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I.  EXECUTIVE SUMMARY

The emission of several toxic compounds in the polycyclic organic
group, specifically polychlorinated dibenzo-p-dioxins, dibenzofurans and bi-
phenyls have been reported from stationary combustion processes. It has been
claimed that these compounds are ubiquitous in air and are formed from many
combustion sources. It has been demonstrated that a theoretical potential
exists for the formation of these compounds as the results of combustion.

The most likely sources involve coal-refuse, wood, municipal refuse, waste
oil and coal.

To investigate this topic further, a pilot study was designed to
obtain data on which to base a national survey. The overall objectives of
the pilot study were to ascertain the number of combustion sites and the
number of days of sampling required at each site to adequately estimate the
level and prevalence of these toxic substances in the emissions from combus-
tion processes and to do so at a minimum cost.

The pilot included two sites. One was a coal-refuse burning elec-
tricity generating facility and the other a municipal incinerator. These two
types of facilties were selected because they were in categories that were
judged most likely to emit the substances of interest.

For each facility a complex, multimedia sampling design was devel-
oped for the collection of solid, liquid and gaseous influents and effluents.
In addition, measurements of process parameters were also taken. This design
allowed for the estimation of the inputs into the process, the efficiency of
the combustion process and the emissions from the process.

The level of total organic chlorine (TOC1) was used as a surrogate
for the levels of toxic substances being investigated. The use of a surro-
gate was necessitated because the large number of chemical analyses required
to retain sufficient statistical information to design a national study would
be beyond budgetary restraints. TOC1 was selected because it was believed
that its levels and the levels of the toxic substances of interest would be
correlated.

The TOC1 data was statistically analyzed taking into account the
design and compositing of specimens. The level of TOC1 was in general higher
for the municipal incinerator data and also tended to show more variability
among specimens. The TOC1 levels for the several media common to both fa-
cilities appeared to be significantly different.

The true levels of TOCL at both facilities may be underestimated
because of less than complete recovery of the TOC1 in the chemical analysis.
The underestimation may be more serious for the incinerator estimates.

Using the estimates of the variability of the data and cost esti-
mates based on the experience gained in the pilot, a national survey of two
combustion categories was developed. Sampling is planned for seven coal and
nine refuse combustion facilities for five days each. Estimates of the levels
of toxic substances are anticipated to have a precision of #50 to + 60%.




IT. INTRODUCTION

A. Background

The emission of several toxic compounds in the polycyclic organic
matter (POM) group, specifically polychlorinated dibenzo-p-dioxins (PCDDs),
dibenzofurans (PCDFs), and biphenyls (PCBs) have been reported from station-
ary conventional combustion processes (DC-USA 1978, Olie et al. 1978 and Shin
1979). These compounds have been proposed to be ubiquitous in the aqueous
environment and it has been claimed that POMs are ubiquitous in air and are
being formed from many combustion sources. (DC-USA 1978).

A study conducted for the U. S. Environmental Protection Agency
(EPA) (Shin 1979) demonstrates that a theoretical potential exists for POMs
to be formed during and as a result of conventional combustion processes.
These POMs may include PCDDs, PCDFs, and PCBs. The major combustion sources
are suspected to involve such fuels as coal-refuse, wood, municipal refuse,
waste oil and coal.

Because the acquistion of field specimens and their chemical deter-
mination are very costly, it is important to carefully plan studies to as-
certain the Tevel and prevalence of the substances being emitted into the en-
vironment. Because not enough appropriate data were available on which to base
a statistical design for a national survey, a pilot study was conducted spe-
cifically designed to generate the appropriate data.

B. Objectives of the Pilot Study

To achieve the overall objective of the pilot, several specific ob-
jectives were defined; these were:

1. Estimate the variability among sites and among days within sites
of the level and prevalence of selected toxic substances in the POM group;

2. Estimate the relationship (correlations) of the level and pre-
valence of selected toxic substances in the POM group among the various in-
fluent and effluent streams;

3. Estimate the fraction of the total varibility of the level and
prevalence of selected toxic substances in the POM group due to the chemical
analysis;

4. Test the feasibility of the sampling protocols used in the ac-
quisition of field specimens; and

5. To estimate the cost (in dollars) of the various aspects of the
study.

For example, the cost of overall project management; the cost of travel, trans-
portation, and shipping of personnel and materials to and from a site; and

the cost of the various stages of the chemical analysis from extraction through
quantitation and confirmation of specific toxic substances in the POM group
would be estimated.



These objectives evolved from the necessity to acquire specific in-
formation based on the criteria below.

1. Knowledge of the variability is necessary to ant1c1pate the pre-
cision of estimates of the level of toxic substances obtained in the survey
for specific sample sizes. :

2. If a strong relationship exists among the various influent and
effluent streams, the cost efficiency of the study may be improved by collect-
ing more samples from less expensive sampling points. One may be able to use
this relationship to improve the precision of the estimates for the more ex-
pensive sampling point.

3. Knowledge of the fraction of the total variability of the level
of toxic substances due to the chemical analysis is necessary to develop cost
efficient compositing protocols which retain sufficient information for proper
statistical analysis of the data.

4, Sampling protocols based on statistical principles allows one
to assess the quality of the data.

5. The cost of various aspects of the study along with the varia-
bility is necessary to design a cost efficient (obtaining the most informa-
tion for a given cost) national survey.

C. Statistical Design for the Pilot Study

Two sites were selected for the pilot study: one, a coal-refuse
burning electrical generating facility Ames Municipal Power Plant, Ames, Iowa,
and the other, a municipal incinerator Chicago Northwest (NW) Incinerator,
Chicago, I11inois. These types of facilities were selected because they were
judged to be most 1ikely to emit chlorinated POMs into the environment (Shin,
1979). Also, because only coal was burned on some days at the Ames, Iowa plant,
some information about coal fired plants could be obtained.

Because only two sites were to be used to estimate the variability
among sites, they were purposely selected from different categories. This is
expected to result in, at worst, an overestimate of the variability among
sites within a category. Prudence motivated this conservative approach.

1. Number of Days Per Site

Sampling for 14 days at each site was scheduled. This sample is
adequate to detect large correlations among the various media (p > .5) at
least 60% of the time. For p > .9, the correlation would be detected at least
95% of the time. Hence, the samp]e size is adequate to detect correlation of
sufficient magnitude to provide substantial improvement in prec1s1on For
examp]e a correlation of .866 is requ1red to attain improvement in the pre-
cisions of estimates of 50%.




2. Multimedia Sample Design

The combustion process can be described as consisting of three
phases: (i) input, (ii) combustion, and (iii) emission. The amounts of toxic
substances that are emitted into the environment from a given site depends on
the concentration of the substances and their precursors in the first phase,
the efficiency or completeness of combustion in the second phase and the type
of emission control devices used before the third phase. (Shin et al 1979
and DC-USA 1978) .

To obtain the appropriate data to meet the objectives of the study,
the design necessarily involves a complex matrix of multimedia sampling at
different time periods and frequencies incorporating specimen and data col-
lection at all three process phases. The specific intervals used in the pi-
Tot study were site specific and were based on such factors as type of fuel
feed or the frequency and mechanism by which effluents such as bottom ash are
removed.

The sampling sites were dispersed in a manner that was intended to
give estimates on the input into the combustion process, efficiency or com-
pleteness of combustion and the emission from the process. The following is
a list of sample points for each phase and the sample point's relative loca-
tions are given in Figure 1.

(i) Input
I - Probability sampling of the fuel entering the combustion pro-
cess was conducted six times per day. The protocols were
developed after a site visit to each site.
I, - High volume sampling of ambient air (or intake air) was con-
ducted for each 24 hour period during the pilot survey.
Iy - Intake water was sampled three times during the study.

(i1) Combustion

o - Real time monitoring of carbonvmonoxide (CO)
Cs - Real time monitoring of carbon dioxide (CO5)
Cy - Real time monitoring of free oxygen (0,)

€y - Real time monitoring of temperature

Cg - Real time monitoring of hydrocarbons.

(iii) Emissions

E, - EffTuent gas sampling before emission control devices was
conducted. More than one sampling interval (period of time)
was desired but was not practical.
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E, - Efftuent gas sampling after emission control devices was also

conducted.
Ey - A high volume sample of ambient air was collected.
E, - Probability sampling of bottom ash and quenching water several

times daily was planned. The frequency and interval of samples
was determined after site visits were made.

Es - Probability sampling of effluent water and sludge was planned.
The frequency was determined after site visits were made.

Ee - Probability sampling of collected fly ash from emission control
devices was conducted. The frequencies were determined after
site visits were made.

The choice and exact location of each sampling point depended on
the combustion site. For example, the location where the on-1line detection
and measuring devices were located depended on the design and access to ap-
propriate locations near the combustion center.

Exact protocols for probability sampling of specific sites were de-
veloped. These protocols depended on the physical characteristics of the sam-
pling point, the medium to be sampled and the conventional methods normally
used in a similar situation (although not Tlimited to use of "conventional"
methods).

Adequate sample volumes and mass to assure satisfactory chemical
analysis sensitivity were necessary. These volumes and mass were sufficient
to perform the two tier analysis and quality control/quality assurance method
of standard additions. Midwest Research Institute (MRI) recommended sample
volumes and masses for the different media and sample locations.

: Sample handling requirements such as on-site stabilization proce-
dures, equipment cleaning specifications, and container requirements were
recommended by MRI. A "Chain of Custody Record" was kept for each specimen
collected.

3. Site Specific Sample Designs

One study site was unit number 7 at the coal-refuse fired electrical
generating plant in Ames, Iowa. The engineering details of the plant opera-
tions and flue gas sampling methods are given in TRWEED (1980). The important
statistical design features are summarized below with additional details in-
cluded in Appendix A. The other study site was boiler number 2 at the Chicago
Northwest municipal incinerator in Chicago, I11linois. The engineering details
of the plant operations and flue gas sampling methods are given in Bakshi et
al (1980). The important statistical design features are summarized below
with additional details included in Appendix B.




At Ames, specimens were collected from ten locations. The three
gas sample locations were: (i) flue gas inlet (from duct before the electro-
static precipitator (ESP)), (ii) flue gas outlet (from stack after ESP), and
(iii) ambient air (located on roof of the plant). The four solid sample loca-
tions were: (i) fly ash (from the ESP ash hoppers), (ii) bottom ash (from
the base of the furnace), (iii) coal (from the feedline leading from the stor-
age bunkers into the gravimetric feeders) and (iv) refuse-derived fuel (RDF)
(from the feeders prior to being pneumatically conveyed to the boiler furnace).
The three liquid sample locations were: (i) bottom ash hopper quench water
overflow (OW) (from the overfiow trough), (ii) quench water influent (cooling
tower blow down) (from transport pipes), and (iii) well water (from transport
pipe). The designed sample sizes and frequencies per day are summarized in
Table 1. Also included in the table are the number of specimens actually col-
lected. The collected number of specimens differs from the design because of
physical probliems resulting from weather and the operations of the plants.

The sampling schedule varied depending on the medium and location.
The gaseous specimens were time integrated samples over 8-to 13-h periods.
Exact time durations are given in TRWEED (1980). The solid and OW specimens
were collected using a systematic time schedule (every 4 h) based on a random
starting time. Two random starting times were used; one for the first week
and another for the second. The other two liquid media were collected at ran-
domly selected times during the scheduled two week test period. (Appendix A
contains additional details of how the sampling schedule was developed.)

At the Chicago, NW incinerator, specimens were collected from seven
locations. The three gas sampling locations were: (i) flue gas inlet (ESP
inlet), (ii) flue gas outlet (duct leading from ESP to stack), and (iii) am-
bient air (located on roof of the plant). The solid samples were collected
from three locations (i) fly ash (from ESP ash hopper), (ii) combined ash
(from base of incinerator where bottom ash and fly are combined), and (iii)
refuse (from charge hopper at top of furnace). One liquid sample of city tap
water was collected from a pipe entering the building. The designed sampling
sizes and frequencies per day are summarized in Table 2. Also included in
the table are the number of specimens actually collected. The number of spe-
cimens collected differs from the design because of physical problems result-
ing from plant operations.

The sampling schedule varied depending on the medium. The gaseous
specimens were time integrated samples over 7- to 12-h periods. The exact
durations of the samples are given in Bakshi et al (1980). The solid speci-
mens were collected using systematic time schedule (every 4 h) based on a ran-
dom starting time. Two random starting times were used, one for the first
week and another for the second. The liquid samples were collected at ran-
domly selected times during the study period. (Appendix B contains additional
details of how the sampling schedule was developed.)

At both combustion sites, several sampling locations had more than
one access point (for example, the fly ash could be collected from more than
one hopper). For these cases, an access point was randomly selected for each
sampling time.




Table 1. Design Sample Sizes and Number of Specimens Actually Collected
for Various Media at Ames, Iowa Power Plant

Designed Number of
sample size specimens
Media (number of specimens) actually collected
Gaseous
Flue gas inlet 14 (1 per day) 19
Flue gas outlet 14 (1 per day) 11
Ambient air 14 (1 per day) 20
Solid
Fly ash 84 (6 per day) 90
Bottom ash 84 (6 per day) 88a
Coal 84 (6 per day) 11
Refuse derived fuel 84 (6 per day) 67
Liquid
owP 84 (6 per day) 91
Quench water influent 6 6
Well water 3 3

More specimens were collected but only eleven (11) were chemically analyzed
ecause of low levels of Total Organic Chlorine (TOC1).
Bottom ash hopper quench water overflow.



Table 2. Design Sample Sizes and Number of Specimens Actually Collected
for Various Media at Chicago, NW Incinerator

Designed Number.of
sample sizes specimens
Media (number of specimens) actually collected
Gaseous
Flue gas inlet 14 (1 per day) 11
Flue gas outlet 14 (1 per day) 11
Ambient air 14 (1 per day) 13
Solid
Fly ash 84 (6 per day) 72
Combined ash 84 (6 per day) 76
Refuse 84 (6 per day) 61
Liquid
City tap water 3 3




Continuous monitoring of oxygen (05), carbon dioxide (C0,), carbon
monoxide (CO) and total hydrocarbons (TH) was conducted during the gaseous
sampling periods at both sites. These parameters give an indication of the
efficiency of the combustion process.

ITI. RESULTS OF THE PILOT STUDY

A. Introduction

This chapter summarizes the total organic chlorine (TOC1) data ob-
tained in the pilot study. These data are presented in Haile et al (1984).
More specifically, this chapter includes summary statistics, descriptions of
the compositing protocols for the chemical analysis and statistical analysis
methods, and discussion of the chemical analysis and sampling error. No cor-
relations between the TOC1 levels of the different media are included in the
summary statistics because none were found to be significant.

B. Summary Statistics

To summarize the data, the arithmetic mean, coefficient of varia-
tion (CV) and nominal 95% confidence intervals were calculated for each sam-
pling location at both combustion sites. The arithmetic mean (X) can be cal-
culated for each sampling location by

where X. is the TOC1 concentration of the ith specimen and n is the number of
specimeﬂs. The CV can be calculated by first calculating the sample variance

(52)

$2 = X - 2)2 / (n-1).

1

™MD

;
The CV = S / X. The nominal 95% confidence intervals are calculated by
(X - tos (Af) S/ Jn , X+t o5 (df) S / yn )

where t 5(df) is obtained frombtab1es of Student's t distribution [Snedecor
and Cochran p. 469 (1980)] and df denotes the appropriate degrees of freedom
which depend on number of independent chemical analyses.

Because some specimens were composited before chemical analysis,
the above formulas were not used to calculate X and $2 for all Tocations.
However, the calculations were adjusted to take into account the compositing.
These adjustments are discussed below in Section C. The summary statistics
are given in Tables 3 and 4.
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Table 3. Summary Statistics for Total Organic Chgorine Concentration
Data from the Ames, Iowa, Plant

Coefficient Degreesb Nominal 95%°

Number of _ of of confidence
Media (units) specimens  Mean varijation (%) freedom interval
Gaseous (ng/dscm)
Flue gas inlet 19 562 49 18 (426, 698)
Flue gas outlet 11 632 85 10 (254, 1010)
Ambient air 20 d '
Solid (ng/g)
Fly ash 90 8.3 536 50 (-1.0, 17.6)
e (89) (3.6) (81) (49) ((2.9, 4.2))
Bottom ash 88 58.6 183 50 (35.1, 82.1)
Coal 11 4.4 23 5 ( 3.5, 5.3)
Refuse-derived fuel 67 11,900 116 36 (8,342, 15,470)
Liquid (ng/L)
ow' 91 664 77 51 (570, 760)
Quench water influent 6 373 33 5 (231, 514)
Well water 3 54 32 2 (1.4, 101)

30riginal data from Haile et al (1984).

Number of independent chemical analyses minus one.

Nominal value based on normal probability distribution theory.

Measured values in field specimens not significantly different from blanks.
Numbers in ( ) are estimates excluding the maximum value of 210 ng/g. This
value is 21 times larger than the next largest value. Both sets of summary
statistics are included to illustrate the impact of the one extreme value on
he estimates.

Bottom ash hopper quench water overflow.
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Table 4. Summary Statistics for Total Organic Chlorine Concentration
Data from the Chicago, NW Incinerator

Coefficient Degreesb Nominal 95%C
Number of of of Confidence
Media (Units) Specimens  Mean Variation (%) Freedom Interval

Gaseous (ng/dscm)

Flue gas inlet 11 2200 10 (1698, 2702)

Flue gas outlet 11 3220 10 ( 862, 5578)
d (10) (2190) (9) ((1330, 3040))

Ambient air 1 1.67 11 (-.68, 4.02)

Solid (ng/g)
Fly ash . 115.6)
Combined ash .8, 13.9)
Refuse . 1,520)
Liquids (ng/L)

City tap water 30

0rigina1 data from Haile et al. (1984).

Number of independent chemical analyses minus one.

“Nominal value based on normal probability distribution theory.

Numbers in ( ) are estimates excluding the maximum value of 13,500 ng/dscm.
This value is 4 times larger than the next largest value. Both sets of sum-
mary statistics are included to illustrate the impact of the one extreme

alue on the summary statistics.

Not calculated because there was no variability in the data.




C. Compositing and Weighting

To minimize the cost of chemical analysis while retaining sufficient
statistical information, a complex compositing protocol was developed for the
sample locations where more than one specimen per day was collected. The com-
positing varied for the six samples collected each day. On some days all were
composited, on others, the two within a shift were composited, and on others
none were composited. These locations were fly ash, bottom ash, coal, RDF
and OW at the Ames plant and fly ash, combined ash and refuse at the Chicago,
NW incinerator. No compositing was done for the specimens collected at the
other sample locations.

To modify the calculations for X and $2 to compensate for the com-
positing, each chemical determination was assigned a weight equal to the number
of specimens composited. Then the weighted mean Yw is calculated by

m m
Y = b3 Wi Yi / I W
i=1 i

where Y. is the ith chemical determination, W. is the number of specimens com-
posited for the ith chemical determination and m is the number of chemical
m m n _
determinations. Because 3 W, = n and on average I W. Y. = I X., thenY
i=1 i=1 ' 4= ! v

equals X on average.

To estimate $S2 from the composited data, calculate

0 _ 2
Sy = 2 W (Y.

m -
where W., Y., Y , and m are the same as above. Because X W2(Y. - Y )2
i i w sz w

n - .

approximately equals I (Xi - X)2 on average, Sa approximately equals $2 on
i=1l -

average. Hence the CV (S/X) is estimated by Sw/Yw'

The techniques above give a method to estimate the same parameters
as if no compositing was done. A theoretical justification of these techniques
is given in Appendix C.

D. Chemical Analysis Measurement Errors

To assess the measurement errors in the chemical analysis a- method
of standard additions was employed. Known amounts of two surrogate compounds,
dg-naphthalene and d;,~chrysene, were added to the composited specimens be-
fore the chemical analysis. The percent recoveries of the surrogate compounds
and their CVs are given in Tables 5 and 6.
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Table 5. Summary of Surrogate Compounds Percent Recovery for Specimens from the Ames, Iowa, Plant?

dg-Naphthalene

dy5-Chrysene

Number Mean Coefficient Number Mean Coefficient
of percent of of percent of
Media analyses recovery variation (%) analyses recovery variation (%)
Gaseous
Flue gas inlet 18 56 45 19 71 27
Flue gas outlet 11 47 25 11 86 14
Solid
Fly ash 51 44 56 51 96 24
Bottom ash 42 55 36 49 85 37
Coal 6 90 18 6 90 19
Coal-derived fuel 37 64 22 37 111 25
Liquid
ow© 40 51 54 48 88 29
Quench water influent 6 69 25 6 111 16
Well water 2 66 1 3 88 29

gData from Haile et al. (1984).

Specimens that were inadvertantly evaporated to dryness were excluded.
-~“Bottom-ash—quench -water overflow.
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Table 6. Summary of Surrogate Compound Percent Recovery for Specimens from the Chicago, NW Incinerator®

da-Naphthalene®

dy,-Chrysene

Number Mean Coefficient: Number Mean Coefficient
of percent of of percent of
Media analyses recovery variation (%) analyses recovery variation (%)
Gaseous
Flue gas inlet 11 37 84 11 74 48
Flue gas outlet 11 27 98 11 62 82
Ambient air 12 31 75 12 51 88
Solid
Fly ash 53 26 68 52 36 61
Combined ash 33 35 57 33 22 105
Refuse 44 9 51 44 12 193
Liquid
City tap water 3 27 131 3 13 92

3pata from Haile et al. (1984).




If the percent recoveries in these tables are indicative of the re-
covery rate for TOC1l, then the concentrations of TOC1 are under estimated.
This under estimation would be greater for the specimens from the Chicago, NW
incinerator, than those from the Ames plant. However, the summary statistics
reported in Table 3 and 4 above are not adjusted for percent recovery, as
recommended by MRI. Biases of this type can affect the true confidence of a
nominal 95% confidence interval. Table 7 illustrates the impact of various
levels of bias on the true confidence of a nominal 95 percent confidence in-
terval. '

Table 8 summarizes the estimates of the CVs (S/X) for both the sam-
pling and measurement (as indicated by the surrogate recovery data) component.
One should note that the measurement CVs for the Ames plant are uniformly less
than those for the Chicago, NW incinerator. In fact, for some sampling loca-
tions at the Chicago, NW incinerator, the measurement component dominates the
total variability giving negative estimates of the sampling component. This
is not unexpected for the ambient air and city tap water because at these two
locations one would expect the media to be rather homogeneous. However, this
is unexpected at the flue gas inlet. Note that the measurement CV is larger
than the sampling CV at the inlet but the opposite is true at the outlet. In
this report, no physical explanations are attempted for this phenomena.

The design of the national survey of combustion sites is based on
the CV of the flue gas outlet. Two important factors motivated this decision;
(i) approximately 75 to 80% of the total mass of TOC1 is emitted through the
flue gas; and (ii) flue gas is, by far, the most expensive location to sample.

Even though the CVs for some of the other sampling locations are
much larger than the flue gas outlet CV, the precision for these locations
can be easily controlled by the number of specimens collected per day with
little effect on the total cost of the survey. Chapter IV discusses the de-
velopment of the national survey using the TOC1 data obtained in the pilot.

IV. NATIONAL SURVEY DESIGN DEVELOPMENT

A. Introduction

In this section the techniques used to determine the number of sites
to be sampled and the number of days to sample at each site are discussed.
This section also includes the discussions on how the sample is to be dis-
persed across the U.S. and what procedures are used to select the sampiing
sites. The first subsection is a discussion of how these estimates of the
variability anticipated in the survey are formulated.

B. Variance Components

Because more than one combustion site will be sampled and each site
will be sampled for more than one day, the total variability in the data can
be partitioned into two components. One due to the differences in the average
emissions among the sites and the other due to the differences in the average
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Table 7. Validity of Confidence Statements for Selected Levels of Bias

True Confidence Level?

BIAS/SE® for the X * 1.96 x SE Interval

0 0.95
0.5 0.92
1.0 0.83
1.5 0.68
2.0 0.48
2.5 0.29
3.0 0.15
3.5 0.06
4.0 0.02

3calculated according to the integral of the

1.96 + BIAS/SE

1 -Lx
e
dx
“/ﬁ J2n

-1.96 + BIAS/SE

bSE denotes the standard error of the estimate and is equal to the standard
deviation (o) divided by the square root of the sample size (Jn).
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Table 8. Summary of Coefficient of Variations for Pilot Studya

Ames Chicago

Media Sampling Measurement ‘ Sampling Measurement
Gaseous

Flue gas inlet 42 25 b 68

Flue gas outlet 83 13 85 68

Ambient air o c b 87
Solid

Fly ash 555 (78)° 24 164 64

Bottom ash 179 38

Combined ash 143 76

Coal 12 19

Refuse-derived fuel 114 18

Refuse 194 159
Liquid

ow 58 38

Quench Z2ater

influent 17 28
City tap water b 132

3The measurement CVs present above are a we1ghtedlaverage of the CVs in Tables
5 and 6. They were calculated by CV = (5% + S%.)2/(Xg + X;2). Where the
Bubscr1pts g and ;, denote dg-naphthalene and d,,-chrysene respectively.

The estimates of these values were negat1ve and were excluded because the
EV must be non-negative.

Not calculated because specimen amounts were not significantly different than

lanks.

Number in ( ) are estimates excluding the maximum value of 210 ng/g. This
value is 21 times larger than the next largest value. Both sets of summary
statistics are included to illustrate the impact of the one extreme value on
the estimates.
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emissions among days within each site. This concept can be formulated mathe-
matically using the model :

2 = 2 2
o1 o4 + Oy >

where 02 denotes a measure of variability among the average emissions of all
plants and o2 denotes a measure of the variability of the average emissions
among days within all plants. One purpose of the pilot was to gather data to
estimate these quantities. Motivated by the hypothesis that these quantities
would differ depending on the type of combustion process, two different types
of combustion processes were selected for the pilot.

Two major categories were considered, refuse and coal combustion.
The estimates of the variance components are given in Table 9 with statisti-
cal details included in Appendix C. Note that even though the absolute mea-
sures of variability for refuse combustion are much larger than those of coal
combustion, the relative measures (percent of average concentration) are only
slightly larger. This is a common occurence among data from many different
sources.

C. Cost Components

To determine the sample sizes for the two categories of combustion
processes, the costs of sampling and chemical analysis were considered. The
estimated costs of the survey were broken down into two components; (i) those
associated only with the number of sampling sites (such as travel) and (ii)
those associated with the number of days of sampling (such as per diem and
chemical analyses). The chemical analysis cost can be associated with the
number of days because samples will be composited for daily averages. This
concept can be formulated mathematically using the model

C = C1n1 + C2n1n2
where C is the total cost, C; the cost associated with the number of sites,
ny the number of sites, C, the cost per day and n, the number of days of sam-
pling at each site. Hence, for each combination of n; and n,, the total cost
of the survey can be estimated.

The variance component and cost models above can be used to deter-
mine the best combination of n; and n,. This procedure is discussed below.

D. Optimum Allocation

One common measure of the precision of an estimate is the standard
error (SE). This quantity depends upon the inherent variability in the com-
bustion processes being studied and the number of sites and days of sampling
conducted. The SE is calculated by

o2 o2 L
SE=[—A+W}

ny NqyNg

2 42
where Ops Ops Nis and n, are the same as above.
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Table 9. Estimates of Variance Components
Refuse Coal
Parameter combustion combustion
oi 3,340,000 99,000
c@ 12,200,000 289,000
cv,? 57% 50%
e, 109% 85%
gCVA denotes coefficjent of variatjon among p]ants: ]
CVw denotes coefficient of variation among days within plants.
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Because the average concentrations differ greatly between the two
categories, the SE are not easily comparable. To compensate for the differ-
ence, the relative standard error (RSE) is used and allows for direct com-
parison of the two groups on an equal scale. The RSE is calculated by

\ s Vw
RSE = S/ ST
Ny NNy

where CV, and CV,, are the coefficients of variation among sites and among
days witﬁin sites respectively.

The n; and n, are determined so that the RSE is less than or equal
to 25% and the total cost (C) is minimized. The combination of n; and n, is
refered to as the optimum allocation. The recommended sample size allocations
are given in Table 10.

To estimate the anticipated size of the 95% confidence intervals
for the estimates, one has to make assumptions about the relative variability
among sites and among days within sites. If the among days within sites var-
jation is large relative to the among sites variability, one can make the as-
sumption that the correlation among days within sites is close to zero. With
this assumption, an estimate for the number of degrees of freedom associated
with an estimate of the precision is approximated by the number of sites and
the number of days per site less 1 (or n; x ng - 1). That is, the sample is
tending to be like a simple random sample of days. On the other hand, if the
among days within sites variability is small relative to the among sites vari-
ability one assumes that the correlation among days within sites is high or
close to one. Under this assumption, an estimate of the number of degrees of
freedom for an estimate of the precision is approximated by the number of
sites less 1 (or ny - 1). Conceptually if the CV among days within sites is
small, the number of days per site offer no additional information to explain
the variability. That is, the sample is tending to be a random sample of
sites with information for only one day per site.

The estimate of the width of the 95 percent confidence interval for
the coal combustion sites are based on either 34 degrees of freedom or 6 de-
grees of freedom providing a lower and upper bound, respectively, for the an-
ticipated precision. Using the equation,

Relative 95% Confidence Interval Half Width = t 05(df) RSE,

the anticipated precision was calculated and presented in Table 10. The ap-
proximated degrees of freedom for estimates from the refuse combustion sites
would be either 44 or 8 assuming little or no correlation or high correlation
among days within sites, respectively. The anticipated 95% confidence inter-
vals for the refuse combustion sites are also given in Table 10.

The next phase of design development involves constructing an in-
ventory of potential sampling sites (sampling frame), defining important
factors to be considered in partitioning the sampling frame into subsets
(stratification) and the methods of site selection. These are discussed be-
low.
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Table 10. Recommended Sample Allocations for National Survey

Number of  Anticipated Range for anticipated
Combustion  Number of  days per relative Nominal 95%
category sites site standard confidence interval

error (RSE) Assumption 1  Assumption 2

Refuse 9 5 25% + 50% + 58%

(t = 2.017) (t = 2.306)
Coal 7 5 25% + 51% + 61%

(t = 2.034) (t = 2.447)

aAssumptions for range of anticipated nominal 95% confidence intervals are as
follows:

Assumption 1: essentially zero correlation between days within the same
plant implies that the number of degrees of freedom can be
approximated by one less than the product of number of plants
and the number of days per plant. (For coal plants 7 plants
x 5 days per plant -1 = 35, similarly for refuse plants.)

Assumption 2: high correlation between days within the same plant implies

that the number of degrees can be approximated by one less
than the number of plants.
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E. Sampliing Frame

1. Coal Combustion

The scope of this phase of the national study is narrowed to a par-
ticular type of coal combustion category. The frame includes only large
(greater than 108 BTU/h) coal burning electricity generating plants. The
frame is a subset of the National Emissions Data System (NEDS) computer file.
The sampling frame is given in Appendix D. Each sampling unit is a point
source (boiler or group of boilers associated with a particular stack) of
emissions.

2. Refuse Combustion

The refuse combustion category will include those facilities that
burn refuse for all or part of their fuel. Included will be municipal refuse
incinerators and coal-refuse burning sites. The frame will be compiled using
information in Gordon et al., the NEDS computer file and other supplementary
sources. Completion of this frame was postponed until immediately before the
refuse portion of the survey will be conducted.

F. Stratification of Coal Combustion

Because the total amount of emissions was felt to be highly corre-
lated with the amount of coal burned by each plant, the number of tons of coal
burned annually was chosen as the measure of size of each plant. 1In order to
distribute the sample geographically, the U.S. was partitioned into seven
groups (strata) of contiguous states. The groups were arranged so that the
sum of all the size measures (amount of coal burned annually in the stratum)
were approximately equal. Table 11 lists the states and the size measures
for each stratum. Figure 2 illustrates the strata.

G. Sample Selection of Coal Combustion

One point source was selected at random from each stratum; the prob-
ability of its selection was proportional to the size measure. This increased
the likelihood that the sample was weighted towards the large emission sources.
Alternates or supplements may be selected, if necessary, using the same methods.

Using a random selection technique allows for unbiased estimates of
the average emission and estimation of the precision of the estimates. Confi-
dence intervals based on the survey data will give ranges for the true emission
values. Even though it is anticipated that the confidence intervals will be
wide for the coal combustion category, by combining the estimates obtained
for other categories using similar methods, relatively precise (narrow confi-
dence intervals) estimates of the total emissions from combustion sources will
result.
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Table 11

. Strata of the Coal Combustion Survey and Sum
of Size Measures (in millions of tons)

North East

Maine

New Hampshire
Vermont
Massachusetts
Rhode Island
Connecticut
New York

New Jersey
Pennsylvania
Delaware
District of Co
Maryland

West Virginia

South East

Ohio

Virginia
North Carolina
South Carolina
Georgia
Florida
Alabama

Valley
Ohio
Kentucky

Great Lakes

Michigan
Indiana
Wisconsin

79.5

1umbfa

72.5

74.9

64.2
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North Central

South Central

West

75.0
Minnesota

Towa

Missouri
I1linois

63.6
Tennessee
Mississippi
Arkansas
Louisiana
Oklahoma

Texas

69.9
North Dakota
South Dakota
Nebraska
Kansas
Montana
Wyoming
Colorado
New Mexico
Idaho
Utah
Arizona
Washington
Oregon
Nevada
California
Alaska
Hawaii

12.

21.
32.

OO

COOPROLHNOD®WOO W R~

0N WO

= TO 0O

CUOOONIOTOCTOOOOMNMNF WP







REFERENCES

Bakshi PS, Sarro TL, et al. 1980. Pilot test program Chicago Northwest In-
cinerator Boiler No. 2 (Engineering Report). TRW Environmental Engineering
Division, TRW, Inc. Office of Research and Development, USEPA, Research
Triangle Park, NC.

Cochran WG. 1963. Sampling techniques. New York: John Wiley and Sons.

DC-USA. 1978. Dow Chemical U.S.A. The trace chemistries of fire - A source
of and routes for the entry of chlorinated dioxins into the environment. The
Chlorinated Dioxin Task Force, the Michigan Division.

Draper N, Smith H. 1966. Applied regression analysis. New York: John Wiley
and Sons, Inc.

Gordon J, Helfund R, Belew W. 1976. Preliminary study for PCB municipal in-
cinerator test study. Report prepared by Mitre Corporation for the U.S. En-
vironmental Protection Agency. MTR-7305.

Graybill FA. 1976. Theory and'application of the Tinear model. North
Scituate, MA: Duxbury Press.

Haile CL, Stanley JS, Lucas RM, Melroy DK, Nulton CP, Yauger WL, Jr. 1984.
Comprehensive assessment of the specific compounds present in combustion pro-
cesses: Vol. 1. Pilot study of combustion emission variability. Final re-
port. Environmental Protection Agency. Contract 68-01-5915. EPA 560/5-83-
004, NTIS PB-84-140-870.

Hamersma JW, Reynolds SL, Maddalone RF. 1976. IERL-RTP Procedures manual:
level 1 environmental assessment. EPA-600/276-160a.

Kish L. 1965. Survey Sampiing. New York: John Wiley and Sons.

Lentzen DE, Wagoner DE, Estes ED, Gutknecht WF. 1979. IERL-RTP procedures
manual: Tlevel 1 environmental assessment (Second Edition). EPA-600/7-78-201.

Lucas RM, Zweidinger RA, Westbrook W. 1980. Sample design for pilot study
of stationary conventional combustion processes. Draft report. Washington,
DC: Office of Toxic Substances, U.S. Environmental Protection Agency. Con-
tract 68-01-5848.

Lucas RM, Matthews BJ, Haile CL, Westbrook W, Zweidingér RA. 1980. Detailed
work plan: Pilot study for dioxin activity. Washington, DC: Office of Toxic
Substances, U.S. Environmental Protection Agency. Contract 68-01-5848.

Moore DR, Korner RW, et al. 1980. Pilot test program Ames Municipal Power
Plant Unit No. 7. Sampling plan. Research Triangle Park, NC: Office of
Research and Development, U.S. Environmental Protection Agency. Contract
68-02-2197.

26




Moore DR, Korner RW, et al. 1980. Pilot test program Chicago Northwest In-
cinerator Boiler No. 1. Sampling plan. Research Triangle Park, NC: Office

of Research and Development, U.S. Environmental Protection Agency. Contract
68-02-2197. '

Olie KP, Vermeulen L, Hutzinger 0. Undated. Chlorodibenzo-p-dioxins and
chlorodibenzofurans are trace components of fly ash and flue gas of some
municipal incinerators in the Netherlands. Chemosphere 2:105-172.

Shin C, Ackerman D, Scinto L, Moon E, Fishman E. 1979. POM emissions from
stationary conventional combustion processes with emphasis on polychlorinated
compounds of dibenzo-p-dioxin (PCDD), biphenyl (PCB) and ibenzofuran (PCDF).
Draft report. U.S. Environmental Protection Agency.

TRWEED. - 1980. Pilot test program Ames Municiapl Power Plant Unit No. 7.
Engineering report. Research Triangle Park, NC: Office of Research and De-
velopment, U.S. Environmental Protection Agency. Contract No. 68-02-2197.

Williams RS, Bursey J, Erickson MD. 1979. Draft Review of TRW Report.

27




APPENDIX A

AMES, TOWA PLANT SOLID AND LIQUID SAMPLING PROTOCOL
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]

At Ames, Iowa five non-gaseous locations were sampled six times per
day. These were bottom ash (BA), fly ash (FA), coal (C0), refuse-derived fuel
(RDF) and bottom ash quench water overflow (OW). A systematic time schedule
was developed using the following method.

Because plant cooperation was necessary to obtain BA samples, the
schedule was based on BA. Two cycles of the sampling order and time between
sampling is given below.

BA RDF Cco FA ow BA RDF CO.  FA ow
1: 00 0:30 1:30 0:30 0:30 1:00 0:30 1:30 0:30

The schedule was based on the times of the working shifts at the plant. They
were: (1) 11:00 PM to 7:00 AM, (2) 7:00 AM to 3:00 PM and (3) 3:00 PM to 11:00
PM. The plant restricted the BA sampling for operational reasons, from 1:30
after a shift began to 6:30 after the shift began. To be able to collect two
specimens of BA within that time period, little flexibility in the time of

the BA sampling was allowed. The allowed times on which to base the schedule
were 12:30 AM, 1:00 AM and 1:30 AM. Two times were selected with equal prob-
abilities and without replacement. 1:30 AM was selected for the first week

of sampling and 12:30 AM for the second. The resultant schedule is given in
Table A.1 for these media.

In addition to the time schedule, the specific location where a
specimen would be collected had to be identified. OW had only one access point,
hence no randomization was required. However, for RDF, CO, and FA there were
four, two and two access points respectively. For these locations, an access
point was randomly selected with equal probabilities. The BA sampling was
more troublesome. Because of the physical restriction imposed on sampling by
the furnace structure, it was impossible to obtain cores of the BA, only
surface samples. The surface was divided into an imaginary grid and specimens
were selected from randomly selected areas of the grid with equal probabilities.

In addition to the above locations, bottom ash quench water influent
(cooling tower blowdown (CTW)) and well water were sampled. The CTW was sam-
pled once per day at a time selected with equal probabilities. The well water
was sampled three times during the study. First three days were randomly se-
lected with equal probabilities and then a time was selected for each day with
equal probabilities.
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Table A-1 Sampling Schedule for Ames, Iowa Plant (Military Time)

Week One | Week Two
FA ow BA RDF co FA oW BA RDF co
0030 0100 0130 0230 0300 2330 2400 0030 0130 0200
0430 0500 0530 0630 0700 0330 0400 0430 0530 0600
0830 0900 0930 1030 1100 0730 0800 0830 0930 1000
1230 13060 1330 1430 1500 1130 1200 1230 1330 1400
1630 1700 1730 1830 1900 1530 1600 1630 1730 1800
2030 2100 2130 2230 2300 1930 2000 2030 2130 2200
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APPENDIX B

CHICAGO, NW INCINERATOR SOLID AND LIQUID SAMPLING PROTOCOL




At Chicago, NW incinerator three nongaseous locations were sampled
six times per day. These were fly ash (FA), combined ash (CA) and refuse (RF).
Combined ash results from the mixing of bottom ash and fly ash in the bottom
ash hopper before sampling is possible. A systematic time schedule was de-
veloped using the following method.

No plant cooperation was necessary to obtain specimens, hence there
was complete flexibility in arranging the schedule. The sampling schedule
was based on FA. Two cycles of the sampling order and times between sampling
are given below.

FA CA RF FA CA RF
1:00 2:00 1:00 1:00 1:00

The schedule was based on the times of the working shifts at the plant. They
were: (1) 11:00 PM to 7:00 AM, (ii) 7:00 AM to 3:00 PM and (iii) 3:00 PM to
11:00 PM. A random time to begin collecting FA was selected each week. This
time was selected with equal probabilities. The ordering above determined
the times for the other locations. The resulting schedule is given in table
B.1.

In addition to the above locations, city tap water (CTW) was also
sampled three times. Three days were randomly selected with equal probabil-
ities and random times within those days were selected with equal probabil-
ities.

More than one access point was available for RF and CA. The physi-
cal characteristics of the RF charge bin prohibited core sampling or even ran-
domly selected surface sampling. Specimens were obtained from one side or
the other, each side selected with equal probabilities. Because of the phys-
jcal characteristics of the RF, several cubic feet of RF were collected,
homogenized and subsampled. The CA bin was partitioned into five equal areas.
The area to be sampled was then selected with equal probabilities. The FA
was collected from a single access point in a transport duct.
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Table B.1 Sampling Schedule for Chicago, NW Incinerator
(Military Time)

CA
2300
0300
0700
1100
1500
1900

Week One
RF
0100
0500
0900
1300
1700
2100

FA
0200
0600
1000
1400
1800
2200

RF
2300
0300
0700
1100
1500
1900

Week Two

FA
2400
0400
0100
1200
1600
2000

CA
0100
0500
0900
1300
1700
2100
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APPENDIX C

THEORETICAL JUSTIFICATION OF ESTIMATION FORMULAE
USED IN STATISTICAL ANALYSIS OF COMPOSITED DATA
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Let us consider a random vector {X.}, i =1 to n. For the purposes
of this discussion we consider the componentd of the vector to be independent
and identically distributed with mean p and variance o2. Hence

E [Xi] = v i=1,. . ., n
and
Var[X.] = o2 i=1, , n
Then for
_ n
X = 2 Xi/n
i=1
and
2 = 3 (X5 - X)2/(n - 1)

we have E [X] = p and E [s2] = o2.

Two statistics based on composited data which are analogous to X and

s2 are:
_ m m
Yw = I W. Yi / I wi
i=1 i=1
and
m , _ m
= - 2
s3 151 Wa (Y, - ¥)2/ 151 W,

where Y. is the i-th chemical determination obtained from compositing wi
number &f specimens (a subset of {Xi})‘

The mathematical expectations are now calculated for ?w and sa for
comparison with those of X and s2.
_ m m
ELY 1= % W, E[Y.]/ Z W, =np.
o ! R

because Yi is the average of a subset of Xi' So ?w and X are unbiased esti-
mators of the mean p.
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To compare the expected values of sZ and s2 we first partition o2
into two components, one due to the inherent variability of the media (denoted
by 6%) and the other due to the measurement error (denoted by 02). Hence we
can write m

0?2 = of + o2 .
m
and

- 2
Var[Yi] wi + on -

The term of is divided by W, because Yi is an estimate of the mean
of a subset of wi members of {Xi}‘

To calculate E [53] we first calculate

m
E[(n-1) sa] = E ['21 wg (Y; - ?w)2]
]:

W.. This expectation can be rewritten as

where n = ;

.i

M3

1

m m .
2 - ¥V )2 2 - 2
ELE WO -T2 = T W LY - )

i

m -
+ 2 izl Wi E L(Y, - (O, - ]

m
+ 3 W2 E[(Y - 2] (C.1)
i=1 N

The expectation of the three terms in equation (C.1) are now derived. To cal-
culate the expectation of the first term, we have

m m
S W2 E[(Y. - w)2) = 3 W2 Vvar[Y.]
i=1 ! i=1 !
. 2 (g2
= 2
iil wi (o /Wi + cm)
m
= 2 2 2
noi+ o ‘E Wi . (C.2)

1=1
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For the second term in equation (C.1) we obtain

m -
2 - -

iil We ELY. - p) (Yw. M)]

m m

b3 w% ELCY; - M) 2

i=1 J=1

wj (Yj - p)/n]

m
S W2 (W. Var[Y.1/n
sop 1 i

m m
o] I W2/n+ 0; p3 W?/n . (C.3)
j=1 ! i=1

No covariance terms appear in this expression because Y., and Y., i # j, are
functions of disjoint subsets of the {Yi} and thus are 1ndepen&ent.

For the third term we have

m
2

2 W2 ELCY,, - 2]

m m
S W2 E[(S W.Y./S W, - p2]
i=] 1 j:l J J j:l J

m
S W2 E[Z W2 (Y, - p)2]/n2
i=1 1 1 1
m m
= 3 w§ S W2 Var[Yi]/n2
i=1 ' j=1 J

m
w%/n + 0; (= W%)z/n2 (C.4)
=1 i=1

I
Q
=D
M

Substituting the results in equations (C.2 - C.4) into equation (C.1) and di-
viding by (n-1) we obtain

m
E[Sa] = nof (1- = W%/nz) / (n-1)

i=1

m m m
+ oﬁ (= wg -2(z2 w§)2 / nZ + 3 W? / n%) (n-1) (C.5)
i=1 i=1 i=1
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For the case of no compositing, W, = 1 and m = n, equation (C.5) reduces to
E[S2] = of + 02 = E[$?] = o?

Hence, the bias resulting from using S2 to estimate o2 depends on the W and
of and o2. Using the surrogate recovery data, an independent estimate of o2,
denoted By Sa can be obtained. If E[S;] = 0; then it is not difficult to show
that

m
W%)z/n2 + 3 W%/n2)/)n-1)}

$2 = {52 - s2 (
woom 1 i=1

m m
z w§-2(z
1= i=

1 i

. m -1
{n (1- 2 w%/nz)/n-l}

1=1
is an unbiased estimator of 0f. That is E[S%] = 0%. Hence S%2 = S% + S% is an

unbiased estimator of o2 = of + 0;.
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APPENDIX D

COAL COMBUSTION SAMPLING FRAME

39




cRs PLNMED . COUNTY STNAHE FLenT parnTL
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23 PUSLIC SERVICE €O 6198 FRANKLIN ST DEN C T 20 COLORADO 0601 4
24 FUZLIC STRVICE CO VALMOMT 1792 N 630 B 220 COLORADO 00401 1
25 PUSLIC SERVICE €O ARAPAHOS 2601 S PLATT €00 COLGRADD ono# 4
26 DEPARTMENT OF PUSLIC UTILITICSS DRAKS FL 760 COLORADO 0004 3
27 SOUTHERN COLO POVER DIV W HWY 50 CAMON C . S0 CCLORARO 0002 2
28 PUELIC SERVICE CQO OF COLO CAMEQ FLANT 1520 COLORADOD 0uo02 1
25 COLORADO-UTE ELEC ASSN  NUTLA CGLO 1€40 COLORADD €261 3
30 COLORADO-UTE JIM PULLOCK PLANT MONTFOSE . 1640 COLCRADO 0008 2
21 FUZLIC SERVICE €O COMANCHE STM STA FUER - 1840 COLORADD 0402 2
z2 COLCRADO-UTE ELECT ASSOC HAYREN COLO 1920 CCLORADO 001 »
---------------------------------------- R e R A 3 A el it e ittt il bl
SOES PLMMAD . COUNTY STMAME ELAMT DOINTS
3 PIERCE GENERATING STATI100 JOHN WALLIGFD 705 CONNECTICUT 6F14 3 y
------------------------------------------------------------- STLTIESR ewocmccrtc e cre e e c e c e e r e r e e er e s m e cc e s e cccrcr s m s e e e m e s =
0&S PLNMAD COUNTY STNAME FLENT PCINTS
Tu CELMARVA PDOWER INDIAN RIVER MILLSBORO 240 DELAWARE onol 3
3e £ 1 DUPONT NYLOMN PLT SEAFCRD 19973 240 CELAWARE 0002 1
. .
---------------------------------------------------- et T B e N L ittt
0=% PLNMAD . COUNTY STHAME PLANT TQINTS
6 GULF POWER €O ST RD 391 LYNI! HAVEN 200 FLIRIGE 0014 2
27 FLA FOMER CCRP RED LEVEL FLA. €80 FLORILA 0004 1
3& GULF FOWER €O CRIST PLAMT FZHSACOLA 11560 FLORIG" Doss 4
35 ©1G RENG TECC ROX TZ111 Ta»Pa FLOFIDA 1890 FLORIDA 9674 1
49 GULF POWEP CO ST £ 271 SNEADS 1940 FLORTDA 5614 2
41 . CITY OF NEW SMYRNA RCH BOX 519 32069 4600 FLORILA 06003 1
---------------------------------------- R et S Bl 2 B R T T PR
0es PLNMAD _ COUNTY STHANE PLANT POINTS
42 G& POWSR COH-ROWEN TAYLORSVILLE 20178 280 GEOFGIA 0011 3
43 GECRGI® KRAFT COMPANY FOY 3218 460 CEORGTE 0601 2
44 G4 FOUER CC~ARKURIGHTMAZON 31208 4eC GEQRGTIA g6ce2 4
45 G4 FOWER CO-MCODGHOUGH SHMYRMA 20080 1160 GCORG 1A geod 2
46 G4 PWR-YATES ESXT1E& NIWNAN 30263. 1420 CEORGTA 0001 7
47 €4 POUER CO-MITOHFLL ALaaymy 31701 1760 GENICIA 9c0? :
48 GEEAT SOUTHERN PAFER CO 1860 CFORGIA 0001 2
49 G4 POWER CC-FAMMOMD CGOSA 30129 2140 GCOPGIA 0002 4 i
€9 Ghe PCYIR CO-PLANT WANSLEYSROOPVILLE 2729 GEORGIS N0GC1 1
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------------------------------------------------------------- STETES]] =mmememcc e e eiceccmcesesm——e——es——cc-—ome—ooeoooo
cRs PLENMAD N COUNTY STNANMT PLENT POINTS
<1 GA POWER CO-RRANCH MILLEDGEVILLE 31061 4220 GEORGTS toce 4
s2 CRISP CO PONER COMM WARUICK 31796 . 5660 GEORGIA 0004 1

------------------------------------------------------------- I - R I R R b LRl e g )
ors PLUMAD COUNTY STMAME FLENT POINTS
sz COM D - KINCAID GEN4 MIe We OF KINCAHID 1320 ILLINOTS 0013 1
54 VINNETKA ELECTRIC PL72S5-72E5 TOWER RO . 1540 ILLINGIS clee 1
&5 CC¥ E0 - CRAWFORD ST3501 S. PULASWI FO2D 1540 ILLINGES 0212 2
SE COM ED - FISK STATIO111! W. CEFRMAK 1540 TLLINOIS 0215 1
57 CEMTRAL ILLINCIS PURRURAL 1600 ILLINDTS 0662 2
ea CENTRAL ILLINOIS LIGOUCK CRESK GEN "6a0 ILLINOTS 0Gez 1
€5 CENTRAL TLLINOIS PURRURAL GRAND TOWER . 3580 TLLIKCIS GOCS 2
€0 CENTRAL ILLINGIS PUR 2620 TLLINOTS no0s 1
A1 CCM ED - WAUKEGAN ST2800 NCRTHWESTEFN 2V 4060 JLLIMOTS c015 4
62 CITY OF FERU GEMERAT1415 WATER STREET 4160 ILLINDTS ocii 1
63 COMMONWEALTH ED CO DIXON STA 4200 ILLINCIS PNO1 1
£6 ILLINOIS POUER CO-WNP.0.,20X 151 4600 ILLINOTS 069¢ 2
€5 UNION ELECTRIC - VENMAIN ST & MCKINLEY 8 4680 ILLINOTS 0020 1
€6 - ILLINCIS FOWER CO - ILLINOIS HIGHUWAY 78 4gEe9 ILLINDIS ooce 1
&7 TLICTRIC TNERGYeINC.P.CoROX 165 4900 TLLINOTS co0e . H
6k CENTRAL TLLINOIS PURRURAL COFFLEN 5200 ILLINOTS goe7 11
£ CFNTR2L ILLINCIS FUR1 WATERFROMT . 5240 ILLINOIS 9008 z
70 CENTRAL TLLINOIS LIGRURAL BARTONVILLE €100 ILLINCITS 0025 £
71 WESTERN ILLINOIS POWHWY 100 SCUTH 6220 TLLINOIS 0007 1
72 ILLTINOIS POWER CO - Po 0. ROX 188 6420 TILLINGIS 0001 2
73 ILLIANCIS FOWER CO BAP.Ce FOX 146 6460 TLLINOIS 0008 2
T4 CITY WATER LIGHT # P3100 STEYENSCN DFIVE - 6980 ILLINOIS 0002 7
7= CITY WATER LIGKT ® PFACTORY £ND GRIFFITH 6980 ILLINDTS 0G0¢ 1

5 CENTRAL ITLLINOIS LIGL124 MEST CrMP ST, 7600 TLLIKOES 0607 4
77 COM ED - POWIRTON STS0X 158 7600 ILLINOTS CC1E z
74 JLLINCIS PCWER CC - P 0 ROX PR7 7780 ILLINOES onoz 2
79 M1. CARMEL PUSLIC UTCITY OF 7840 TLLINDIS 9cC1 1
8n F&IRFIED MUNMICIPEL LNW 6TH STREET gcus ILLINOIS 9691 1
81 CO¥ ED - JOLIET STATPATTERSOY RCAD . 832N ILLINOIS 0C3IR g
a> CoM ED = WILL COUNTYLI3STH ST CHICEGD SaN gian TLLIHOIS LO4E 5
A2 SOUTHERN ILLINCIS FOPOWER FLENT-LAKS OF g3an ILLIKGIS €033 4

------------------------------------------------------------- STATF215 ==-—=--eec-ceececemcmacrcemcccceccccccecccaccecaem s — e ——————

[ PLNMAD CRPUNTY STNEME PLANT FCINTS
Fa LaWwTOMN PARK GEN STA 1902N CLINTON 4E802 60 1421 ANA 00C1 4
an LCGAMSFORT ELFC LS&F 85TH & RRINCGHURST £00 INDTANA 05056 2
Re FPANKFORT CTY LAP 758 WSHINGTON 2V 780 IMDTANA 0001 3
£7 ND 2 MICH FLFC TAKNNERS CPEFK ST4 LYFURG 1600 ILDTANA 0002 4
pE JESPER MUN ELEC £15 3T JASPE? 47546 1120 INDTANA 0002 1
+G PUIY STRV CO OF IND GALLAGHER STA M.LLR. 1360 IHNDT&MA o004 4
cp FU2LIZ SERVICE INDPIANS GIESCN STATIGH 1560 INDTALA 4017 4




----------------------------------- cemememmcscccmeccmmmeermae STATEZ]1H =mmecmeccmcccc e r et a e s m e ces-o-sssoosee-ooooo
Cc#S FLNMAD ' COUNTY STHEME PLANT POINTS
¥ 51 PST-NOBLSVLLE GEN STAWR22 ROX XSA, 46060 1760 INCTLNA occe 3
92 NIPSCO ReM,SCHAKFER STA RR#1 EOQYF6 46392 2100 ILGT ANA coes 2
92 CLIFTY CREEK IKEC BOX 97 HWY S6 R 62 MaD 2140 INDTANA 00061 .
G4 ENYWPSPORT STA PSI RR 1 ELWARDSPORT 475248 2260 INDIAMR 5003 3
54 MOGTHEON INDIANA FUSLIC SERVICE COMPENY=- 2360 INDTAMA 0632 4
94 COM £0 STATELINE GEN 103RD & LK MICHIGAN 2360 THDIAMA 002% o1
97 MICHIGAN CITY-NIPSZO 2400 1LDTARA 6021 “
ap DELCC REMY SLANT #1 . 2600 TRDIANA cons 1
eQ DELCO REMY PLANT #3 ’ 2600 THDIAKA 0016 3
100 INCPLIS PRL-STOUT STA 3720S HARDING4E206. 2640 INDTIANA nozz 5
101 INDPLIS PWR & LeFTRRY-X STA. 336 KY AVE 2640 INDTANA 0024 6
102 INDFLS PWREL PERRY U STA«T744 WASHNGTN AV 2e40 IMDTANMA 0025 2
193 FERY ELEC L3P 30) € CANAL ST 46970 2129 THDY ALA 9001 3
104 CRUFDSVLLE TL&P PO 428 CRAWFLOSVLLE 47933 2820 THDTANS 6003 3
105 INDFLS P3L CO PRITCHARD . 2889 IHDIAMA G004 I
106 HGOSIER EN DIV-INN REZIC PETERSBURG 47567 3340 THNDTANA €001 2
107 INDIANAPOLIS PR2L CCQ PFTERSRBURG 47567 3340 INDTANS 0002 4
108 RAILLY GEMEBATING STA RR3 POY 24€ 4€204 3420 INCTAME o002 2
109 PUSHVILLE STA PSI PC 311 RUSHVILLE 46173 3660 INDTANA neoz 1 ,
110 J&M CLECT-BREED STA 3X5648 SULLIVAN 47882 4020 THDTAtIA Geont 1
111 CAYUGRA GEN STA PSI-PD 188 CAYUGCA 47928 4249 THDTAMNA 0061 2
) 112 CRESSER STA FSI1 F0 359 TERRE HAUTE 47808 4269 INDTAMA 3605 7
23 113 FURLIC SERVICE WABSAAH STATION 42¢0 IMDI ANA 0021 5
114 ST GSE CULLEY STA MIWRURGH 476320 BX 218 4360 THDY AlLA 0001 3
115 LLCOA GENERATING CORP 4360 IRDIAMA coc? 2
116 RICHMOND FOWER & LIGHT €O 4440 INDTANA 6009 2
: +
R e R ittt STATEZ)f =-m-—emceeecmccecc e cceececmccc e mcctcrccn e ---
CFs PLNMAD COUNTY STMAME - PLANT POIRTS
117 INT,POWERG1000 MAIN STee DUFUQUEs 52001 100 I0WA 6033 <
119 CENAR FALLS UTILIVIES 340 ova 0010 2
115 T4 PUPLIC SERV CO MAYNARD PLY WATERLOO 340 ICWA 070 A
120 I7WA ELECTRIC EOONE 400 104Us 0040 2
121 IA PUF SFRVICE €O HAWKEYE PLT STORM LAKE . 460 [owa ce2s 1
12 1A PU2 SFRVICE CO CARROLL PLT CAPRCLL . 560 16Wa 0015 1
123 CORN RELT PCOWER CONP WISNOM ST2 SPENCER BED AW 6010 1
124 EeJeDUPONT DE NEMOURS+CLINTON 940 ICut N05% 1
125 INTERSTATE FOWER COy CLINTON 40 1oua 6675 3
126 14 S0 UTIL BURLINGTON ST4 BURLINGTORN , 1200 1cwa 002% 1
127 INTERSTATE POWER (0. 1280 [owa 0660 3
128 WESSTER CITY PUR.MUY 2LDG WERSTES CITY 1760 124 A ee2d 1
re IA FLEC LGT R PON IA FLS STA IOWA FALLS 1760 1oWa 0G50 1
130 CORN BELT POW COOP 1300 13TH N HUMECLDT 1900 10UA £o10 4
131 UNIVERSITY OF 10Wa, I0UA CITY 21290 10We 0C&? 2
132 CENT 1A FOWER CO0P PRAIRILC CRKeC,RAFIDS 2280 10dA - CO=C o
1332 TA SL7C LGT + FOW FRAIR CRK CENALP PAFIDS 2280 1034 6120 1
124 14 LGT 4 PONFP &TH ST STA CEDAR RAPIDS 2280 10%A 0125 <
. 135 FELLA MUNICIPAL PELLA 2460 1044 0030 2
136 IOWA-FLECTRIC MARSHALLTOWN 2480 10WA rose ?
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0fSs FLNMAD . COUNTY STNAME PLANT POINTS
1317 C TA LGT48+POWACOOP+MONTPTLIER A Aansswnus 27490 10ua coz2¢ 2
118 MUSCETINEZ PURSTO0D MAPLE GROVE 4MUSCLTINE 2740 I0wh LN 5] 4
13¢ TAe POWER R LIGFT CJes 3392 S£ 46e LES M 3120 10UWA 03F0 A
140 T4 POWER & LIGHT BOX 128 COUNCIL RLUFFS 3140 ICWA 011% 2
141 IA-JLL GAS + ELEC RIVERSIDE PLT RETTNCRF 3aa0 JoN A nges 3
142 TAMES MUNTCIPAL ELECTPIC 3480 IS5Wa 0015 N
143 I0WA STATE AVMES 3480 10VA 00#0 &
144 CENTRAL TIQOWA POWER COOP 3600 Icwe ooos A
145 TAeSOLUTILITIES«PRIDGEPORT STALENDYVILLF' 3680 ICWA go2% ?
146 ICWA PUBLIC SERVICE CO« SARGEAMT ELUFF 4020 10WL 0150 I
147 T4, PURLSERVICEEAGLE GROVE PLTL.ZAGLE GRV 4040 [owa 0015 1
------------------------------------------------------------- STATEZ]l ] mec-cesmmeo s e m e e et o Cm e e c et eeme -
0FS PLNMAD ' COUNTY L SThAME PLAMT POINTS
148 ERPIRF DISTRICT ELEC CO RIVTRTON 440 KANSAS oon” 2
149 KS POWERELICGHT LAWRINCE CENERATING STN Rel KANSLS nol4 4
150 KANSAS GASPELECMECSHO PLANT 19n¢0 KAMSAS cacy 1
151 'KF'POHERRLIGHT LACYCGNE 2100 KANSAS voge 1
152 KS POMEZRRLIGHT JSFFRECY TNERGY CEN FELVUE 2560 KANERS 6on1 4
152 KS PONERARLIGHT TECUMSEH GENCRATING STN 3380 KAHELS 0030 - 2
154 CECARD OF PUBLIC UTILITIEZS MEAFMAN CREEK 3840 KANSLS goos ' 1
185 ACARD OF PUSLIC UTIL.QUINDARD #3 €6101 3840 KANSAS cosp 2
156 FCARD OF PURLIC UTL.KAW STA €6101 3’40 KANSES 0gec 3
157 PCARD OF PURLIC UTIL.QUIND2RRG #2 66101 2840 KAMSAS 00%0 2
---------------------------------------------------------- o= STATE= ]l mmommrem e e e e e s e meem e —ac e
ce PLNMAN COUNTY STRhAME PLANT POIMTS
158 KYe UTILITIES-PINEVILLE PINFVILLE-FCUR 200 KEMTUCKY 0C01 1
152 CIMCINNATL GAS & ELECTRICCINM OHIO 45201 280 KENTUCKY 0029 1
160 KERTUCKY UTILITIFS CJ. GHENT 580 KENTUTKY 6010 4
1g1 CoKYSRURAL FLECTRIC-DALE FALE STATIO 720 KENTUCHY 000 4
1€2 CoeMole STATIOM NO. 1} 1931 EAST F : 920 KENTUTKY 0076 4
163 CetelUs SLMER SMITH 43n1 HARCIN 920 FENTUCKY 0027 2
lea PIC RIVEIRS ELEC.-CCLEMAN CALEME-HAY 1580 KENTUCKY 0ol z
165 FEMDe MUNICe POW 2 LIGHT SaAre 1740 KENTUCKY ge12 2
166 LOUISVILLE GAS 2 ELECTRICPANDYS RUN 1620 KENTUCKY 0125 5
167 LCUISVILLE GAS # FLFCTRICCANS RUN 1920 KENTUCKY 0124 [
168 LCUISVILLE GAS & ELECTRICHMILL (RIEK STAT 1629 KENTUCKY 0127 4
1kE KY POYER-BRICG SANDY A MI N LOUTSA C 2140 KEMTUCKY 0302 2
173 TVA =SHAWNEE PLANT . 2460 KENTUCKY 0606 10
171 £ «Y POWZIR CCOP MAYSVILLF 2649 KENTUCKY 0o0¢ 2
172 KY«UTJLITIES-RROWN STA. P,0.50X 25 RUR 2743 KENTUCKY 0co1 3
172 KENTUCKY UTILITIES COMPAMCEFNTRAL CITY FA 2960 KENTUCKY 0001 4
174 Tva -PARADISS PLANT % M1 NE DPA 2960 KENTUCKY 000F 3
17¢ F.¥Y.POUSR COOP.-CODPER FURKSIDE 3460 KENTUCKY 6002 2
174 A1G RIVERS ELFCTRIC CORPJRTID STATICON 4028 KENTUCKY 00601 5




------------------------------------------------------------- STETE=18
0% S PLNMAD .
177 KYe UTILITIES =-TYRONZ BOX 48 VERS
---------------------------------- e eemmmemeemeeeeeceeo—o- STATES19
0ES PLNMAD
178 CAJUN ELECTRIC POWER BIG CAJUN NO 2
179 CEMTRAL LA FLEC RTF 1 LENA 71447 (ROYCE)
----------------------------------------------- memeeeemeceeen STATE=21
£=s PLNMAD
180 FG+E WAGNER FT SMALLMD RN 5 OF HWKNS FPT
101 PEECO MORGANTOMN NEVJURG 20684
182 PEPCO DICKERSON STATION KICKEFSDM 20783
183 PEFCO CHALK PCINT FLANT ARUASCO
184 FCTOMAC EQTSON MILLIAMZEORT 21708
.I.
----------------------------------------------- Ammmmemmmeeea- 3TETE=22
ceg PLN"AD
1ns ¥ESE FLECTRIC-WERSTER S9 WE3ISTFR WORCSTHR
18+ FOLY ULTER POWERWMT TONM FLANT  +HOLYOKE
187 WISTERN MASS ELECT WST SPRINGFIFLD
-------------------------------------------------------------- ST2TE=22
CHS PLNMAD
184 JOHM WARDEN STATION 49946
1589 D £ KAIM PLANT 2555 { VEADOCK H¥Y 48732
190 J £ WEADGCK PLANT 2555 1 WEALOCK HUWY
191 CONSUMERS POM.ELM STLPLT ROX 27¢ 4017
192 NARTHERM MICHIGANM ELEC COOP 1850 F CIVIS
193 LANSIMG BD OF WATEP 8 LIGHT 272% SOUTH ¢
194 JOHN H WARDEN STATION 616 SHFLATH AVENUE
1e5 HBRRGR REACH TES NORTH HUSDY 48441
19+ MICHIGAM SUSAR COMFANY SEEEWATNG MI
197 LANSING E0ASD WET % LGT ECKERT PLT 48903
159 CCKERT £ MCORES PARK STZTION ISLEND AVEN
15¢ FRESRUE ISLE STATICK PRISQUE ISLE OF
209 FCNROE FOWER FLANT 3500 £ FPOMT ST 46161
201 J R WHITING PLANT 4525 ERIE ®CAC  4f157
2tz € C COER PLANT 151 HGRTH CAUSEWAY 45440
292 J H CAVORELL PLENT 16900 POLK SIREET
204 HOLLAND BD COF PUBLIC WORKS CITY HaLL
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0005
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POINTS
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STNAME
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9t

02S FLNMAD COUNTY STNAHE FLENT PaINTS
265 CETROIT EDISON MARYSVILLE 301 GRATIOT . 4620 MICHIGAN 0610 4
266 CETRCIT ZDISON ST CLAIR 4501 POINTF OR 4620 MICHIGAN 9011 3
207 CETROTT EDISON PORT HURON 1705 WASHINGTO 4620 MICHICAN sc2c 1
208 MICHIGAN SUGAR (G CARQO MI 47RO MICHIGAN co10 2
209 PENNSALT 4655 SIDDLE AVE : 48192 ° 5220 MICHIGAN 0094 2
210 WYANDOTTE NORTH €0 MULRERRY ST 48192 5220 MICHIGAN 0ca7 4
211 MISTIRSKY POWER STATION 5425 JTFFERSCN W 5320 MICHIGEN 0166 2
212 - FRIVER ROUGE 1 RELANGEIR PARK NRIVE 48218 . 5320 MICHIGAN 0172 1
213 TRENTON CHANMEL 4695 JIFFERSON W 48183 5320 MICHIGEN 0173 5
214 COMNERS CREEK 200 LYZASTE 48214 5320 MICHIGEN 0174 4
------------------------------------------------------------- STATEZ24 mmmmmmmmm - e e e e e eme e meme-ee——c—cc-amcaa-
ee g PLAMAD " COUNTY STHANE PLENT POINTS
215 CTTERTAIL POWER CO ORTONVILLE PLANT 320 M INNESGT2 00C?2 1
216 NORTHERN STATES POWER COWILMARTH SITE.MA 400 MIENESCTA 0015 2
217 NORTHIRN STATES FCWER COGRANITE FALLS SI £40 MINNTSOTA ne12 1
216 MCRTHERN STATES POMEP COSURNSVILLE SITE 940 MINNTSOTA c0o3 =
21e NCRTHFRN STATES POVER CORED WING PLANT 1380 PINNESCTS 0005 L2
220 MCRTHERN STATCS POWER  MARSHALL SITE 1420 MINNESOTA po1s 2
221 MINNESOTA POWER + LIGHT COHASSET SITE 1€60 MINMESNTA N0G4 3
0oz MUNICIPAL UTTLITIES COMMWILLMAR SITE 17490 MIMNDSOTS 0005 6
222 TWO0 HARRCRS WATER + LITES AVE AND 1ST 1240 MINNESOTA 0062 2
224 RESERVE MINING COMPAMY SILVER BAY SITE 1840 MINMNESCTA 0003 2
225 INTERSTATE PCWER CCOMPANYEOX LAKE STATION 2180 MINMESOTA 0G07 2
226 PUPLIC UTILITIES COMM. FAIRMONT SITE 2180 MINNTSOTA 0G0e 2
227 BUSTIN UTILITIES NT AUSTIN SITE 2420 AINHESOTA 0601 1
223 WCETHFINGTON PUNTCIRAL U WORTHINGTON SITE 2560 MINNESCTA 0004 1
225 ROCHESTER PURLIC UTILITYRROADWAY SITE RO 2660 MINNESOTA 8001 2
230 ROCHESTSR FUBLIC UTILITYSILVER LAKE PLAN 2660 MINNESCT A 0011 4
231 QTTERTAIL POWER CO HOOTLAKE PLANT 2720 MINNESOTA 0002 1
B MORTHTRM STAHTES POWER COSHEFASD POLD STT 2940 MINNESCT A 0912 é
213 NOFTHEPN STATES PGWER COTHIRG STREET L& 2940 MINMESOTA 0062 &
o3g YINNESOTA FOMER+LIGhT COAURDRA STATIOL 1240 MINHESOTA £e13 2
nl15 CULUTH STEAM COOF. ASSNLOULUTH SITS . 2250 PINNESOTA 0622 4
214 PIFEING PUSLIC UTILITY 3260 MINNESOTA 0e27 3
017 DEPT. OF PURLIC UTILITY VIRGINIA SITF 3260 MINNESOTA 0028 5
s1g UNTTED FONER ESSOCTIATIONELX RIVER SITE 1440 MINNESOTA 0603 3
219 NCRTHERN STATES FOWER COSHERGG PLANT/FEC 3440 MINNESCTA 0004 2
24y NOPTHIRY STETFS FCWER CO0AK FPERK HEIGHTS T agoe MILNFSCTA ceos 1
241 MORTHMIEN STATES FOULR COMIMNESCTA VEALLEY 4260 MINNESOT A poge 4
............................................................. R 3 2 S S
res PLNNAD COUNTY STHAMF FLANT POINTS
LT MISSISSIPPI FWR CO-WATSON (CUMMY) 1920 MISSISSIFFI £001 3
241 SO MISS TLIC PWR PURVIS/MORPOW STA (DURKY 1440 MISSISSIPRI F001 1
244 GorEnuOCn UTIL HENDFFSOM STA P O FOY P66 15¢0 MISSISSIPPI FOO1 2
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FLNMAD COUNTY
COLUMRTA WATER & LIGHT/P.0. BCX N/CCLUME 380
UNIVERSITY COF-MO. POWER PLANT/110 GENERA 3e0
ST. JOSEPH PEL-LAKE ROAD PLANT/520 FPRANC 526
M0 PUF SERV CO PLEASANT HILL BLR 1 840
UNICN SLECsBX 1494LA38DIE PLT+ST LOUIS 1660
SPRINGFIELD UTILITIES/JAMFS RIVER POWCR 1060
SPRINGFIELD UTILITISS/SCUTHWEST PLANT/SF 1R€0
Ke Co POWFR & LIGHTy MONTROSE PLANT 2020
KCFL. 115 GRAND AVE. K.C. © 2240
KCPL, 8700 HAVTHORN KeCe 2240
¥O.PUBLSERV.CO. SIBLEY 10700 £AST S0 HUY 2246
INNEP. PRL/21500 EoTRUMAN RD/INDEPENCENC 2240
EMPIRT DIST ELFCT CCo ASBURY PLNT JOFLIN 22€0
UNTON FLECTRICs RUSH TSLAND 2280
ASSOCTATED ELECTRIC POWER COOP.eNEW KEDR 3300
CENTRAL ELECT PWR COOPs CHAMCIS : 3486
KANSAS CITY POWER £ LIGHT €0./ST. JCSELH 2740
£5S0C FLE. CCOP/THCMAS HILL PLHT/EX 158/ 3920
UNION ELECTRICHSICUX PLTy HWY 944WeALTON 4160
UMTOM FLEC 2200 SINE RD. MERAMEC SLANT 4300
'
PLYEMAD COUNTY
MCNTAMA-CAKOTA UTILy HWY 234 SIDKEY 1320
KONTANA POWFR CO COLSTRIP. UNIT #1 1360
MOMT POWER(CORETTE)IR 25384 8ILLINGS 59103 1720
PLNMAD COUNTY
ELECTROSTATIC PRECIPITATOR £-1-T6 700
NEFR PUBLIC PWR DIST SHELDOM ST 1520
LINCOLN ELEC SYS LINCOLN STA 1520
NEER PUBLIC POWER 3ELLEVUE NS 2180
PLNKAD COUNTY
MOHAVE GEN STA LAUSMLIN NV P04 80
NEVADA POWER CO GARDMER 5T ac
SIERSA PACIFIC PO 30X 10100 RENO 89510 2ed

STNAME

MISSQURIT
MIsSouAl
MISSOURT
MISSOUR]
MISSOURI
MISSGURI
MIsSsQUR]
MISZOURI]
MISSGURI
MISSOURT
MISSOURI
MISSCUFRI
MISSQURI
MISSOURI
PISSOQUKL
MTISSOURI
MISSOURI
RISSOURI
MISSOQURI
MISSOURT

STNAKE

KONTANA
MONTLHA
MONTAMNA

STNAME

MEFERASKA
HTRRASKA
NIRRASKA
HERRASKE

STNAME

NEVADA
MEVADA
NEVADA

PLANMT

aao02
6004
JC04
0003
00C3
o005
0039
cool
cozl
go22
0031
0p=o
04601
0014
0no4y
ccoz2
0co07
oo0el.
ocn
0c1¢C
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o062
P01
co15

FLENMNT

0002
goes
6007
oone

PLANT

nool
0GCe
0007
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