__ «fc> 

4&.1 u 

V - ^ r / t 7 a s M-te** 
■ " Calibration Factor 

.fr/ft x -?Q. / - /<T, Z T„*C x -I + 32 - T„7 

V...4  17.65 V. '•♦■nfe 
Tw ♦ 460 

ZW 
- 17.65 x ' 3 (__________! 

io 
13.6 

V 
■) J2J. standard liters 



Job No. 7?&£>, /7 6> 

Job Name 7&/cc f 

Run NO. OlTnS^f (frwi) 
Location (J/U/T 7 ^>rZ^r" 

Date '/A'A? 

7&**}^ 
H3 

FIELD DATA 

:£%> Operator_ 

Meter No._^_______^_____t__l 

Ambient Temp. *C _/-*T 

Barometer No. 

*>l7t Probe Length 

Sample Point /I7/4 ~~ $Ljd<£—> 

I n i t i a l Leak @ / 4 "Hg - flOO elm 

Final Leak @ "Hg - elm 

Baro. Pressure Pb Af'TT} "Hg 

Clock 
Time 

m 
Dry Gaa 

Meter, liters 
Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 
•C 

Condenser 
Temp "C 

1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Meter 

Pressure 
In. 11,0 (p.) 

7^ 

© 
i 

ro 
CD 

v Dry Gas Hater 
v
« " Calibration Factor 

V_ „ - 17.65 V_ Pb* 

[ Tm* 
13.6 
460 - 17.65 x 

I,'C x -| + 32 - V F 

13.6 
♦ 460 ■ )  standard liters 



to 
FIELD DATA 

Job No. "7464. 77. £ 

Job Name Mv^y Operator_ 

Run No. Q%7WaL (ito&g/b) Meter No. // 7&&T? 

Locat ion T/^/r' S _ _ V r 2 _ ^ 7 Ambient Temp. *C -Jy-"-"* 

Date f/<r/i3 Barometer No. 

Probe Length_ ^ 

Sample Point 7JoiT <-? 

Initial Leak @ 7S "Hg - _£_£__clra 
Final Leak & l> "Hg - g - o p elm 

Baro. Pressure Pb t^ff-V-1 "Hg 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp 'C 

1 s t 2nd 

Dry Gas 
Temp *C 

I n l e t O u t l e t 

Dry Gas 
Meter 

P r e s s u r e 
i n . H,0 (P . ) 

Remarks 

J&L Jfo.lXS %*&yy»~ E.£ 3*4? 7.o 7 $fr 
__2_ 

J£L± Hol.ll £3. _£____ c ^ ^  s 
IS&L M.i% XI __£__£_ ML 2L Id 

9 
ro 
cn 
o 

_Z_5_2__ /*f, 4% 13. ____£ <&2~ 31 MS
/SS4 in, 0 _££ < ■ < $ Mi* 31 ^2c>

/S31 /7^3 ia 4S 7&3L 3/ ____£_ 
l&ff n<ps$<> 3&T _£___ ^ _ _ AL 

V _____ 

1£43_ S2L <L£. M±> 3L 3<r 
isst /Z/<47 IX 4S ______2=__: SL Yd 

ft.auL. 31 n 

y Dry Gas Meter 
■ " Calibration Factor 

V..„  17.65 VB 

,?JQ x / » . 3 ^ - / 7 . n T,*Cx | + 3 2 - V P 

%L\ 17.65x / 7 . n x (_-Z___I__JLll___) -__7_G_ 
♦ 460 I ^ V jrjp o * 4 6 0 / ^ ^ 

_____* 
~~5_ ♦ 460 s t a n d a r d l i t e r s 



Southern Research Institute 
Biimmgham, AL 

Plant Bailly 
COC FORM - Mercury 

Date; 

Location: 
f/7*7?3. 

Project Number: 
7960.11.6 

Test Number: 

_£_ 
OUTLET (U7) 

Description SRI Number Volume Comments 

Pair #1 Charcoal 
Puii HI Oliiu.uul-
•Qn'. Wi <*■ — « 

•—"■_~TT.* T_T_TIWMP 

Duii I'M CluiLUJl 
wiBrfff îrsiros.1"™1^™" 
Held Blank - Charcoal 
Tap Dlanl: - Cluuuual 

B A-8042 
BA ?ndi-

BA ?0f1f1 

*_RS^0W 
B A-8047 
B A fpiy 

\ 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By. 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Tirne: 

Time 

Time 

Time 

Time 

Time: 

Time: 

G251 



Job No. '/ccy 
Job Name 

Run No. /J^m.^i^TL 
Location ill £>>CcJr&Z, 

?7</7n Date 

W-J-«f9 

to 
FIELD DATA 

0perator____5__g~__ 

Meter No. " 7 / "* V ( 

Ambient Temp. *C 

Barometer No. 

Zj^or&Z. Probe Length 
Sample Point J)/^UTT2^~ 

Inltial Leak @ 13 "Hg - 77rOZ> elm 

Final Leak & / ^ "Hg - /0,£>Z> elm 

Baro. Pressure Pb _<____________" Hg 

i ? 
ro 

i u i 
i ro 

Clock 
Time 

U/a 
La**/ 
'#£ 
/ < f c 
/ W T -

:_-______ 

Dry Gas 
Meter , l i t e r s 

31 &*/.$> 
311 i,r 
jlXln 
Jf^X.l 
33^,6,3 

Rotometer 
Reading 

tfZjrvn 

%?> 
f> 
$1 
S3 

Pump 
Vacuun 
i n . Hg 
Gauge 

"?,>-

,1V 
,?'*' 
J't 
y* 

Probe 
Temp. 

•c 
AJIA 

\ 

Condenser 
Temp "C 

1 s t 

/O/fi 
1 

/ 

2nd 

/J/> 

1 

Dry Gas 
Temp mfX 

I n l e t 

£ 2 -

n 
/£>ls 
lof 
}0^{ 

O u t l e t 

4J/4. 

\ 

1 
' 

Dry Gas 
Meter 

P r e s s u r e 
i n . H,0 ( P J 

hi 
h) 
hi 

hi 
hi 

1 
Remarks I 

1 
1 
1 

/ h* ■ \t • J7.T* 

v. - flZStt'fZtar 35££ * l&JfL ~ JJllL *.'<> * | + 32 - T.T Calibration Factor 

V„ttt - 17.65 V-
^ + 1 3 T 6 

Tm * 460 - 17.65 x M.LS x ( *'£t**io'* ) " Hl"Sr 8tandard l l t e r s 



Southern Research Institute 
"i * Binrdn^iam, AL 

Plant Bailly 
COC FORM - Mercury 

_______ 

f/r/l^ 
Project Number 

7960.11.6 
Location: 

Test Number: 
2s 

OUTLET (U7) DIL 

Description SRI Number Volume Comments 

Pair#l Charcoal 
Eaix-iQ-Charcoal-

EaiciTC Charcoal 
■Pair M rhflrrnal 
■Ba_r#J Chdioual 
-Ed^B-ante Clu_iuuul-

tn^Bfaiik-Cll-lCO-l 

B A-8049 
B A-8050 
BA-80J1 
BA-8032 
BA 8053 
BA-*8054 

-BA 8055 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Tram Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date 

Date: 

Date 

Date: 

Date: 

Date: 

Date 

Date: 

Date: 

Time: 

Time 

Time: 

Time 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

G-253 



Job No, 

Job Name 

Run No. £ 

JLA 
* 

-ft- r.(_3 
Location 5tc._./'v 

D.M ___________ 

to 
FIELD DATA 

Operator 

Heter No. 

n. 
Vb 

Ambient Temp. 

Barometer No. 

_r^(c_ 
- f 
•c 

Probe Length_ _2_
Sample Point r*rt /'^Al SIAI\K^ 

Initial Leak @ ________"llg - _______cira 

Final Leak @____2_____"Hg - _______1» 

Baro. Pressure Pb ol\?TO "Ilg 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp *G 

1 s t 2nd 

Dry Gas 
Temp •§ (T 

I n U t Outlet 

Dry Gas 
Meter 

Pressure 
i n . 11,0 (P.) 

Remarks 

< * ' ■ % 171.0* o.x > _ _______ 7* _______ 

!Z.'«rV 11°? ,QQ & . * *l ______ _2_1 i-JX 

i 
ro 
cn 

£•->, / /TJ- . -To y __£ SL ZJe _£°_ U
!______ (72. IX _______ X i2L _£i i___ 
LI__£ nrf ^ o.x y ^3<o I± 
13'. + * 3.o4. yy _______ S± LU ZL LL. 
i >w) 3 I 0. /0 b. X LL tlb XL _/____. 

4 ? / y ■? / ? , /o AJL _______ ilk X4. ______ 

4c . o-^ <-

v Dry (Pas Hater 
■ " Calibration Factor l,hb(<7 x 40.05" - 4b./( 

r*,'* 
T/C x  | + 32  T , T 

^ . J ? 
Vmiit - 17.65 V. (-Vr#) - U . « . ^ . (ffi.ffi) MA standard liters 

X ,./5 



gH^outhem Research Institute 
Binrangharn, AL 

Plant Bailly 
COC FORM - Mercury 

DjtiSL 

7 - 5 - - < T ? 

Project Number: 
7960.11.6 

TestNumben 
? 

LoM&mi 
INLET (U8) 

Description 

Pair#l Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

B A-8070 
B A-8071 
13A 9/fl*7? 

-BA-8-8-73 
•BA-3-8-7-4-
BA-8075 
'iJA-UU/t*-

Volume Comments 

flwfrk^ n./~ 

TrainPrep-redBy: , / 
Af. 5rtLXL(«_, 

Train Relinguished By: 

Train Received By. 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date 

Date 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time 

Time 

Time 

Time 

Time 

Time 

Time: 

Time: 

Time: 

Time: 

G-255 



■■j Southern Research Institute 
Bimungharn, AL 

Plant Bailly 
COC FORM - Mercury 

/_____. 
C. 
7Y<>3 

Project Number: 
7960.11.6 

Test Number: 

Location: 
STACK 

Description 

Pair#l Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

B A-8063 
"O A MCMZA 

*n A.vriKZ 
_3AMoUOO 
TO A . f l n £ 7 , _jj__« 8 U 0 / 
B A-8068 

-BA-3069-

Vohime Comments 

:'Vc< _)t>W». _.; .< -̂J— 

Train Prepared By: 

fl 5tx\.li. 
Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date 
9 - * - « ■ > : ? 

Date 

Date 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time 

Time 

Time: 

Time 

Time 

Time 

Time 

Time 

Time 

Time 

 G256 



Job No. 

Job Name Aiii 
7*

Run No. / Hfl'Tv^r 
Location SAr It $Ls,l<L 

Date __J___£__A2 

Hs 
FIELD DATA 

Operator A t • 5h& OL 

Heter Ho. l/ft - I 

Ambient Temp. *G_ 

Barometer No. 

Probe Length. 

Sample Point olh* (C 

Initial Leak @ ^ > "Ilg - O elm 

Final Uak @ "Ilg - elm 

Baro. Pressure Pb Ja2_________."',8 

i 
ro 

Clock 
Time 

1 

Dry Gaa 
Heter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
ln. Ilg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp *C 

1st 2nd 

Dry Gaa 
Temp *C 

Inlet Outlet 

Dry Gaa 
Heter 

Preaaure 
In. 1I20 (P.) 

Remarks 

„ Dry Gas Heter 
v
» " Calibration Factor 

->*. ♦ 
l_„, - 17.65 V. 

_____ 
13.6 

V C x -| + 32 - T,*F 

1_ ♦ 460 - 17.65 x 
» ( 

13.6 
♦ 460 ) 

standard liters 



fo 
FIELD DATA 

Job No. 

Job Nome £L__ ¥-
Run No. / Sfl'Tot*? 
Location XAdd tfLs, 1<L 

Date ___i___£__j__3 

Operator 

Meter Ho. 

At-

tffi 

Ambient Temp. ' 

Barometer No. 

XtxsisL 
W 
0 

Probe Length_ 

Sample Point Slh^lC 

I n i t i a l Leak <_ ^ J _ _ " H g - O elm 

Final Leak @ "Ilg - elm 

Baro. Pressure Pb _2___________"Hg 

Q 
i 
ro 
cn 
oo 

Clock 
Time 

1 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Ilg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp *C 

1st 2nd 

Dry Gaa 
Temp *G 

Inlet Outlet 

Dry Gas 
Meter 

Preaaure 
In. 11.0 (P.) 

Remarks 

| 

u Dry Gas Hater 
■ " Calibration Factor 

- i7-65 v- h j / i i o 6 - "■ 65 x 

1,'C x - | + 32 - T.'F 

( UEL) _ standard l i t e r s 



Job No. 

Job Name ____>; f \ 

Run No. (_ 
r

IhXons

Loca t ion _]Z._K \QJ\ 

Date ? - _ T - ? ? 
M/sfc 

ft 
FIELD DATA 

Operator M. S'ttSfl— 

Heter No. 7 / - V ("2-

Amblent Temp. *C 

Barometer No. 

Probe Length_ 

Sample Point SICK^ C 

Initial Uak @ ___2_______"Ilg - O elm 

Final Leak @ "Hg - elm 

Baro. Pressure Pb ________£_L_"Hg 

Q 
i 
ro 
oi 
CD 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp *C 

1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Meter 

Pressure 
In. ll20 (P.) 

Remarks 

y Dry Gas Heter 
v
" " Calibration Factor 

'».,.  17.65 V_ l_ ♦ 
13.6 

__ ♦ 460 ) 
- 17.65 x 4 

I,'C x -| + 32 - T_*F 

13.6 
♦ 460 ) 

standard liters 



Job No. 

Job Name j)c\ .f l 

Run No. 2 
¥~ 

fflft/lb 
Locat ion JA{^7~ 

D.O _£________ 

A 
FIELD DATA 

Opera to r / V . . Xf\.l /<_ 

H e t e r Ho. ' 7 / - Vf ("2-

Anblent Temp. *C 

Barometer Ho. 

Probe Length X 

Sample Point S.'gS. ptbvT 

Initial Leak @ __Z____"«8 - O c l n 

Final Leak & «? * "Hg - 0 elm 

Baro. Pressure Pb r̂
C
?.

c
f'o "Hg 

Dry Gaa 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
In. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp *G 

l a t 2nd 

Dry Gas 
Temp »f f 

I n l e t O u t l e t 

Dry Gaa 
Hete r 

P r e s s u r e 
l n . HjO <PB) 

Remarks 

121, fb e».r s* z3z 3£L LA 
4Z + .JD O.X X4 _____ 71 Let

to 
i 
ro 
co 
o 

9'2fc +2l.l<D O.X zh _Z2_ U. 
Tj.ll 4t*\ .Uo i_____L Lx 

a__ ___& 7i£ U
KU *L 1 ^ o i___jl . 4 ^ _______ IX _____ 

V4/ 4 3 ^ . kb p. J* 7 __• 2k ____2_ Xa. 
A_j_A <f?7. tr. <D.^ IA 2K _2_L 
7iXI _£I_1__J__L iX_5l Z __lL __Z__L !___

_i__L__ ffi, Cg o.S ± 7,"b«- _Si. Li.. 

a. ..2 3 V- 7 J V 

y Dry Gas Heter 
■ " C a l i b r a t i o n Factor 

,11°U> x * C & 3  e^O.cgf V O x | + 32 - T / F 

- 17.65 V. 

*9.*"7 
'•♦■nfff 

T. ♦ 460 
- 17.65 x _-?*..a. i (____t_4_L__13____) - /% C s t a n d a r d 11 

*1X.H * 4 6 0 ' 
<?X.l\ 

t e r s 



Job Ho. 

Job Name fjt\ilf^ 

Run No. 7 

Locat ion - / o l . T 

BR' 
f)/uL 

-To-7 f 

_-„f d.v 
Date I?*)? 

1*3 
FIELD DATA 

Operator />1 . St\.Q^(sL_ 

Heter No. 7 / - \ / f 2* 

Ambient Temp. "C 

Barometer No. 

Probe Length X 

Sample Point ff/*6ti*f fl'.ss 

Initial Leak Q £X "||g . 0 elm 

Final Leak & 0/ S "Hg - O elm 

Baro. Pressure Pb ^ • ^ 'Hg 

o 
I 
ro 
co 

— - — I I I — - — -

Clock 
Time 

J/o'.rt 
b.' tn 
I 

Dry Gaa 
Meter , l i t e r s 

44<2..TK 
SI 1 .70 

Rotometer 
Reading 

£).X 
b.s 

Pump 
Vacuun 
i n . Hg 
Gauge 

if
<A 

Probe 
Temp. 

Q3* 
zn 

Condenser 
Temp *C 

1s t 2nd 

Dry Gas 
Temp *4EC f 

I n l e t 

J© 
?l 

O u t l e t 

Dry Gas 
Hate r 

P r e s s u r e 
I n . Ila0 (P . ) 

/ . » 

/ . . 

Remarks 

-

-

| 

(*Z?\ -" rx.x 
V-- tofSriXXSStor . W ^ X 127.1 - /J/I7S VCx 1 + 32 - V F 

Vmitt  17.65 V-
•*»*♦ 

1_ ♦ 460 
±ii£- - 17.65 x / J ^ . l ^ x ( - - - _ - - - - - « _ _ . ) - I3&.S standard l i t e r s 
460 ; \ o y ^ t 4 6 o ; -1 y x r * 4 6 0 



Southern Research Institute 
Binningham, AL 

Plant Bailly 
COC FORM - Mercury 

______ HXHL Project Number: 

Location: 
7960.11.6 

TestNumber; 

OUTLET (U8) 

Description SRI Number Volume Comments 

Pair#l Charcoal 
_-_if-#2 CharcoaL 
_L_ir#3 Charcoal 

jPair M Charcoal 
P__r#5-€h_rcoai 
Field Blank - Charcoal 
Trip Blank - Charcoal 

BA-8091 
—BAroD92 

BA-809> 
-BA 809-1 
B A-8095 
B A-8096 
B A-8097 

Train Prepared By: 

Train Relinguisbed By: 

Train Received By: 

Train Relinguisbed By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: _ 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date 

Date 

Date 

Time 

Time 

Time: 

Time 

Time: 

Time 

Time 

Time: 

Time: 

Time: 

1 

G-262 



Job NO. '7*960,71<6> 

Job Name A wcccy 
Run No. iJ%7n3 fdf-tMf) 

Location 71/7/7" ^ ac7rZ7^T~ 

fo 
FIELD DATA 

Opera to r 

Meter No. 

TS^> 
77^Xt>€> 

Ambient Temp. "C 35 

Barometer No. 

Probe Length_ 5 S 

Sample Point 77 f? 0*^ 

Initial Leak Q / *f "Hg - D, OQcXn 

Final Leak & 7%" "Hg - d.&n elm 

Baro. Pressure Pb £.4. 3 "Hg 

O 
i 
I-
O 
to 

Clock 
Time 

ton 
Mr 
totl 
l(OH 
Il0°\ 
{((^ 

lit*) 

(iff 

ntf 

Dry Gas 
Meter , l i t e r s 

792.3^0 
itHAo 
l*7.3< 
1*1.1$ 
tfZ.n 
Met* 
711.0 
ntp 
XIOL IO 

Rotometer 
Reading 

AH**-

S3 
n 
n 
<?3-

5?S 
J?3 
5?S 
J?* 
s»a 

Pump 
Vacuum 
i n . Hg 
Gauge 

r.9 
<f<T 
y? 
^f 
y?-

-̂? 
#7 
î rSr 
4? 

Probe 
Temp. 

Z<7<f 

2l<7 
zi<i 
zH 
ZV<4 
z<N 
aw 
2M-

-z<W 

Condenser 
Temp *C 

1 s t 

\ 

1 
\ 

j 
1 
I 
\ 

\ 

^ 

2nd 

\ 

1 

) 

Dry Gaa 
Temp *C 

I n l e t 

,?_r 
3X 
35 
ZS 
3& 
?£> 
2t£* 
3te 
3<£> 

O u t l e t 

\ 

/ 

\ 

Dry Gaa 
Meter 

P r e s s u r e 
l n . H20 ( P J 

■~l.o * 
I 
' 

Y 

1 
Remarks 

<D 
_r 

/_> 

rx 
_?o 1 
___c 1 
P b 
j r 
4o 

(tM <- JK aor-6(= est*^ 

y Dry Gas Heter 
■ " Calibration Factor ,73* 

pb ♦ 
V.fU - 17.65 V_ 13.6 

__, ♦ 460 

3fX 

i /W - 11. % V C x | + 32 - V F 

- 17.65 x / 7 . H x ( - ^ - - - ^ - I S l l l j - IL1 standard l i 

/ VI 

ters 



Job NO. ' '7£f60r/7. 6> 

Job Name / ^ T T Z f e T V ? . Sfct^o, 

Run No. (J8M3LK I*'***

Loca t ion 7/A3iT / 3 0OT7s&r 

i/*7*z Date 

fo 
FIELD DATA 

~^so Operator_ 

Meter Ho.____Y__2__£_£_ 

Ambient Temp. "C_ 

Barometer No. 

?£ 

Probe Length_ 

Sample Point_ 

3 7 
A)7A 

I n i t i a l Leak @ }£> "Hg - £>.&<£> elm 

Final Leak @ "Hg - elm 

Baro. Pressure Pb ___________,1Hg 

■ 
1*0 
•Ji-

1 Clock 
8 Time 

\n<& 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 
•c 

Condenser 
Temp *C 

1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Meter 

Pressure 
in. H20 (P.) 

Remarks 

1 

v Dry Gas Heter 
■ " C a l i b r a t i o n Factor 

Pb * 
VKt4 - 17.65 V_ 13.6 

Tm ♦ 460 
- 17.65 x ■ ( 

Vc x T + 32 - T / F 

13.6 
+ 460 * ) 

standard liters 



mm Southern Research Institute 
Binmngharn, AL 

Plant Bailly 
COC FORM - Mercury 

Datej_ 

ifebi 4 
Project Number; 

Location; 
7960.11.6 

Test Number; 

3 
OUTLET (U7) 

Description SRI Number Volume Comments 

Pair #1 Charcoal 
■fair #2 Charcoal 
^air#3_(_b___-oal-

PgjiJ-uCharcoa.-

EairJ5 Charcoal 
Fi»H Rlanlr  Chn

r
"
r
"4

Irip-Bl-jik - Charcoal" 

B A-8077 
R A-8078 
BA 8079 

_BA_I1Q80 
—. RA- 80SL_ 

-^A-8082 
-_n*_=*808-T 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time: 

Time 

Time: 

Time: 

Time 

G265 



Job M». W&O.lt.d. 

g, wtci y Job Name_ 

R«n No. l)lM3 {SAZntt) 

Location UV.T 7 fiuVL&T^ 

D.t. f/V/93 

fo 
FIELD DATA 

Operator, ~S$o 
Meter Ho. A/&*> && ^ s r " 

Ambient Temp. *C / / 

Barometer No. 

3 Probe Length 

Sample Point Q 7 Oof 

Initial Leak Q f J "Ilg - -t?,o<> elm 

Final Leak & I Z> "Hg - ____£___clm 

Baro. Pressure Pb ___?_̂ _|____"llg 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Temp. 

Condenser 
Temp *C 

1st 2nd 

Dry Gas 
Temp *C 

I n l e t Outlet 

Dry Gas 
Meter 

Pressure 
ln . ll20 (P„) 

Remarks 
Br~ C^">7 

/3fe 114*. 37- A± JUL 2H1. 11 7.0 o 
m? Mf&O M. £L Mb LL AA < 

■ 
ro 
co 
o 

/3#> rfSo.tp JL± £SL <?</3 ll £D_ fo 
Wi 74f?,l£ Z>,$ Xl£L 2<7S JL AQ. IS 
il6y IH&ll o,$ AJL 2M2L J± l>c> =?o 
i$& Mt>l~ A___. _̂ _1 ii _______ 2S 
I3QV iHGonu Q><7 6,2 MJL M. io 3t> 
Ho* /<7Q^IK Lk± _4_i. Ml. AL 7o 3$ 
i__i2__ ULJeSlL, OS MS 0L( AO_ to 

^t.^L /T.

V- - CafHrtll^lltor >V * . IkJ^L.  _/_>£_ VO x | + 32 - V F 

V„ttt - 17.65 V. 
* * ♦ P. \ 

13.6 
Tm ♦ 460 

V\tf 
^,'^*46o'6 ) " / ^ ^ atandard l i t e r s 

(fit. I ' 

szLn 



■ H Southern Research Institute 
Bimiingharn, AL 

Plant Bailly 
COC FORM - Mercury 

PateL 

Location: 
■Hs/ii 

Project Number 
7960.11.6 

Test Number: 

OUTLET (U7) DEL 

Description SRI Number Volume Comments 

Pair #1 Charcoal 
Pair #2 Cliarcoal---

.Pair m Charcoal 
-Paii M Cliaieo-1-

__a_H^5-€h_feea_-

^Field Blank -€harcoaL 
Tiip Dl-uilc Cliarcoal 

B A-8084 
_____BA-«e85-

-BA--8086-

_BA-S08£---
B A* 8088 

-BA--80-3Q-. 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date 

Date: 

Date 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Time: 

Time: 

Time: 

Time 

Time: 

Time: 

Time 

Time: 

Time: 

Time: 

G-267 



,? 
FIELD DATA 

job M- *79Aa/i& 

Job H„-,B /%#*£. iTf 

^LiCU7 

Q 
i 
ro 
CO 
co 

Operator_____________ 

Probe Length___̂ _____̂ f__-_--̂  

Sample Point. Z^______^_-_-

Job Name &sjrre.cf —— / } / / / / 
Run ,, ,)#*1J>*,Z /*.■**? Heter _,.. V ^ V -

Loc»tio„__L^X-__^___l_ table"t Te"- Y - 2 ^ 4 
y - 7 / s / r ' ? Barometer No. 

aamp-- _-»-»•- *-_-— 

m i t i a l Leak <§ J ^ L " ' * - -A-3_?- l r a 

Final Leak <L____J_"»« " - ^ ^ l m 

Baro. Pressure Pb __l_12_-__",,e 
Date 

Clock 
Time 

St 
, / ^ f e _ 

/«tel 

Dry Gas 
Meter, liters 

__Z__S1_-! 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

2A1£ 

m 
\k>oi 

336f /Q 
__^>7^ 

pry Gas Heter JJX£ * j£LlZL ~ J l ° ^ T»'C * I + 3 2 " T - ' F 
v» " CaJibration Factor 

P t > * 
Ymnt - 17.65 V. 

______ 
13.6 

J*-, ♦ 460 
- 17.65 X 

**
f
LL.\ 

,i> «r-._ ( 55__>___L__XX - 1^1, Z standard Utera 
1&XL.* Un.n*46" ' 



IBB Southern Research Institute 
Binnrngharn, AL 

DJUSL 

Lscgium 
'$/* 1/13 

Project Number: 

Plant Bailly 
COC FORM - Mercury 

7960.11.6 
Test Number: 

BLANK 

OUTLET (U7) DEL 

Description SRI Number Volume Comments 

Pair #1 Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

BA-8112 
BA-8.13. 
-BA-8U4 * 

—BA811S 
-BA-S-ttfr 

-BA-8118 

Train Prepared By: 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date-

Date: 

Date: 

Date: 

Date: 

Date 

Date 

Date: 

Date: 

Time 

Time 

Time 

Time 

Time 

Time 

Time 

Time 

Time 

Time: 

G-269 



Job Name_ 

Run No. 

tf> 

Job No. -/v-7- ZK2^ 
FIELD DATA 

. ^frCTTf Operator "X^X^> 
Al "bit {TMm) Meter No. ? / - l / / 

Location '/ _?_/ 

Date ^ 7 / 4 5 
Ambient Temp. *&_J^OJ_J£L 

Barometer No. 

^A 
Probe Length 
Sample Point ^L^CUr&L

Inltlal Leak Q A / 9 "Hg - <£P elm 

Final Leak @ "Hg - elm 

Baro. Pressure Pb __tf____2__"llg 

Clock 
Time 

Dry Gas 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
In. Hg 
Gauge 

Probe 
Temp. 
•C 

Condenser 
Temp *C 

1st 2nd 

Dry Gas 
Temp *C 

In le t Outlet 

Dry Gas 
Meter 

Pressure 
l n . H20 (P„) 

Remarks 

JSSX. ___£__Z£. 93. _ _ _ 44
W f# JuL 

ro 
o 

list c\<IC7f 3 hr UL hi 
M l a«4S,>r ii \ . < ill J_i 
Hi Otlto'HL 1 1 \Y _______ \Af 
frn ^idc.'Xh UL hr L%L k< 
'XX 313fc '^ *3 i.r id LL 
tSif Jj^f/< St +<L JUL AJ. 

HTM ta.sn 

v." toflZStii'tZtor ^ ? r ^ x flTi - / 7 7 . i y y C x -| + 3 2 - V F 

V ^ - 17.65 V_ 
i_ ♦ 

3 _ * 

P - ) 
13.6 
460 - 17.65 x 177 XX x (• 

//2..r*7 + * 6 0 ■)  / ^ . 3 standard liters 



■ H Southern Research Institute 
Birmingham, AL 

Plant Bailly 
COC FORM - Mercury 

Datei 

V r - *, 3 
Project Number; 

7960.11.6 
Test Number: 

7 
Location: 

STACK 

Description 

Pair #1 Charcoal 
Pair #2 Charcoal 
Pair #3 Charcoal 
Pair #4 Charcoal 
Pair #5 Charcoal 
Field Blank - Charcoal 
Trip Blank - Charcoal 

SRI Number 

BA-8098 
_s__"ouyi— 

-BS^fl3T~ 
-BA-S-iOr 
B A-8103 
BA-8104 

Volume Comments 

& ŝ Av t-.^v--

Train Prepared By: • 

Train Relinguished By: 

Train Received By: 

Train Relinguished By: 

Train Received By: 

Samples Recovered By: 

Samples Relinguished By: 

Samples Received By: 

Samples Relinguished By: 

Samples Received By: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

Date: 

tf'.ro&M 
Time 

Time 

Time 

Time 

Time: 

Time: 

Time: 

Time: 

Time: 

G-271 



Job Ho. 

Job Hame .9 a .'//_■ 

Run No.__/ f(\ fijxXh 

Location vJfc._.<f Bk* fC 

Date V r - ty j 

ft 
FIELD DATA 

Operator /v?, SAK/K 

Heter Ho. ^ 0 - 7 

Ambient Temp. *G_ 

Barometer No, 

Probe Length 

Sample Point / f QI.A fc 

I n i t i a l Leak @ <2 3 "Hg - 0 elm 

Final Uak @ "Hg - clra 

Baro. Pressure Pb o?/. t*f~- "Hg 

O 
i 

ro 
ro 

Clock 
Time 

1 

Dry Gaa 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
in. Hg 
Gauge 

Probe 
Tenp. 
•c 

Condenser 
■ Temp *C 
1st 2nd 

Dry Gas 
Temp *C 

Inlet Outlet 

Dry Gas 
Hater 

Pressure 
ln. 11,0 (P.) 

Remarks 

y Dry Gas Heter 
v
" " Calibration Factor 

v.t - 17.65 V. 
* . ♦ - & • -

13.6 

V
c « T + 32 - V F 

J_ ♦ 460 - 17.65 x 13.6 
♦ 460 ) 

standard lltera 



Job Ho. 

Job Hame _9ct'f/ 
f~ 

Run No. 2-

Location Jf^.^/7 

Date 7~ *~ °7 3 

fo°ir 

fo 
FIELD DATA 

Operator pi. 5"-ha?./o_ 

Meter No.____/$____/ 

Ambient Temp. *C_ 

Barometer No. 

Probe Length 

Sample Point P,rf r'w> *Li.{fo.tS 

initial Leak @ J?______"llg - _______clm 

Final Leak & <£ ? "Hg - 0 elm 

Baro. Pressure Pb *? *). *r_) "Hg 

Clock 
Time 

Dry Gaa 
Meter, liters 

Rotometer 
Reading 

Pump 
Vacuum 
In. Hg 
Gauge 

Probe, 
Temp: 
••v 

Condenser 
Temp *C 

Dry Gas 
Temp '<6 7 

5t?\ U 
_ _ / Gas / J e d . 

CaJibrat iou Factor v . - cJi%GJL^TJt0r Jb&HL x ______!__ - _______!__. v o x I ♦ M - v r 
3VH 

■/.,,„ - 17.65 V. 
P* ♦ 

Dry Gas 
Heter 

Pressure 
In. 11,0 (P.) 

r_ ♦ 460 

P \ 7 0 
W - 17.65 x * M x ( ^ ^ T p r ) - tf»_-3 standard l i t e r s 

'T7 /39 + 46o 

Remarks 



( 

Appendix G6 
Dilution Train Field Data 

( 

( 

G-275 



V/-I6rfc_ _L OV 3 -

METHOD 5 FIELD DATA 

Pilot Coefficient, Cp s 1st Filter. 
Nozzle ID. Leak Rale. cfm. Pretest Q,0O 
Average Nozzle Dia., Inches Leakrale. cfm, Post-test 
Barometric Pressure, in. Hg 2nd Filler (if used): 
Ambient Temp., deg. F Leak Rale, cfm. Pretest 
Assumed Moisture, % Leakrale, cfm. Post-test 
Filler ID 
Slack Pressure, In. IL20 

GAS METER START, cf: 7-C? - 5t>Q GAS METER END. cf _ 3 A 1 L Q J 
START TIME /_?/C END TIME ■ lb\\r 

Clock 
Time 

Travese 
Point 

Number 

Sample 
Time 

0 
/r 
yo 
K 
bO 
\<r 
Id 
H< 

Vacuum 
h\. Hg 

U< 
lo><-f 

lff'h< 

H< 
t*r 
\rl< 
(t,±< 
UK 

Slack 
Temp 
deg. F 

1 

. 

Pitot 
DP 

in. 1120 

j 

1 

1 

Orifice 
DH 

in. 1120 

I'll 

\ 
\ 

1 
V 

Meter 
VoL 
cf 

7rz-r 

~fbl.(p 

VI, 1 
?0<3 
^7.3> 

io).r 
VlS'tf 
1*4*0 

Tempera 

Probe 

ures (deg. Fl 

Filler 

1 

I 

Sorb. 
\ 

i 

bnp. 
Outlet 

i 

DCU 
in 

If 
<eU 
u 
(p(p 
bl 
(ol 
67 

£7 

DGM 
out 

, 

Total Max Avg. Avg sqrt Avg. Total Avg. Avg. Max Max. Avg. Avg. 
I 1 I I ^ I I I I I I 

Plant/Location ifl-y,' I (<j 
Operator "ft-G^ ' 
Dale f A / f ? 
Test No./fftm No. M MS I - OU } 
Meter Box ID A/cJe^L -JA 
Gas Meter CaiL Factor 
Oiifice ID 
Oiifice DN3* 



T 2 - c_- I -J--

9 
I-b 
CO 

Method S Field Da 
Clock 
Time 

Travese 
Potot 

Number 

.a Continued Dale 
Sample 

lime 

_>C 

If 
y> 
4r 
k? 
/ < 

Jo 
H< 
led 
\ < . 

> 

•fr 
IQ€ 

) < 

30 

Vacuum 
iii. Hg 

(e£< 

<e-l< 
^ < 

uS 
£.zv 
_7-dl 

bJ< 
b-Xf 

\o.i< 

ioO 
lo<0 

\o-0 
j_<o 

t'D 
l,o 

Slack 
Temp 
deg. F 

I 
' 

Location 
Pitot 
DP 

in. H20 

f 
/ 

/ 
1 
I 
! 
i 
1 

J 
i 

1 
Oiifice 

DH 
in. H20 

U? 

\ | 
i 

/ 

ton No. Mfflfl 
Meter 

Vol 
e l 

?3i|> 
8V-/-7 
ST>~-> 
#r./ 
W-fe 
?**>'• 7 
ffM 
ft>&4 
lit* 
IM 
wt 
fV?V 
</r7-k 
f*7-f na 

Tempera 

Probe 

\ 

| 

-A'/ ; Operator L ̂ 
Lures (deg. F) 

Filler 

I 

Sorb. 

, 

bnp. 
Outlet 

I 

DGM 
in 

(ol 

(el 
U 
Cr* 
li 
7^ 
7? 
7} 
7? 
72 
-7? 
12 

7 * / 

i< 

DGM 
out 

\ 

1 



I «•)■ 3 o I £

a 
i 

ro 
CD 

Method 5 Field Data Cbntinued. Dale 
Clock 
Time 

Travese 
Point 

Number 

/ 

v 

Sample 
Time 

>\< 

Uo 

Vacuum 
ui. Hg 

LC0 
£>.o 

Stack 
Temp 
deg. F 

1 

1 

Location 
Pitot 
DP 

in. H20 

• 

/ 

i 

\ 
* 

1 
Oiifice 

DH 
ill. H20 

W3 

J/ V 

. 
1 

tan No. lAl 
Meter 
VoL 
cf 

?«y> 
IWn} 

m ft 
Tempera 

Probe 

J 

i 

i  o,z; Operator ~fr u 
Lures (deg. F) 

Filter 
* 

\ 
\ 

! 

Sorb. 
/ ■ 

I 

hnp. 
Outlet 

1 

MM 
hi 

1< 
7f 

DGM 
out 

\ 

i 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant ______ / / 
X

Sampling Location T) X t

Set Up By
 t
__0/~D*"> 

•Al SI <" Conaents 
Analyst Responsible f o r Recovery 
Calculations & Report Reviewed By 

_>.r/«_f U.,,T 7 
Date MlOCrlte 

Run No. _ 
Run Oate 

Report Date 

FILTERS USED 

F i l t e r No. 

Sorbent Trap No. H5*JOt~ £~S~ 76 

Condenser No. 

Used 
(Yes/No) 

__________ 
Prepared Container 

(No.) 
10 n , 

5 * 
2.0 ft 
1.0 V. 
0.5 * 

IMPINGER SOLUTIONS: I n i t i a l Final Gain 
First 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

/Mfs.a 
&**.* 
Z72.1 

*5t..Q 

— 
■ — 

9 
1 
3 
S 
<J 
3 
q 

*s8.X 
0>5t>,7 
JT73.I 

460,7 

\*rf 
f&4 

_2__t. 
2 . 

SILICA GEL WEIGHTS: I n i t i a l Final 

WSil 816.3 J
J

k*$'° 

Totals 

•____?' v ^ 
> 

COHKEHTS: 
Color of Si l i ca Gel: 
Description of Inpinger Water 

J
' & ■ 

At ^ 

G280 



Run Sheet for the 

Plant Name 
Run ID 
Date 
Operator 

Bailly 
"BLOtL 
82793 
Randy Merrill 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

— "H20 
— "Hg 
— > 

1 Leak Check: 
1 Leak Check: 

Entire System 
Sample Gas 

1.0 "H20/min @ 100" 
— _.P(sample orifice) 

Time 

/t>y 9 
IftP, 
J/cV 
un 
1/7.1 
/fv> 
1(57 
/■UT 
W?o 
(V& 
/ * * » 

&? 
f&t> 
im 

System Pressures 
Pitot 
AP 

—_ 

— 

— . 
— 





. — 

— 

8ampt« 
Orifice 

AP 

— 

— 

— 

— 

— 
—— 
— 

— 

— 

— 

8«mpl* 
Orifice 

P 

O 
— 

— 

— 

_ 

— 

— 

_— 

— 

— 

FHter 
AP 

_.? 
z.°i 
Z.y 
Z7 
« . • ! 
M 
Z°t 
2.1 
t.c\ 
27 
ZA 
M 

in. H20) 
Total 
Flow 
Orif 
AP 

o.v>, 
0.3* 
0.*ft 
DM 
© . * $ 

ow? 
0?? 
0.33 
0&, 
&.>5 
o.n 

Dil. 
Orif. 
AP 

o.?t> 
o.&> 
f>.&> 

0.8t? 
o.Sb 
o.fc 
(>.to 
0>*> 
D&> 
V& 

0fa 

Dil. 
Orif. 
P 

 3 
J* 
?• 
 ^ 

~ \ 
$ 
 > 

J 
 3 
O 
3 

p.yy \o.\v\5 

Flow Totalizer 
Flow 

_ 

— 

— 

^ 

— 
— 



— 

Total 
Volume 

(13) 

— 

__ 

— 
— 

—. 



_— 

__ 

— 

System Tom 
T1 

Stack 

— . 

— 

___ 

—* 

_ 

— 

—« 

— 

— 

 " 

T2 
Probe 

/6S" 
IHo 
M 
tV? 
n*' 
ni 
in us
171 
m 
i*t 
(5l 
117

We 

T3 
.Sample 

' Orifice 
Heater 

170 

tv 
177 
m 
in 
17/ 
(10 ' 
ni 
ibi 
/_,2_ 
iht 
l Co 
I5J 
/ 57 

T4 
Sample 
Orifice 
Gas 

no 
m
/ _> _ 

w 
1 XI. 
I?l 
1*1 
fX

f 

(7? 
Ill 
11/ 
no 
*£>7 
\ki 

T5 
Cone 
Inlet 

to? 
I*? 
't>? 
/oz. 
I*L 
9? 
7? 
V 
91 
V 
99 

iZ 
?7 
97 

peratures (°F) 
T6 

Cone 
Exit 

/ * / 

lo( 
(07 
<*7 
75" 
93 

2* 
Iv
?v 
?* 
n 
J¥ 
to 

T7 
Outside 

Wat) 

loo 
loo 
«?? 
97 
9_r 
?5 
n 
9<4

Y¥ 
?3 
V 
p 
h 

T8 
Diluted 
Filtered 

Gas 

tO2. 

10L 
tot 
9* 
yb 
n 
n 
?* 
?</ 
V 
9r 
?fT 
?9 

9? \?z W 

T9 
Dilution 

Air 

J9 
?* 
* > 

?/ 
1? 
X8 
?9 
t? 
Jo 
JO 
I* 

\° fo 
n 

T10 
Ambient 

Air 

?> 
?* 
7? 
9«T 
f> 
?* 
n 
9X 
97 
17 
i<? 
?

r
/ 

?t 
96 

PM10 Dilution Train 

(ToU) 6><hou*t 
ViluA**

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

Jk± Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 

ir0.0413 
It 

Pitot Cp 
Nozzle Diameter 

. — 

file:///o./v/-5


TT 2
Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 

?2793 
Randy Merritt 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

Run Conditions 
AP dud (static) 
Barometric Pressure ?.

(
i.'_7"HpT 

"g" scaling factor 

H20 

"H2Q/min @ 100" 
AP(sample orifice) 

Filter ID 
Postweight .(gms) 
Preweight (gms) 
Weight Gain (gms) 

Pitot Cp 
Nozzle Diameter 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

in,H2Q) 
Dil. 

Orif. 
AP 

Dil. 
Orif. 

P 

Flow Totalizer 
Flow Total 

Volume 
<R3) 

T1 
Stack 

T2 
Probe 

T3 
.Sample 
Orifice 
Heater 

System Tern 
T4 

Sample 
Orifice 
Gas 

T5 
Cone 
Inlet 

)eratures (°F) 
T6 

Cone 
Exit 

T7 
Outside 

Wal 

T8 
Diluted 
Filtered 

Gas 

T9 
Mutton 

Air 

T10 
Ambient 

Air 

~mt 7SF 2.7 _2_3__ ____£  3 ______ UL _____ 
$ 

_____ __5_ _2_2___ ZL m*. _X ___*__ a & :___ Z2Z ___]__ ILL LL. 
W Z£ 92- _____ 

__22_i z£_ &2L o.h> _____ IM. ISL _____ _____ U _t_L 2Z 
Ml ___? b& ______ __3 Ln Bi. U3 n. _____ _____ £___ 9> _____ 
13* t> ______ * _ _ * JtL  * 111 19 ■iILL n. 2___ _____ Sd. I 2Z 
13)9 
TM. _____! <?33 . * . #  3 i_Z__.  5 /_,___. 1_L i___ £ _£__. _£ 

1_L ______ ____*  3 / &  /££ ______ __2_ ____ ____ I 1L %
7X77 3.o 0.33 p.ft> / ^ £ 2 / ^ V L Itw ZL a 2t _____ 9 1 

5.D 0.3? O.gD 3 Z5S 757 _£__ _*__ 2_L ?s /<gy 
_^_X 3 . 0 c\3> & & .  3 ______ 4&_ /?7 ILL I0l u 2L * _ £C 2L 
J&z. b.p Q.32 Q.7P ? ax I$L ihk. _____ 2_i_ 2___ 2___ __£ 2__ 
/____i S . O A5>3 i__ 15 3 : = _ _ Z _ _ Z /22_ /£>7 iv I 2___ _____ 2_ ££-- ?4* 
\L3®_ &J2. _____! Q.& (7l_ l£L &% \lP7 ____ _____ _____ ______ 

/ y_ - j ; ff\r J O.tl 0W 1 c
p 9^ 

file:///lP7


V'/l-rfc. _. Ol- '«*? 

o 
I 
ro 
co 
co 

&i^ 
ME1110D 5 FIEU) DATA 

___ Pianl/Localion 
Operator __72s______2________ 
Dale $? / 2 7 / f? 
Tesl No./Run No. /LAUA^D/C-1^*-^^ 
Meler Box ID TJisTtzf* £

Gas Meier CaL Faclor 
Oiifice ID 
Orifice DII>_* 

Pllol Coefficient Cp 
Nozzle tt). 
Average Nozzle Dia., inches 
Daitimeliic Pi-essure, In. Ilg 2£LST 
Ambienl Temp., deg. F loO 
Assumed Moislure, % 
Filler ID 
Slack Pressure, in. 1120 

I si Filler. 
Leak Rale. cfm. Prelesl <_____? 
Leakrale, cfm, Post-lesl£__£> 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm Posl-lesl 

GAS METER START, cf:______[i_V_3_ 
START TIME /(of 

GAS MEIER END. cf 77)7) % - - ^ ^ 
END TIME ■ / £ < < ? 

7 f ' A '̂ 

5 # 

Max. Avg. Avg. 

i 71i 



'(] < _ _ _ . i JMM5 ZX / ^ ^ 
Method 5 Field Da 
Clock 
Time 

Travese 
Point 

Number 

la Continued. Dale 
Sample 

Time 

(DO 

ir 
3o 

H< 
(oO 

If 

bo 

*r 
bo 

/ V 

JO 

t<r 
(pO 

If 

10 

Vacuum 
In. Hg 

f . O 

f.O 

to 

f.O 
f.o 

to 
u 
l o 

5.0 

11 
f , 0 

S<o 
'$<o 
4* 
5M> 

Stack 
Temp 
deg. F 

M 
W 
f-
W 
11 
M 
n 
|»l 

ii 
loo 

lot 
\x>X, 

\»l 
| » t 

M 

Location 
Pitot 
DP 

Ui H20 

tJ% 

i 
i 
i 

i ... 
1 

I 
1 
i 
i 

i 
i 
i 

i 

i 
i 

i 

* 
i 

i 

Orifice 
DH 

in. II20 

11} 

Run No. 
Meter 

VoL 
cf 

W3 
Wil 

HViJ 
W>L 
llf.f 
mn 
9oo<l 

mf 
fa* 

1V.D 

M\$ 
<fff,7 
1*11 
inn 
Wit 

Temper 

Probe 

1 

/ 
/ 

Operator 7< STCJ 
a lu res (deg. F) / 

Filter 

i ■ 
i 
! 
\ 

■ 

i 
i 
i 

i 

Sorb. 

,' 

/ 
/ 

i 

i 
i 
i 

i 
i 

Imp. 
Outlet 

] 

j 
■■ i 

i 
i 

1 

DGM 
U. 

(01

loZ

/o_. 

/ © - _ 

lot. 
loz

fot. 
/_>Z-

\OZ, 

fou 

[oh 
{01^ 

lo? 
[ ^ 
l*L 

DGM 
out 
i 

j 

I 

i 

1 
1 

j 
1 

i 

1 



i cu... _3. o.. _4~ 

Method 5 Field Data Conlmued. Dale 

i 
ro 
00 

Clock 
Time 

Travese 
Poml 

Number 

Sample 
Tune 

^r 
(oO 

Vacuum 
hi Hg 

u 
Stack 
Temp 
deg. F 

/Of 

» 

Location 
Pilot 
DP 

hi H20 

\ 

\ 

/k« 

Oiifice 
DH 

hi. H20 

K 5 

1 ^ / 
ton No. 

Meter 
VoL 
cf 

fur 
//Zff.ttf 

fad**. 

Tempera 

Pi-obe 

\ 

Lures (deg. Fl 

Filter 

\ 

Sorb. 

-

hnp. 
Outlet 

• 

Operator Tfc.i 
■ / ■ 

DGM 
hi 

\o\ 

DGM 
out 

j 
\ 

) 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 'fcalliyf 
Sanpling Location ~D. lit I 
Set up By YAJQC 

Cmints MM& 
. Oate A * /  * / » S 

Analyst Responsible for Recovery 
Calculation* & Report RevietMd By 

ywT] 
V_i_ 

Run Ho. 8LA/JK 
Run Date 

Report Date 

PI.T.P? "SEP 
Used 

(Yes/Mo) 
F i l te r Ho. 

Sorbent Trap Ho. H f^O  S T  / 7 

Condenser Ho. 

10 * . 
5 j i . 

/M-4 2-2.0*. 
1.0 K . 

0.S it. 

CTC-0M6S 
Prepared Container 

(Ho.) 

____________________ In i t ia l Final Gain 
First 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

4S0.6, 
£8f.Z, 
SI 8.3 

4XS.4 

„-

9 
9 
3 

9 
3 
9 

9 

H^A 
_____L_1 

_________ 
^ ■ 0 

9 

9 

9 

9 

9 

9 

9 

Ao>°\ 
— * ■ > *  ■ 

MM 
— 3'_. 



q 

q 

9 

9 

9 

9 

9 

SILICA GEL UEIGHTS: I n i t i a l 

$01.5 

Final 

* * * / . fc k L}OA 

Totals 

COHHEHTS: 
Color of Si l i ca Gel: 
Description of Inpinger Water: 

_ * l J « 
t° ^ 

G286 



V'/l Lr fc_ i . OV 3
MEIHOD 5 FTEID DATA 

Plant/ljocalion /Zw/cty' 
Operator ~~' 
Dale 

Pitol Coefficient Cp _ 
Nozzle ID. Wfr 

s°7A 

Test No./Rim No. PITH < bfi_ 2, &L, 
Meier Box ID AJi/Tet*' >f 
Gas Meter Ca'L Faclor 
Oiifice ID 
Orifice Dll® 

Average Nozzle Dia., Inches /-//*•" 
Barometiic Pressure, In. Ilg _£f,^=f
Ambienl Temp., deg. P 
Assumed Moisture, % 
Filler ID 
Slack Pleasure. In. 1120 

1st Filler. 
Leak Rale. cfm. Prelesl 0rQ 
Leakrale. cfm. Posl-lesl £ _ > _ 0 
2nd Filler (if used): 
leak Rale, cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

GAS METER START, cf: QblJttf 
START TIME 7/o7 

GAS MEIER END. 
END TIME • 

cf _276.f7? 
■ / * ■ 

y * 

X 
Clock 
Time 

Ti-avese 
Pohit 

Number 

Sample 
Time 

Vacuum 
In. Ilg 

r\ £LJ; 
/f 
3D 
if 
t o 

lo 
3<° 
).o 

30 
yo 

Slack 
Temp 
deg. F 

to"? 

! * > 

\» 

11^ 
IO 

Pilot 
DP 

hi. 1120 

Oiifice 
Dll 

hi. 1120 

/*Zi 

Meier 
t Vol 

lor 

frf*/ 
77.? 

# , f r 

? Q 

Tempera 

Probe 

£ 

ures (deft F) 

FUler Sorb. 

I 
Imp. 

Oullcl 
DGM 
hi 

it fi

fty 
HH 

iw 
)N 

UGM 
out 

i? JtQ_ Jl_k 104 *l 
JO 

tlis. 
3/0 

nr 
?.o 

ill i\i.*t 
w** \h\* 

111 
hi 

Total Max Avg. Avrf s q i l 
i i r~^ Avg. Avg. Max. Max. 

I l l l 
l i t 

Avg. 



Method 5 Field Da 
Clock 
Tune 

-

Travese 
Point 

N u m b e r 

i 

i 
■ 

i 
i 

i 

-4 
a Continued. Date 
Sample 

Time 

£-? 

/r 
j ^ 

•vr 
_,o 

/r 
5<? 

*-F 
4<7 

/r 
3o 

4r 
co 

/r 
> 

Vacuum 
iii. Hg 

3<* 
3/0 
J.o 
3,0 
3,0 

J.o 
3<o 
}<0 

}<o 
).o 
>° 
3 ,0 
}<o 
xo 
3/d 

ft^ 
Stack 
Temp 
deg. F 

I/O) 

f-7 

1<° 
11 
JOD 

N 
n 
Io) 
n 
[00 

tov 
\dV 

(°\ 
bv 
|ol 

Location 1 
Pitot 
DP 

hi. H20 

i 

I 

Oiifice 
DH 

hi. H20 

U > 

Pre Z # 6 / ^ 
M i No. 

Meter 
VoL 
cf 

l3o.<* 
137-7 

N*.l 
1*1 A 
M,\ 
n^L 
\%™ 
\ * * . < 

Ao?,7 
Z(i.y 

dai-D 
n\,L 

&*k>,4> 

foo,\ 
o\nn 

rempera 

Probe 

, 

j ■ 
1 

1 
\ 

Lures (deg. F) 

Filter Sorb. 

1 

Imp. 
.utlet 

1 

\ 

1 
j 

\ 

Oijcralor 7S-.1 
/ 

DGM 
hi 

\7Lo 

tl*> 
/7~0 

fjO 

/H 

in 
w 
/ ^ 

l^o 

111 
HH 
» 1 

/ / < , 

/'? 
H 

DGM 
out 

< 



I - 3 ' _ _ _• t L% piMi 2>--2- QUrtfL 
Method 5 Field Da 
Clock 
Time 

lYavese 
Point 

Number 

■ 

A Continued. Dale 
Sample 

Time 

Mr 
Co 

Vacuum 
hi. Hg 

Slack 
Temp 
deg. F 

[OO 

lO'U 

Location 
Pilot 
DP 

in. H20 

1 

] 
Oiifice 

DH 
in. LEO 

| , ^ > 

Run No. 
Meter 
VoL 
cf 

%.&1 
faffi 

■ 

Tempera 

Probe 
■ 

Operator 76> : 
ures (deg. F) 

Filler 

/ 

Sorb. 

' 

l 

bnp. 
Outlet 

*> 

DGM 
hi 

l(? 

-DGM 
out 

\ 

/ 

■ ■ ^ _ 



SAMPLING TRAIN SET-DP 
AND IMPINGER WEIGHT SHEET 

Plant ^ulU 
SaMDlina Loca t i on T>\L*Z-

Set Uo Bv tijQC Date t><(li 

CoMMnts / V l / T l S ' 

Run Mo. 

~ - / ? 3 Run Date 
ZLMllL 

Ana lvs t Resnonsible f o r Recovery \cO/ w ^ S 

C a l c u l a t i o n s X. Reoort Reviewed Bv Reoort Datn 

FILTERS USED 

F i l t e r Ho. 

CYCLONES 
Used 

(Yes/Mo) 

10 a 

Prtpered Conta iner 
(No. ) 

5 _ 

Sorbent Trao Mo. US'lU- ? - f - " 7 falchl 

Condenser No. 

IMPINGER SOLUTIONS: I n i t i a l 

F i r s t ^4^.'Z Q 

Second (*3.b &3rSF~i 

T h i r d $12-3 " 

Four th 4$y. i " a 

F i f t h — g 

S i x t h - q 

Seventh ~" g 

2.0 _ 

1.0 a. 

0.5 _ 

F ina l 

W . l .g 
fo-V-l -X q 

& _ " 7 - 7 9 
UCA.l q 

q 

— q 

- - q 

SILICA GEL UEIGHTS: I n i t i a l 

<2f& 

T o t a l s 

-2-
q 

q 

Gain 

— Mr3 

4~*l>b 

— 

Fina l 

« ^ . - _ 

q 

g 

_ q 
q 

9 
q 

. q 

*^ -VttA 

q 

q 

COMHEHTS: 

Color o f S i l i c a Ge l : 

«-»"A , t 0 > 

D e s c r i p t i o n o f Impinoer Water: , 

G-290 



V-lo-fc. 2. o V 2L 

SATCX 

•MEH10D 5 FIELD DATA 

Pllol Coefficient Cp 
Nozzle ID. 
Average Nozzle Dia., inches 

Planl/Localioii 
Operator T<< °XXo 
Dale &fl7n'b 
Tesl No./tfun No. MGtT^ T*t- BtTfalC— Dai-ometiic Pressure. In. Hg 7777/y7-
Meier Box ID Af&tfb Ambienl Temp., deg. F 
Gas Meier Ca'L Faclor Assumed Moisture, % 
Oiifice ID 

1st Filler. 
Leak Rale. cfm. Prelesl QJ) 
Lcakrale. cfm, Posl-lesl (yQ 
2nd Filler (if used): 
leak Rale, cfm Pretest 
Leakrale, cfm. Posl-lesl \ 

Oiifice DH& 
Filler ID 
Stack Pressure, hi. H20 

GAS METER START, cf: _ ~ 3 £ - . f f g ; / 
START TRIE floi 

GAS MEIER END. cf 
END TIME • fTp <' 

Hhii*-* I-
^ . 4 V 

r1 

V> 

Clock 
Time 

Ti*avese 
Point 

Number 

*\ 

1 
I 

1 

Sample 
Tune 

0 
/r 
3o 

tr 
6>o 

tr 

30 

<tr 

Vacuum 
in. Ilg 

. 6 

0 

O 
0 

0 

0 
0 
O 

iffir 
Temp 
(lea. F 

ioJ 

f_M 

l*> 

\fr 

II ̂  • 

II ^ 

w> 
ll1*-

Pilot 
DP 

in. 1120 

*>IA 

• 

1 

Oiifice 
Dll 

hi. 1120 

(,t( 

■ 

Meier 
VoL 
cf 

<rc.m 
rt>i,7 
S~?>'-/ 
rK,c-

rjf.o 
Mn 
biH.i 
loul^ 

Teinuera 

Probe 

• 

1 

Luies (de/z. Fl 

Filler Sorb. 

' 

-
*l 

imp. 
Outlet 

IKM 
hi 

(OO 

//.o 

12 f 

/33 
/;c 

HI 

HI 
Hi-

DGM 
out 

)0O 

(0/ 

70 Co 

lir 
1/°/ 
111 
Itr 

in 

.,4 r 
y 

Total Max Avg. Avg stirl Avg. Total Ave. Avg. Max Max. Avg. Avg. 

r~—1—1 1 1 1 1 1 1 1 1 1 
1 v l " ? ^ v 



A-M < (7\ C 1 

Method 5 Field Da 
Clock 
Tune 

Travese 
Pohit 

N u m b e r 

1 
i 

i 
1 
/ i 
j 

la Continued. Dale 
Sample 

Time 

ba 

ir 
3J 

4 f 

fao 

If 

30 

_/r 
6?o 

If 

30 
# r 
fro 

>r 
10 

Vacuum 
hi. Hg 

0 
m> 
0 
0 

« 
0 

0 

0 
t> 

o 
0 

0 
0 
0 
0 
0 

Stack 
Temp 
deg. F 

/o/ 
W 
1<-

joo 

1 1 

H 
n 
(OO 

u 
ICO 

\oZ> 

/L>I_ 

(ol 
Vol 

\*\ 

Location 
Pitot 
DP 

hi H20 

A/Hr 
' 

I 
i 

/ 

i 

i 

i 

J 
! 

; 

l 
1 

> 

Oiifice 
DH 

in. H20 

M l 

T>7c 7?//W)C 

Run No. 
Meier 
VoL 
cf 

1,51.1 
W>-7 
£73.5 
(4>(t>5>0 

mA 
<PML 

&w<r 
701'tf

7ii.3 
llt.V 
7U& 
Til) 

1 

7n.o 
7 bio 

"77 Lf-

Tempera 

Probe 

i 

1 

• 

. 

Oiieralor ~T£> 
.uies (deg. Fl 

Filter 

1 
i 

• 

i 

i 

I 
I 

i 

J 
■' 

Sorb. 

f 

1 
i 

i 

i 

; 

! 

1 

hnp. 
Outlet 

) 

DGM 
hi 

M 
w 
tw 
/yj 

m 
Hr 
1̂ 7 
W<

IrV 
H* 
/«/</ 

H< 
in 

tt< 

m 

DGM 
out 

1*1 
n° 
l*> 
U<j 

in 
)3& 
I;*

1?t* 

iy 
l}o 
no 
/ > / 

/ ? * 
/ ? i -

I)) 

Z&C> 
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Method 5 Field Data Continued. Date 

/U/^77/^^ frc ^ t W £ 

Q 
i ro 

CD 
i CO 

Clock 
Time 

Travese 
Pohil 

Number 

Location l\m No. 
Sample 

Time 

1< 

(ffO 

Vacuum 
hi. Hg 

Stack 
Temp 
deg. F 

/ - ' 

101 

Pitot 
DP 

in. H20 

Oiifice 
DH 

in. H20 

W 

Meier 
VoL 
cf 

7yz.t-
7lf.((o1^ 

Tempera 

Probe 

f 
ures (deg. \*\ 

Operator ^T<S> 7~&-

Filter Sorb. 
bnp. 

Outlet 
DGM 
hi 

Ml. 

DGM 
out 

m. 



SAMPLING TRAIN SET-OP 
AND IMPINGER WEIGHT SHEET 

Plant ~^>_J/fy 
Sane-lira Location d>i\t Jt 1 
Set UD Bv'if'-jOr-VDcvs 
Cements A t a d V - \e. AAet -J " - . 
Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By 

Dat 

/ Z V U I L A 
/ 

Run 
te enlx-?h3 Run 

HO. # _ . / ^ 
Date ll?lh^ 

Reoort Oate 

FILTERS USED 

F i l t e r Mo. 

Used 
(Yea/Ho) 

10 _ 

CYCLONES 
Prepared Container 

(Ho.) 

5 a 
Sorbent TraD Ho. 2.0 u. 

1.0 _ 
Condenser No. 

IMPINGER SOLUTIONS: 
F i rs t 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

SILICA GEL UEIGHTS: 

Totals 

COMMENTS: 
Color of S i l i ca Gel: 

In i t ia l 
(oOltf. 1 

44(3.-t 
Los.7 

4$6>.4 
— 

O.S a 

F ina l 

q *»P>7. O 
WMf.ft 
c*_>q.ai 

4 * 7 . * 
q — 

In i t ia l 

S7_\-? q 
3 

q 

Gain 

- n + *\, L 
+ )'/•+ 
— o.^ 
- | ,i 
+ \'.«f 

o — 

Final 

ssa.fc 

. , _ o 

__ <* 
, . . . 1 

q 

q 

, .... q 

•> 

. viV 
.. ,., q 

. . , , , ' » 

n 
" 1 

Description of trnpirrcer Uater: 

G-294 



DOE DILUTION TRAIN OPERATION 

turn 

GAS ANALYSIS-02 : 
C 0 2 : 
H 2 0 : 

AMB PRESS. In Hg : 
STACK dP. in H20 : 
Enter Gas vol., fps 
or AVG SQR ROOT d p : 

Dil. Factor: 

STACK GAS TEMP. F : 
GAS METER TEMP. F : 
Dil Air Temp 
Exh air temp 

PITOT CONSTANT : 
SAMP. ORI. DH® : 

DIIAIrOriDH®: 
Exhaust flow DH@ 
Filter DP 

NOZZLE DIA, in : 
PVSIEM FLOW, acfm : 

• ' 
FLOW, scfm 
Total flow In 
Dll flow scfm 
DilBw 

Side stream 1 flow, dscfrn 
Side stream 1 DH@ 
UT II- [ilrl) 

Side stream 2 flow, dscfrn 
Side stream 2 DH@ 
y-_sWT*i*io. 

Side stream 3 flow, dscfrn 
Side stream 3 DH@ 

6.0 
13.0 
7.0 

29.57 
6.0 
54 

. . . . . . 

300 
100 
70 
85 

0.81 
26.02 

0.033 
0.041 

6 

0.190 
0.638 

0.00 
0.407 

3.67 
3.67 

0 

DRYMW.#/#-moIe : 30.32 
WETMW.#/#-mole : 29.46 
STACK PRESS, in Hg: 30.01 
INTERM CONST 1 : 0.7586 
INTERM CONST 2 : 1.3E 07 

0.407 
26.02 13.34 DHso 

0.6 
1.788 

0.6 
.7898 

0.6 
1.76 

1.23 

1.23 

1.21 

DH1 

DH2 

DH3 

Nutech 2 

Nutech 4B 

RAC 8643 

ST 

f\ 
0^ 

1/ 

Exhaust flow dscfrn 
Exhaust flow DHoxh 

1.87 
0.0413 0.31 DHexh 

Dilution flow DHda 
3.67 

0.0334 0.81 DHda 

G-295 



Hvfj-hJ 

Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Oate 
Operator 

Bailly 
fl-tete. / 

?-v<7? 
Randy Meiritt 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"Q" scaling factor 

"H20 
"Hg 

O .S7 

Filter ID 
Post-weight (gms) 
Pre-weight (gms) 
Weight Gain (gms) 

2. Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Fjow^ 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

«*t.O "H2Q/min @ 100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

Time 

VZ>*Z_ 
fo52-
//P/T 
nzz. 
II*,? 
1/5-L. 
\Zoi 
\2JL-L-
\T^O 
tesr 
&$> 
l33o 
bSl 

System Pressures 
Pilot 
AP 

— 

— 
— 
-— 
— 
_ 

— 
— 
— 

Sample 
Orifice 

AP 

/?s 
its 
i?.x 
_U?.b 
tf.l 
19.1 
ftS 
IIS' 
n.v 
15. <? 
ft.? 

Sample 
Orifice 

P 

+ 7 
+7 
f> 
+7 
+ 1 
+7 

+1 
7 
7 

b 
? 

Filler 
AP 

M 
?.? 
v.? w n 
V-rf 
y . * 
p.f? 
V-.ff 
r,9 
1.7 

in. H20) 
Total 
Flow 
Orif 
AP 

O.I? 
on 9 
0.7* 
_>._# 
0.7? 
0.7 7 
f>7f? 
0.7-7 
_>7«? 
6.7?' 
on* 

Dil. 
Orif. 
AP 

/.»? 
Uo 
Ul 
Ul. 
l.Tb 
f.ZTr 
<.Z2_ 
\.Zt. 

\.v 
l.Zl 
\.?,l 

Dil. 
Orif. 

P 

ft, 
+1, 
+<> 
+<* 
4-y 
4L 

(r 
£. 

6 
<_ 
_-

Flow Totalizer 
Flow 

.75? 
¥K 

. ^ 
.*&? 
•YS? 
.¥5» 
VT7 

.<K? 
• yss 
• vs? 
. Y ^ 

Total 
Volume 

(ft3) 

, 

2 . r 
7? 
/£? 
v-t 
zUff 
3>S.O 
&.? 
? / . * 
_ ,PW 

&.? 
7$\£> 

System Temperatures (°F) 
T1 

Stack 

7> 
7f 
3oo 
Soz. 
£©j-
$»Y 
h* 
3o? 
3o& 
5o<\ 
$>° 
VI 
**><* 

T2 
Probe 

155 
Zll 
lit 
bUO 
ZoG. 

>l* 
Kl 
^to 
w 
yy 
3/ff 
n\ 
yio 

T3 
.Sample 

' Orifice 
Heater 

ni 
I8t 
vz$ 
Vh% 
tt& 
151* 
25* 
Z*fS 
15} 
1ST-
Zfb 
1*1 
z5? 

T4 
Sample 
Orifice 
Gas 

*?-* 
v\* 
Z?7~ 
^_?7 
i5/5 
•5-0/ 
^v) 
3_T? 
3ol 
}tro 
3t>( 
)oz. 
303, 

T5 
Cone 
Inlet 

77 
79 
V* n 
S2-4/ 
9; 
7 / 
?f 
?/ 
TY 
?z 
lb 

T6 
Cone 
Exit 

73 
7} 

V ?e> 
?/ 
9/ 
Io 
?/ 
lo 

9 0 
?/ 
9/ 
?*-

T7 
Outside 

Wall 

72-
72 
7 ^ 
7,? 
7£ 
7U 
77 
77 
7}? 
7* 
11 
79 
So 

T8 
DIuted 
FHtered 

Gas 

7? 
*7</ 
?2 
&V 
?S 
?? 
$?* 
^ 
? * 
F 5 
?4 
*£ 
Stf 

T9 
Dilution 

Air 

11* 
73 
73 
7? 
7 / 
7* 
£* 
tf 
l>7 
Jb7 
t-7 
f7 
^7 

TIO 
Ambient 

Ah-

7? 
tri 
71 
7S 
75" 
7_? 
7 * k 
7? 
7? 
?; 
7? 
$7 

STfi 

, ,y, /-T.O U / f . i ,7*1, ],»*• ,^'1 3 ^ . , . 

p_*t«J>«v. ffvO__, (j'*iSt»A- - *^_v^s^ <Lor/j^kUy < i Utv_?j j*>/M*J 

T,^ 

, ^ » ^ 

0 * fe<b -2^ 
C'A 
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Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 

Wdklll 
_ 7  3  5 9 
Randy Merritt 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

"H20/min @ 100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

O Time 
ro 
CO 

!2HL 

wT 

Pilot 
AP 

Z___5 
_______ 
)5eo 
mi_ 
13Y7 
Iboo 
lkl£ 
Ut. 
Ml 
/___£ 
\iy> 

Sample 
Orifice 

AP 

System Pressures (In. H2Q) 

_______ 

(Sk 
_SJ_ 

m
tiLL 
ft.f 
12S. 
ILS 

— Mr 
___ML 
/____ 

Sample 
Oriflce 

P 

J: 

(Ik. 
■ / • •  / 

Filter 
AP 

<_*J_1 fi.So 
UZ. 
H.bZ 
fa. 
M. 
_£___ 
____. 
LL 
LL 
LL 

LL 

Total 
Flow 
Orif 
AP 

l^_ 
077b 
QJl 
___2i 
oJ± 
CtLL 
o.l? 
0.7? 
0.7? 
o.79 

t? Q7? OL 
_______ 

_____ 
_i_L 

Dil. 
Orif. 
AP 

1.13 
_______ 
______ 
1_2___ 
ilk 
UM. 
L2L 
______ 
(.27

0.7? 
0.7* 

1.71 

Dil. 
Orif. 

P 

k. 

7 
T 

I.ZI 
/_?__. 

Flow Totalizer 
Flow 

w 
.UbO 
. H f , 

__£__. 
__5JL 
___li 
_____ 

J__S_ 
_]__>! 
__s_? 
EE 
__!£_ 

Iff 

Total 
Volume 

<f«) 

IT 
L.L 
IS. to 
2____ 
1&2_ 
hi J 
_-__L 
V9.., 
5_____ 
£____ 
22___ 
1U 3*r 

T1 
Stack 

!____ 
3D? 
i D l 
£*2L 
3z>7 
l o z 
______ 
__22_ 
•?gg 
3*7 
___L 

ZM 

3 P 7 
3** 
M>7 

T2 
Probe 

______ 
2_i 
______ 
_____ 
&___ 
2____ 
_____ 
3/5 
3/T 
3__1 
24
2i 
3/ZT 

T3 
.Sample 

' Orifice 
Heater 

I3SL 
11L 
z$2
Zbl 
ZS* 
2L* 
ZLi. 
tt>5 
Zt>* 
U72^ 
2____ 
Zt> 

System Temperatures (°F) 
T4 

Sample 
Orifice 
Gas 

2£l_ 
______ 
3t>2. 
30?" 
ie_l 
3_____ 
3oS 
3£>5 

____£ 
22i2_ 
J * 5 

^_♦y 

m \U* 
_3____ 

T5 
Cone 
Inlet 

UL 
Ik. 
3.C 
1 
1L 
UL 
95" 

2_t 
___.__!__ 

T6 
Cone 
Exit 

fiL 
?2L 

VL 
IS 
5S_ 
__</ 
5-C 
__£. n 
w 
££_ 

_____ 
3P_ 19 7 

ii. 
ill 

T7 
Outside 

Wal 

it 
it 
HE 
_____ 
.___ 
*£ 
a* 
_____ 
_____ 
i_£. 
_?.? 
*5 
__L 

T8 
DiMed 
FMered 

Gas 

_____ 
_3
13. 
__/ 
2_2_ 
__._ 
_____ 
?/ 
___L 

9 * 
2Z_ 
1L 

T9 
tWtitlon 

Air 

6_L 
_____ 
_____ 

tfl-
______ 

_4i_ 
6? 

£ 
____ 
_,<? 
J___ 
__L 
____ 
SO 

T10 
Ambient 

Air 

# > 

a. 
7? 

/ 7zy 5 ^ y hi^Utu .~hw~f 
/ 



DOE DILUTION TRAIN OPERATION 
6/9/93 
HH5 
GAS ANALYSIS - 02 : 6.0 

C02 : 13.0 
H20 : 7.0 

AHB PRESS, in Hg : 29.26 
STACK dP, in H20 : 7.0 
Enter Gas vel., fps 67.4 
or AVG SQR ROOT dp : 
Dil. Factor: 10.000 
STACK GAS TEHP, F 
GAS HETER TEHP, F 
Dil Air Temp 
Exh air temp 
PITOT CONSTANT 
SAMP. ORI. DH3 : 
Dil Air Ori DH8: 
Exhaust flow DH-
Filter DP 
NOZZLE DIA, in 
SYSTEH FLOU, acfm 
dp 
FLOU, scfm 
Total flow In 
Dil flow scfm 
Dil BM 

318 
100 
75 
85 

0.81 
26.02 
0.0334 
0.0413 

6 
0.189 Shank #9 
0.788 
1.00 

0.4863 
4.86 
4.38 

0 

.1 v> S>« ^ 

Side stream 1 flow, dscfrn 
Side stream 1 DH3 
Nutech 2 

0.6 
1.788 1.24 DH1 

Side stream 2 flow, dscfrn 
Side stream 2 DH-
Nutech 4B 

0.6 
1.7898 1.24 DH2 

Side stream 3 flow, dscfm 
Side stream 3 DH3 
RAC 8643 

0.6 
1.76 1.22 DH3 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

3.06 
0.0413 

4.38 
0.0334 

0.87 DHexh 

1.19 DHda 
J , | J H - _ A U ^ ^ ^K 

h O i l F ^ -o dH 

Page 1 
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_F 

SETUP FOR OPERATION OF DILUTION TRAIN (constant sample rate) 

Dilution constant, Ceil = 
Dilution factor in terms of standard 
conditions, .std, is: 

Cd.l(Ts!c/TF)(PF/Pstd) 

10 Sample orifice constant. dH9 = 26.02 
Totd flow orifice constant. dHt = 0.0413 
Diluted gas filter differential pressure 10 
Expected Initial probe differential press 2 

Sample rate (Q, stack cond) = 
Ambient pressure, Pomb = 

0.60 
29.26 

Previous stack tiff, pressure 
Previous stack temperature, 
Slack gas 
Stack gas 
Stack gas 

The target 

02 froction, fo = 
C02 fraction, fc 

dP = 
T = 

water froction, Bws = 

for the diluter filter temperature, TF, 

6 
302 

0.06 
0.12 
0.07 

is 68?f. 

Stack pressure, P = 
Expected orifice temperature, 
Slock gas 
Stack gas 
Diluted gas 

Keep orifice temperature, TH, at 10 i f above slock temperature. 
Use settings based on orifice temporal 

Q (acfm) 

T= 

0.58 

o °-60 
1 

r O 0.62 
CO 
<° T= 

0.58 

0.60 

0.62 

T= 

0.58 

0.60 

0.62 

dPH = P dff. to ambient a 
dPH (In. H20)= 

fstd= 
282 

g= 
dPt= 

dH(fyi)= 
dPt= 

dH(fyl)= 
dPt= 

dKfyi)= 
302 

g= 
dPt= 

dH(fyi)-
dPI= 

dH(fyl)= 
dPt= 

dH(fyi)-
322 

9= 
dPt= 

dH(fyi)= 
dPt= 

dKfyO-
dPI= 

dH(fyl)= 

-9.00 
10.00 

TH= 
0.55 
1.20 

11.03 
1.29 

11.80 
1.37 

12.60 
TH= 

0.56 
1.14 

10.73 
1.22 

11.49 
1.30 

12.27 
TH= 

0.57 
1.08 

10.46 
1.16 

11.19 
1.24 

11.95 

r e , TH 

sample orifice inlet 
-4 .00 

9.88 
292 

0.55 
1.19 

11.16 
1.27 

11.95 
1.35 

12.76 
312 

0.56 
1.13 

10.87 
1.20 

11.63 
1.28 

12.42 
332 
0.57 
1.07 

10.59 
1.14 

11.33 
1.22 

12.10 

1.00 
9.75 

0.56 
1.17 

11.30 
1.25 

12.10 
1.34 

12.92 

0.57 
1.11 

11.00 
1.19 

11.78 
1.27 

12.57 

0.57 
1.06 

10.72 
1.13 

11.47 
1.20 

12.25 

6.00 
9.63 

0.56 
1.16 

11.45 
1.24 

12.25 
1.32 

13.08 

( \0 .57 

11?T4 
1.17 

11.93 
1.25 

12.74 

0.58 
1.04 

10.86 
1.11 

11.62 
1.19 

12.41 

dry molecular wgt, 
wet molecular wgt, 
molecular 

i 

11.00 
9.51 

0.57 
1.14 

11.60 
1.22 

12.41 
1.30 

13.25 

/ 0 . 5 7 
' 1.08 

11.29 
1.16 

12.08 
1.23 

12.90 

0.58 
1.03 

11.00 
1.10 

11.77 
1.17 

12.57 

TH = 
, Md = 
. Mw -

wgt,, Mt -

T & TH 
20 

16.00 
9.39 

0.57 
1.13 

11.75 
1.20 

12.57 
1.28 

13.43 

0.58 
1.07 

11.44 
1.14 

12.24 
1.22 

13.07 

0.58 
1.02 

11.14 
1.08 

11.92 
1.16 

12.73 

29.7012 
312 

30.16 
29.31 
28.87 

INCREMENTS 
dPH 

5 

21.00 
9.26 

0.57 
1.11 

11.90 
1.19 

12.74 
1.26 

13.60 

0.58 
1.05 

11.59 
1.13 

12.40 
1.20 

13.24 

0.59 
1.00 

11.29 
1.07 

12.08 
1.14 

12.90 

Q 
0.02 

26.00 
9.14 

0.58 
1.10 

12.06 
1.17 

12.91 
1.25 

13.79 

0.58 
1.04 

11.74 
1.11 

12.57 
1.18 

13.42 

0.59 
0.99 

11.44 
1.05 

12.24 
1.12 

13.07 

Page 
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i /1 o t . i oi* __3__ 

MEI1I0D 5 FIELD DATA 

Planl /Localbnj^y //•? 
Operalor •""T?: tr~~ 
Dale V - 3 / / 3 

Tesl No./Run No. W^J / - 0 » / 
Meier Box ID kA(L A-2C><1> 
Gas Meier Cal Faclor 
Oiifice ID 
Oiifice Dll* 

Pllol Coefficient, C|) 
Nozzle ID. 
Average Nozzle Dia., Inches _ 
Daitimeliic Picssure, In. Ilg 
Ambienl Temp, deg. F 
Assumed Moisture. % 
Filler ID 

1st Filler 
Leak Rale, cfm. Pielesl bj& O 
Leakrale, cfm. Posl-lesl $CCX 
2nd Filler (if used) 
leak Rale, cfm. Piclesl 
Lcakrale, cfm. Posl-lesl 

Slack Pressure In. 1120 

GAS METER START. cf:J2l____Z_2__ 
STARTTIME J / f l l 

GAS MEIER END. 
ENDTLME . (1U*> 

Tola! MAX Ave. Avg sort Avg. 
I I T 

Tolal Avg. Avg. 

Clock 
Time 

l(0<> 

Ti-avese 
Poinl 

Number 

Sample 
lime 

0 

{< 
)° 
nf 
ffl 

\f 
P 
If 

Vacuum 
bi. Ug 

\-o 
10 
10 
ho 
io 
(-0 
\.o 
\D 

Slack 
Temp 
(leg. F 

Pilol 
DP 

ill. 1120 

i 

Oiifice 
Dil 

la 1120 

IrZV 

1 

\ \ 

Meier 
VoL 
cf 

7<9l.-l 
$o?.(* 

till 
t&.\* 
1%> 
Wl>° 
qrlH1 

wl.t 

Tempera 

Probe 

j 

1 

ures (deg. fl 

Filler Sorb. 

/ 

bnp 
Oullel 

I 

rxjM 
bi 

/ > * 

1*7 
IW 
l<7< 

1" 
l» 
?M 

DGM 
oul 

*f? 
(oy 

M 1 t 

Hi 
III 

H? 

a r 
n< 

Mux. Max. Avg. Avg, 
i — ( T 

\r' 
^ 



J, 
"3--\- • * 

V Mi S N) _sJ £\ ^ _ ̂_f T > 

CJ ■_ 
25 

a ? A  > » 
_ ^ ->TN 

•A 
f > / * •<  , 

'=-■5'. 
£ __ 

■ = " _ 

O 

_o 

I 
3 

•4 OJ 

2 

o 
__ 
£3 
3 
0_ 

_S 
2 

j y —* «_ 
^ 

<£>• 
s * . o 

&&4 

> 
*-*s 

<3*

tfl 
^3_. 

-15 

n 
!__§ 
<= .a 

* . 
A 

S3 

•3 !__£ 

__. auto 

<? Si =■ 
CO E - •_) 

_y 

1 
B be 
s ■=: 
3 
_ <* 

_S° ~' 

^ fc Q o o /<=> • ^ o O 

5 
co 

■as 
_o 

U 0 
fv 

V V^ V 

& 
3 
__ 

a 
o 

49 

8 :s3 ¥ 
„ 

•< 

 _  QJ 



0 

p. 
3 

3 
o 

—A 

^ 
I 

______ 

^ t _ 

v\ 
^ 

Ci 
■z. 

_) 

C3 

3 

OJ 

«3 

__ 
CJ 
3 
.a 

d 
cs 
3 
_ 
■a 
o 
•_ 
o 

> __ 

tz 

T t 

fi 
3 
2 
£ 
a 
01 f r 

11 

I
3 

£>V. 
. a —• 

3 
O 

__ 
£ 

J. 

i 
... 
g 

Cu 

f! —* «_ 
•_= "^ 

.f — ^ 

o 

^ _a 

__ a.** 
« g « 

CO E— •_ . 

B __ 
§ = 
CJ _• 
_« .a 

__ 2d 
f*

3
" £ 

£ g3 
0 

E 2 

•S 9. 
41 

r^ 

^ o 
<s 

 « • " _ 
v

^ 

o 

V 
c r 

v_ 

^ 
J ^ 

"Sea 

tf; 
t~« 
• ^ 
o 

(T. 
\ 

•_, 
•x

1 

O 
vS_» 



G302 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant &JJL 
Sanpling Location ^Pff (Oc*lth un) 
Set Up By tin b*s? 
Coowtnts _4-<_/i 

Oate ______/__£_ 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

Run No. . 
Run Oate 

Report Date 

MlT-fli- ij-jEp 

Filter No. 

Sorbent Trap Ho. 

Condenser No. 

CYCLONES 
Used 

(Yes/Ho) 
10 it 
5 I* 

2.0 It. 
1-0 It, 
0.5 n 

Prepared Container 
(No.) 

IHPIHGER SOLUTIOHS; Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

CA3. "7 
587.2. 
-WO.O 

— 

. 
_ 

-_-24 
601^ 
-?*?•-? 

_Q___i. 
..O.fc 

i>.r 

SILICA GEL WEIGHTS; Initial Final 

7*9.9 ^Q7-_? SiA 

Totals 

& * 
^ 

COMMENTS; 
Color of Silica Gel: 
Description of Impinger Water: 

*x6»+%s& f&Jg ^ >*-«> 

G-303 



>>fc. 2. o l * °) _ 

Planl/Localion SA.'/U 
Operator ^ICr 

m 
MEI1I0D 5 FIELD DATA 1/ 

Dale ifyH? 
Tesl No./Rtin No. TH^kls j - f l / Z . 
Meier Box ID A/fifa,/* f¥6 
Ga3 Meier Cal Faclor 
Oiifice ID 
Orifice Mia 

Pllol Coefficient, C_> 
Nozzle ID. 
Average Nozzle Dia., Inches _ 
BaromelHc Pressure. In. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture, % 
Filler ID 

lsl FUlei: 
Leak Rale, cfm. Prelesl 6__-> 
Leakrale, cfm, Posl-lesl 
2nd Filler (if used) 
leak Rale. cfm. Prelest 
Leakrale, cfm. Posl-lesl 

Slack Pressure, to. H20 

GAS METER START, cf; $7?A II 
START TIME \\r>6 

GAS MEIER END. cl//?fc0J? 

EM TIME l7jfi> 

Tolal Max Avg. Avg s a i l Avg, 
l I l l l 

V 

tf 
*i* 

Clock 
Time 

O 

Travese 
Potol 

N u m b e r 

Sample 
Time 

0 
if 
> » 

<\f 
i,v 
If 
y> 
tf 

Vacuum 
in. I I . 

X'O 
1.0 

)*> 

V 
3/0 

V> 
) ■ * 

>,0 

Slack 
Temp 
deg. F 

. 

Pllol 
DP 

to. 1120 

Oiifice 
Dll 

to. 1120 

Ui 
\ 

i 

Meter 
VoL 
cf 

Zy?,¥it 
Ifi'f 
Wtf 
3o6,y 
jirr 
tH<s 
3V,1 
mn 

Tempera 

Probe 

\ 

Lures (deg. Fl 

FUler 

f 
Sorb. 

Imp. 
Oullel 

\ 

DGM 
In 

(OO 

/CO 

\P° 
(00 

M 
/of 

l°l 1 

'•1 

DGM 
oul 
1 

I I I i r~n i 



- M - _____ «_* 1 — 7 * -

Melhod 5 Field Dala Conlinued. Dale 
Clock 
Time 

far"? 

Ti-avese 
Poinl 

Number 

1 
fou>e 'Lii 

Sample 
Time 

s> 
if 
ro 
4f 

■U7.it 
(pV 

If 
>o 
Hf 
do 
If 
p 
\f 
IfO 

If 
■)o 

Vacuum 
In. Ilg 

i<o 

> 

> 

)<» 

3-o 
3.0 
)<o 
3<° 
) * 

3/0 
W 
3.» 
J.0 
^ 

) < * 

Slack 
Temp 
deg. F 

■ 

■ 

Location 
Pilol 
DP 

to. H20 

\ 

I 
Oiifice 

DH 
to. 1120 

W 
| 

V 

.uu No. i*i« 
Meter 
VoL 
cf 

3 51-? 

.3<P/'D 

- 3 7 ^ 

37f.i, 

3%,7 
nor.1 
1H7 
i*3.fo 
*b*~t 
* / < # * 

HfU 
ifat

tyl<) 
t\iiv 

-U> /- ft/2-
Tempera 

Probe 

i 

Oijeralor -^-f-
.ures (deg. F) 

Filter 

( 

1 

Imp. 
Sorb. Outlet 

J — 

i 

1 

DGM 
to 

|05» 
/ok 

K 
^1 
( ^ 

(«y 
/otf 

K 
K 
Ho 
ic 
K 
/ . / 

AV 
I/O 

DGM 
oul 

http://�U7.it


9 
CO 
o 

-M < _ - 3 - t-' 1 

Melhod 5 Field Da 
Clock 
Time 

Travese 
Point 

Number 

\ 

-2-

a Conltoued. Dale 
Sample 

Time 

H< 
CeO 

Vacuum 
to. Hg 

) * 

),i 

t 

Stack 
Temp 
deg. F 

Location 
Pitot 
DP 

In. H20 

■ /k*6_V / DcV <p 
lm\ No. 

Orifice 
DH 

to. H20 

(rlf 

I \t 

Meter 
VoL 
cf 

<f<?73 
*%m 

Tempera 

Probe 

/ 

( 

Operator 1P^ 
lures (deg. F) 

Filter 

... 

Sorb. 
bnp. 

Outlet 

1 

| 

DGM 
to 

l\o 
llo 

DGM 
oul 

/ 
/ 



DOE DILUTION TRAIN OPERATION 

)/93 
„*M5 

GAS ANALYSIS-02 : 
.C02: 
H20: 

AMB PRESS, in Hg : 
STACK dP, in H20 : 
Enter Gas vel., fps 
or AVG SQR ROOT dp : 

Dil. Factor: 

STACK GAS TEMP, F : 
GAS METER TEMP, F : 
Dil Air Temp 
Exh air temp 

PITOT CONSTANT : 
SAMP. ORI. DH@ : 

Dil Air Ori DH@: 
Exhaust flow DH@ 
Filter DP 

NOZZLE DIA, in : 
"YSTEM FLOW, acfm : 
_ J 
FLOW, scfm 
Total flow In 
Dil flow scfm 
DilBw 

Side stream 1 flow, dscfm 
Side stream 1 DH@ 
Nutech 2 

Side stream 2 flow, dscfm 
Side stream 2 DH@ 
Nutech 4B 

Side stream 3 flow, dscfm 
Side stream 3 DH@ 
RAC8643 

Exhaust flow dscfm 
Exhaust flow DHexh 

6.0 
13.0 
7.0 

29.26 
7.0 

67.4 

10.000 

318 
100 
75 
85 

0.81 
26.02 

0.0334 
0.0413 

6 

0.189 
0.788 

1.00 
0.4863 

4.86 
4.38 

0 

0.486 dscfm 
26.02 19.72 DHso 

0.6 
1.788 

0.6 
1.7898 

0.6 
1.76 

1.24 

1.24 

1.22 

DH1 

DH2 

DH3 

Dilution flow DHda 

3.06 
0.0413 

4.38 
0.0334 

0.87 DHexh 

1.19 DHda 

G-307 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 3a'H'/ 
a>;t jtz, Sanpling Location 

Set Up By t£K./Ol& 
Comuents JhtAhtolts Mt£idi> 

toilet -7) 

J/j^hfc-
Oate QtUsfcl 

Run Ho. 
Run Date 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By Report Date 

FILTERS USED 

Filter No. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/Ho) 

10 it 

CYCLONES 
Prepared Container 

(Ho.) 

5 it 
2.0 it 
1.0 it 
O.S it 

IMPINGER SOLUTIONS: Init ial Final 

~£2Q. 7 
Gain 

First 
Second 
Thin-
Fourth 
Fifth 
Sixth 
Seventh 

585.7 
S-7I.X 

•/-?_.._. 
(,02.-7 
S&t.S 
-tbo.Z 

<?7>3 
CS3L1.3 

602-.3 
f*S.<» 

</&2..3 
— 

J_____L 
_______ 
__L_L 

^.A 

SILICA GEL WEIGHTS; Init ial Final 

793.4 2fc^.£ ,ov ;v 

Totals 

_ _ _ _ 

COMMENTS: 

Color of Silica Gel: __________ 
Description of Impinger Water: 

G-308 



W-16-t 2. o\- £-
MEI1I0D 5 FIELD DATA 

O 
i 

co 
o 
to 

Plant/ljoeation 6__^//^ 
Operator ^f^fe"" 
Dale V ' V ? - * 
Tesl No./Run No. 7*e4J+l 7>,l+l 
Meier Dox ID / - ^ / c ^ * -V 
Gas Meier CaiL Faclor 
Oiifice ID 
Oiifice DII& 

Pilot Coefficient, Cp 
Nozfcle ID. 
Average Nozzle Dia., Inches _ 
Daitimeliic Pressure, in. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture. % 
Filler ID 

1st Filler. 
Leak Rale, cfm. Prelesl 77QQO 
Leakrale, cfm, Posl-lesl &/7&C) 
2nd Filler (if used): 
leak Role. cfm. Prelesl 
Leakrale, cfm Posl-lesl 

Slack Pressure. In. 1120 

GAS METER START, cf: ^ T f £& 
START TIME f/r>Co ~ 

GAS MEIER END. cf 
END TIME iTTfr 

-.£__,&7_U 

Tolal Max Avg. Avg scut Avg 
i i r~n Total Avg. Avg. M M . 

T I 
Max. Avg. 

1\ 

(Clock 
Tune 

(106 

Ti-avese 
Poinl 

Number 
1 

Sample 
Time 

O 

l< 
> 

H< 
\fO 

\< 

p 
¥ 

Vacuum 
In. Hg 

* • 

H.o 

W 
>\-o 
4,o 
4,0 
H.o 
4,o 

Slack 
Temp 
deg. F 

. 

Pitol 
DP 

in. 1120 

1 
1 

Oiifice 
Dll 

in. 1120 

t.*¥ 

\0 

Meier 
VoL 
cf 

&?* 
Iro 
A*/ 

... i 

17.1 
M 
SlJ 
bff-0 

ii-i 

1 Tempera tu res (deg. F) 

Probe 

' 

■ 

Filler Sorb. 
blip. 

Oullel 
DGM 

in 

70> 

?y 
fO 

$0 
XI 
#L 
91 
fl 

DGM 
o u l 

1 

/ 

Avg. 
T ~ ^ 



o 
I 

co 
o 

«- • 1 < -?«_. o \ 

Method 5 Field Da 
Clock 
Time 

Travese 
Pomt 

Number 

pCKJ**/ 

\ 

1*h 

a Continued. Dale 
Sample 

Time 

£e> 

K 
>o 
¥ 

v fiit

\ < 

JD 
* < 

(<p 

\ < 

K> 
* < 

yo 
\ < 

y> 

Vacuum 
in. Hg 

i\.o 

1<o 
fa 

7\,0 

1 o 
y.o 
t\,0 

i\.o 
*\J0 

io 
4'° 
Ao 
%o 
^ 

l\A) 

Stack 
Temp 
deg. F 

Location 
Pitot 
DP 

in. H20 

\ 

1 
Orifice 

DH 
hi. H20 

M 

i 

^un No. M1 

Meter 
VoL 
cf 

Hi 
ll'0 

[^4 
/H<7 

/ ^ y j 7 4 > . 
\&Q - ^ " 
f^"7 — ■*— 

\UU 
lto<l 
no A 
\&4 
Mo.f 

%\\A 
SUM 

X3XV 

t\A* 
Tempera 

Probe 

' 

1 

/j/*/ Oijcralor 71^
lures (deg. Fl 

FQter Sorb. 
hnp. 

Outlet 
■ 

1 

DGM 
hi 

& 

7? 
fo 
71 
T, 
fo 
t>
-/z-

irz

fl 
0 
n 
yy 
n 
<(V 

DGM 
out 

I 



Method 5 Field Data Conlmued. Date Location Run No. &dJ**l-QiUl Oper ..lor * ^ ^ — ' 
Clock 
Time 

Travese 
Poml 

Number 

Sample 
Thne 

Vacuum 
in. Hg 

Stack 
Temp 
deg. F 

Pitot 
DP 

in. H20 

Orifice 
DH 

in. 1120 

Meter 
VoL 
cf 

Temperatures (deg. F) 

Probe Filler Sorb. 
hnp. 

Outlet 
DGM 
hi 

DGM 
out 

SL. Ko te± &/2-T 11 
ieO C\.o lT*-M' i*__ 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant B*-*llf 
Sanpling Location j)t I #1 {Outfit wr) 
Set Up By -UQCll)*J5 
Coonents jLtllk'bk. Mtt6-ls 
Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By . 

Date 6 Il03h3 
Run No. _ 
Run Oate 

Report Oate 

FILTERS USED 

F i l t e r No. 

Sorbent Trap No. 

Condenser Ho. 

Used 
(Yes/No) 

10 it 

CYCLOHES 
Prepared Conta iner 

(Ho.) 

5 it 
2.0 it 
1.0 it 
0.5 i i 

IMPINGER SOLUTIONS: In i t ia l Final Gain 
Firs t 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

___j_L_f____9 cfiif.i 
&_-r-7._t 
f&-$ 
<?73.1 
^ J 7 <, 
4Hl -

r>7&s 
a_i 
?6>.7 

9 

9 
9 
9 
9 
9 
9 

31 5 
H.V 
7kr> 
fl'f 

- 1.3 
+-i 

— 

9 
9 
q 
q 
q 
q 

9 

SILICA GEL WEIGHTS: I n i t i a l Final 

7fa. 7 &P 
___2___2_9 ■?& 

Totals 

%in. 

COMMEHTS: 

Color of Silica Gel: 
Description of Inpinger Water: 

J/JJZS'"^ 

G-312 



Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 

HerAm 2
•ff% 
Randy Merritt 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

t>.5? 
j 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

3 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

th.O "H20/min@100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

Time 

Ibo*, 

lo/k 
iObO 
W5> 
J7oz. 
(775 
Yio 
IIHH> 
Llw 
iZ.\ *? 

azo 
m<? 
\hb& 
tett 

System Pressures 
Pitot 
AP 

— 
— 
— 
— 
_— 
— 





— 
_



— 

Sample 
Orifice 

AP 

ZO.O 

/9r 
/?.<r 
/9.</ 
y?.s 
fir 
MS 
11.5 
H.+ 
/9£ 
ris 
»U 
/<?,& 

Sample 
Orifice 

P 

•MS 
> 5 
A9 
+ S 
45 

+s 
+ 9 
•+5 
+ 5 
45 
+ S 
■rS 
1 * 

Filler 
_P 

* z 
* ^ « 

<^.T

y.z

<A_
?.x 
f . i 
■f_5 
T  3 

4 f 
f.4 
Tf 
r^ 

in. H20) 
Total 
Flow 
Orif 
AP 

0 .7J 
01/ 
ono 
0.11 
0.1 o 
0.7O 
ono 
o.lo 
O.7o 
o.lo 
07 ( 
T)l° 
o.7b 

Dil. 
Orif. 
AP 

A / * ' 
/ . / ^ 
A// 
l.iz
f.u 
/ . / i 
A/2

/./< 
i . i / 
/ . / / 
/ . /*

/•/3 
/V*> 

Dil. 
Orif. 

P 

r
lf: 

_» 
lo 
l« 
 6 , 
<? 
 4 
~b 
 f c » 
 t 
 fc 
 t 
£ 
£ 

Flow Totalizer 
Flow 

.%/ 
• V 5 9 
■/?? 
fSf 
.V5* 
.p2 

,</?# 
. * 5 $ 
 W 
• fS<? 

.vfc* 
• V_<7 
•TW 

Total 
Volume 

(«3) 

O.*

6.f 
/Z7 
z/.y 
7JL.7 
V.l 
V/.7 
WS 
£">~7 
1*V*> 
£ * * 
7y.ic 
fcU 

System Tern 
T1 

Stack 

_— 
£*>? 
bio 
}{l 
7,oH 
?ol 
*>D% 

$r?X 
3o9 
370 
?IO 
?xrt 
5e? 
V* 

T2 
Probe 

Z7C 
2></S 
it? 
yvb 
iVb. 
Wr 
3Z4 
?zf 
'bli. 
Ttrl 
',%.%> 

327

V)o 

U7\ 

T3 
.Sample 

' Orifice 
Heater 

12./ 
o ? 
£2<? 
2f£ 
24* 
_.£_. 
<W 
245* 
fc5* 
2 6 / 
i M 
243 
Ll* 
uo 

T4 
Sample 
Oriflce 
Oas 

&y
2 S 3 
2?* 
*?7 
fc>9 
5// 
?/6 
3 0 ^ 
>f l rO 
•3t> z 
?©.* 
3<>y 
2.73 
2f? 

T5 
Cone 
Net 

? 2. 

1$ h 
n 
7 * 

w 
?? 
?L 
% 
97 
71 
9? 
9S 
97 

peratures (°F) 
T6 

Cone 
Exit 

to 
9
f

1* 
?r 
H 
t¥ 
9$ 
?_r 
?■* 
?* 
97 
? * 
?7 
% 

T7 
Outside 

Wal 

*l 
2? 
n 
8*2. 
9/ 
V 
tz. 
w 
ttf 
95 
U 
97 
97 
i5 

T8 
Diluted 
FHtered 

Qas 

5?? 
V 
ri 
t* 
* * 
21 
X? 
?o 
1° 
fl 
?2

n 
?^ 
17 _ 

T9 
Dilution 

Air 

73 
If 
7} 
7i 
£? 
w 
£? 
C? 
£? 
7o 
71 
72
7 > 
7 l 

T10 
Ambient 

Air 

s/ 
7 / 
71 
7$ 
72. 
7

^ > 
7 / 
t?_J 
7 ^ 
<?7 
*?5 
f? 
75 
7? 

^  * ^ ^ K" VW 0/7(? j . x V ^ t̂̂ > *7a_ 

3 6 f ^,^jt«« 



/ftf V 
Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 
WOT)-. 2, 
9 -S - - j > 
Randy Merritt 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

. * * 

Filter ID 
Post-weight (gms) 
Pre-weight (gms) 
Weight Gain (gms) 

3 Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

"H2Q/min @ 100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

Time 

mo 
m<? 
i*>7? 

( T V ^ 
Ute fM 
15/TD 
<?/5 
Mo 
&<*y 
tloOO 

lkl( 
\i»l* 

System Pressures 
Pitot 
AP 

__ 
— 

— 
— 
— 
— 

— 

"~ \ 
i 

— 

Sample 
Orifice 

AP 

JT.S 
.7.5" 
/7.r 
/ T . $ * 
/?.</ 

WM-
/?•</ 
i*?.s-
/?.^ 
' f - T * 
/ ? . / 
/?.2-

Sample 
Orifice 

P 

+ 5 
+ 5 
f"5 
+5 
• fS 
- fS 
t»5? 
^ S 
-f s 
+ 5 
-f 5 
y -5 

Filler 
AP 

k4§ 
fa 
v-.y-r 
<*̂ f 
<*</< 
V* 
* « > 
ttfc 
H 
f.fe 
t H 
f t 

in. H20) 
Total 
Flow 
Orif 
AP 

0.11 
on 
on ( 
0.71 
.17/ 
© 7 / 
07/ 
Oil 
ono 
ont 
0.7 / 
£.7/ 

Dil. 
Orif. 
AP 

/•/_» 
/ . l l 
l.f% 
M 
tH 
M> 
V3 
(M 
Mf 
/•/V 
W 
/ / $ 

Dil. 
Orif. 

P 

7 
? 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Flow Totalizer 
Flow 

.%* 

,W 
.%h 
M 
</*_-

. ^ l 

.V5f 

.ys* 

. ^ 
,^55 
, < r ^ 
.ffl> 

Total 
Volume 

(«3) 

9 * 7 
%s 
loS.8 
112.0 
H9.Z-
ivii 
\%rt 
ty.Q 
mn 
I5_,e> 
IbtS 
t&.o 
flft.U 

System Temperatures (°F) 
T1 

Stack 

-hio 
-$\z. 
Wl 
508 
•}o? 
307 
3vt 
?oi 
>e>7 
1*1 
307 
Pt>7 

T2 
Probe 

£ / 0 
yL\ 
370 
V? 
*>10> 
W* 
$/i 
?w 
ti* 
5/7 
V7 
W 

T3 
.Sample 

' Orifice 
Heater 

2 5 9 
Ui 
2S<t 
257 
Ul 
ISS 
IdL 
2St 
2 b L 
tUo 
%u 
w 

T4 
Sample 
Orifice 
Gas 

2.7* 
27? 
7>tn? 

W 
lev 
io/ 
$01* 
-_.-?<? 
"%t>( 
til 
3>t>/ 

**>\ 

T5 
Cone 
Inlet 

h 
97 

98 
9? 
Ibo 
IQI 
/©•v-
/P2-
iO£ 
foz 
lt>3> 
10b 

T6 
Cone 
Brit 

?7 
77, 
9 * 
99 
too 
10/ 

1*/ 
0/ 

loz. 
xot. 
701* 
lt>*7-

T7 
Outside 

Wal 

?5 
ZL 
27 n 
99 
Jo 
V 
?2-
?•«-v 
f 2 -
7* 

T8 
Diluted 
Filtered 

Gas 

V 
fl 
73 
11 f* 
% 
97 
V 
?7 
77 
98 
7 * 

T9 
Dilution 

Air 

7/ 
71 
7 / 
73 
7* 
7V 
7S 
75 
7t> 
77 
77 
7? 

T10 
Ambient 

Air 

75" 
M 
fr* 
U 
?> 
ZZ 
V-fa 

ffB 
83, 
fo 
tf 

{bit — f^ f**< *+*; {JL***- ^ * ^ f ^ 

A 



I0E DILUTION TRAIN OPERATION 

HH5 t / 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

\\V 
6.2 
12.8 
10.0 

29.40 
7.0 
67.4 

D i l . Factor: 10.000 

STACK GAS TEHP, F 
GAS HETER TEHP, F 
Dil Air Temp 
Exh air tenp 

PITOT COHSTAHT 
SAMP. ORI. DH3 : 

Dil Air Ori DHa: 
Exhaust flow DH8 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOW, ecfm 
> 
/LOW, scfm 
Total flow In 
Dil flow scfm 
Dil Bw 
Side stream 1 flow, 
Side stream 1 DH3 
Nutech 2 

Side stream 2 flow, 
Side stream 2 DHS 
Nutech 4B 

Side stream 3 flow, 
Side stream 3 DH3 
RAC 8643 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

: 320 
: 100 

75 
85 

: 0.81 
26.02 

0.0334 
0.0413 

6 

: 0.189 Shank «9 
: 0.788 0.472 dsc 

1.00 26.02 / 
0.4717 V. 
4.72 
4.24 

0 

dscfm 

dscfm 

dscfm 

0.6 
1.788 

0.6 
1.7898 

0.6 
1.76 

2.92 
0.0413 ( 

4.24 . 
0.0334 7 

19.50 DHso 

1.24 DH1 

1.24 DH2 

1.22 DH3 

0.78 DHexh 

1.11 DHda 

$A^ f fc O ^ ' 

T * Ttf<-
£*Y C-J&* 

fo»U .A\^ ^ 

G-315 



SF 

SETUP FOR OPERATION OF DILUTION TRAIN (constant sample rate) 

Dilution constant, Cdil = 
Dilution factor in terms of standard 
conditions, fstd, is: 

CdiKTstc/TFKPF/Pstd) 

10 Sample orifice constant, dH- = 26.02 
Total flow orifice constant, d 0.0413 
Diluted gas filter differentia 10 
Expected initial probe differe 1 

Sample rate (Q, stack cond.) = 
Ambient pressure, Pamb = 
Previous stack diff. pressure, dP 
Previous stack temperature, T = 
Stack gas 02 fraction, fo = 
Stack gas C02 fraction, fc = 
Stack gas water fraction, Bws = 

0.60 
29.4 

7 Stack pressure, P = 29.91471 
320 Expected orifice temperature, 330 

0.062 Stack gas dry molecular wgt,, 30.30 
0.128 Stack gas wet molecular wgt,, 29.07 
0.1 Diluted gas molecular wgt,, Ht 28.84 

The target for the diluter filter temperature, TF, is 68_F. INCREMENTS 
Keep orifice temperature, TH, at 10 |F above stack temperatur T & TH dPH Q 
Use settings based on orifice temperature, TH. 20 5 0.02 

dPH = P d i f f . 
a (acfm) dPH ( i n . H20) 

fstd= 
T= 300 

9= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 320 

9= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 340 

9= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 

to ambient at 
-11.00 
10.10 

TH= 
0.56 
1.17 

10.81 
1.26 

11.56 
1.34 

12.35 
TH= 

0.56 
1.12 

10.52 
1.19 

11.26 
1.27 

12.03 
TH= 

0.57 
1.06 

10.26 
1.13 

10.98 
1.21 

11.72 

-6.00 
9.97 
310 

0.56 
1.16 

10.94 
1.24 

11.71 
1.32 

12.50 
330 

0.57 
1.10 

10.65 
1.18 

11.40 
1.26 

12.17 
350 

0.58 
1.05 

10.38 
1.12 

11.11 
1.19 

11.87 

sample o r i 
-1.00 
9.85 

0.56 
1.15 

11.07 
1.22 

11.85 
1.30 

12.65 

0.57 
1.09 

10.79 
1.16 

11.54 
1.24 

12.33 

0.58 
1.03 

10.51 
1.11 

11.25 
1.18 

12.01 

f i ce in le t 
4.00 
9.73 

0.57 
1.13 

11.21 
1.21 

12.00 
1.29 

12.81 

\JL58 
1^T7~ 

10.92 
1.15 

11.69 
1.22 

12.48 

0.58 
1.02 

10.65 
1.09 

11.39 
1.16 

12.17 

9.00 
9.61 

0.57 
1.12 

11.36 
1.19 

12.15 
1.27 

12.98 

<*_f|> 
1.06 

11.06 
1.13 

11.84 
1.21 

12.64 

0.59 
1.01 

10.78 
1.08 

11.54 
1.15 

12.32 

14.00 
9.48 

0.58 
1.10 

11.51 
1.18 

12.31 
1.25 

13.15 

0.58 
1.05 

11.21 
1.12 

11.99 
1.19 

12.81 

0.59 
0.99 

10.92 
1.06 

11.69 
1.13 

12.48 

19.00 
9.36 

0.58 
1.09 

11.66 
1.16 

12.47 
1.24 

J3_32— 

0.59 
1.03 

11.35 
1.10 

12.15 
1.17 

12.97 

0.59 
0.98 

11.07 
1.05 

11.84 
1.12 

12.65 

24.00 
9.24 

0.58 
1.07 

11.81 
1.14 

12.64 
1.22 

0.59 
1.02 

11.50 
1.09 

12.31 
1.16 

13.15 

0.60 
0.97 

11.21 
1.03 

12.00 
1.10 

12.81 

w 4.1 

G-316 
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I ' / l t r t -L O I-

BJ.I) 
METHOD 5 FIELD DATA 

Planl/Location 
Operator "*7%i 
Dale 1(¥(f* . 
Tesl No./Run No. Ale.]*462. fQL I 
Meter Box ID JIA TcJ-- 2 
Gas Meier CaL Faclor 
Orifice ID 
Orifice DM8 

Pitot Coefficient, Cp 
Nozzle ID. 
Average Nozzle Dia., inches _ 
Barometric Pressure, In. Hg 
Ambient Temp., deg. F 
Assumed Moisture, % 
Filler ID 

1st Filter: 
Leak Rale, cfm. Prelesl &£Q 
Leakrale, cfm, Posl-lesl QjQD 
2nd Filter (if used): 
Leak Rate. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

Slack Pressure, in. 1120 

GAS METER START, cf: jhf^.)00 

START TIME \Q\ 1~ 
GAS METER END, cf JQ\'T?l* 
END TIME ■ | fc(7_ 

Clock 
Time 

Ti-avese 
Poinl 

Number 

1 
i 
1 

Sample 
Time 

0 
K 
Jo 
fr 
(eO 
/r 
3o 

Vacuum 
hi. Hg 

\f 
If 
).r 
l,f 
3.r 
) ■ < 

}.f 

%< 1^ 

Slack 
Temp 
dea. F 

r 

. 

i 
j 

Pilol 
DP 

in. H20 

{ 

j 

Oiifice 
Dil 

in. 1120 

M 
\ 

\ 
\ 

i 
1 

Meier 
VoL 
cf 

ZO/.joo 

Zfrz. 
JLJ^.7 
XfrV 

Mb.l 
lot*.? 
3lfr-7 

^ • > 

Temperatures (dea. Fl 

Probe 

! 

Filler 

1 
I 
• 

Sorb. 

! 

I 

Imp. 
Oul le l 

i 
j 

DGM 
in 

to 
fz-
it-
tz. 
it 
vt-

V 
tr 

DGM 
oul 

1 

1 

Tolal Max Avg. Avg s q i l Avg. Tolal Avg. Avg. Max. Max. 
T ~ ^ 

Avg. 

fa 

Avg. 



M o i 2__ 

■ 
CO 
__ 
co 

0 
Method 5 Field Da 
Clock 
Time 

Travese 
Pohit 

Number 

I 
i 

i 

a Conlmued. Dale 
Sample 

Time 

(eO 

K 
y> 
* < 
£>0 

If 
ft 

Lff 
if>0 

\f 
%> 

i\f 
IfO 

if 
W 

Vacuum 
to. Ilg 

?<" 

h< 
1f 
! ■ < 

}'< 
3-r 
> < 

3,< 
3.< 
3'< 
y< 
y< 
)•< 

l< 
■ ) ■ < 

Stack 
Temp 
de„. F 

Location 
Pilol 
DP 

in. H20 

1 
i 
1 

i 

i 

i 

| 

• 

■ 

1 

: 
1 

Oiifice 
DH 

hi. 1120 

IM 

i 

\ 

! 

/ 
/ 

\uw No. lV\ 
Meter 

VoL 
cf 

33'?\1 
V\t. V 
3rt>o 
3l7<1 
3714 
3ihi 
3ft,o 
HoW 
H)1.< 
Htf4 
Ml.l 
W 
HMH 
Hll>1 

iti.y 

*\4>2,aL) 
Tempera 

Probe 

i 

1 

■ 

Operator 7 tt
.ures (deg. Fl 

Filter 
\ 

\ 

\ 

i 
i 

i 

Sorb. 

p 

j 
j 
i 

1 
i 

i 

hnp. 
Outlet 

r 

I 
i 

i 

: 

DGM 
lu 

& 

17 
u 
V 
l?7 
V? 
a 
<a 
<7 
/ / 

^ 

77 
fl 
91 
U 

DGM 
oul 

I 



Melhod 5 Field Data Continued. Dale Location Run No. itf*f*liZ D^ 7 
Tempera 

Operator 7Kf-
Clock 
Tune 

Travese 
Pohit 

Number 

Sample 
Time 

Vacuum 
hi. Hg 

Stack 
Temp 
deg. F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

in. H20 

Meter 
VoL 
cf Probe 

ures (deg. F) 

Filter Sorb. 
hnp. 

Outlet 
DGM 
hi 

DGM 
oul 

_ _ _ : Xf u£ W.i 11 \ 

u° _*£ _ _ . fo\.r% P? 

D 
I 

CO 

CO 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant TZu'llf 
Sanpling Location \Lji I & I 
Set Up BvV-Q* /

0
* ' * 

Comwnts JJjJLl4ip/&. jAtUU 

(duMct u ~) 
Oate Q97»fll3 

Run Ho. _ 
Run Oate 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

tif /JL— 
Report Oate 

FKTtjRS u-_-

F i l t e r Ho. 

Sorbent Trap No. 

Condenser Ho. 

Used 
<Yes/Ho> 

10 u. 

CYCLONES 
« Prepared Container 

(Mo.) 

5 u. 

2.0 u 
1.0 it 
0.5 u 

IHPtHGER SOLUTIOHS: I n i t i a l Final Gain 
Fi rs t 
Second 
Third 
Fourth 
Fi f th 
Sixth 
Seventh 

384.Z 
47*7.2. 
4Z7.3 
*71J 
_^f__-Z-

__£___£. 

(P2€.0 

_5___1_2_ 
937- y 
____I____ 
_5-£2u_-_ 
_d____JL 

_____£. 
_ _ Q T . 
_______.. 
______J__-3 
- / . « + ■ 

9 
3 

O^g" 

SILICA GEL UEIGHTS: I n i t i a l Final 

776.0 *i*> - a 3 > ^ A ^ * 4 -

Totals 

jfog &ar^ 

COMMENTS: 

Color of Silica Gel: __ 
Description of Impinger Water: 

Ys p;nK 

G-320 



v'/4_-fe__ _» o i - -2-
MEH10D 5 FIELD DATA 

Planl/Loealto&L-ll/c-
Operalor ~l2 
Dale jfiflf& 

Pilot Coefficient. Cp 
Nozzle ID. 

Tesl Na/liun No (K*\*\<,3,D,l2. 
Meier .Box ID jj^nl 4t> 
Ga9 Meier Ca'L Factor 
Oiifice ID 
Oiifice DH® 

Average Nozzle Dia., inches _ 
Barometiic Pressure, in. Hg 
Ambient Temp... deg. F 
Assumed Moisture, % 
Filler ID 

1st Filter. 
Leak Rate, cfm. Prelesl 0-®° 
Leakrale, cfm, Posl-lesl o ,QO 
2nd Filler (if used): 
Leak Rale, cfm Prelesl 
Leakrale, cfm. Posl-lesl 

Stack Pressure, in. H20 

GAS METER START, cf: tMJ,000 
START TIME / P i t -

GAS METER END. cf 7 f 9' ? ^ 
END TIME /CWZ-

Clock 
Time 

Travese 
Pohil 

Number 

. 

\ 

1 
I 

Sample 
Time 

0 

[^ 
70 

IT 
tffV 

if 
)o 
<f< 

Vacuum 
In. Ilg 

3-0 
3<0 

)-o 
V 
1.0 

}<° 
y 
y 

Stack 
Temp 
(lea. F 

1 Pilol 
DP 

hi. 1120 
1 

1 I 

Oiifice 
DH 

'ill. 1120 

M 
i 

7 

Meter 
VoL 
cf 

Ulto 
. 5~ol.)/ 
l- *!!.+ 
mA 
rx_-
r%i-
m} 

fa* 

Tempera 

Probe 

( 

' 

Lures (deg. Fl 

Filler 

t 

! 

Sorb. 

/ 

1 
i 

hnp. 
Oullel 

\ 

\ 
\ 

DGM 
hi 

/Of 
/o¥ 
h? 
to?-

lo*-~ 

/ f lZ-

/_>z-

H 

DGM 
oul 

' 

\ 

o 
I 

to 
ro 

Total Max Ave. Avg sort Avg Tolal Avg. Avg. Max Max. Avg. 
T 

_____ 



'd __k t_y I 2 _ 

Q 
■ 
co 
ro 
no 

Method 5 Field Da 
Clock 
Time 

Travese 
Pohit 

N u m b e r 

a Conthiued. Dale 
Sample 

Thne 

(e 
If 
>o 
qf 
<ec 

If 
> 

<K 
(eV 

If 
>o 
H< 
bo 
l< 
)0 

Vacuum 
In. Ilg 

V 
jJ/0 

")'0 
3.o 
3/0 

> 

3-0 
?,o 

_tf> 

3.5 
)<o 

3o 
30 
P 
}K) 

Stack 
Temp 
deg. F 

Location 
Pitot 
DP 

hi. H20 

; 

1 
l 
! 

i 

! 
! 

1 
Orifice 

DH 
in. H20 

IM 

J / 

fan No. At 
Meier 
VoL 
cf 

r?l 7 
ftH 
y*iO<o 

jw.y 
IpOt'l 
bll.L 
Mt'b 
£?r,</ 

mW 
brtJ 
W.o 
bit A 
tttlf 
1UJ 
7eO// 

u 2, 
Tempera 

Probe 

( 

i 

• 

i 
i 

M Z Operator 7?^ 
ures (deg. F) 

Filter Sorb. 

/ 

hnp. 
Outlet 

/ 

DGM 
ill 

/4>k 

lai 
[oi 
iol 
lot, 
[01 

107 
(?7 
n» 
I/O 

^ 

UL

II? 
Vf 
\H 

DGM 
oul 

/ 

I 

\ 

1 

\ 
1 
1 
1 



*1 

? 
o 
2 
ii 
o 

^ 

^ 
VN 

z 
3 

a 
3 a 
__ 

_s 
•_ 
3 .3 

i 
CQ 

__ 

3 

i n 3 
O 

•sr 

1 
2 

1 

__ 

S * 
*_y _ _ 

o 
J 

is 
g 

**y — •— 

1 = 1 
5 J 

_3e_i 

it a.**. 
„ S t_ 

OTH ■_ 

| _ 3 P 

j j . . a 

OJ _ l 

cn 

11 

^ 

( f t 

• „ 

o 

r
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DOE DILUTION TRAIN OPERATION 

-/-MS—-" 
MMS 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

Dil. Factor: 

STACK GAS TEMP, F 
GAS HETER TEMP, F 
Dil Air Tenp 
Exh air tenp 

PITOT CONSTANT 
SAMP. ORI. DH8 : 

Dil Air On* DH3: 
Exhaust flow DHS 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOU, acftn 
dp 
FLOU, scfm 
Total flow In 
Dil flow scfm 
Dil Bw 

Side stream 1 flow, 
Side stream 1 DH3 
Nutech 2 

Side stream 2 flow, 
Side stream 2 DHS 
Nutech 4B 

Side stream 3 flow, 
Side stream 3 DHB 
RAC 8643 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

6.2 
12.8 
10.0 

29.40 
7.0 

67.4 

10.000 

320 
: 100 

75 
85 

: 0.81 
26.02 

0.0334 
0.0413 

6 
— 

: 0.189 Shank #9 
: 0.788 0.472 dscfm 

1.00 26.02 19.50 DHso 
0.4717 
4.72 
4.24 

0 

dscfm 

dscfm 

dscfm 

0.6 
1.788 

0.6 
1.7898 

0.6 
1.76 

2.92 
0.0413 

4.24 
0.0334 

1.24 DH1 

1.24 DH2 

1.22 DH3 

0.78 DHexh 

1.11 DHda 

< 
^f 

v̂  ^ 

-5*3-
jfyM TA*"~ 

£** ̂S 

G-324 



SAMPLING TRAIN SET-OP 
AND IMPINGER WEIGHT SHEET 

Plant "BrAEOV 
Sampling Location 1)"LL^"2— (uMn T o o r  T l 
Set Up By 7tO'/£>*_S 
Comments fl\U LnzPcB {ABTTtLS 

Date of 7Q* 7*3 
Run No. 
Run Date 

Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By 

vJt /!■ 
Report Date 

FILTERS USED 

Fi l te r No. 

Sorbent Trap No. 

Condenser Ho. 

Used 
(Yes/No) 

10 11 

CYCLONES 
Prepared Container 

(Ho.) 

5 ii 
2.0 it 
1.0 u. 
0.5 u 

IHPTHGER S0LUTI0HS: Initial Final Gain 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

£>{$,( 
_6_iS___£_ 
f»A-P 

__________ 
_St_L2_ 
fU.o 

J_____i_l_9 
____________ 9 
jm~x—» 
___ei________ g 
'.fe?-* 9 
*fff4 .°l 9 

37.3 
* - ; 
2.W 

- / . * 
-3,r 

( 3 ^ 
-

SILICA GEL WEIGHTS: I n i t i a l Final 

_________ *"*_L*. 7̂ ^ W ~ 

Totals 

TUTA/C ~7XS 

COMMENTS: 
Color of Si l i ca Gel: __ 
Description of Impinger Water: 

!__2 frnfc

G325 



rot. ± o\ _̂ __ 

METHOD 5 FIELD DATA 

Planl/Localiqr 
Operator 
Dale */*/*? i 
Tesl No./Run No. / W * -2, 0,1 
Meier .Box ID ft AC fyg6>45 
Gas Meier CaL Faolor 
Oiifice D) 
Oiifice DII® 

Pilol Coefficient Cp 
Nozzle ID. 
Average Nozzle Dia., inches . 
Daitimeliic Pressure, in. Ilg 
Ambienl Temp., deg. P 
Assumed Moisture, % 
FUler ID 

1st Filler. 
Leak Rale, cfm. Prelesl 6,Qo 
Leakrale, cfm, Posl-lesl O,o° 
2nd Filler (If used): 
Leak Rale, cfm. Prelesl 
Leakrate, cfm. Posl-lesl 

Slack Pressure, in. 1120 

GAS MEIER START, cf: flf-lOO 
START TIME \Q\\, 

GAS METER END. cf ________7_____1 
END TIME I / , / - -

Clock 
Time 

Ti-avese 
Poml 

Number 

Sample 
Time 

Vacuum 
to. Hg 

Slack 
Temp 
(leg. F 

Pilot 
DP 

111. 1120 

Oiifice 
Dll 

hL 1120 

Meter 
VoL 
cf 

Tempera ures (deg. F) 

Probe Filler Sorb. 
bnp. 

Oullel 
DfJM 
ii» 

DGM 
o u l 

CO 

D 3.0 / ,<** Aid. h* /°r 
if l>f 3f.b 
>o 2< yr7 

_ _ _ : ML 
ho_ III 

Y i< fM J£L JLL 
UV %f w.r 
11 u ML 

IV fit

L% JlL 
io 3.< 
If 1f _ V 

?)■(, 

<\y.r 
Tolal Max Avg. Avg sqit Avg. 

1 [ 
Tolal Avg. Avg. Max Max. 

l I T 



I y _. i 

Method 5 Field Data Continued. Dale 
Clock 
Time 

Travese 
Poinl 

Number 

\ 

i 

j 

Sample 
Time 

(fV 

K 
W 
tf 
(g& 

| T 
?? 
cf< 
(fO 
If 
yo 
q<T 
ioO 
If 
ID 

Vacuum 
iii. Hg 

l*< 
2.r 
%.* 

* , < 

z.r 
l.lC 
in< 
hi< 
l7< 
^ < 

%i< 
xnf 
),D 
7o 
1* 

Stack 
Temp 
deg. F 

» 

r 

i 
i 
1 
i 
1 

i 
i 

Location 
Pitot 
DP 

in. H20 

■ 

I 
Oiifice 

DH 
in. 1120 

M*-

i 

j 

\ 
\ 

/ 
f 

l\m. No. tLyc 
Meter 

VoL 
cf 

toy.'L 
/ ^ / 

\ll.v 
I3\.r 
Nli* 
/rf.o 
lb°^ 
h** 
im 
Mr 

JUo.o 

?oM 
M.r 
Li%.r 
lv°\ 

\ 

.J SZ, 
Tempera 

Probe 

/ 

i 
i 
1 
i 
i 

i 
I ■ ■ 

Al* Operator 7Z* 
u r e s (deg. F) 

Filter 

' 
1 

i 

1 

Sorb. 

/ 
( — 

i 

-

| 

i 
i 
i 

bnp. 
Outlet 

i 

1 
i 

DGM 
in 

M 
1)7. 

nr 
i ^ 

or 
/?<* 
lit* 
nr 
13^ 
Pc 

M 
IJ7 
M 
in 
l)< 

DGM 
oul 

fir 
lit 
If 7 
1/7 
Hi 
Iff 
/TV 

t'1 
in 
1/7 
/z.e> 

> * ■ / 

/ - / 

\ll 

1IT 

file:///ll.v


fl' 
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Method 5 Field Data Continued. Date Location Run No, . QiUsljl 
Tempera 

Operator ,72 <~ 
Clock 
Time 

Travese 
Poinl 

Number 

Sample 
Time 

Vacuum 
iii. Hg 

Stack 
Temp 
deg. F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

ia H20 

Meter 
VoL 
cf 

ures (deg. F) 

Probe Filler Sorb. 
unp. 

Oullel 
DGM 

in 
DGM 
oul 

O 
i 

CO 
IV) 
OD 

____^ _______ /'£.2- ______ 

I3h 
/LO 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant l-Ui llf 
Sampling Locat ion"3>i I (Oi*\ti-U~i 7 ) 
s e t UDBy (__q-/ j r t> 
Connonts --i____---

. Date 04l<*lf3 

Run No. 2~ 
Run Date 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By Report Oate 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/Ho) 

10 a. 

CYCLONES 
Prepared Conta iner 

(Ho.) 

5 u. 
2.0 it 
1.0 u 
0.5 a. 

IMPINGER S0LUT1OHS: I n i t i a l Final Gain 
Fi rs t 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

________ 
<e05,* 
47t.7 

f-53.*7 
(oriCn . Ca 
V79,3 

,— 

— 

iL____ 
Z3Z. 

SILICA GEL UEIGHTS: I n i t i a l Final 

673.0 *// a S__r^/Jfc-cr 

Totals 

-ll,.1&<c^~ 

COMMENTS: 

Color of Silica Gel: _ 
Description of Impinger Water: 

!l3L finK-

G-329 



Plant Name 
Run ID 
Date 
Operator 

Bailly 
werAL3 3 
<tsn 
Randy Merritt 

Run Sheet for the PM10 Dilution Train 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

"H20/min @ 100" 
AP(sample orifice) 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

Pitot Cp 
Nozzle Diameter 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Time 

W<? 
(Itbo 
W 
IHVD 
Iff 5 

{ < / > * 

itWs 
iScni 

/fl? 
i foe 
/5y<r 
IfpO'L 
M^ 

System Pressures 
Pitot 
AP 

— 
— 



— 


— 
— 


_ 

— 

Sample 
Orifice 

AP 

\%b 
l°l/h 
/ » • • * 

19) 
^ 
ns 
/•?.** 
11.3 
I9<$ 
l%* 
195 
/?.? 

Sample 
Orifice 

P 

+ 5 
+ <S~ 
f S 
.fs 
i * 
+ ST 
tS" 
+r 
+< 
*<; 
45 
+r 

Filter 
AP 

<r%_> 

¥<» 
f.L 
+.L 
f.y 
r> 
* 6 
¥.(, 
4.L> 
w 
U 
y.lr 

in. H20) 
Total 
Flow 
Orif 

. AP 
o.7o 
o7o 
oio 
Olo 
D.i>1 
D.tf 
0.70 
o.y<\ 
o.t>1 
OJ& 
D.& 
I t f 

Dil. 
Orif. 

AP 

UT 
>.lt 
I./4 
/.if, 
i.\h 
w

2


!./*> 

lt\ 
i. fi
ll i. 
\;n 
U1 

Dil. 
Orif. 

P 

£ 
6 
£ 

Cr 
6 
(t 
L 
0 
(a 

L 
I 
L 

Flow Totalizer 
Flow 

4SL 
.f)L> 
**7 
.7*7 
./.v 
Ml 
.Yfr> 
.</lb 
• # * 
.ibo 
Kr 
.it? 

— <

Total 
Volume 

<fl3) 

06.0 
<?5/ 
toiS 
/or? 
W>.t 
tzs.i 
l t t 
ni,5 
1<U>.T

191* 
IW 
H,l.\ 
HIS 
  ~ \ 

System Temperatures (°F) 
T1 

Stack 

2.J2 
*/* 
5/2

W*
ZI1. 
M 
ln
?// 
W 
tot 
*_>& 
>t><? 

T2 
Probe 

^
<
? 8 ' 

2f7 
z?7 
Z?7 
Z7* 
Vfi 
2?f 
2<ft 
71* 
tft 
W 
Z?7 

T3 
.Sample 

' Orifice 
Heater 

2.5. 
Z T 4 
7 < * 
1ST 
2 5 * 
Z5~( 
If/ 
ISO 
7*1 
•Z.V7 
■?«& 
Z * & 

T4 
Sampis 
Orifice 
Gas 

3 p 5 
> o 5 
* _ > * 
1,02. 
^Dl. 

tol 
•w 
10O 
i l l 
T?S 
%17 
Z?7 

T5 
Cone 
Inlet 

loS 
tof 
(Oi 
lp*> 
/ D > 
lot 
IO( 
7U1/ 
tot 
tm? 
flip 
99 

T6 
Cone 
Exit 

/ O T . 
/_>a

loo 
Itfb 
in? 
79 
92 
97 
?7 
U 
9<T 
I f 

rr 
Outside 

WaH 

« 7 * 
?/ 
9 o 
J° 
*? 
$7 
9L 
n 
Z1 
?* 
STT

?*

T8 
DUuled 
FiHered 

Gas 

<•?■? 

?s 
1L 
JL 
9f 
n 
73 
9 2 . 

91 
la 
99 
*7 

T9 
Dilution 

Ah

7 ^ 
7 * 
7 1 
7 * 
72. 
It? 

Ul 
M 
c* 
L* 
d 
17 

TIO 
Ambient 

Air 

*? 
& 
?3 

?r 
& 
KT

*£ 
tS 
_rz
?% 
fl 
XL 

^ A I 'M ** tf.b ,U1 \Av 1/ "»;_1 ^ 11 



Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 
■vtervus 3 
q- 5 - T » 
Randy Merritt 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
Z%W"HQ 

.5? 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

S "H20/min @ 100" 
AP(sampla orifice) 

Pitot Cp 
Nozzle Diameter 

? 
Jo 
0 

Time 

/frcW
I p / p 
(oo 
1015 
\Q<tO 
/ D 5 5 

ttto 
Ifrlr 
nn 
((97 
NT 
tZ^o 
iZSO 

ltt* 

System Pressures 
Pitot 
AP 

— 
— 
— 
— 

■ • 

— 
__ 
— 
— 
— 

Sample 
Orifice 

AP 

/?.r 
I9.D 
HS 
m 
I9S 
19% 
(7.? 
n.s 
n* 
/ 9 3 
n.T 
l
K 
\ t f 

Sample 
Orifice 

P 

tff 
fS 
ts 
+s 
15 

7$ 
+S 
ts 
■f5 
15 
+ *? 
* 5 
+5 

Filter 
AP 

£•? 
1.1 
f.lS 
f.zS 
f ? 
f t 
4* 
f.4, 
*L 
<f.L> 
i.lo 
+.L 
fcfc 

in. H20) 
Total 
Flow 
Orif 
AP 

o.t% 
o.b& 
o.io 
0.7O 
070 
D.bV 
0.fe>7 
O.70 
b.b it 
a _ 8 
oycf 
o.7o 
D.70 

Dil. 
Orif. 
AP 

/ . / * 
1.10 
LIT 
h'l 
Ul 
IM 
/./?
Wr 
Ul 
( I t 
i.ir 
/./f 
(j? 

Dil. 
Orif. 

P 

to 
to 

h 
L 
L 

<e 
b 
t* 
£ 
& 
(0 

_> 
& 

Flow Totalizer 
Flow 

Ml 
.759 
.*& 
.*U,o 
.vfcy
m 
,*w 
itf 

>57 
,&7 
,»/5V 
.¥*? 
.HT7 

Total 
Volume 

(ft3) 

0.9 
3 . 0 
7.2

H>1 
2I.S" 
2_?.f 
m 
^5.^ 
£77 
$_.£ 
frf.f 
7^,7
Bi.d 

System Temperatures (°F) 
T1 

Stack 

3 / / 
?/3 
W 
Wt 
?;5 
3/? 
i ? / ^ 
3 0 ? 
3o7 
S/9 
V * 
M> 
H5 

T2 
Probe 

/ 7 2 . 
zi>t 
2 5 7 
2 7 5 
2  " t 
2 * 5 
2i?7 
^£_. 
e?2_ 
^96 
2?r 
tU 
Zero 

Vti 

T3 
.Sample 

' Orifice 
Heater 

In 
189 
ZOZ

VL\ 
7H5 
*5«? 
155 
l5z 
Z53 
253 
ZSt 
1*7 

Z5L 
7?L 

T4 
Sample 
Orifice 
Gas 

m 
zHl 
1A0 
IIS 
21* 
3>oi 

3 t»5 
iic»3 
7>c? 
T>o2> 
?t>+ 
3ol, 
3 * 6 
•?*£ 

T5 
Cone 
Inlet 

? l 
<e>°i 
n 
95 
Itrp 
IOZ 
(D? 
/e5 
ft>9 
/ o> 
tt?L 
lot. 
tof 
tor 

T6 
Cone 
Extt 

19 
10 
93 
lb 

ttrp 
too 
lot 
toz. 
I0Z. 

{*> 
to*, 

loz 
10L 
702. 

rr 
Outside 

Wal 

"79 
* / 
ft* 
i f 
*7 
f?£ 
<?P 
9^ 
?5 
?_L 
92. 
*__ 
9 ^ 
?2 

TB 
Diluted 
FiHered 

Gas 

?l 
?7 
?7 
92. 
9V 
9t> 
17 
VL 
9* 
n 
12 
?*
is 
9% 

T9 
Dilution 

Air 

7 7 
77 
77 
77 
7? 
7* 
7J 
77
77 
77 
7z 
lb 
7> 
73 

T10 
Ambient 

Air 

75 
7$ 
79 
72

« 
rTV 

jM 
xs 
h
& 
?9 
3? 

S8 

IbOS' 3 W W^ . 
0JI0.5S 5<WA -K^U. -pp .̂̂ r i^^A 

'1 . . . . * . . J L . _.,. //? 

ij.-Kiy itfhfaoJl 
O.'i UT8"^ 



DOE DILUTION TRAIN OPERATION 

HH5 
<\[*[W 

GAS ANALYSIS • 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp : 

Dil. Factor: 

STACK GAS TEHP, 
GAS HETER TEHP, 
Dil Air Temp 
Exh air temp 

6.2 
12.8 
10.0 

29.30 
7.0 
67.4 

10.000 

320 
100 
75 
85 

\ ) I L 

PITOT CONSTANT 
SAMP. ORI. DH8 

0.81 
26.02 

Dil Air Ori DH3: 
Exhaust flou DH3 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOU, acfm 
dp 
FLOW-, scfm 
Total flow In 
Oil flow scfm 
Dil Bw 

0.0334 
0.0413 

6 

0.189 Shank *9 
0.788 0.470 
1.00 26.02 

0.4701 
4.70 
4.23 

0 

Side stream 1 flow, dscfm 
Side stream 1 DH3 
Nutech 2 

0.6 
.788 1.24 DH1 

Side stream 2 flow, dscfm 
Side stream 2 DHS 
Nutech 4B 

0.6 
.7898 1.24 DH2 

Side stream 3 flow, dscfm 
Side stream 3 DHa 
RAC 8643 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

0.6 
1.76 1.22 DH3 

G-332 



&F 

'.TUP FOR OPERATION OF DILUTION TRAIN (constant sample rate) 

Dilution constant, Cdil = 10 Sample orifice constant, dH3 = 26.02 
Dilution factor in terms of standard Total flow orifice constant, d 0.0413 
conditions, fstd, is: Diluted gas filter differentia 10 

Cdil(Tstc/TF)(PF/Pstd) Expected initial probe differe 1 

Sample rate (Q, stack cond.) = 0.60 
Ambient pressure, Pamb = 29.3 
Previous stack diff. pressure, dP = 7 Stack pressure, P = 29.81471 
Previous stack temperature, T - 320 Expected orifice temperature, 330 
Stack gas 02 fraction, fo = 0.062 Stack gas dry molecular wgt,, 30.30 
Stack gas C02 fraction, fc = 0.128 Stack gas wet molecular wgt,, 29.07 
Stack gas water fraction, Bws = 0.1 Diluted gas molecular wgt,, Ht 28.84 

The target for the diluter filter temperature, TF, is 68_F. INCREMENTS 
Keep orifice temperature, TH, at 10 _F above stBck temperatur T & TH dPH Q 
Use settings based on orifice temperature, TH. 20 5 0.02 

dPH = P diff. to ambient at sample orifice inlet 
Q (acfm) dPH ( i n . H20) 

fstd= 
T= 300 

9= 
0.58 dPt= 

dH(fyi>= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 320 

g= 
0.58 dPt=» 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 340 

g= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 

-11.00 
10.06 

TH= 
0.56 
1.16 

10.77 
1.24 

11.52 
1.33 

12.31 
TH= 

0.57 
1.10 

10.49 
1.18 

11.22 
1.26 

11.99 
TH= 

0.57 
1.05 

10.22 
1.12 

10.94 
1.20 

11.68 

-6.00 
9.94 
310 

0.56 
1.15 

10.90 
1.23 

11.67 
1.31 

12.46 
330 

0.57 
1.09 

10.62 
1.17 

11.36 
1.24 

12.13 
350 

0.58 
1.04 

10.35 
1.11 

11.08 
1.18 

11.83 

-1.00 
9.82 

0.57 
1.13 

11.04 
1.21 

11.81 
1.29 

12.61 

0.57 
1.08 

10.75 
1.15 

11.51 
1.23 

12.29 

0.58 
1.02 

10.48 
1.09 

11.21 
1.17 

11.97 

4.00 
9.69 

0.57 
1.12 

11.18 
1.20 

11.96 
1.27 

12.77 

0.58 
1.06 

10.89 
1.14 

11.65 
1.21 

12.44 

0.58 
1.01 

10.61 
1.08 

11.36 
1.15 

12.13 

9.00 
9.57 

0.57 
1.10 

11.32 
.1.18 
12.12 
1.26 

12.94 

0.58 
1.05 

11.03 
1.12 

11.80 
1.19 

12.60 

0.59 
1.00 

10.75 
1.07 

11.50 
1.14 

12.28 

14.00 
9.45 

0.58 
1.09 

11.47 
1.16 

12.27 
1.24 

13.11 

0.58 
1.03 

11.17 
1.11 

11.95 
1.18 

12.77 

0.59 
0.98 

10.89 
1.05 

11.65 
1.12 

12.44 

19.00 
9.33 

0.58 
1.07 

11.62 
1.15 

12.44 
1.22 

13.28 

0.59 
1.02 

11.32 
1.09 

12.11 
1.16 

12.93 

0.60 
0.97 

11.03 
1.04 

11.81 
1.11 

12.61 

24.00 
9.20 

0.58 
1.06 

11.78 
1.13 

12.60 
1.21 

13.46 

0.59 
1.01 

11.47 
1.07 

12.27 
1.15 

13.11 

0.60 
0.96 

11.18 
1.02 

11.96 
1.09 

12.77 
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Tirt. a. Ol* J 

o 
I 

CO 
CO 
•I*-.. 

MEI1I0D 5 MELD DATA 

Planl/ljocalion Scully 
Operator ""7^4" 
Dale i/f/f? 
Tesl No./R.fn Ho. rf&fJs3 "DiL 
Meier Box ID Ufa- A-GU3 
Gas Meier CaL Factor 
Oiifice ID 
Oiifice m i * 

Pllol Co.fficienL, Cp 
Nozzle ID. 
Average Nozzle Dia., inches . 
Daitimeliic Pressure, in. ilg 
Ambient Temp., deg. F 
Assumed Moisture, % 
FUler ID 

Isl Filler. , 
leak Rale, cfm. Prelesl _ 2 _ # ° 
Lcakrale, cfm. Posl-lesl@xp 
2nd Filler (if used): 
leak Rale. cfm. Pretest 
Leakrale, cfm. Posl-lesl 

Slack Pressure, in. 1120 

GAS METER START, cf: k T$ttfoO 
ST-wrmiE fin?- \{.t<7 

GAS MEIER END. cf ^fO^Jl 
END TIME • l(oo<7 

Clock 
Time 

Ti*avese 
Pobil 

Number 

, 
1 
/ 

Sample 
Time 

o 
/r 
?o 

K 
(oV 

If 
3o 
iff 

Vacuum 
in. Ilg 

ho 
ho 
l<> 
},0 

1* 
\fi 

!<0 

l<> 

Slack 
Temp 
dec. F 

** 

i 
| 
1 ! 

i 

| 

Pllol 
DP 

hi. 1120 

1 

1 

Oititce 
Dll 

iii 1120 

//z-

Meier 
VoL 

. cf 

?\rv4 
2c>V<o 

177k 
in? 
M-l 
3o b. f 
3/b.l 

s> r>l 

Ternoera 

Probe 

1 
1 1 
i 
i 

| 
i 
1 

— i 

lures (deg. Fl 

Filler 

i 

Sorb. 

/ 
1 
1 
1 

Imp. 
Oullel 

, 

DGM 
bi 

Ik) 
lir 

Pi 
Z--7 

kf 

/T-> 
131 

/ ; / 

DGM 
oul 

kl 
la. 

l°1 
/IT-

If* 
f t ? 

ll<7 

fir 
Tola! Max Avg. Aval sail Avg. 

T T ~ ^ 
Tolal _£____ Avg. Max Mnx. Avg. ______ 

]&* 



1  3 «_. * 

Melhod 5 Field Da 
Clock 
Time 

Travese 
Pouit 

N u m b e r 
' 

\ 

la Continued. Dale 
Sample 

Time 

(eO 

If 
>o 

IA<T 
[pO 

If 
?p 
«K 
yo 
\f 
30 
* < 

do 
If 
3/) 

Vacuum 
ui. Hg 

A* 
/ / » 

M 
h 
IA> 

Lo 
\ * 

id 
1.0 
1° 
\*> 

ho 
io 
1.0 
10 

Slack 
limp 
dM.F 

1 

1 
-4-

Location 
Pitot 
DP 

in. H20 

\ 

I 
Orifice 

DH 
in. H20 

f.lZ

1 

\ 
\* 

iuu No. fie 
Meter 
VoL 
cf 

3x.f* 
ftrf 
}<*•; 
3<w.? 
*>7cf.r 
W/ 
3?f^ 
4d?>.7 
mr 
fzxt

HX.1 
iHif 
Hrz.i 
*M 
Hil< 

Js 3 
Tempera 

Probe 

i 

0.L Operator ~7£6 
Lures (deg. Fl 

Filter 

| 

L 

Sorb. 
1 

4 

bnp. 
Outlet 

f 

i 
i 

! 

; 

■ 

i 

DGM 
in 

tez 
tv 
/ > - _ -

l?i 
13? 
IV 
1?? 
IJ? 
Hz. 

IX 
IV 
/ > 

bo 
h.y 
to 

DGM 
oul 

liu 
It? 
It? 
/ / > 

)\l 

in 
\K 
IK 
H<> 
lir 
l¥ 
HY 
U¥ 
Vi

lli 



<_/ I 

o 
I 

co 
co 

Method 5 Field Da 
Clock 
Time 

Travese 
Pomt 

Number 

f 

( 

a Conlmued. Date 
Sample 

Time 

*< 

ifO 

Vacuum 
In. Hg 

\J 
l,o 

Stack 
Temp 
deg. F 

1 

Location 
Pitot 
DP 

bi. H20 
1 

1 

Oiifice 
DH 

in. 1120 

/ * * -

Run No. / / £ 
Meter 
VoL 
cf 

4 # ? 
Hfojn 

■ ■- t 

,d 3J 
Tempera 

Probe 

) " ■U/ L Operator ^ < 

Lures (deg. F) 

Filter 

i 

Sorb. 
■ 

' 

bnp. 
Outlet 

DGM 
ill 

M 
lit 

DGM 
out 

li? 
if ■> 

C— 



SAMPLING TBAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant 
Sanoling LocationT)il Co-j|«.t l__.*f7 ) 
Set UD Bv }i£__- / /? US D Date 
Cotrments .Actds 

O" i la I'm 
Run Ho. 
"tun Date 

Analyst Responsible for Recovery 
Calculations & Report Reviewed By 

FILTERS USED 

Filter Ho. 

Sorbent Trap No. 

Condenser Ho. 

IMPINGER SOLUTIOMS: 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

SILICA GEL WEIGHTS: 

Totals 

Initial 

477.2. 

i 

-

9 
g 
9 
9 
9 
9 
9 

10 
5 

2.0 
1.0 
0.5 

nitial 

(f? 2-

Used 
(Yes/No) 

u. 
u. 
u. 
-

Final 
-44-S_-_L 
_»_>3,? 

— 
_ 

— 

a 
" 

9 

"report Di ite 

CYCLONES 

9 
9 
9 
9 
9 
-J 
9 

Prepared Container 
(No.) 

Gain 

2, 1 

— 

Final 

S*"n&,3 

9 
9 
9 
3 
9 
9 
<J 

< ^ 
9 

9 

^ • - M -

^ _ ' v 

COHHENTS: 

Color of Silica Gel: 73. 
Description of Inpinger Uater: . 

Pt'nK-, 

G-337 



'o-t _L o\- 2L-

MEIIIOD 5 FIELD DATA 

Planl/Localion { - W i / f y 
0|ieralor "Tif^--
Date ?/■,•"/?? 
Tesl No/Run No. 
Meier .Dox ID /f̂ . 
Gas Meier Cat Factor 
Oiifice ID 

Pilol Coefficient, Cp 
Nozzle ID. 

1**1*1*3-ft L I 
&£>. 

Average Nozzle Dia., Inches _ 
Barometric Pressure, ln. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture. % 
Filler ID 

1st Filler. , 
leak Rale, cfm. Prelesl 0<{jO 
Leakrale, cfm, Posl-lesl 
2nd Filler (If used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

Oiifice DIM Slack Pressure, in. 1120 

GAS METER START, cf: f&. &>° 
START TIME \ooj ~- )loQf 

GAS MEIER END. cf IfO,?}! 
END TIME [(ppy 

Clock 
Tune 

Travese 
Poinl 

Number 

Sample 
Time 

Vacuum 
bi. Hg 

Slack 
Temp 

__£__£ 

Pllol 
DP 

111. 1120 

Oiifice 
Dll 

bi. 1120 

Meier 
VoL 
cf 

Tempera 

Probe 

ures (deg. F) 

Filler Sorb. 
Imp. 

Oullel 
MM 
bi 

DCM 
o u l 

G) 
i 

CO 
CO 
CO 

0 if.O 

K 
)0 

Hr 
IT?V 

! * 

3D 

H< 

io 
H.i< 
*\.i< 

V-?c 

H-7< 
1<ir 
*t.i< 

i Mt roz.4 
T/J.3 

Y 

Qj-k 
<Ho 
rH^ 
M 
i^n 

Tola! Max Avg. Avglsmt Avg. 
T7ZZ* 

r^ 
95 
w 
vr 
?r 
?r 

fa 

_. v 
Tolal 

T 
d< 

Avg. Avg. fclo-C Max. Avg. Ate 
1 I 



7^ _ < i -3-" o ' 
Method 5 Field Data Conlmued. Dale Location Run No. ,/Ef gi*/> 3 - #-/- / Oucrator /-^ ^ -
Clock 
Tune 

Travese 
Pomt 

Number 

Sample 
Time 

Vacuum 
In. Hg 

Stack 
Temp 
deg. F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

in,H20 

Meter 
VoL 
cf 

Tempera ures (deg. 

Probe Filler 

A. 
Sorb. 

bnp. 
Outlet 

DGM 
m 

DGM 
oul 

(.D H.l< IM. •rsrrr 17 
_ _ _ . H-7f rfio 17 
yo H.7f £o_?.> li 
t\f w bfb.7 H 
(od H.7< b*7-o H 
If H-T. fe37fc 11 
)D i\.i< W> n. 

_ _ _ . *f-7* 
/ ' 

. < # / 11 
yo H.rf (,1,1.f ?7 
XI -y.7< b-ii* rs 
yo 'i.i'f MIL ft 
Ikf Mf Ipll.f i__ 
yo M< 1(0.<* £> 
151 
30 

_i__ 2211. 
_Z2__. _Z_ 



"_' 
11 «_> 1 IX 

Method 5 Field Data Conlmued. Dale Location Run No. lKtA*-U3 ~&l I Querator IC & -
Clock 
Tune 

Ti*avese 
Pomt 

Number 
V 

Sample 
Time 

_ _ < : 

fed 

Vacuum 
in. Hg 

Stack 
Temp 
deg. F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

in. H20 

4-

Meter 
VoL 
cf 

Tempera 

Probe 

ures (deg. F) 

Filter Sorb. 
bnp. 

Outlet 
DGM 

_______ 

_____ 

DGM 
out 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant B A I U V 
Sairpling Location D l _ . t*t~l (o.-ntr _£L __-
Set Up By 7 _ C - - / T>^ 
Consents .MUUTTPLE. M^rALS 
Analyst Responsible for Recovery 
Calculations _ Report Reviewed 8y 

jw j $„—: 

Run No. 
Date Ocllo£7<)3 Run Oate 

3 

Report Date 

FILTERS USED 

Filter Ho. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

10 u. 
5 u. 

CYCLONES 
Prepared Conta iner 

(No.) 

2.0 it 
1.0 u 
0.5 u 

IMPINGER SOLUTIONS: I n i t i a l Final Gain 

First 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

J&nA. 
J*Q~.« 

J&JL 
MLQ_ 
514.4 <m.z, 

Wb4 
foDn.K 
M*._-l 
5 97- (c 
•5 8M.4 
« / _ o . . 

— 

Sj.f 
-5-_? 
/ . I 

- ?'f 
Q.%. 
/-<? 

SILICA GEL UEIGHTS: Initial Final 

71*.7 ft^-a t1«-< 

Totals 

TDC.AI- *H? 
COMMENTS: 
Color of Silica Gel: 
Description of Inpinger Water: 

' '» f'nY-

G-341 



rc-b a. oi- j ^ _ _ 

MEI1I0D 5 FIELD DATA 

Plant/Location ba.\ llj 
Operator "j?^. 
Dale j/r/f?M 
Tesl No./Run Ho. rflt/Js 3 -Oil 2 
Meter Dox ID /AJuZ. **& 
Gas Meter CaL Factor 
Orifice ID : 
Orifice DII-8* 

PlloL Coefficient, Cp 
Nozzle ID. 
Average Nozzle Dia., inches _ 
Daitimeliic Pressure, bi. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture. % 
Filler ID 

J si Filler 
Leak Rale, cfm, Prelesl <O.0f l 
Leakrale. cfm. Posl-lesl Q/QO 
2nd Filler (if used): 
leak Rale. cfm. Prelesl 
Leakrale, cfm. Posl-lesl 

Slack Pittssiiiie, in. 1120 

GAS MEIER START, cf: l^O.lQQ 
START TIME \Q6<7 *~ f<o6V 

GAS MEIER END. cf 937. 97 'f 
END TIME __ foot 

Clock 
Time 

Travese 
Pobil 

Number 

1 

Sample 
Time 

O 
K 

/£> 

4r 
(s>0 

If 
3D 

* < 

Vacuum 
bi. Ilg 

tf 

ir 
3<r 
v< 

J^r 
J2< 
3<ir 
3>< 

Slack 
Temp 
(leg. F 

. 

1 

Pilot 
DP 

bi. 1120 

Oiifice 
Dll 

hi. 1120 

/.if 

■ 

\ 
\ 

I 
f 

Meter 
VoL 
cf 

17°<I 
ltf.?> 
mi 
1H< 
7n_y 
~76b.o 

77 & 
~mi 

Temnera 

Probe 

■ 

/ 

lures (deg. Fl 

Filler 
I 

, 

Sorb. 

i 

Imp. 
Oullel 

\ 

■ 

DGM 
bi 

/too 
ld7~ 

M 
K 
l0<o 

1*1 
\ol 
l°l 

DGM 
out 

■ 

Tolal Max Avg. Avg sail Avg. total Avg. Avg. Max Max. Avg. Avg. 
I I I I I I I I I I I I 

1 t &? 



Method 5 Field Data Continued. Dale Location Run No. fll-**«-lj3 -$L Z, Operator 771-
Clock 
Tune 

Travese 
Pomt 

Number 

Sample 
Time 

Vacuum 
in. Hg 

Stack 
Temp 
deg- F 

Pitot 
DP 

in. H20 

Oiifice 
DH 

Jn. H20 

Meter 
VoL 
cf 

Tempera' lures (deg. 

Probe Filler 

H 
Sorb. 

bnp. 
Outlet 

DGM 
bi 

DGM 
out 

&>o 1*\ \ U£ 7U7 (of 
ff },l< fan-it M 
70 id fffa^ It 
*r 3,2 A w j MIL 
(720 US llpiX- HJL 
ir 3.̂ < 93t r] lotf 
Jo IK $Mk_ \0<P tr J-___] srn lof* 
Go U<\ 9M )ou> 

If Zz< pr,*, M_ 
3D JU< nf<l lot 
ff\jA^ Viz A& 
bo 
K 
Jo 3<7< 

VIA 
i±L7 

lot 



T _ 2 . «_! _3_-

9 
CO 
-F_-
-P-

Method 5 Field Da 
Clock 
Time 

Travese 
Poinl 

Number 

» 

a Conlmued. Dale 
Sample 

Time 

nr 
IfO 

Vacuum 
ill. Hg 

> £ < " 

IK 

Stack 
Temp 
deg. F 

% 

1 

Location 
Pitot 
DP 

in. H20 

Oiifice 
DH 

in. £120 

1.14 
o 

Run No. Al 
Meter 
VoL 
cf 

?*>.* 

tJ*-7s 2 -
Tempera 

Probe 

faw: 
' 

\ 

1141 2 Operator / ^ 
tunes (deg. Fl 

Filler Sorb. 

\ 

bnp. 
Outlet 

> 

DGM 
bi 

(oi 
{OJ 

DGM 
out 

) 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

Plant •£-.,//* 
Sanpling Location J)lL #2^ ltuUr[ lUr*-"1) 
Set Up By yWltrj, 

Comments dluJJtak JAit&k 
Date 

JJUultyk 
(jlfrffi 

Analyst Responsible fo r Recovery 
Calculations & Report Reviewed By 

nil /L. 
Run Ho. _ 

Run Oate 
3 

0<t/*s/f3 

Report Date 

FILTERS USED 

F i l t e r No. 

Sorbent Trap Ho. 

Condenser Ho. 

Used 
(Yes/No) 

10 _ 

CYCLONES 
Prepared Container 

(Ho.) 

5 _ 

2.0 n 
1.0 u 
0.5 it 

IHPINGER SOLUTIONS: I n i t i a l Final Gain 

Firs t 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

6/^._-
_r*.s_! 
441A 

SR2..2 
SM.o 

486.0 
— 

__̂ __a______ 9 
S •?].•? a 
tf*fa-7 
_ &> 5 

_______•___ 
__£________ 

_£_L 
4A-

- f t - S 
___L_L5S 

SILICA GEL WEIGHTS: I n i t i a l Final 

g?g.-* * ?/«/.a i * * . ^ ' 

Totals 

•^rTAc 0-A 

COMMENTS: 
Color of S i l i ca Gel: 
Description of Inpinger Water: 

h fat-

G-345 



DOE DILUTION TRAIN OPERATION 

6/9/93 
MM5 

GAS ANALYSIS - 02 
C02 
H20 

AMB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

Dil. Factor: 

STACK GAS TEMP, F 
GAS HETER TEHP, F 
Dil Air Temp 
Exh air temp 

: 6.2 
12.8 
10.0 

29.30 
7.0 
67.4 

10.000 

320 
100 
75 
85 %f 

PITOT CONSTANT 
SAMP. ORI. DH-

0.81 
26.02 

Dil Air Ori DHS: 0.0334 
Exhaust flow DHS 0.0413 
Filter DP 6 

NOZZLE DIA, in 
SYSTEH FLOU, acfm 
dp 
FLOU, scfm 
Total flow In 
Dil flow scfm 
Dil Bw 

0.189 Shank #9 
0.788 
1.00 

0.4701 
4.70 
4.23 

0 

0.470 dscfm 
26.02 19.43 DHso 

Side stream 1 flow, dscfm 
Side stream 1 DH3 
Nutech 2 

0.6 
1.788 1.24 DH1 

Side stream 2 flow, dscfm 
Side stream 2 DHS 
Hutech 4B 

0.6 
1.7898 1.24 DH2 

Side stream 3 flow, dscfm 
Side stream 3 DHS 
RAC 8643 

0.6 
1.76 1.22 DH3 

Exhaust flow dscfm 
Exhaust flow DHexh 

2.90 
0.0413 0.78 DHexh 

Dilution flow DHda 
4.23 

0.0334 1.11 DHda 

G-346 



Run Sheet for the PM10 Dilution Train 

Plant Name 
Run ID 
Date 
Operator 

Bailly 

_ _ 
ifMCi I 

^ " 9 5 
Randy Merritt 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

.57 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

s Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

S "H20/min @ 100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

■ 
CO 

Time 

vf 
7OOL 

fay? 
loio 
to*7t) 
TbSS 
[fit? 
U'hty 
IN? 
llu? 
\%\l 
WW 
\V+5 
)Z9S 

System Pressures 
Pitot 
AP 

—— 
_ 

— 
— 
— 
_ 
— 

— 
_ 


— 
— 

Sample 
Orifice 

AP 

12.7 
i%.n 
It.L 
lt,(? 
18.1 
Itb 
tin 
It.L 
i*.f 
If,? 
' * _ * 
l/r.h 

Sample 
Orifice 

P 

+5 
t S 

+ s 
+ z 
45 
+ 9 
+ * 
>«f 
K 
♦ S 
/5 
+ r 

Filter 
AP 

*ko 
9P 
f.Q 
<(•(? 
H.o 
+.0 
i,t? 
* r?r 
hpf 
f./r 
H.lo 
t:to 

in. H20) 
Total 
Flow 
Orif 
AP 

'Afz 
D.STL 

O.W 
o.?$ 
p.89 
i?.n 
Of!, 
Qfo 

fi.tl. 
O.Vb 
o.ii 
oil 

Dil. 
Orif. 
AP 

Io? 
1.07 
t./o 
Irf 
(#7 
I.U7 
Ul 
l.ol 
(on 
1.01 
l.ol 
f.o7 

Dil. 
Orif. 

P 

6 
U 
< _ ■ 

(? 
u 
to 
L 
t. 
L 
U 
U 

(, 

Flow Totalizer 
Flow 

XSo 
•V57 
te» 
m* 
.Vr/ 
Ay?. 
.M9 
r>i. 
vv? 
H*r> 
.+5t> 
<77k 

Total 
Volume 

(A3) 

o 
%.9 

UM 
IM 
ZL.5 
5^.9 
fl? 
K.} 
ft? 
dz.z. 
69.0 
?fy 

JF System Temperatures (°F) 
T1 

Stack 

—

•— 

V? 
33o 
7SO 
?<to 
—

— 
— 
—. 
__. 
— 


— 

T2 
Probe 

z ? * 
Vi*i 
2,9% 
Z<*<° 
3t>7. 
r?i 
202

7H 
7«V 
i% 
Z9L 
z9b 
Z*L 
z?u 

T3 
.Sample 

' Orifice 
Heater 

\v> 
W9 
M 
ni 
(9F 
Z l l 
zvz. 
1^1 
^Iv_. 
z\>8 
2YL
•zt<t 
£ 5 3 
i97 

T4 
Sample 
Orilice 
Gas 

P& 
1*2
tzi 
EV_? 
?sr 
2.b& 
272

2.SS 
2i?S 

zlo 
191 
1.19 
*,7>1~ 

?£>3 

T5 
Cone 
Inlet 

G9 
v> 
fo 
fr> 
*t 

RT

6z 
& 
ttl 
M 
9fi 
6 5 
?<r 
ftr 

T6 
Cone 
Exit 

1*L 
t>7. 
7*> 
7C 
7~> 
7& 
19 
$<? 
9D 
too 

$» 
Bo 

XI 
9i 

T7 
Outside 

Wall 

hl. 
k\> 
If 
$>« 
Cl 
(?L 
Li 
(,7 
£» 
o>b 
_ , * 
6? 
t>9 
V> 

T8 
Diluted 
Filtered 

Gas 

& 
Li 
7t> 
7o 
77 
7 2 
7 2 . 
75 
7 * 
/ _» 
7Y 
7* 
7* 
?r 

T9 
Dilution 

Air 

£3 
£z 
W 
*f 
£>* 
6 1 
Ci 
_>9 
$1 
5* 
5"? 
sre 
5* 
5B 

T10 
Ambient 

Air 

Ly 
L"> 
L* 
CI 
u 
I t 
M 
a 
6* 
tf 
£<7 
U 
til 
(?7 

(017 
^■

n A < %\ ,& \,ti K 

Tl rJL^XtToKe I? p*+\9*7,lu fart/ 
~ \^Ji7' 7 /nJur MT tr*J* rx^clW 

n m 
^ T ULJU> $ ^jj^aau 



>-! Z

Plant Name 
Run ID 
Date 
Operator 

Bailly 
DftiMtS 1 
9t,'ft 
Randy Merritt 

Run Sheet for the PM10 Dilution Train 

Run Conditions 
AP duct (static) 
Barometric Pressure 
"g" scaling factor 

"H20 
"Hg 

Filter ID 
Postweight (gms) 
Preweight (gms) 
Weight Gain (gms) 

Orifice Constants AH@ 
Sample (.093) 
Dilution Air 
Total Flow 

26.02 
0.0334 
0.0413 

Leak Check: 
Leak Check: 

Entire System 
Sample Gas 

"H20/min @ 100" 
AP(sample orifice) 

Pitot Cp 
Nozzle Diameter 

Time 

&!& 
l?*<? 
rw 
tltt? 
Wk m 
far w 
/5/S 
I9bi> 
\Sf? 
ILQ7> 

tlrf? 
1UW. 

System Pressures 
Pitot 
AP 

— 
— 
— 
— 

— 
— 
— 



— 
— 
— 
«

Sample 
Orifice 

AP 

i8.& 
)?.& 
\?.7 
'§••7 
\Y.? 
12.1 
19J 
if'H 
it* 
\X.V 
111 
Itr 
/ f . f 

Sample 
Orifice 

P 

* £ 
• K 
+S 
4 5 
t s 
+r 
+ ? 

* ■ $ 

+ S 
•f 9 
f 5 
tS 
*5 

Filter 
AP 

T.*G 
f.TO 
9.2t> 
y.io 
V.2? 
f.V? 
fur 
ft* 
V.3 
f.̂  
f* 
«/*> 

< / . ■ > 

in. H20) 
Total 
Flow 
Orif 
AP 

t / . O * 

D.2I 
O.Sz 
OZi 
oft 
0,f1 
*9f 
oft, 
o.f •/ 
0$%. 
p.?l 
0.%f 
o.*1 

Dil. 
Orif. 
AP 

t.07 
t.07 
t.t>9 
lot 
/,?9 
/.e>? 
t.ofr 
LOt 
ton 
l*7 
!*9 
M 

Dil. 
Orif. 

P 

5 
5 
<r 
< 
<r 
5 
<7 

<? 
£ 
5 
•f 
5 

Flow Totalizer 
Flow 

.¥Sf 

.tSz. 

.vsv 

.v^ 
► * $ * 
\H<* 
,197 
i * / ^ 
. « / & 
MS7 
<tT( 
VS2

.yn 

Total 
Volume 

(«3) 

2i°.o 
90.o 
9t>.9 
lb<l.t> 
Ut$ 
ll*T 
nf<z> 
fV7 
Ml 
(%./ 
I9z\h> 
lbt>.£> 
IM 
tm 

System Temperatures (°F) 
T1 

Stack 

—. 




— 

— 
___ 
— 

—. 
— 
— 
— 

T2 
Probe 

7 0 / . 
__• f c 
277 
^ f r 
Zl? 
2,99
Zj9 
5n> 
7>n> 
1W 
2jn> 
*>t>/ 
ym> 
?cn> 

T3 
.Sample 

' Orifice 
Heater 

6  3 » 

*sy 
2 * 5 
2 5 5 
ZST 
25? 
255 
25_. 
157 
257 
tr? 
Z9t 
zS>9 

T4 
Sample 
Orifice 
Gas 

5 © * 

Wf
%t>b 
*>oy 
•?*? 
?/>* 
3_>> 
3*5 
S*V 
*>D<f 
?t><l 
**>¥ 
*>£></ 

T5 
Cone 
Inlet 

21 
87 
V 
c?? 
%1 
%7 
*1 
V 
#7 
6*7 
* 7 
17 
fl 

T6 
Cone 
Exit 

S"2

to* 
? 7 
* / 
rf< 
* / 
_?2_ 

fe 
S ^ 
_?2 
<?*2 

r?5 
£5 

T7 
Outside 

Wat) 

71 
7* 
7<? 
7D 
7e> 
76 
7/ 
It 
71 
71 
71 
71 

T8 
DHuted 
Filtered 

Gas 

7_* 
7(, 
7* 
7<r 
7S
7T 
7$ 
7Cr 
n 
lb 
7(t 
77 
7 7 

T9 
Dilution 

Air 

& 
bZ 
$9 
5? 
97 
T9 
K9 
?? 
UC7 
bo 
(,» 
CO 

T10 
Ambient 

Air 

£? 
6
1 

W 
6? 
7t? 
71 
70 
'? 
If 
7" 
V 
69 

'*>& 7.1 

m ShfcUJr^ 



0 1 

lOE DILUTION TRAIH OPERATION 

9/6/93 
HH5 

GAS ANALYSIS - 02 
C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

Dil. Factor: 

STACK GAS TEMP, F 
GAS HETER TEHP, F 
Dil Air Temp 
Exh air tenp 

PITOT CONSTANT 
SAMP. ORI. DH- : 

Dil Air On' DH3: 
Exhaust flow DHS 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOU, acfm 
"o 
_0U, scfm 

Total flow In 
Dil flow scfm 
Dil Bw 

6.2 
12.8 
10.0 

29.46 
7.0 

67.4 

10.000 

320 
100 
75 
85 

0.81 
26.02 

0.0334 
0.0413 

6 

0.187 Shank #23 
0.771 0.463 
1.00 26.0' 

0.4627 
4.63 
4.16 

0 

Side stream 1 flow, dscfm 
Side stream 1 DHS 
Hutech 2 

Side stream 2 flow, dscfm 
Side stream 2 DHS 
Nutech 4B 

Side stream 3 flow, dscfm 
Side stream 3 DHS 
RAC 8643 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

0.6 
1.788 

0.6 
1.7898 

0 
1.76 

3.43 
0.0413 

4.161 
0.0334 

1.23 DH1 

1.23 DH2 

0.00 DH3 

1.07 DHexh 

1.07 DHda 

J 

>/ 

n od 

J - 1 6 - ^ 
/< 

G-349 



DOE DILUTION TRAIN OPERATION 

9/6/93 
HH5 

GAS ANALYSIS • 02 
C02 
H20 

AMB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

Dil. Factor: 

STACK GAS TEMP, F 
GAS HETER TEHP, F 
Dil Air Temp 
Exh air temp 

PITOT CONSTANT 
SAMP. ORI. OH- : 

Dil Air On* DHS: 
Exhaust flow DHS 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOU, acfm 
dp 
FLOU, scfm 
Total flow In 
Dil flow scfm 
Dil Bw 

6.2 
12.8 
10.0 

29.46 
7.0 
67.4 

10.000 \ 

320 \ 
100 
75 .*_ 
85 ^ \ ^ ^ 

: 0.81 
26.02 

0.0334 
0.0413 

6 

0.189 Shank #9 
0.788 0.473 dscfm 
1.00 26.02 19.54 DHso 

0.4726 
4.73 
4.25 

0 __ 

n b M? 

Side stream 1 flow, dscfm 
Side stream 1 DHS 
Nutech 2 

Side stream 2 flow, dscfm 
Side stream 2 DHS 
Nutech 4B 

Side stream 3 flow, dscfm 
Side stream 3 DHS 
RAC 8643 

I 0.6 
1.788 

1.76 

1.23 DH1 

1.23 DH2 
J 

0.00 DH3 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

3.53 
0.0413 

4.25 
0.0334 

1.14 DHexh 

1.12 DHda 

G-350 



' DOE DILUTION TRAIH OPERATION 

9/6/93 
HM5 
GAS ANALYSIS - 02 

C02 
H20 

AHB PRESS, in Hg 
STACK dP, in H20 
Enter Gas vel., fps 
or AVG SQR ROOT dp 

6.2 
12.8 
10.0 

29.46 
7.0 

67.4 

Dil. Factor: 10.000 

STACK GAS TEHP, F : 320 
GAS HETER TEHP, F : 100 
Dil Air Temp 75 
Exh air temp 85 

PITOT CONSTANT : 0.81 
SAMP. ORI. DHS : 26.02 

Dil Air Ori DHS: 
Exhaust flow DHS 
Filter DP 

NOZZLE DIA, in 
SYSTEM FLOU, acfm 

FLOU, scfm 
Total flow In 
Dil flow scfm 
Dil Bw 

Side stream 1 flow, dscfm 
Side stream 1 DHS 
Nutech 2 

Side stream 2 flow, dscfm 
Side stream 2 DHS 
Nutech 4B 

0.6 
1.788 1.23 DH1 

0.6 
1.7898 1.23 DH2 

Side stream 3 flow, dscfm 
Side stream 3 DHS 
RAC 8643 

0 
1.76 0.00 DH3 

Exhaust flow dscfm 
Exhaust flow DHexh 

Dilution flow DHda 

3.53 
0.0413 

4.25 
0.0334 

1.14 DHexh 

1.12 DHda 

G-351 



&F 

SETUP FOR OPERATION OF DILUTION TRAIN (constant sample rate) 

Dilution constant, Cdil = 
Dilution factor in terms of standard 
conditions, fstd, is: 

Cdil(Tstc/TF)(PF/Pstd) 

Sample rate (Q, stack cond.) = 
Ambient pressure, Pamb = 
Previous stack diff. pressure, dP = 
Previous stack temperature, T = 
Stack gas 02 fraction, fo = 
Stack gas C02 fraction, fc = 
Stack gas water fraction, Bws = 

10 Sample orifice constant, cH3 = 26.02 
Total flow orifice constant, d 0.0413 
Diluted gas filter differentia 10 
Expected initial probe differe 1 

0.60 
29.46 

7 Stack pressure, P = 29.97471 
320 Expected orifice temperature, 330 

0.062 Stack gas dry molecular wgt,, 30.30 
0.128 Stack gas wet molecular wgt,, 29.07 
0.1 Diluted gas molecular wgt,, Ht 28.84 

The target for the diluter filter temperature, TF, is 68§F. INCREMENTS 
Keep orifice temperature, TH, at 10 |F above stack temperatur T & TH dPH Q 
Use settings based on orifice temperature, TH. 20 5 0.02 

dPH = P d i f f . 
Q (acfm) dPH ( i n . H20) 

fstd= 
T= 300 

g= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 320 

g= 
0.58 dPt= 

dH(fyi)= 
0.60 dPt= 

dH(fyi)= 
0.62 dPt= 

dH(fyi)= 
T= 340 

9= 
0.58 dPt-

dH(fyi)= 
0.60 dPt= 

dH(fyi>= 
0.62 dPt= 

dH(fyi)= 

to ambient at 
-11.00 
10.12 

TH= 
0.56 
1.18 

10.83 
1.26 

11.59 
1.35 

12.37 
TH= 

0.56 
1.12 

10.55 
1.20 

11.29 
1.28 

12.05 
TH= 

0.57 
1.07 

10.28 
1.14 

11.00 
1.22 

11.75 

-6.00 
9.99 
310 

0.56 
1.17 

10.96 
1.25 

11.73 
1.33 

12.52 
330 

0.57 
1.11 

10.68 
1.18 

11.42 
1.26 

12.20 
350 

0.57 
1.05 

10.41 
1.13 

11.14 
1.20 

11.89 

sample on* 
-1.00 
9.87 

0.56 
1.15 

11.10 
1.23 

11.88 
1.31 

12.68 

0.57 
1.09 

10.81 
1.17 

11.57 
1.25 

12.35 

0.58 
1.04 

10.53 
1.11 

11.27 
1.19 

12.04 

f i ce in le t 
4.00 
9.75 

0.57 
1.14 

11.24 
1.21 

12.02 
1.30 

12.84 

\jh57 
O B ~ 

10.94 
1.15 

11.71 
1.23 

12.51 

0.58 
1.03 

10.67 
1.10 

11.42 
1.17 

12.19 

9.00 
9.63 

0.57 
1.12 

11.38 
1.20 

12.18 
1.28 

13.00 

0.58 

11.08 
1.14 

11.86 
1.21 

12.67 

0.59 
1.01 

10.80 
1.08 

11.56 
1.15 

12.35 

14.00 
9.50 

0.57 
1.11 

11.53 
1.18 

12.34 
1.26 

13.17 

^X).58 
1.05 

11.23 
1.12 

12.02 
1.20 

12.83 

0.59 
1.00 

10.94 
1.07 

11.71 
1.14 

12.51 

19.00 
9.38 

0.58 
1.09 

11.68 
1.17 

12.50 
1.24 

VIJ}!^ 

0.59 
1.04 

11.37 
1.11 

12.17 
1.18 

13.00 

0.59 
0.99 

11.09 
1.05 

11.86 
1.12 

12.67 

24.00 
9.26 

0.58 
1.08 

11.83 
1.15 

12.66 
1j33-

-ISTK 

0.59 
1.02 

11.53 
1.09 

12.33 
1.16 

13.17 

0.60 
0.97 

11.23 
1.04 

12.02 
1.11 

12.84 
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YhCr\c _. O l * 

0 
I 

CO 
O l 
CO 

Plant/Location 6 J ' 
METHOD 5 HELD DATA 

1 Operator f(£C^ 
Dale 7 / f / * 3 
Tesl No./RunNo. MAIS'/ -ftL Z 
Meier Dox ID jl«.U4) 46 
Gas Meier Gal Faclor 
Oiifice DD 
Orifice D!l$ 

Pilol Coefficient Cp 
Nozzle ID. 
Average Nozzle Dia., inches _ 
Barometiic Pressure, hi. Ilg 
Ambienl Temp., deg. F 
Assumed Moisture. % 
FUler ID 

I si Filler. 
Leak Rale. cfm. Prelesl QyO° 
Leakrale. cfm, Posl-lesl (57iOO 
2nd Filler (if used): 
Leak Rale. cfm. Pretest 
Leakrale, cfm. Posl-lesl 

GAS METER START. 
START TTME \o 

Slack Pressure, in. 1120 

cf: tyl.1 oo 
i__ 

GAS METER END. cf 
END TIME • / ( . / b 

ft 17.14*} 

Clock 
Time 

Travese 
Poinl 

N u m b e r 

i. 

' 
\ 

Sample 
Time 

£> 

\<r 
3v 
4C 
IpV 

\f 
3o 

HY 

Vacuum 
hi. Hg 

5.7f 
Snr 
* i < 
W 
f-f 
zr 
s-< 
f.i< 

Slack 
Temp 
deg. F 

\ 

. 

Pilol 
DP 

hi. 1120 

f 

1 

Oiifice 
Dil 

hi. 1120 

f.lb 

vli 
/ 
t 

Meier 
VoL 
cf 

142.) 
in^ 
\bb-t-
UiA 
?7?.J> 
W<H 
Wb.f 
ioof. c 

Tempera 

Probe 

Lures (deg. F) 

FUler Sorb. 

I 

hnp. 
Oullel 

' 

' 

DGM 
hi 

n 
t? 
it 
*y 
<?f° 
sti
ff* 
fa 

KM 
GUI 

| 

J 

Total Max Avg. Avg sqit Avg. Total Avg. Avg. Max. Max. Avg. Avg. 
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X- o 1 -2-
Method 5 Field Da 
Clock 
Tune 

Ti-avese 
Pohil 

N u m b e r 

I 
\ 

a Conth iued Date 
Sample 

Time 

(PD 

) < 

3D 

4r 
leO 

if 
So 

*i< 
Uo 

\ < 

3D 

* < 

Go 

K 
3,0 

Vacuum 
hi. Hg 

<l.l< 

Cif 

$1* 
<j.l< 

fir 
rr 
tf 

r.r 
rr rr 
r r 
r-r 
r/T 
5,< rr 

Slack 
Temp 
deg. F 

1 1 

Location 
Pitot 
DP 

in. H20 

f 

1 
Oiifice 

DH 
hi. 1120 

A,o 
y. 

V 

?uu No. lV 
Meter 
VoL 
cf 

lotU.1 
loi% V 
10) Ifi 
/oW.f 
lo % Z 
ivbO'Lf 

\WL 
UiiX 
Ion 7 
/0?6/£ 

I tor,/ 
UlU.is 
link 
im,fc> 
m,v 

/ h r / -
Tempera 

Probe 

o:LL Operator fS^-
.ures (deg. F) 

Filter 

I 
( 

Sorb. 
hnp. 

Outlet 

1 

, 

DGM 
hi 

B& 
97 
fS 
sY 
9"7 
n 
41 
1f 
f l 
sV 
tt 
rt 

?1 
ti 
m 

DGM 
out 

/ 

/ 



I '*-' \ * s~ ^ ' _-3— 
Method 5 Field Data Cont inued Dale Location 
Clock 
Thne 

Travese 
Pohil 

Number 

Sample 
Thne 

^r 
fro 

Vacuum 
in. Hg 

rr 
^ < 

Slack 
Temp 
deg. F 

i 

Pilot 
DP 

In. H20 

\ 

Run No. ___ Mf\-D;L2~ Operator 72*=-
Oiifice 

DH 
hi. H20 

\,13 

Meter 
VoL 
cf 

fl rfW 

Tempera 

Probe 

ures (deg. F) 

Filter Sorb. 
hnp. 

Outlet 
DGM 
hi 

1o 

DGM 
oul 



SAMPLING TRAIN SET-UP 
AND IMPINGER WEIGHT SHEET 

• !! 

Plant / 3 / w / / . , 

Sanpling Location 0 X L 2 . 
Set Up iHJXtW* 
CooMnts /n A1 f 

+ 7 
Oate 01 lot> h 3 

Run No. / 

Analyst Responsible fo r Recovery M - / * ' ^ 
Calculations & Report Review*- By 

Run Oate O^/eC 7*}? 

Report Oate 

FILTERS USED 

F i l t e r Ho. 

Sorbent Trap Ho. H "S°)Q ~S6~- Ti' 

Condenser Ho. 

Used 
(Yes/Ho) 

.CYCLONES 

10 IL 

5*i 
2.0 n 
1.0 it 
0.5 jt 

Prepared Container 
(No.) 

IHPIHGSR SOLUTIONS: 
First 
Second 
Third 
Fourth 
F i f th 
Sixth 
Seventh 

I n i t i a l Final 

477.8 
AgO.fi 
(.na..\ 
ws.* 

— 
-

__f_M___L 
•5*Qt6 
fffOT.,7 

Gain 

_2£ 'h 
a-

^^> 

SILICA GEL UEIGHTS: I n i t i a l Final 

*S*-£ *99* * *)' t V 

Totals 

H-fW^ 
^ , 3 

COHHEHTS: 

Color of Silica Gel 
Description of Impinge 

i: yZ- 4>O*-1£~7JOCJI ?7L 
inger Water: __ 
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Appendix G7 
Reduced Data: Impactor and Cyclones 

( 
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****** RESULTS OF STATIS(TICS) WITH ISOKINETIC CORRECTIONS ****** 
RESULTS OF AVERAGES FOR RUNS : $A\Luy & Bi? Z W-GT 
TnipRl.IT ' 
TnipR2.IT 
TnipR3.IT 
CLASS. AERO DIA. 

DIA. 
MICRON 
0.10 
0.13 
0.16 
0.20 
0.25 
0.32 
0.40 
0.50 
0.63 
0.79 
1.00 
1.26 
1.58 
2.00 
2.51 
3.16 
3.98 
5.01 
6.31 
7.94 
10.00 
12.59 
15.85 
19.95 
25.12 
31.62 
39.81 
50.12 
63.10 
79.43 
100.00 
125.89 
158.49 
199.53 
251.19 
316.23 
398.11 
501.19 
630.96 
794.33 
.000.00 

DM/DLOGD 
MG/DNM3 
8.01E+00 
1.87E+01 
3.75E+01 
6.51E+01 
9.83E+01 
1.29E+02 
1.48E+02 
1.43E+02 
1.12E+02 
5.42E+01 
4.80E+02 
3.66E+01 
3.83E+01 
1.13E+02 
3.80E+02 
8.11E+02 
8.70E+02 
8.35E+02 
1.29E+03 
2.42E+03 
3.61E+03 
4.57E+03 
5.27E+03 
5.46E+03 
5.06E+03 
4.15E+03 
2.98E+03 
1.86E+03 
1.00E+03 
4.56E+02 
1.75E+02 
5.56E+01 
1.45E+01 
3.09E+00 
5.34E-01 
7.43E-02 
8.33E-03 
7.57E-04 
5.60E-05 
3.40E-06 
1.72E-07 

STD DEV 

1.34E+00 
2.98E+00 
5.60E+00 
8.92E+00 
1.21E+01 
1.37E+01 
1.28E+01 
9.15E+00 
6.82E+00 
1.20E+01 
3.30E+01 
1.68E+01 
1.79E+01 
2.81E+01 
6.06E+01 
1.13E+02 
9.48E+01 
9.39E+01 
2.62E+02 
6.72E+02 
1.07E+03 
1.25E+03 
1.23E+03 
9.62E+02 
5.22E+02 
1.49E+02 
3.05E+02 
3.85E+02 
3.13E+02 
1.88E+02 
8.71E+01 
3.14E+01 
8.87E+00 
1.95E+00 
3.32E-01 
4.34E-02 
4.29E-03 
3.11E-04 
1.54E-05 
3.85E-07 
1.14E-08 

90% CON 
INT 

2.27E+00 
5.03E+00 
9.44E+00 
1.50E+01 
2.03E+01 
2.31E+01 
2.15E+01 
1.54E+01 
1.15E+01 
2.02E+01 
5.56E+01 
2.84E+01 
3.03E+01 
4.74E+01 
1.02E+02 
1.91E+02 
1.60E+02 
1.58E+02 
4.41E+02 
1.13E+03 
1.80E+03 
2.11E+03 
2.07E+03 
1.62E+03 
8.80E+02 
2.52E+02 
5.14E+02 
6.50E+02 
5.28E+02 
3.17E+02 
1.47E+02 
5.30E+01 
1.50E+01 
3.29E+00 
5.60E-01 
7.32E-02 
7.23E-03 
5.25E-04 
2.60E-05 
6.49E-07 
1.92E-08 

CUM LOAD. 
MG/DNM3 
7.57E-01 
2.27E+00 
4.77E+00 
1.04E+01 
1.80E+01 
2.99E+01 
4.34E+01 
5.79E+01 
7.12E+01 
7.85E+01 
9.81E+01 
1.17E+02 
1.20E+02 
1.29E+02 
1.49E+02 
2.16E+02 
2.99E+02 
3.84E+02 
4.82E+02 
6.87E+02 
9.68E+02 
1.39E+03 
1.87E+03 
2.41E+03 
2.95E+03 
3.39E+03 
3.77E+03 
3.99E+03 
4.15E+03 
4.21E+03 
4.25E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 
4.26E+03 

90% CON 
INT 

2.20E-01 
5.94E-01 
1.22E+00 
2.16E+00 
3.32E+00 
4.53E+00 
5.53E+00 
6.13E+00 
6.42E+00 
6.83E+00 
9.04E+00 
1.10E+01 
1.17E+01 
1.30E+01 
1.72E+01 
2.77E+01 
3.72E+01 
4.35E+01 
6.40E+01 
1.37E+02 
2.53E+02 
3.75E+02 
4.78E+02 
5.46E+02 
5.76E+02 
5-.83E+02 
5.86E+02 
5.92E+02 
5.98E+02 
6.01E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 
6.02E+02 

CUM% 

0.02 
0.05 
0.11 
0.24 
0.42 
0.70 
1.02 
1.36 
1.67 
1.84 
2.30 
2.73 
2.82 
3.03 
3.50 
5.07 
7.01 
9.00 
11.31 
16.10 
22.71 
32.68 
43.95 
56.60 
69.10 
79.55 
88.37 
93.62 
97.31 
98.81 
99.66 
99.88 
99.98 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

FOR TOTAL MASS: (UNCORRECTED) 
9999.00 3.78E+03 3.30E+02 5.56E+02 
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CYCLONE DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/5 
TIME OF TEST: 0927 
LOCATION OF TEST: Bailly Unit 8 
TEST DESIG.: NIP 
TEST TYPE INLET 
RUN NUMBER: 3-FILE NAME:TNIPR3.IT 
RUN REMARKS: 
CYCLONE TYPE: sori5 
SRI 5 SERIES CYCLONE (NEW #4) 

WATER VAPOR 9.95% 
C02 14.00% CO 0.00% 
02 5.00% N2 81.00% 
ORIFICE ID (OPTIONAL): 
GAS METER VOL 
CYCLONE DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
CYCLONE TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

20.715 cf 
0.00 IN. HG. 
0.38 INCHES H20 

-20.0 INCHES H20 
29.40 INCHES HG 
341 DEGREES F 
77 DEGREES F 
341 DEGREES F 
60.00 MINUTES 
65.70 FEET/SEC 
-0.06 INCHES HG 
0.155 INCHES 

1000 MICRONS 
46.8 CC 
1.0020 

MASS GAIN OF STAGE 1 1735.70 MG 
MASS GAIN OF STAGE 2 287.30 MG 
MASS GAIN OF STAGE 3 126.00 MG 
MASS GAIN OF STAGE 4 65.70 MG 
MASS GAIN OF STAGE 5 4.40 MG 
MASS GAIN OF FILTER 46.00 MG 
MASS GAIN OF BLANK SUBSTRATE 0.70 
MASS GAIN OF BLANK FILTER 0.00 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 3 
SRI 5 SERIES CYCLONE (NEW #4) 

ACTUAL FLOW RATE 0.601 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.333 CFM 
PERCENT ISOKINETIC 116.441 % 
VISCOSITY 228.8E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 0.81 IN. HG 

GE 
1 
2 
3 
4 
5 

CUNN. 
CORR. 
1.026 
1.040 
1.070 
1.105 
1.253 

D50 D50 
(CLAS AERO)(IMP AERO) 

10.264 
6.671 
3.777 
2.531 
1.072 

10.395 
6.803 
3.907 
2.661 
1.200 

CUM 
FREQ. 

23.2844 
10.6120 
5.0716 
2.1976 
2.0340 

RE. 
NO. 
931 
1182 
1576 
2317 
3875 

sqr(Psi50) 
0.215 
0.202 
0.178 
0.217 
0.211 

STAGE CUT DIAMETERS BASED ON PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.99E+03 MG/DRY NORMAL CUBIC METER 

2.21E+03 MG/ACTUAL CUBIC METER 
1.74E+00 GRAINS/DRY STD CUBIC FOOT 
9.67E-01 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 3 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA 

(MICRONS) 
0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

. CUMFR CUMFR 
(STDDEV)(PERCENT) 
-3.5202 
-3.2492 
-3.0002 
-2.7752 
-2.5761 
-2.4051 
-2.2641 
-2.1550 
-2.0800 
-2.0409 
-2.0398 
-2.0412 
-2.0325 
-2.0239 
-2.0203 
-1.8113 
-1.5955 
-1.4461 
-1.2944 
-1.0643 
-0.7651 
-0.4432 
-0.1111 
0.2307 
0.5816 
0.9411 
1.3087 
1.6838 
2.0659 
2.4544 
2.8488 
3.2486 
3.6533 
4.0622 
4.4749 
4.8908 
5.3094 
5.7302 
6.1526 
6.5760 
7.0000 

0.02 
0.06 
0.14 
0.28 
0.50 
0.81 
1.18 
1.56 
1.88 
2.06 
2.07 
2.06 
2.11 
2.15 
2.17 
3.50 
5.53 
7.41 
9.78 
14.36 
22.21 
32.88 
45.58 
59.12 
71.96 
82.67 
90.47 
95.39 
98.06 
99.29 
99.78 
99.94 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

CUM.MASS 
(MG/DRY N 

8.67E-01 
2.32E+00 
5.41E+00 
1.10E+01 
2.00E+01 
3.23E+01 
4.71E+01 
6.23E+01 
7.50E+01 
8.24E+01 
8.26E+01 
8.24E+01 
8.41E+01 
8.58E+01 
8.66E+01 
1.40E+02 
2.21E+02 
2.96E+02 
3.90E+02 
5.73E+02 
8.87E+02 
1.31E+03 
1.82E+03 
2.36E+03 
2.87E+03 
3.30E+03 
3.61E+03 
3.81E+03 
3.92E+03 
3.96E+03 
3.98E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 
3.99E+03 

DM/DLOGD 
.CU.METER) 
9.13E+00 
2.11E+01 
4.20E+01 
7.19E+01 
1.07E+02 
1.38E+02 
1.54E+02 
1.44E+02 
1.05E+02 
4.05E+01 
4.85E+02 
1.71E+01 
1.74E+01 
8.28E+01 
3.28E+02 
7.29E+02 
7.90E+02 
7.63E+02 
1.25E+03 
2.47E+03 
3.76E+03 
4.72E+03 
5.34E+03 
5.37E+03 
4.78E+03 
3.72E+03 
2.51E+03 
1.46E+03 
7.27E+02 
3.07E+02 
1.09E+02 
3.27E+01 
8.20E+00 
1.71E+00 
2.96E-01 
4.25E-02 
5.06E-03 
4.98E-04 
4.06E-05 
2.75E-06 
1.55E-07 

INHALABLE PARTICULATE MATTER 
CUM MASS LESS THAN 1.000 MICRON: 82.63 2.0693 % 
CUM MASS LESS THAN 2.512 MICRON: 86.59 2.1685 % 
CUM MASS LESS THAN 10.000 MICRON: 886.87 22.2110 % 
CUM MASS LESS THAN 15.849 MICRON: %1819.81 45.5758 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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CYCLONE DATA REDUCTION PROGRAM, VERSION 10 

# 

t 

INPUT DATA 
PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/4 
TIME OF TEST: 0848 
LOCATION OF TEST: Bailly Unit 8 
TEST DESIG.: 
TEST TYPE 
RUN NUMBER: 
RUN REMARKS: 
CYCLONE TYPE 

NIP 
INLET 

2-FILE NAME:TNIPR2.IT 
sori5 

SRI 5 SERIES CYCLONE (NEW #4) 
WATER VAPOR 9.67% 
C02 13.97% CO 0.00% 
02 5.20% N2 80.83% 
ORIFICE ID (OPTIONAL): 
GAS METER VOL 
CYCLONE DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
CYCLONE TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

20.925 cf 
0.00 IN. HG. 
0.39 INCHES H20 

-20.0 INCHES H20 
29.48 INCHES HG 
341 DEGREES F 
74 DEGREES F 
341 DEGREES F 
60.00 MINUTES 
66.80 FEET/SEC 
-0.06 INCHES HG 
0.155 INCHES 

1000 MICRONS 
46.2 CC 
1.0020 

MASS GAIN OF STAGE 1 1690.60 MG 
MASS GAIN OF STAGE 2 301.00 MG 
MASS GAIN OF STAGE 3 144.40 MG 
MASS GAIN OF STAGE 4 80.40 MG 
MASS GAIN OF STAGE 5 11.00 MG 
MASS GAIN OF FILTER 49.30 MG 
MASS GAIN OF BLANK SUBSTRATE 0.30 
MASS GAIN OF BLANK FILTER 0.00 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 2 
SRI 5 SERIES CYCLONE (NEW #4) 

ACTUAL FLOW RATE 0.609 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.340 CFM 
PERCENT ISOKINETIC 115.954 % 
VISCOSITY 229.0E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 0.84 IN. HG 

GE 
1 
2 
3 
4 
5 

CUNN. 
CORR. 
1.026 
1.040 
1.071 
1.106 
1.257 

D50 D50 
(CLAS AERO)(IMP AERO) 

10.169 
6.574 
3.715 
2.494 
1.057 

10.301 
6.705 
3.845 
2.623 
1.184 

CUM 
FREQ. 

25.7076 
12.4912 
6.1577 
2.6371 
2.1668 

RE. 
NO. 
945 
1200 
1600 
2353 
3935 

sqr(Psi50) 
0.214 
0.200 
0.176 
0.215 
0.210 

STAGE CUT DIAMETERS BASED ON PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.94E+03 MG/DRY NORMAL CUBIC METER 

2.20E+03 MG/ACTUAL CUBIC METER 
1.72E+00 GRAINS/DRY STD CUBIC FOOT 
9.61E-01 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 2 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-3.5405 
-3.2691 
-3.0190 
-2.7922 
-2.5905 
-2.4160 
-2.2704 
-2.1559 
-2.0743 
-2.0276 
-2.0176 
-2.0039 
-1.9815 
-1.9591 
-1.9318 
-1.7050 
-1.4844 
-1.3347 
-1.1842 
-0.9603 
-0.6741 
-0.3662 
-0.0466 
0.2840 
0.6251 
0.9759 
1.3360 
1.7047 
2.0813 
2.4653 
2.8561 
3.2530 
3.6554 
4.0628 
4.4744 
4.8897 
5.3081 
5.7289 
6.1516 
6.5755 
7.0000 

0.02 
0.05 
0.13 
0.26 
0.48 
0.79 
1.16 
1.56 
1.90 
2.13 
2.18 
2.26 
2.38 
2.51 
2.67 
4.41 
6.88 
9.10 
11.82 
16.85 
25.01 
35.71 
48.14 
61.18 
73.40 
83.55 
90.92 
95.59 
98.13 
99.31 
99.78 
99.94 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

7.93E-01 
2.14E+00 
5.02E+00 
1.04E+01 
1.89E+01 
3.10E+01 
4.58E+01 
6.14E+01 
7.51E+01 
8.41E+01 
8.61E+01 
8.89E+01 
9.38E+01 
9.88E+01 
1.05E+02 
1.74E+02 
2.72E+02 
3.59E+02 
4.66E+02 
6.64E+02 
9.86E+02 
•41E+03 
.90E+03 
•41E+03 
.89E+03 

3.30E+03 
3.59E+03 
3.77E+03 
3.87E+03 
3.92E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 
3.94E+03 

1, 
1. 
2. 
2. 

INHALABLE PARTICULATE MATTER 

8.40E+00 
1.96E+01 
3.94E+01 
6.85E+01 
1.03E+02 
1.36E+02 
1.56E+02 
1.52E+02 
1.18E+02 
5.78E+01 
5.06E+02 
4.73E+01 
4.94E+01 
1.40E+02 
4.42E+02 
9.10E+02 
9.29E+02 
8.78E+02 
1.40E+03 
2.61E+03 
3.78E+03 
4.62E+03 
5.11E+03 
5.08E+03 
4.48E+03 
3.48E+03 
2.35E+03 
1.37E+03 
6.86E+02 
2.92E+02 
1.05E+02 
3.17E+01 
7.99E+00 
1.68E+00 
2.92E-01 
4.22E-02 
5.03E-03 
4.96E-04 
4.04E-05 
2.73E-06 
1.53E-07 

CUM MASS LESS THAN 1.000 MICRON: 86.08 
CUM MASS LESS THAN 2.512 MICRON: 105.31 
CUM MASS LESS THAN 10.000 MICRON: 986.49 
CUM MASS LESS THAN 15.849 MICRON: %1898.61 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 

2.1825 % 
2.6701 % 
25.0126 % 
48.1399 % 
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CYCLONE DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/3 
TIME OF TEST: 0832 
LOCATION OF TEST: Bailly Unit 8 
TEST DESIG.: NIP 
TEST TYPE INLET 
RUN NUMBER: 1-FILE NAME:TNIPR1.IT 
RUN REMARKS: 
CYCLONE TYPE: sori5 
SRI 5 SERIES CYCLONE (NEW #4) 

WATER VAPOR 8.79% 
C02 13.40% CO 0.00% 
02 5.50% N2 81.10% 
ORIFICE ID (OPTIONAL): 
GAS METER VOL 
CYCLONE DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
CYCLONE TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

21.310 cf 
0.00 IN. HG. 
0.40 INCHES H20 

-20.0 INCHES H20 
29.36 INCHES HG 
338 DEGREES F 
79 DEGREES F 
338 DEGREES F 
60.00 MINUTES 
70.80 FEET/SEC 
-0.06 INCHES HG 
0.155 INCHES 

1000 MICRONS 
41.7 CC 
1.0000 

MASS GAIN OF STAGE 1 1552.40 MG 
MASS GAIN OF STAGE 2 
MASS GAIN OF STAGE 3 
MASS GAIN OF STAGE 4 
MASS GAIN OF STAGE 5 
MASS GAIN OF FILTER 

179.50 MG 
111.90 MG 
63.10 MG 
8.40 MG 

43.60 MG 
MASS GAIN OF BLANK SUBSTRATE -1.80 
MASS GAIN OF BLANK FILTER 0.00 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 1 
SRI 5 SERIES CYCLONE (NEW #4) 

ACTUAL FLOW RATE 0.605 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.340 CFM 
PERCENT ISOKINETIC 108.703 % 
VISCOSITY 229.2E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 0.83 IN. HG 

GE 
1 
2 
3 
4 
5 

CUNN. 
CORR. 
1.026 
1.040 
1.071 
1.106 
1.255 

D50 D50 
(CLAS AERO)(IMP AERO) 

10.220 
6.621 
3.744 
2.512 
1.064 

10.351 
6.752 
3.875 
2.641 
1.192 

CUM 
FREQ. 

21.0224 
11.8095 
6.0318 
2.7339 
2.2156 

RE. 
NO. 
939 
1193 
-1590 
2339 
3911 

sqr(Psi50) 
0.215 
0.200 
0.177 
0.215 
0.211 

STAGE CUT DIAMETERS BASED ON PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.40E+03 MG/DRY NORMAL CUBIC METER 

1.91E+03 MG/ACTUAL CUBIC METER 
1.49E+00 GRAINS/DRY STD CUBIC FOOT 
8.36E-01 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 1 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
000.000 

-3.5694 
-3.2984 
-3.0479 
-2.8200 
-2.6163 
-2.4389 
-2.2895 
-2.1701 
-2.0825 
-2.0286 
-2.0102 
-1.9940 
-1.9699 
-1.9459 
-1.9218 
-1.7143 
-1.5024 
-1.3521 
-1.2166 
-1.0434 
-0.8274 
-0.5840 
-0.3178 
-0.0301 
0.2780 
0.6053 
0.9505 
1.3126 
1.6902 
2.0821 
2.4873 
2.9044 
3.3323 
3.7698 
4.2157 
4.6688 
5.1278 
5.5917 
6.0591 
6.5290 
7.0000 

0.02 
0.05 
0.12 
0.24 
0.45 
0.74 
1.10 
1.50 
1.87 
2.13 
2.22 
2.31 
2.44 
2.58 
2.73 
4.32 
6.65 
8.82 
11.19 
14.84 
20.40 
27.96 
37.53 
48.80 
60.95 
72.75 
82.91 
90.53 
95.45 
98.13 
99.36 
99.82 
99.96 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

6.13E-01 
1.66E+00 
3.93E+00 
8.19E+00 
1.51E+01 
2.51E+01 
3.75E+01 
5.11E+01 
6.35E+01 
7.23E+01 
7.56E+01 
7.85E+01 
8.31E+01 
8.79E+01 
9.29E+01 
1.47E+02 
2.26E+02 
3.00E+02 
3.81E+02 
5.05E+02 
6.94E+02 
9.51E+02 
1.28E+03 
1.66E+03 
2.07E+03 
2.47E+03 
2.82E+03 
3.08E+03 
3.25E+03 
3.34E+03 
3.38E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 
3.40E+03 

6.52E+00 
1.54E+01 
3.12E+01 
5.50E+01 
8.45E+01 
1.14E+02 
1.33E+02 
1.34E+02 
1.10E+02 
6.32E+01 
4.43E+02 
4.47E+01 
4.69E+01 
1.12E+02 
3.50E+02 
7.20E+02 
7.79E+02 
7.24E+02 
9.56E+02 
1.55E+03 
2.23E+03 
2.92E+03 
3.58E+03 
4.04E+03 
4.15E+03 
3.80E+03 
3.06E+03 
2.12E+03 
1.25E+03 
6.19E+02 
2.53E+02 
8.45E+01 
2.28E+01 
4.92E+00 
8.44E-01 
1.14E-01 
1.22E-02 
1.03E-03 
6.79E-05 
3.54E-06 
1.46E-07 

INHALABLE PARTICULATE MATTER 
CUM MASS LESS THAN 1.000 MICRON: 75.57 2.2214 % 
CUM MASS LESS THAN 2.512 MICRON: 92.94 2.7321 % 
CUM MASS LESS THAN 10.000 MICRON: 693.98 20.3997 % 
CUM MASS LESS THAN 15.849 MICRON: %1276.75 37.5306 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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IMPACTOR DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/3-9/5 
TIME OF TEST: 
LOCATION OF TEST: Bailly 8 ESP OuT-feT 
TEST DESIG.: NIP 
TEST TYPE OUTLET 
RUN NUMBER: 1-FILE NAME:TNIPR1.0T 
RUN REMARKS: Run over 3 consecutive days 
IMPACTOR TYPE: uwpc3-ll 
soripc 3 4 5 7 9 11 

WATER VAPOR 9.01% 
C02 13.00% CO 0.00% 
02 6.10% N2 80.90% 
ORIFICE ID (OPTIONAL): 
SUBSTRATE MATERIAL, G)rease or Bare metal, F)ilter: 
GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

159.908 cf 
0.00 IN. 
0.00 
7.0 
29.41 
320 
83 
320 

HG. (0 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 

600.00 MINUTES 
66.60 FEET/SEC 
0.00 INCHES HG 
0.134 INCHES 

1000 MICRONS 
328.4 CC 
1.0240 

for calc. from theory) 

MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 

GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 

OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF FILTER 

1 
2 
3 
4 
5 
6 
7 

5.39 MG 
4.77 MG 
2.68 MG 
2.48 MG 
2.58 MG 
2.36 MG 
4.02 MG 
2.40 MG 

MASS GAIN OF BLANK SUBSTRATE 1.05 
MASS GAIN OF BLANK FILTER 1.18 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 1 
soripc 3 4 5 7 9 11 

ACTUAL FLOW RATE 0.423 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.261 CFM 
PERCENT ISOKINETIC 108.201 % 
VISCOSITY 225.4E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 1.35 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.027 
1.044 
1.075 
1.124 
1.240 
1.477 
2.016 

D50 D50 
(CLAS AERO)(IMP AERO) 

8.787 
5.441 
3.202 
1.943 
1.004 
0.522 
0.264 

8.907 
5.559 
3.320 
2.060 
1.118 
0.634 
0.375 

CUM 
FREQ. 

76.0731 
55.5776 
46.6071 
38.7399 
30.2990 
23.0829 
6.7196 

RE. 
NO. 
732 
318 
131 
166 
246 
338 
633 

V*D50 
UM-M/S 
13.9 
19.4 
14.5 
17.4 
19.8 
18.5 
17.7 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 4.09E+00 MG/DRY NORMAL CUBIC METER 

2.52E+00 MG/ACTUAL CUBIC METER 
1.79E-03 GRAINS/DRY STD CUBIC FOOT 
1.10E-03 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 1 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-2.9562 
-2.5910 
-2.2371 
-1.8954 
-1.5669 
-1.2547 
-0.9784 
-0.7650 
-0.6353 
-0.5662 
-0.5164 
-0.4516 
-0.3691 
-0.2743 
-0.1753 
-0.0889 
-0.0206 
0.0819 
0.2824 
0.5703 
0.8859 
1.2008 
1.5144 
1.8266 
2.1375 
2.4472 
2.7558 
3.0633 
3.3699 
3.6756 
3.9804 
4.2845 
4.5879 
4.8907 
5.1930 
5.4949 
5.7964 
6.0975 
6.3985 
6.6993 
7.0000 

0.16 
0.48 
1.27 
2.90 
5.86 
10.48 
16.39 
22.21 
26.26 
28.56 
30.28 
32.58 
35.60 
39.19 
43.04 
46.46 
49.18 
53.27 
61.12 
71.58 
81.22 
88.51 
93.50 
96.61 
98.37 
99.28 
99.71 
99.89 
99.96 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

6.39E-03 
1.96E-02 
5.17E-02 
1.19E-01 
2.39E-01 
4.28E-01 
6.70E-01 
9.08E-01 
1.07E+00 
1.17E+00 
1.24E+00 
1.33E+00 
1.46E+00 
1.60E+00 
1.76E+00 
1.90E+00 
2.01E+00 
2.18E+O0 
2.50E+00 
2.93E+00 
3.32E+00 
3.62E+00 
3.82E+00 
3.95E+00 
4.02E+00 
4.06E+00 
4.08E+00 
4.08E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 
4.09E+00 

INHALABLE PARTICULATE MATTER 

7.65E-02 
2.04E-01 
4.65E-01 
9.07E-01 
1.54E+00 
2.22E+00 
2.52E+00 
2.10E+00 
1.23E+00 
7.30E-01 
7.72E-01 
1.10E+00 
1.36E+00 
1.56E+00 
1.54E+00 
1.21E+00 
1.20E+00 
2.32E+00 
3.98E+00 
4.31E+00 
3.48E+00 
2.49E+00 
1.62E+00 
9.58E-01 
5.15E-01 
2.52E-01 
1.13E-01 
4.59E-02 
1.71E-02 
5.80E-03 
1.80E-03 
5.12E-04 
1.33E-04 
3.16E-05 
6.87E-06 
1.37E-06 
2.49E-07 
4.15E-08 
6.32E-09 
8.81E-10 
1.12E-10 

CUM MASS LESS THAN 1.000 MICRON: 1.24 30.2812 % 
CUM MASS LESS THAN 2.512 MICRON: 1.76 43.0405 % 
CUM MASS LESS THAN 10.000 MICRON: 3.32 81.2160 % 
CUM MASS LESS THAN 15.849 MICRON: 3.82 93.5039 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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CYCLONE DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

CLASSICAL AERODYNAMIC 
9/3-6 

B a i l l y 8 ESP o\jiu&T 

Ur OUTLET U 
/ - F I L E NAME:TnipRlf.OT 

PART. DIAMETER 
DATE OF TEST: 
TIME OF TEST: 
LOCATION OF TEST: 
TEST DESIG.: nip 
TEST TYPE 
RUN NUMBER: 
RUN REMARKS: 
CYCLONE TYPE: doe2 
SRI 5 SERIES CYCLONE (NEW #4) 

WATER VAPOR 9.59% 
C02 12.90% CO 0.00% 
02 6.30% N2 80.80% 
ORIFICE ID (OPTIONAL): 
GAS METER VOL 
CYCLONE DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
CYCLONE TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

438. 
0. 
0. 
7. 

29. 
322 
85 
322 
1020. 
67 
-0 
0. 

1000 
956.0 

180 cf 
00 
.59 
0 
40 

00 
00 
.09 

IN. HG. 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 
MINUTES 
FEET/SEC 
INCHES HG 

.172 INCHES 
MICRONS 

CC 
1.0240 

MASS GAIN OF STAGE 1 
MASS GAIN OF STAGE 2 
MASS GAIN OF FILTER 

23.10 MG 
0.50 MG 

20.40 MG 
MASS GAIN OF BLANK SUBSTRATE 0.00 
MASS GAIN OF BLANK FILTER 0.70 
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RESULTS 

TEST DESIG.: nip RUN NUMBER: 1 
SRI 5 SERIES CYCLONE (NEW #4) 
ACTUAL FLOW RATE 0.683 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.417 CFM 
PERCENT ISOKINETIC 105.314 % 
VISCOSITY 225.6E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 0.01 IN. HG 

STAGE CUNN. D50 D50 CUM RE. sqr(Psi50) 
CORR. (CLAS AERO)(IMP AERO) FREQ. NO. 

1 1.027 9.082 9.202 46.6513 1173 0.204 
2 1.044 5.455 5.575 45.4965 1490 0.177 

STAGE CUT DIAMETERS BASED ON PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.59E+00 MG/DRY NORMAL CUBIC METER 

2.19E+00 MG/ACTUAL CUBIC METER 
1.57E-03 GRAINS/DRY STD CUBIC FOOT 
9.59E-04 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: nip RUN NUMBER: 1 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA 

(MICRONS) 
0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

. CUMFR CUMFR 
(STDDEVM PERCENT) 
-3.4601 
-3.1425 
-2.8354 
-2.5396 
-2.2561 
-1.9858 
-1.7298 
-1.4888 
-1.2640 
-1.0562 
-0.8663 
-0.6954 
-0.5444 
-0.4141 
-0.3057 
-0.2199 
-0.1578 
-0.1203 
-0.1069 
-0.0988 
-0.0644 
0.0135 
0.1338 
0.2942 
0.4925 
0.7264 
0.9938 
1.2924 
1.6200 
1.9743 
2.3532 
2.7543 
3.1755 
3.6146 
4.0692 
4.5373 
5.0164 
5.5045 
5.9993 
6.4985 
7.0000 

0.03 
0,08 
0.23 
0.56 
1.20 
2.35 
4.18 
6.83 
10.31 
14.54 
19.32 
24.34 
29.31 
33.94 
37.99 
41.30 
43.73 
45.21 
45.74 
46.06 
47.43 
50.54 
55.32 
61.57 
68.88 
76.62 
83.99 
90.19 
94.74 
97.58 
99.07 
99.71 
99.92 
99.98 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

CUM.MASS 
(MG/DRY N 

9.77E-04 
3.02E-03 
8.25E-03 
2.00E-02 
4.33E-02 
8.46E-02 
1.50E-01 
2.45E-01 
3.71E-01 
5.23E-01 
6.94E-01 
8.75E-01 
1.05E+00 
1.22E+00 
1.37E+00 
1.48E+00 
1.57E+00 
1.63E+00 
1.64E+00 
1.66E+00 
1.71E+00 
1.82E+00 
1.99E+00 
2.21E+00 
2.48E+00 
2.75E+00 
3.02E+00 
3.24E+00 
3.41E+00 
3.51E+00 
3.56E+00 
3.58E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 
3.59E+00 

DM/DLOGD 
.CU.METER) 
1.16E-02 
3.21E-02 
7.77E-02 
1.65E-01 
3.12E-01 
5.26E-01 
7.99E-01 
1.10E+00 
1.40E+00 
1.63E+00 
1.78E+00 
1.81E+00 
1.74E+00 
1.5-7E+00 
1.33E+00 
1.04E+00 
7.08E-01 
3.54E-01 
7.85E-02 
2.30E-01 
8.01E-01 
1.43E+00 
2.00E+00 
2.47E+00 
2.75E+00 
2.77E+00 
2.48E+00 
1.95E+00 
1.32E+00 
7.50E-01 
3.51E-01 
1.33E-01 
3.99E-02 
9.33E-03 
1.68E-03 
2.30E-04 
2.38E-05 
1.86E-06 
1.09E-07 
4.85E-09 
1.65E-10 

INHALABLE PARTICULATE MATTER 
CUM MASS LESS THAN 1.000 MICRON: 0.69 
CUM MASS LESS THAN 2.512 MICRON: 1.37 
CUM MASS LESS THAN 10.000 MICRON: 1.71 
CUM MASS LESS THAN 15.849 MICRON: 1.99 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE 
ON CLASSICAL AERODYNAMIC BASIS. 

19.3151 % 
37.9926 % 
47.4332 % 
55.3234 % 

MATTER ARE 
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IMPACTOR DATA REDUCTION PROGRAM, VERSION 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/6 
TIME OF TEST: 
LOCATION OF TEST: Bailly 7 ESP OUTLET 
TEST DESIG.: NIP 
TEST TYPE OUTLET 
RUN NUMBER: 5-FILE NAME:TNIPR5.0T 
RUN REMARKS: 
IMPACTOR TYPE: uwpc3-ll 
soripc 3 4 5 7 9 11 

WATER VAPOR 8.10% 
C02 12.80% CO 0.00% 
02 6.60% N2 80.60% 
ORIFICE ID (OPTIONAL): 
SUBSTRATE MATERIAL, G)rease or Bare metal, F)ilter: F 
GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 

GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 

OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 

STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
FILTER 

1 
2 
3 
4 
5 
6 
7 

14.80 MG 
10.77 MG 
5.03 MG 
3.67 MG 
2.46 MG 
1.36 MG 
1.32 MG 

3.09 MG 
MASS GAIN OF BLANK SUBSTRATE 0.87 
MASS GAIN OF BLANK FILTER 1.83 

33.205 cf 
0.00 IN. HG. (0 for calc. from theory) 
0.20 INCHES H20 
7.0 INCHES H20 
29.56 INCHES HG 
316 DEGREES F 
70 DEGREES F 
316 DEGREES F 
124.50 MINUTES 
53.80 FEET/SEC 
-0.03 INCHES HG 
0.154 INCHES 

1000 MICRONS 
0.0 CC 
1.0240 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 5 
soripc 3 4 5 7 9 11 
ACTUAL FLOW RATE 0.427 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.268 CFM 
PERCENT ISOKINETIC 102.270 % 
VISCOSITY 225.4E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 1.39 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.025 
1.044 
1.075 
1.124 
1.241 
1.477 
2.016 

D50 D50 
(CLAS AERO)(IMP AERO) 

9.479 
5.416 
3.172 
1.921 
0.992 
0.516 
0.262 

9.597 
5.533 
3.288 
2.037 
1.105 
0.628 
0.372 

CUM 
FREQ. 

59.6910 
31.0663 
19.0465 
10.9408 
6.3469 
4.9236 
3.6363 

RE. 
NO. 
748 
325 
134 
170 
252 
345 
648 

V*D50 
UM-M/S 
15.1 
19.5 
14.5 
17.4 
19.7 
18.5 
17.7 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.65E+01 MG/DRY NORMAL CUBIC METER 

2.30E+01 MG/ACTUAL CUBIC METER 
1.60E-02 GRAINS/DRY STD CUBIC FOOT 
1.00E-02 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 5 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
2 
3 
3 
5 
6 
7 
10 
12 
15 
19 
25 
31 
39 
50 
63 
79 
100 
125 
158 
199 
251 
316 
398 
501 
630 
794 
1000 

.100 

.126 

.158 

.200 

.251 

.316 

.398 

.501 

.631 

.794 

.000 

.259 

.585 

.995 

.512 

.162 

.981 

.012 

.310 

.943 

.000 

.589 

.849 

.953 

.119 

.623 

.811 

.119 

.096 

.433 

.000 

.893 

.489 

.526 

.189 

.228 

.107 

.187 

.957 

.328 

.000 

-2.6579 
-2.3771 
-2.1401 
-1.9510 
-1.8137 
-1.7298 
-1.6845 
-1.6562 
-1.6251 
•1.5826 
-1.5243 
-1.4457 
-1.3412 
-1.2051 
-1.0414 
-0.8780 
-0.7325 
-0.5647 
-0.3241 
-0.0147 
0.3244 
0.6653 
1.0050 
1.3438 
1.6816 
2.0184 
2.3544 
2.6896 
3.0241 
3.3578 
3.6909 
4.0235 
4.3555 
4.6871 
5.0183 
5.3491 
5.6796 
6.0099 
6.3400 
6.6700 
7.0000 

0.39 
0.87 
1.62 
2.55 
3.49 
4.18 
4.60 
4.88 
5.21 
5.68 
6.37 
7.41 
8.99 
11.41 
14.88 
19.00 
23.19 
28.62 
37.29 
49.41 
62.72 
74.71 
84.26 
91.05 
95.37 
97.82 
99.07 
99.64 
99.87 
99.96 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

1.44E-01 
3.19E-01 
5.91E-01 
9.33E-01 
1.27E+00 
1.53E+00 
1.68E+00 
1.78E+00 
1.90E+00 
2.07E+00 
2.33E+00 
2.71E+00 
3.28E+00 
4.17E+00 
5.44E+00 
6.94E+00 
8.47E+00 
1.05E+01 
1.36E+01 
1.80E+01 
2.29E+01 
2.73E+01 
3.08E+01 
3.33E+01 
3.48E+01 
3.57E+01 
3.62E+01 
3.64E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 
3.65E+01 

INHALABLE PARTICULATE MATTER 

1.28E+00 
2.24E+00 
3.15E+00 
3.56E+00 
3.10E+00 
1.99E+00 
1.17E+00 
1.00E+00 
1.40E+00 
2.07E+00 
3.08E+00 
4.64E+00 
7.08E+00 
1.08E+01 
1.43E+01 
1.51E+01 
1.64E+01 
2.45E+01 
3.89E+01 
4.82E+01 
4.72E+01 
3.97E+01 
2.98E+01 
2.00E+01 
1.20E+01 
6.39E+00 
3.06E+00 
1.31E+00 
5.03E-01 
1.73E-01 
5.34E-02 
1.48E-02 
3.67E-03 
8.19E-04 
1.64E-04 
2.95E-05 
4.76E-06 
6.90E-07 
8.99E-08 
1.05E-08 
1.10E-09 

CUM MASS LESS THAN 1.000 MICRON: 2.33 6.3709 % 
CUM MASS LESS THAN 2.512 MICRON: 5.44 14.8839 % 
CUM MASS LESS THAN 10.000 MICRON: 22.91 62.7169 % 
CUM MASS LESS THAN 15.849 MICRON: 30.77 84.2571 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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CYCLONE DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/3-5 
TIME OF TEST: 
LOCATION OF TEST: Bailly 7 ESP OUT LEX 
TEST DESIG.: nip 
TEST TYPE -7 OUTLET i, 
RUN NUMBER: / - F I L E NAME:TnipRZ.OT 
•RTTN R-RMaRTTR • / / RUN REMARKS 
CYCLONE TYPE: doe2 
SRI 5 SERIES CYCLONE (NEW #4) 

WATER VAPOR 8.58% 
C02 12.70% CO 0.00% 
02 6.50% N2 80.80% 
ORIFICE ID (OPTIONAL): 
GAS METER VOL 
CYCLONE DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
CYCLONE TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

525. 
0. 
0. 
7. 
29. 
314 
95 
314 
1440. 
55. 
-0. 
0 

1000 
999.0 

260 cf 
00 
38 
0 
40 

00 
00 
06 

IN. HG. 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 
MINUTES 
FEET/SEC 
INCHES HG 

176 INCHES 
MICRONS 

CC 
1.0262 

MASS GAIN OF STAGE 1 
MASS GAIN OF STAGE 2 
MASS GAIN OF FILTER 

210.80 MG 
76.60 MG 

172.80 MG 
MASS GAIN OF BLANK SUBSTRATE 0.00 
MASS GAIN OF BLANK FILTER 3.90 
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RESULTS 

TEST DESIG.: nip RUN NUMBER: 2 
SRI 5 SERIES CYCLONE (NEW #4) 
ACTUAL FLOW RATE 0.560 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.349 CFM 
PERCENT ISOKINETIC 100.370 % 
VISCOSITY 224.6E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 0.01 IN. HG 

STAGE CUNN. D50 D50 CUM RE. sqr(Psi50) 
CORR. (CLAS AERO)(IMP AERO) FREQ. NO. 

1 1.023 10.439 10.558 53.8023 979 0.213 
2 1.036 6.672 6.790 37.0151 1243 0.196 

STAGE CUT DIAMETERS BASED ON PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 3.21E+01 MG/DRY NORMAL CUBIC METER 

2.00E+01 MG/ACTUAL CUBIC METER 
1.40E-02 GRAINS/DRY STD CUBIC FOOT 
8.74E-03 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: nip RUN NUMBER: 2 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1. 
1. 
2. 
3. 
3, 
5. 

585 
995 
512 
162 
981 
012 

6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-4.5458 
-4.3035 
-4.0620 
-3.8215 
-3.5820 
-3.3437 
-3.1065 
-2.8706 
-2.6361 
-2.4030 
-2.1715 
-1.9415 
-1.7132 
-1.4867 
-1.2620 
-1.0392 
-0.8185 
-0.5998 
-0.3832 
-0.1681 
0.0526 
0.2882 
0.5411 
0.8102 
1.0947 
1.3937 
1.7062 
2.0314 
2.3684 
2.7162 
3.0740 
3.4408 
3.8158 
4.1980 
4.5865 
4.9805 
5.3789 
5.7810 
6.1859 
6.5925 
7.0000 

0.00 
0.00 
0.00 
0.01 
0.02 
0.04 
0.10 
0.21 
0.42 
0.81 
1.50 
2.61 
4.33 
6.85 
10.35 
14.93 
20.65 
27.43 
35.08 
43.32 
52.10 
61.34 
70.58 
79.11 
86.32 
91.83 
95.60 
97.89 
99.11 
99.67 
99.89 
99.97 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

8.89E-05 
2.73E-04 
7.88E-04 
2.15E-03 
50E-03 
33E-02 
05E-02 
59E-02 

1.35E-01 
2.61E-01 
4.80E-01 
8.37E-01 
1.39E+00 
2.20E+00 
3.32E+00 
4.79E+00 
6.62E+00 
8.80E+00 
1.12E+01 
1.39E+01 
1.67E+01 
1.97E+01 
2.26E+01 
2.54E+01 
2.77E+01 
2.94E+01 
3.07E+01 
3.14E+01 
3.18E+01 
3.20E+01 
3.20E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 
3.21E+01 

INHALABLE PARTICULATE MATTER 

1.01E-03 
2.94E-03 
8.05E-03 
2.07E-02 
5.00E-02 
1.14E-01 
2.43E-01 
4.89E-01 
9.26E-01 
1.66E+00 
2.79E+00 
4.45E+00 
6.70E+00 
9.56E+00 
1.29E+01 
1.65E+01 
2.01E+01 
2.33E+01 
2.56E+01 
2.73E+01 
2.90E+01 
3.00E+01 
2.89E+01 
2.55E+01 
2.05E+01 
1.48E+01 
9.52E+00 
5.38E+00 
2.65E+00 
1.13E+00 
4.11E-01 
1.27E-01 
3.34E-02 
7.35E-03 
1.35E-03 
2.08E-04 
2.67E-05 
2.86E-06 
2.55E-07 
1.90E-08 
1.19E-09 

CUM MASS LESS THAN 1.000 MICRON: 0.48 1.4958 % 
CUM MASS LESS THAN 2.512 MICRON: 3.32 10.3461 % 
CUM MASS LESS THAN 10.000 MICRON: 16.70 52.0968 % 
CUM MASS LESS THAN 15.849 MICRON: 22.63 70.5762 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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****** RESULTS OF STATIS(TICS) WITH ISOKINETIC CORRECTIONS ****** 
RESULTS OF AVERAGES FOR RUNS : jSV-m_.y STAOf. 
TnipR2.0T / 
TnipR3.0T 
TnipR4.0T 
CLASS. AERO DIA. 

DIA. 
MICRON 
0.10 
0.13 
0.16 
0.20 
0.25 
0.32 
0.40 
0.50 
0.63 
0.79 
1.00 
1.26 
1.58 
2.00 
2.51 
3.16 
3.98 
5.01 
6.31 
7.94 
10.00 
12.59 
15.85 
19.95 
25.12 
31.62 
39.81 
50.12 
63.10 
79.43 
100.00 
125.89 
158.49 
199.53 
251.19 
316.23 
398.11 
501.19 
630.96 
794.33 
1000.00 

DM/DLOGD 
MG/DNM3 
6.00E+00 
8.00E+00 
8.51E+00 
7.30E+00 
6.39E+00 
7.33E+00 
1.06E+01 
1.34E+01 
1.32E+01 
1.02E+01 
7.76E+00 
6.59E+00 
6.28E+00 
5.46E+00 
4.06E+00 
2.80E+00 
1.99E+00 
1.49E+00 
1.28E+00 
1.33E+00 
1.61E+00 
1.85E+00 
1.93E+00 
1.83E+00 
1.58E+00 
1.23E+00 
8.63E-01 
5.36E-01 
2.92E-01 
1.38E-01 
5.58E-02 
1.92E-02 
5.52E-03 
1.33E-03 
2.65E-04 
4.38E-05 
6.00E-06 
6.87E-07 
6.72E-08 
5.87E-09 
4.96E-10 

STD DEV 

3.87E+00 
5.04E+00 
5.38E+00 
4.90E+00 
4.73E+00 
5.47E+00 
7.62E+00 
9.36E+00 
8.82E+00 
6.17E+00 
3.78E+00 
2.30E+00 
1.58E+00 
1.19E+00 
9.39E-01 
6.40E-01 
2.66E-01 
2.60E-01 
3.37E-01 
5.84E-01 
1.35E+00 
2.08E+00 
2.51E+00 
2.60E+00 
2.37E+00 
1.92E+00 
1.38E+00 
8.69E-01 
4.79E-01 
2.28E-01 
9.26E-02 
3.18E-02 
9.17E-03 
2.20E-03 
4.35E-04 
7.07E-05 
9.39E-06 
1.02E-06 
8.85E-08 
6.02E-09 
3.12E-10 

90% CON 
INT 

6.52E+00 
8.50E+00 
9.08E+00 
8.25E+00 
7.97E+00 
9.23E+00 
1.28E+01 
1.58E+01 
1.49E+01 
1.04E+01 
6.37E+00 
3.88E+00 
2.67E+00 
2.00E+00 
1.58E+00 
1.08E+00 
4.48E-01 
4.38E-01 
5.69E-01 
9.85E-01 
2.27E+00 
3.51E+00 
4.23E+00 
4.38E+00 
3.99E+00 
3.23E+00 
2.32E+00 
1.47E+00 
8.07E-01 
3.84E-01 
1.56E-01 
5.37E-02 
1.55E-02 
3.70E-03 
7.33E-04 
1.19E-04 
1.58E-05 
1.71E-06 
1.49E-07 
1.02E-08 
5.25E-10 

CUM LOAD. 
MG/DNM3 
8.39E-01 
1.57E+00 
2.39E+00 
3.16E+00 
3.86E+00 
4.56E+00 
5.40E+00 
6.65E+00 
7.98E+00 
9.10E+00 
1.00E+01 
1.07E+01 
1.14E+01 
1.20E+01 
1.25E+01 
1.28E+01 
1.30E+01 
1.32E+01 
. 1.33E+01 
1.35E+01 
1.36E+01 
1.38E+01 
1.40E+01 
1.42E+01 
1.43E+01 
1.45E+01 
1.46E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 
1.47E+01 

90% CON 
INT 

9.45E-01 
1.43E+00 
1.89E+00 
2.26E+00 
2.53E+00 
2.81E+00 
3.22E+00 
3.81E+00 
4.39E+00 
4.75E+00 
4.90E+00 
4.96E+00 
4.98E+00 
4.99E+00 
5.00E+00 
5.00E+00 
5.00E+00 
5.00E+00 
5.00E+00 
5.00E+00 
5.01E+00 
5.03E+00 
5.06E+00 
5.09E+00 
5.13E+00 
5.15E+00 
5.17E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 
5.18E+00 

CUM% 

5.69 
10.67 
16.21 
21.44 
26.19 
30.95 
36.67 
45.14 
54.17 
61.77 
68.15 
72.89 
77.29 
81.18 
84.57 
86.76 
88.48 
89.60 
90.57 
91.46 
92.43 
93.63 
94.90 
96.17 
97.35 
98.26 
99.02 
99.45 
99.76 
99.89 
99.97 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

FOR TOTAL MASS: (UNCORRECTED) 
9999.00 1.46E+01 7.99E+00 1.35E+01 
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IMPACTOR DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/3 
TIME OF TEST: 0900 
LOCATION OF TEST: Bailly Stack 
TEST DESIG.: NIP 
TEST TYPE OUTLET 
RUN NUMBER: 2-FILE NAME:TNIPR2.0T 
RUN REMARKS: 
IMPACTOR TYPE: uwpc3-ll 
soripc 3 4 5 7 9 11 

WATER VAPOR 15.38% 
C02 12.80% CO 0.00% 
02 6.30% N2 80.90% 
ORIFICE ID (OPTIONAL): 
SUBSTRATE MATERIAL, G)rease or Bare metal, F)ilter: 
GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

124.257 cf 
0.00 IN. HG. (0 
0.33 INCHES H20 
0.5 INCHES H20 
29.36 INCHES HG 
131 DEGREES F 
91 DEGREES F 
250 DEGREES F 
360.00 MINUTES 
33.40 FEET/SEC 
-0.05 INCHES HG 
0.193 INCHES 

1000 MICRONS 
459.8 CC 
1.0240 

for calc. from theory) 

MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 

GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 

STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
FILTER 

1.38 MG 
2.17 MG 
2.58 MG 
4.83 MG 
10.45 MG 
18.43 MG 
13.69 MG 
15.48 MG 

MASS GAIN OF BLANK SUBSTRATE 0.62 
MASS GAIN OF BLANK FILTER 1.23 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 2 
soripc 3 4 5 7 9 11 
ACTUAL FLOW RATE 0.536 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.332 CFM 
PERCENT ISOKINETIC 109.635 % 
VISCOSITY 205.9E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 2.36 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.018 
1.047 
1.086 
1.147 
1.293 
1.593 
2.328 

D50 D50 
(CLAS AERO)(IMP AERO) 

9.530 
4.588 
2.513 
1.471 
0.744 
0.385 
0.188 

9.614 
4.694 
2.618 
1.575 
0.846 
0.486 
0.287 

CUM 
FREQ. 

98.7995 
96.3481 
93.2508 
86.6134 
71.1126 
43.0444 
22.4501 

RE. 
NO. 
1235 
462 
190 
242 
358 
492 
922 

V*D50 
UM-M/S 
15.8 
20.7 
14.4 
16.7 
18.6 
17.3 
16.1 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 1.88E+01 MG/DRY NORMAL CUBIC METER 

1.39E+01 MG/ACTUAL CUBIC METER 
8.21E-03 GRAINS/DRY STD CUBIC FOOT 
6.09E-03 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 2 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0. 
0, 
0. 
0. 

0.100 
0.126 
0.158 
,200 
.251 
316 
.398 

0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-1.5857 
-1.2355 
-0.9400 
-0.7039 
-0.5177 
-0.3438 
-0.1414 
0.1099 
0.3774 
0.6204 
0.8196 
0.9937 
1.1648 
1.3388 
1.4949 
1.6180 
1.7247 
1.8394 
1.9746 
2.1272 
2.2930 
2.4687 
2.6536 
2.8472 
3.0490 
3.2585 
3.4752 
3.6988 
3.9285 
4.1641 
4.4050 
4.6508 
4.9009 
5.1548 
5.4121 
5.6723 
5.9350 
6.1995 
6.4656 
6.7325 
7.0000 

5.64 
10.83 
17.36 
24.08 
30.23 
36.55 
44.38 
54.38 
64.71 
73.25 
79.38 
83.98 
87.80 
90.97 
93.25 
94.72 
95.77 
96.71 
97.58 
98.33 
98.91 
99.32 
99.60 
99.78 
99.88 
99.94 
99.97 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

1 
1, 
1 
1, 

1.06E+00 
2.03E+00 
3.26E+00 
4.52E+00 
5.68E+00 
6.86E+00 
8.33E+00 
1.02E+01 
1.21E+01 
1.38E+01 
.49E+01 
58E+01 
.65E+01 
71E+01 

1.75E+01 
1.78E+01 
1.80E+01 
1.82E+01 
1.83E+01 
1.85E+01 
1.86E+01 
1.86E+01 
1.87E+01 
1.87E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 
1.88E+01 

INHALABLE PARTICULATE MATTER 

8.01E+00 
1.13E+01 
1.28E+01 
1.20E+01 
1.13E+01 
1.28E+01 
1.70E+01 
1.98E+01 
1.83E+01 
1.36E+01 
9.79E+00 
7.73E+00 
6.66E+00 
5.16E+00 
3.42E+00 
2.24E+00 
1.81E+00 
1.73E+00 
1.54E+00 
1.25E+00 
9.24E-01 
6.42E-01 
4.19E-01 
2.57E-01 
1.48E-01 
7.90E-02 
3.93E-02 
1.82E-02 
7.76E-03 
3.06E-03 
1.11E-03 
3.73E-04 
1.15E-04 
3.25E-05 
8.45E-06 
2.02E-06 
4.43E-07 
8.96E-08 
1.67E-08 
2.88E-09 
4.59E-10 

CUM MASS LESS THAN 1.000 MICRON: 14.90 79.3786 % 
CUM MASS LESS THAN 2.512 MICRON: 17.51 93.2530 % 
CUM MASS LESS THAN 10.000 MICRON: 18.57 98.9064 % 
CUM MASS LESS THAN 15.849 MICRON: 18.70 99.6009 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 

G-384 



IMPACTOR DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/4 
TIME OF TEST: 0825 
LOCATION OF TEST: Bailly Stack 
TEST DESIG.: NIP 
TEST TYPE OUTLET 
RUN NUMBER: 3-FILE NAME:TNIPR3.0T 
RUN REMARKS: 
IMPACTOR TYPE: uwpc3-ll 
soripc 3 4 5 7 9 11 

WATER VAPOR 15.91% 
C02 12.80% CO 0.00% 
02 6.60% N2 80.60% 
ORIFICE ID (OPTIONAL): 
SUBSTRATE MATERIAL, G)rease or Bare metal, F)ilter: 
GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

166.996 cf 
0.00 IN. 
0.34 
0.5 
29.48 
127 
98 
250 
480.00 
33.20 
-0.05 
0 

1000 

HG. (0 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 
MINUTES 
FEET/SEC 
INCHES HG 

193 INCHES 
MICRONS 

for calc. from theory) 

637.7 CC 
1.0240 

MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 

GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 

OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF STAGE 
OF FILTER 

13.32 MG 
3.36 MG 
4.78 MG 
8.11 MG 
14.68 MG 
22.59 MG 
11.21 MG 

19.83 MG 
MASS GAIN OF BLANK SUBSTRATE 1.03 
MASS GAIN OF BLANK FILTER 1.91 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 3 
soripc 3 4 5 7 9 11 

ACTUAL FLOW RATE 0.537 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.331 CFM 
PERCENT ISOKINETIC 109.716 % 
VISCOSITY 205.7E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 2.38 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.018 
1.047 
1.086 
1.147 
1.293 
1.592 
2.324 

D50 D50 
(CLAS AERO)(IMP AERO) 

9.522 
4.582 
2.508 
1.467 
0.742 
0.384 
0.188 

9.606 
4.688 
2.613 
1.571 
0.844 
0.484 
0.287 

CUM 
FREQ. 

86.1546 
83.5321 
79.3114 
71.3389 
55.9563 
31.6623 
20.1905 

RE. 
NO. 
1248 
464 
191 
243 -
360 
494 
926 

V*D50 
UM-M/S 
15.8 
20.7 
14.4 
16.7 
18.5 
17.3 
16.1 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
PARTICLE DENSITY = 1 
TOTAL MASS CONCENTRATION = 1.97E+01 MG/DRY NORMAL CUBIC METER 

1.47E+01 MG/ACTUAL CUBIC METER 
8.61E-03 GRAINS/DRY STD CUBIC FOOT 
6.42E-03 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 3 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-1.5237 
-1.2125 
-0.9688 
-0.7987 
-0.6891 
-0.5906 
-0.4497 
-0.2402 
-0.0043 
0.2054 
0.3627 
0.4869 
0.6015 
0.7159 
0.8178 
0.8958 
0.9511 
0.9877 
1.0146 
1.0472 
1.1014 
1.1879 
1.3065 
1.4555 
1.6331 
1.8378 
2.0677 
2.3213 
2.5968 
2.8926 
3.2069 
3.5381 
3.8845 
4.2444 
4.6162 
4.9980 
5.3883 
5.7853 
6.1874 
6.5928 
7.0000 

6.38 
11.27 
16.63 
21.22 
24.54 
27.74 
32.65 
40.51 
49.83 
58.14 
64.16 
68.68 
72.62 
76.30 
79.33 
81.48 
82.92 
83.84 
84.49 
85.25 
86.47 
88.26 
90.43 
92.72 
94.88 
96.69 
98.07 
98.99 
99.53 
99.81 
99.93 
99.98 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

1.26E+00 
2.22E+00 
3.28E+00 
4.18E+00 
4.83E+00 
5.46E+00 
6.43E+00 
7.98E+00 
9.82E+00 
1.15E+01 
1.26E+01 
1.35E+01 
1.43E+01 
1.50E+01 
1.56E+01 
1.61E+01 
1.63E+01 
1.65E+01 
1.66E+01 
1.68E+01 
1.70E+01 
1.74E+01 
1.78E+01 
1.83E+01 
1.87E+01 
1.90E+01 
1.93E+01 
1.95E+01 
1.96E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 
1.97E+01 

INHALABLE PARTICULATE MATTER 

8.44E+00 
1.05E+01 
1.02E+01 
7.60E+00 
5.89E+00 
7.31E+00 
1.27E+01 
1.77E+01 
1.82E+01 
1.40E+01 
1.01E+01 
8.07E+00 
7.60E+00 
6.72E+00 
5.11E+00 
3.47E+00 
2.26E+00 
1.42E+00 
1.27E+00 
1.85E+00 
3.00E+00 
3.99E+00 
4.49E+00 
4.46E+00 
3.96E+00 
3.16E+00 
2.24E+00 
1.41E+00 
7.71E-01 
3.66E-01 
1.48E-01 
5.10E-02 
1.47E-02 
3.52E-03 
6.99E-04 
1.14E-04 
1.54E-05 
1.70E-06 
1.54E-07 
1.16E-08 
7.33E-10 

CUM MASS LESS THAN 1.000 MICRON: 12.64 64.1599 % 
CUM MASS LESS THAN 2.512 MICRON: 15.63 79.3254 % 
CUM MASS LESS THAN 10.000 MICRON: 17.03 86.4656 % 
CUM MASS LESS THAN 15.849 MICRON: 17.81 90.4322 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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IMPACTOR DATA REDUCTION PROGRAM, VERSION 10 
INPUT DATA 

PART. DIAMETER CLASSICAL AERODYNAMIC 
DATE OF TEST: 9/5 
TIME OF TEST: 0920 
LOCATION OF TEST: Bailly Stack 
TEST DESIG.: NIP 
TEST TYPE OUTLET 
RUN NUMBER: 4-FILE NAME:TNIPR4.0T 
RUN REMARKS: 
IMPACTOR TYPE: uwpc3-ll 
soripc 3 4 5 7 9 11 

WATER VAPOR 15.74% 
C02 12.90% CO 0.00% 
02 6.50% N2 80.60% 
ORIFICE ID (OPTIONAL): 
SUBSTRATE MATERIAL, G)rease or Bare metal, F)ilter: 
GAS METER VOL 
IMPACTOR DELTA P 
ORIFICE DELTA P 
STACK PRESSURE 
BAROMETRIC PRES 
STACK TEMP 
METER TEMP 
IMPACTOR TEMP 
SAMPLE TIME 
AVG GAS VEL 
ORI P WRT PBAR 
NOZZLE DIA 
MAX PART DIA 
WATER VOLUME 
METER FACTOR 

165.497 cf 
0.00 IN. 
0.34 
0.5 
29.40 
130 
87 
250 

HG. (0 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 

480.00 MINUTES 
32.90 FEET/SEC 
-0.05 INCHES HG 
0.193 INCHES 

1000 MICRONS 
634.5 CC 
1.0240 

for calc. from theory) 

MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 
MASS 

GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 
GAIN OF 

STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
STAGE 
FILTER 

1 
2 
3 
4 
5 
6 
7 

2.25 MG 
2.48 MG 
4.03 MG 
5.73 MG 
5.94 MG 
4.67 MG 
3.99 MG 
5.12 MG 

MASS GAIN OF BLANK SUBSTRATE 1.16 
MASS GAIN OF BLANK FILTER 1.50 
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RESULTS 

TEST DESIG.: NIP RUN NUMBER: 4 
soripc 3 4 5 7 9 11 

ACTUAL FLOW RATE 0.542 CFM 
FLOW RATE AT STANDARD CONDITIONS 0.334 CFM 
PERCENT ISOKINETIC 112.265 % 
VISCOSITY 205.8E-06 GM/CM-SEC 
CALCULATED IMPACTOR DELTA P = 2.42 IN. HG 

GE 
1 
2 
3 
4 
5 
6 
7 

CUNN. 
CORR. 
1.018 
1.047 
1.087 
1.148 
1.296 
1.599 
2.346 

D50 D50 
(CLAS AERO)(IMP AERO) 

9.477 
4.561 
2.493 
1.458 
0.737 
0.381 
0.186 

9.561 
4.667 
2.599 
1.562 
0.839 
0.481 
0.285 

CUM 
FREQ. 

95.5664 
90.2095 
78.5520 
59.9756 
40.5206 
26.2518 
14.7244 

RE. 
NO. 
1251 
468 
192 
245 
363 
497 
933 

V*D50 
UM-M/S 
15.9 
20.8 
14.5 
16.7 
18.6 
17.3 
16.1 

STAGE CUT DIAMETERS BASED ON THEORETICAL VALUES OF STAGE CONSTANTS 
PARTICLE DENSITY = 1 

* TOTAL MASS CONCENTRATION = 5.41E+00 MG/DRY NORMAL CUBIC METER 
4.02E+00 MG/ACTUAL CUBIC METER 
2.37E-03 GRAINS/DRY STD CUBIC FOOT 
1.76E-03 GRAINS/ACTUAL CUBIC FOOT 
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TEST DESIG.: NIP RUN NUMBER: 4 
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS 
PARTICLE DIA. CUMFR CUMFR 

(MICRONS) (STDDEV)(PERCENT) 
CUM.MASS DM/DLOGD 
(MG/DRY N.CU.METER) 

0.100 
0.126 
0.158 
0.200 
0.251 
0.316 
0.398 
0.501 
0.631 
0.794 
1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 
10.000 
12.589 
15.849 
19.953 
25.119 
31.623 
39.811 
50.119 
63.096 
79.433 
100.000 
125.893 
158.489 
199.526 
251.189 
316.228 
398.107 
501.187 
630.957 
794.328 
1000.000 

-1. 
-1. 
-1, 
-0. 
-0, 
-0. 
-0, 
-0. 
-0. 

,7827 
4606 
,1955 
9925 
,8450 
7272 
,6115 
4803 
.3379 

-0.1917 
-0.0410 
0.1282 
0.3303 
0.5628 
0.7982 
1.0122 
1.1982 
1.3538 
1.4845 
1.6060 
1.7342 
1.8801 
2.0441 
2.2252 
2.4225 
2.6349 
2.8616 
3.1016 
3.3540 
3.6178 
3.8920 
4.1757 
4.4680 
4.7679 
5.0744 
5.3866 
5.7036 
6.0244 
6.3480 
6.6735 
7.0000 

3.73 
7.21 
11.59 
16.05 
19.91 
23.36 
27.04 
31.55 
36.77 
42.40 
48.37 
55.10 
62.94 
71.32 
78.76 
84.43 
88.46 
91.21 
93.12 
94.59 
95.86 
96.99 
97.95 
98.70 
99.23 
99.58 
99.79 
99.90 
99.96 
99.99 
99.99 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

2.02E-01 
3.90E-01 
6.28E-01 
8.69E-01 
1.08E+00 
1.26E+00 
1.46E+00 
1.71E+00 
1.99E+00 
2.30E+00 
2.62E+00 
2.98E+00 
3.41E+00 
3.86E+00 
4.26E+00 
4.57E+00 
4.79E+00 
4.94E+00 
5.04E+00 
5.12E+00 
5.19E+00 
5.25E+00 
5.30E+00 
5.34E+00 
5.37E+00 
5.39E+00 
5.40E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 
5.41E+00 

INHALABLE PARTICULATE MATTER 

1.54E+00 
2.19E+00 
2.48E+00 
2.26E+00 
1.94E+00 
1.86E+00 
2.21E+00 
2.66E+00 
2.97E+00 
3.11E+00 
3.40E+00 
3.93E+00 
4.52E+00 
4.40E+00 
3.57E+00 
2.59E+00 
1.80E+00 
1.22E+00 
8.85E-01 
7.27E-01 
6.56E-01 
5.72E-01 
4.62E-01 
3.44E-01 
2.35E-01 
1.47E-01 
8.40E-02 
4.33E-02 
2.01E-02 
8.36E-03 
3.10E-03 
1.02E-03 
2.96E-04 
7.59E-05 
1.71E-05 
3.40E-06 
5.95E-07 
9.16E-08 
1.25E-08 
1.50E-09 
1.62E-10 

CUM MASS LESS THAN 1.000 MICRON: 2.62 48.3652 % 
CUM MASS LESS THAN 2.512 MICRON: 4.26 78.7610 % 
CUM MASS LESS THAN 10.000 MICRON: 5.19 95.8555 % 
CUM MASS LESS THAN 15.849 MICRON: 5.30 97.9520 % 
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE 
ON CLASSICAL AERODYNAMIC BASIS. 
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Appendix G8 
Spreadsheet Template for Methods 5 and 17 
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A 1 : CW20] 'RUM IDENTIFICATION: 
■ 1 : U CU13] MNACI3.W0Z 
C I : CU29] " REDUCED MASS TRAIH OATA 
G1: CU21] 'DRY MU, r»/#mole : 
H I : (F2) 0.32*83*0.44*B4«O.28*(100B3B4> 
A2: CU20] 'HUH OATE : 
• 2 : (G) U [W13] "6/3/93 
C2: IW29] " 
G2: CW21] 'WET MU, #/#mole : 
H2: (F2) U ♦H1*(105/100)*18*(05/100> 
A3: CU20] 'GAS ANALYSIS • 02 : 
B3: (F1) U [W13] 6.4 
C3: CW29] "ISOKINETIC AGREEMENT, X: 
03: (F1) [W10] 1.667«H6/(B15n)7««Ba/2)*2»0.00694-»aPI)) 
G3: 0*21] 'STACK PRESS, i n Hg: 
H3: (F2) ♦B6*B7/13.6 
A4: CW20] « (Dry tUsis) • C02: 
14: (F1) U CW131 12.7 
G4: [U21] 'STAND SAMPLE VOL : 
H4: (F4) 17.65«B16**B10*(B6*B18/13.6)/(820*«<>0) 
A5: U (W20. "PRETEST SETUP XH20: 
BS: (F1) U [U131 8 
CS: [W29] "CALCULATED X H20 : 
D5: (F1) IW10] ♦H5»100 
G5: [W21] 'FRACTION H20 : 
HS: (F3) (0.04707«B13)/(0.04707«B1_+H4) 
A6: [U20] 'AMB PRESS, i n Hg : 
■6: (F2) U CW13] 23.35 
G6: [U21] 'ACTUAL SAMPLE VOL : 
H6: (F2) ♦H4*29.921/H3->(B19*4_0)/S28*(1/(1-H5)) 
A7: [W20] 'STACK dP, in H20 : 
B7: (F1) U CU13. 10 
C7: [W29] "AVG GAS VELOCITY, f t / s : 
07: (F l ) [U101 85.48"B"?*B17«aS0RT{(B19*4_0)/(H3"H2)) 
A8: [U20] 'NOZZLE DIA, i n : 
B8: (F3) U [U131 0.202 
CS: IW29] "AVG GAS TEMPERATURE, F : 
08: (FO) CU10] +B19 
A9: [U20] 'PITOT CONSTANT : 
■9: (F2) U [U13] 0.787 
C9: (W291 "GAS VOLUME FLOW, icfra : 
09: ( ,0) tW10] ♦O7**60«B11 
A10: [W20] 'GAS HETER CALIB : 
•10: (F3) U (U131 1.0099 
C10: [U29] "dscfm : 
010: ( ,0 ) [W10] ♦O7»1058.82«B11*(1H5)*H3/(B19+4_O) 
A11: (U201 'DUCT AREA, f t 2 : 
■11: (F1) U (U13. 126.6 
C11: (W291 "Mscfm : 
011: ( ,0 ) W10) ♦D10<1/(1H5)) 
C12: [W293 "Dry Gas i b /h r : 
012: (FO) W10] ♦D10»0.075*H1*60/2B.95 
A13: W20] »H20 COLLECTED, nil : 
B13: (F1) U [U131 97.5 
C13: W29] "Moisture Ib/hr: 
013: (FO) [W10] (D11-D10)-,0.075-'18*60/28.95 



A14: [U20] 'PARTICLE MASS, ng : 
B14: (F2) U (V13*. 23585.9 
C14: [W29J "Total i b / h r : 
D14: (FO) [U10] +012+013 
A15: [U20] 'TIME SAMPLED, min : 
B15: (FO) U (V13J 96 
C15: [U29] "MASS LOADING, gr /acf : 
D15: (S2) [U10] ♦B14*0.0154/H6 
A16: [U20] 'GAS METER VOL, f t 3 : 
B16: (F3) U [W13] 151.582.70.20.20.70.40.3 
C16: [U29] "gr/d»cf : 
016: (S2) [U10J ♦B14*0.0154/H4 
A17: [W20] 'AVG SORT PITOT dp : 
B17: (F3) U [W133 1.051 
C17: CW29] "ag/«em : 
D17: (S2) W10] ♦B14/(H6*0.02832) 
A18: [W20] 'AVG ORI dP, i n H20: 
B18: (F3) U [U13] 1.41 
C18: 01291 "mg/dsen : 
D18: (S2) W10J ♦B14/(H4*0.02832) 
A19: [U20] 'AVG STACK TEMP, F : 
B19: (FO) U CW13] 293 
C19: [U29] "gr/dscf 83X 02 : 
D19: <S2) fW10] ■H>16*((20.93)/(20.9B3)) 
A20: CW20] 'GAS METER TEMP, F : 
B20: (FO) U [U13] 89 
C20: [U29] " g/dscm 33X 02 : 
D20: CS2) IW10] +019/0.43699 
C22: IW291 "EMISSION RATE, Ib /h r : 
D22: (S2) W10] ♦D16*60*D10/7000 
C23: [U29] "EMISSION RATE, */E6-Btu: 
D23: (S2) tWIOJ ♦D16«V820"(20.9/(20.9B3))/7000 
A25: U [W20J "Fo: 
B25: (F2) U CW13] (20.9B3)/B4 
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Spreadsheet Template for Dilution Train 
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A1: (U61 • OOE DILUTION TRAIN DATA REDUCTION 
H1: 'SP 
0 1 : 29.92 
N2: 'FS 
02: 528 
A3: [U6] '6/2/93 
N3: 'FR 
03: 460 
A4: [U6] 'MH5 I Acids 
H4: 'MA 
04: 28.97 
A5: [U6] " 
K5: [U21] 'DRY MU, */«mole : 
L5: (F2) 0.32*06*0.44*»07*0.28»(100D6D7) 
A6: [U6] 'GAS ANALYSIS  02 : 
06: (F1) U 5*7) 7 
K6: [U21] 'WET MU, * /# oo l« : 
L6: (F2) ♦L5*»(108/100)*18*(D8/100) 
A7: W6] " C02 : 
07: (F l ) U 017} 12 
K7: tU21] 'STACK PRESS, i n Hg: 
L7: (F2) *09*010/13.6 
AS: [U6. " H20 : 
D8: (F1) U [U7] 12.1 
K8: [U211 'INTERM CONST 1 : 
L8: (F4) 85.48*021«0.0005074*(D30*25.4)*2*aSQRT((Dl6+460)/(L7*L6)) 
A9: [U6] 'AMB PRESS, i n Hg : 
D9: (F2) U tU7] 23.15 
K9: [U21] 'INTERM CONST 2 : 
L9: (<1D8/100)»L7)2*»L5*CD17*460)"1.087*D22/D9 
A10: [U6] 'STACK dP, i n H20 : 
D10: (F1) U IU7] 1.4 
A11: W6. 'Enter Gas v e l . , fps 
A12: [U61 ' o r AVG SQR ROOT dp : 
D12: (F2) U W7] 1.3 
A14: [V6. 'Target D i l . Factor: 
014: (F3) U tU7] 10 
A16: [U6] 'STACK GAS TEMP, F : 
016: (FO) U (U7] 205 
A17: [U6] 'GAS METER TEMP, F : 
017: (FO) U CU7J 100 
A18: (U61 'O i l Ai r Temp 
018: W71 72 
A19: [U6] 'Exh a i r tenp 
019: [U7] 86 
A21: CU6] 'PITOT CONSTANT : 
021: (F2) U [U71 0.81 
A22: CW6] 'SAMP. ORI. DH3 : 
022: (F2) U [U7] 9.2 
A23: [U6] 'SAMPLE DURATION, min: 
023: IU7] 360 
A25: [U6] ' D i l Air Ori DHS: 
025: W7] 0.0334 
A26: CU61 'Exhaust f low DHS 
026: CUT] 0.0413 
A27: tU6] ' F i l t e r DP 
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027: [U7] 6.3 
A2S: W6] 'Pda 
028: CU7] 11 
A30: [U6] 'NOZZLE DIA, i n : 
030: (F3) U [W7] 0.175 
A31: (U61 'SAMPLE FLOU, acfm : 
D31: (F3) IU7J 0.9785 
E31: (F3) CW15] +033 
F31: (F2) tW9] +031 
A32: tU6] 'dp p i t o t 
032: (F2) U W7) +D12»D12 
E32: [U151 +022 
F32: W93 (F31*$LS7/(SOS3+SOS16)) 
G32: W12] +F32**F32*»(S«3+SOS16)*SLS6 
H32: am ♦SO$2*E32/(SOS1»SOS4) 
132: (F2) +632**H32/(0.5625*SL$7) 
J32: 'OHso 
A33: [U6] 'SAMPLE FLOU, dscfm : 
D33: [U7J +D31«(1D8/100)*{528/(460+016))*(D9/29.92) 
A34: (U6] 'Total flow In, dscfm 
D34: (F2) CU71 -035*033 
A35: [U6] ' O i l f low dscfm 
D35: (F2) [U7] 3.92 
E35: W15] " True D i l u t i o n Factor: 
J35: (F2) (E39+E3D/E31 
A36: W6] ' O i l Bw 
036: W73 0 
E36: W15] " Sample Volume, dscf : 
J36: (F2) ♦E31*D23 
137: "dncm: 
J37: (F2) +J36*0.02832 
E39: (F2) (U15) +035 
F39: W9] +E39*SOS1/(09+D28/13.6)*(S0S3+S0$18)/SOS2 
G39: [U121 "= flow at o r i f i c e condit ions 
A40: W6] ' D i l u t i o n f low DHda 
E40: [U15] +025 
F40: W9) (F39*SOS1/SOS2) 
G40: [U12J +F40*F40*(SOS3+SOS18)*SOS4 
H40: [U91 +SOS2*E40/(SO$1*SOS4) 
140: (F2) +G40»H40/(0.5625*(D9+O28/13.6)) 
J40: 'DHda 
G41: CU12] "beta 
H41: IU9] "Hconst 
A42: [U6] 'Side stream 1 f l ow , dscfm 
E42: [U15] 0 
F42: W9) ♦E42*$0$1/SDS9*(SOS3+SDS17)/SOS2 
A43: (U6] 'Side stream 1 DH3 
E43: [U15] 1.788 
F43: CU9] (F42*S0$9/(SOS3+S0$17)) 
G43: W12) ♦F43«F43

,
($OS3+$DS17)*$OS4 

H43: CU9] ♦SOS2**E43/(S0S1*SOS4) 
143: (F2) +G43*H43/(0.5625*SOS9> 
J43: 'DH1 
K43: CU21] 'Nutech 2 
A44: IW6] 'NT #4 (o ld) 
A46: (U6] 'Side stream 2 flow, dscfm 



46: [U15] 0.75 
F46: W9] +E46*SOS1/SOS9*(SOS3+SOS17)/$OS2 
A47: [U6] 'Side stream 2 DH3 
E47: W15J 1.7898 
F47: W9] (F46«MS9/(S013+SD$17)) 
047: [U12. +F47*F47*(SOS3+S0$17)*SOS4 
K47: [U9] +JOS2*E47/(SOS1*JO$4) 
147: (F2) +G47«H47/(0.5625»S0»9) 
J47: 'DH2 
K47: CU21] 'Nutech 48 
A48: (U61 'guardian 100 
A50: (U61 'Side stream 3 f low, dscfm 
E50: N15) 0.71 
F50: tW91 +E50«SO$1/SOS9*(S0S3+$0S17)/S0S2 
A51: tU6] 'Side stream 3 DH8 
E51: CU151 1.76 
F51: CU91 (F50*SOS9/(SO$3+S0S17)) 
G51: (U121 +F51*F51*(SOS3+S0$17)*SOS4 
H51: W9) +SOS2*E51/(SOS1»SO$4) 
151: (F2) +651»H51/(0.5625»»S9) 
J51: 'DH3 
K51: [U2U 'RAC 8643 
A52: IU6] 'CAE 7116 
A55: [U6] 'Exhaust f low dscfm 
E55: (F2) (U15] +D34E42E46E50 
F55: IU9] +E55*»SOS1/(SLS7(027+I32)/13.6)*(SO$3+SDS19)/SOS2 
A56: CU6] 'Exhaust f low DHexh 
E56: CU15] +026 
F56: [U9] (F55»SLS7/(SOS3+SOS19)) 
G56: [U12] ♦F56*F56*(SOS3+SD$19)»SOS4 
H56: CW9] +tO$2*E56/(SOS1*SO$4) 
156: (F2) +G56»H56/(0.5625*($LS7(D27+I32)/13.6)> 
J56: 'DHexh 
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