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1.0 EXECUTIVE SUMMARY

This study utilizes computer-assisted cartographic modeling to
empirically relate ambient lead and cadmium particulate observations to known
emission estimates in the Silver Valley of northern Idaho. Through this
technique, the many factors influencing ambient lead concentrations were
simultaneously considered and quantified. Particular attention was paid to
the multiplicity and inconstancy of particlate sources, the confounding
effects o% complex terrain on local meteorology, and the impact of windblown
dusts.

A1l of the known particulate sources in.-the valley were included in one
of the following five categories, chemical consituency and magnitude estimates
were developed from existing reports or direct or inferred measurements: (1.)
Industrial Point Sources, (2.) Industrial Process Fugitive Sources, (3.)
Industrially-related Active Fugitive Sources, (4.) Transportation-related
Active Fugitive Sources, and (5.) Passive (windblown) Fugitive Sources. The
first three categories represent emissions from current industrial activities.
The latter two categories' emissions are residual in character and result from
cumulative effects over the years.

In the first portion of the analysis, cadmium measurements were used as a
tracer to quintify the important atmospheric dispersion characteristics
through the use of a Gaussian plume analogy. The results indicate that
mountain-valley drainage phenomema and associated nocturnal inversions

dominate dispersal activity on the majority of days. Under this situation,



the standard Gifford-Pasquill dispersion parameter estimates hold for unstable
condifions. As neutral and stable conditions are encountered, dispersion

becomes more and more inhibited and Gifford-Pasquill parameter esimates are

-- grossly inadequate. This situation is often observed in complex terrain.

Stability is the critical variable in estimating pollutant dispersion in
the Silver Valley. However, there are several meteorological and operational
situations that require special treatment. They have to do with special
synoptic conditions, stable layers aloft, or smelter operations. Stagnant
high pressure areas, 1imited mixing depths, low wind speeds, and synoptic
drainage winds result in severe pollution episodes on about thirty to fifty
days per year. Inefficient smelter operations and frequent upsets and
malfunctions create severe episodes twenty to thirty days per year.

In the second portion of this study, the dispersion model was applied to
all lead sources and model estimates were related to observed ambient levels.
Two years of data were used. The result was a self-calibrated empirical
expression of lead impacts at monitored locations. Four source groups were
found to significantly impact ambient lead coﬁcentrations. They were:
Low-level smelter sources, or those that emanate from below forty feet, and
exhibit their greatest impact within one-half mile of the smeiter. Most are
associated with the sintering operation or the ore preperation area. These
sources constitute over seventy-five percent of the lead impact in this zone
and absolute model estimates are as high as 6.5 ug/m3 on a quarterly basis.
Mid-level smelter sources or those that emanate from forty to one hundred
forty feet and exhibit their greatest impact at about t@o miles from the
smelter. Blast furnace upsets and pellet dryer emissions constitute the bulk

of this category. Their maximum modeled estimate was 3.5 ug/m3 at two miles.



Active fugitive sources, generally road dust and sinter storage, and Passive
fugitive sources (windblown dusts) exert small but significant lead impact at
several stations. The former accounts for less than five percent of total
impact and the latter as much as twelve percent in summer months at
non-attainment locations.

Current smelter emissions from the low and mid-level sources account for
at least eighty-five percent of total lead impact within eight miles of the
smelter. Tall stack emissions are insignificant in comparison. The highest
ambient concentrations occur in winter months and are associated with
prolonged periods of atmospheric stability. It is most important to remember
that the different sources’' impacts vary with location and season and that
their combined effect determines the 1imiting situation for standard
attainment. Control of upsets and malfunctions is also critical to the
development of any implementation strategy. These items are discussed in

detail in the final section of the report.



2.0 CONCLUSIONS

Meeting the NAAQS in the Silver Valley may be extremely difficult
for the following reasons:

da.

The standard is small (less than 10%) when compared to
current and historical lead levels.

There are several types of sources capable of significantly
impacting the NAAQS concentration.

The maximum effects of these different sources occur at
different locations and during different seasons, consequently
all must be treated.

Ambient concentrations are very sensitive to severe events,
both meteorological and operational; any control strategy must
be capable of accomodating serious upsets or prolonged
stagnations.

There are numerous residual pollutant effects that are not
well understood.

Source reductions will have to be accomplished in several source
categories and all to high degrees.

a.

d.

80% to 90% reductions in all low and mid-level sme]ter point
and process fugitive sources.

A comprehensive program of controlling and/or eliminating
upset conditions, especially at the smelter blast furnace.

A program of reducing transportation related and sinter storage
related active fugitive emissions in and around the smelter.

A program of surface stabilization of contaminated soils in
the airport area, fairgrounds-lumberyard industrial corridor,
and Bunker Hill tailings pond embankment.

Evidence suggests that configuration changes, both in emissions
and real property, may be viable alternatives to emission reductions

in

a.

some locations.

As tall stack emissions do not have a significant impact in
comparison to low and mid-level sources, venting these sources
through the main baghouse would significantly reduce impacts.
This would be especially pertinent to blast furnace and pellet
dryer emissions.



b. As low-level emissions reductions are almost wholly dependent
on their impact at Silver King and Smelterville, this require-
ment could be significantly reduced were the company to purchase
these properties.

4. An updated emissions inventory and a detailed analysis of OSHA
compliance activities are needed.



3.0 LEAD CONTAMINATION IN SHOSHONE COUNTY, IDAHO

Attainment of the National Ambient Air Quality Standard (NAAQS) for lead
will requre substancial control and capture of current lead emissions 1in the
Silver Valley. There are numerous sources of lead to the ambient air in this
area and their impact varies considerably with location and season. In depth
analyses of the complex source-receptor relationships are necessary. Such
studies usually involve diffusion model applications. This area, however, is
particularly ill-suited for diffusion modeling.

The study area is an enlogated, narrow, deep valley encompassing the
South Fork of the Coeur d' Alene River. Figure 3.1 is a map of the area.
Appendix A contains computerized representations of the Valley's industrial
and topogapghic features. The valley is subject to adverse meteorological
conditions and the regular formation of surface-based inversions and diabatic
winds. There are large denuded areas where deposition of water and windborne
contaminants have combined with industrial wastes to create large area sources
associated with transportation activities and inconstant industrial processes
combine with large point sources to effect a complex source spectrum with
considerable spatial and temporal variation. The smelting complex is the hub
of the industrial community. There are five principal processes within the
industrial area: (1.) a galean (Pbs) ore mine, (2.) a lead/zinc milling and
concentrating operation, (3.) a lead smelter, (4.) an electrolytic zinc plant,
and (5.) a phosphate fertilizer production plant. Vegetation levels and soil
characteristics are important to this study. Denuded areas subject to

deposition of heavy metals could contribute to Tead exposures through
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reentrainment of the exposed soils. A variety of vegetation is found in
the area. A considerable change in the natural vegetation has resulted from
prevalent industrial activities. Much of the original coniferous forest was
harvested for timber and fuel. Sulfur dioxide gas from the smelter has
damaged or destroyed much of the native vegetation near Kellogg, and has
increased soil acidity to levels intolerable for many species. Following a
1910 fire and installation of the present smelter in World War I, natural
plant invasion did not occur and young trees did not survive. Most of the
burned area outside the smelter influence has been retimbered by second
growth lodgepole pine. Bushy plants and grasses cover the hillsides in
uneven distribution dependent on moisture availability (University of Idaho,
1974).

Soils in the area vary with their location. On the mountain slopes
parent materials consist of decomposed rocks and a thin layer of forest
litter. In scattered areas at lower elevations, small amounts of volcanic
ash and loess are found (University of Idaho, 1974). In an area of high rain-
fall and steep slopes devoid of protective vegetation, these materials erode
rapidly. Accelerated erosion destroyed many of the acid-resistant plants in
the smelter zone. The loss of surface soil and decreased water-holding
capacity increased runoff. The result is the bare, severely eroded hills
surrounding the smelter. Little or no vegetation is found there. The soils
are surface hardened remnants of the native materials.

The‘va]Iey f]oor is partially filled with alluvial Heposits varying
in thickness from a few inches to several feet. The alluvium is principally
unconsolidated sand and gravel. Mine and mill tailings have formed a metal-

laden veneer of silt over large areas of the valley. The use of mine wastes



for fi1l and construction activities nave also resulted in redistribution of
soil metals throughout the area (State of Idaho, 1974a, 1975a, 1978b). In
Appendix B are representations of vegetation cover anc soil metal distribu-
tions in the-Qalley.
The climatic conditions show a mean annual temperature of 47.4°F,

a mean number of days (138) above 32°F, with average frost dates of May 12
and September 27. Mean annual precipitation is 31 inches ranging from 9.4
inches in January to <0.1 inch in August. Most precipitation is in the form
of snow with snow cover prevalent from December to late February. Thunder

showers persist from mid-June through Ju]} with short rainy seasons in early

spring and late September (NOAA, 1976).



10

4.0  SOURCE IDENTIFICATION AND EMISSIONS EVALUATION

-~

4.1 GENERAL

There are several sources of lead to the atmosphere in the Silver
Valley. These sources vary in magnitude, frequency, chemical constituency,
and configuration. Some categorization scheme is necessary for purposes of
discussion and analysis. Developing reasonable source categories requires
certain knowledge of the different sources' behavior and the responsible
environmental and industrial processes. Lead/zinc ores have been mined in
several locations in the Silver Valley for nearly one hundred years. All
currently active mines are east of the smelting complex. Galena (PbS) is
the predominant lead ore. The ore is concentrated by wet-chemical milling
processes near the mines. Both lead and zinc concentrates are produced.
Concentrates are typically 60% metal in the sulfide form and are the con-
sistency of coffee grounds. They are transported to their-respective
smelters by rail in a wet form.

Direct air pollution from these activities is insignificant. The
milling operations are wet and the material is transported before it dries.
Concentrates spilled on the roadways constitute an active source of heavy
metal particulate after drying. Other residual aspects of the milling oper-
ations can have significant air quality effects. Large quantities of tail-
ings containing significant amounts :of heavy metals are produced by the
milling operations. Currently these tailings are stored in large ponds.
The dikes of these ponds are usually made of dried tailings. These

metal-laden, low pH, fine sandy materials are not conducive to vegetation,
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and the dikes and abandoned ponds can be significant sources of reentrained
fugitive dusts.

In the first eighty years of mining, tailings were discharged directly
into the river or dumped at convenient locations. Periodically, the river
would flood and deposit the waste material on the valiey flood plain. These
silts are also a source of particulate reentrainment. Tailing sands are
typically 1 to 4% lead by weight.

After arriving at the smelters, the concentrates are dried and mi xed
with other concentrates and residual materials in preparation for pyro-
metallurgical treatment. Zinc concentrates are roasted at the zinc plant to
produce a powdered oxide of zinc. Lead concentrates are “"sintered" to
produce a lead oxide compound, similar to furnace clinkers, called sinter
product. Both of these processes burn the sulfur from the sulfide concen-
trations as a fuel. This roasting of the ores produces the tremendous quan-
tities of sulfur dioxide associated with non-ferrous smelters. There are
several process-fugitive sources associated with the materials handling
aspects of these processes. Those before roastiﬁg are in association with the
ore-preparation and crushing plants in the lead smelter. Drying of the con-
centrate compounds is a significant point source of particulates. These are
all fine particulate emissioﬁs, about 30% lead by weight in the sulfide form.
Materials handling of zinc concentrates seems to be an insignificant partic-
ulate source. Roasting of the ores is a significant particulate source in
both smeltet§. Over two-thirds of the total zinc plant emissions result
from ore-roasting. In the smelter, over a quarter of the total lead emis-
sions are associated with the "Lurgi" sinter operations. Most of these are

point source emissions from scrubbers attached to the process. Others are
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fugitive emissions associated with materials handling of the highly abrasive
sinter product. Point source emissions are generally fine particulate. The
fugitive source emissions vary from very fine to very large settleable
particulate. Lead concentrations are 10% or less in the zinc smelter and
45 to 60% lead in the sinter operations emissions. Both are in the oxide
form.

After roasting, base metals are recovered from the metallic oxides.
In the zinc plant, the powdered zinc oxide is dissolved in sulfuric acid
and zinc is recovered electrolytically. In the lead smelter, the sinter
product is combined with coke and smelted in a blast furnace. Oxygen-
enriched air is "blasted" into the furnace and the coke is burned as a fuel.
The coke also supplies carbon as a reducing agent in an oxidation-reduction
reaction that results in molten metallic ]ead. This is a violent operation
that produces over one-half of the total lead emissions in the entire com-
plex. Much of it is emitted from the facility's main stack after the par-
ticulates are removed in the smelter's primary particulate control facility,
the main baghouse. A significant amount is also discharged directly to the
atmosphere as a result of upsets in blast furnace operation. Emissions from
this stage of the process are fine particulates and metal fume of.about 60%
lead content in the oxide and pure metallic- form.

Following the smelting processes, the base metals move to their
respective refineries where they are coﬁcentrated to 99.99% pure form.
Some fine particulate emissions are aSSOCjated with refinery processes.

In this analysis the sources are first separated into the gross
regulatory categories,.point sources, and fugitive sources. Point sources

are defined here as controlled sources that emanate from stacks or equivalent
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devices. Fugitive sources are all those sources that are not classified as
point sources. Four sub-categories of fugitive sources, based on the
source's suspension energy, have been developed for these analyses. They

are (1) process fugitive sources that are attendant to and derive their
suspension energy from industrial processes, (2) active fugitive sources
associated with gross materials handling in industrial areas, (3) active
emissions arising from transportation activities, and (4) passive fugitive
emissions that are reentrained by the wind. A1l of the sources in the valley
were located on computerized maps prepared especially for these analyses.
These maps are presented and discussed in Appendix A. References to

the appropriate maps are made here.

4.2 POINT SOURCES
A1l point sources in the valley are inventoried by the NEDS classi-
fication system designation number. Table 4.1 shows the source characteristic
information available for the 32 point sources identified. The variables in
that table are as follows:
NEDS--the National Emission Data System identification number

UNIT--identifies the associated industrial process unit (i.e., 1 crushing
plant, 5 sinter or Lurgi operation)

PBFR, CDFR--percent lead and cadmium, respectively, in the particulate
emission

EXITVEL--exit velocity of'the stack emission (m/s)
STHGHT--physical stack height above ground (m)
STDIAM--physical stack diameter (m)
EXITTEMP--stack gas exit temperature (°K)
VOLFLOW--stack gas volumetric flow rate (m3/s)

YROPPCT--percent of annual operation time



Table 4.1 Point Source Inventory Information
OBS UNIT NEDS PBFR CDFR EXITVEL STHCHT STDIAM EXITTEMP VOLFLOW YROPPCT NAME PSNUH
1 1 2 i1 0 Crushpl Dryer 1
2 1 3 31 1 50 Crushpl Collect 1
3 1 4 31 1 S0 Crushpl Rodmill 1
4 1 5 31 1 3.1 289 6.62 50 Crushpl Baghouse 1
5 2 6 31 1 9.8 291 3.70 80 Oreprep Baghouse 2
6 k] 7 31 1 24.8 310 9.93 75 Pellet Dryer 3
7 5 8 45 1 5.20 6.1 1.07 294 4.72 75 Lurgi D Scrubber 4
8 5 9 45 1 3.0 297 1.66 100 Lurgi N Rotoclon 4
9 5 10 45 1 10.50 6.1 1.07 294 9.45 75 Lurgli B Scrubber 4
10 5 12 45 1 10.90 6.1 3.14 312 84.46 85 Lurgl A Scrubber 4
11 5 11 45 1 10.50 6.1 1.07 294 9.45 75 Lurgi € Scrubber 4
12, 7 16 S 1 10.90 53.4 3.14 312 84.46 85 ZN Fume Msin St. 5
13 7 17 5 1 10.90 24.4 0.91 44 7.08 85 ZN Fuming Gran 6
14 8 32 85 Pbreein Scrubber 7
15 8 1 9.1 292 4.32 15 Reverb Baghouse 7
16 9 15 19.8 323 1926.00 11 EF Gran Scrubber 7
17 11 1 55 7 14.30 217.9 4.15 327 193.10 100 Smelter Hain St. 8
18 20 18 10 1 9.00 186.0 1.83 311 23.62 50 Zinc Main Stack 9
19 21 33 10 1 - Concent Dryer 10
20 21 19 10 1 Concent Silo 10
21 22 22 20 1 Rosconv Scrubber 11
22 23 25 10 1 Meltdrs Scrubber 11
23 23 23 10 1 Rodroasas Baghouse 11
24 23 20 20 1 2.07 18.3 0.76 472 0.94 #1Wedge Scrubber 11
25 24 21 10 1 Residue Dryer 12
26 25 28 3 1 Scrap Furnace 12
27 25 26 5 1 17.90 6.1 0.46 30 1.32 0 #3Helt Scrubber 12
28 25 27 5 1 #2Melt Scrubber 12
29 26 24 b 1 ZN Pure Baghouse 12
3o 31 30 0 o 20.60 13.4 0.91 347 14.17 AMP Reactor 13
1 32 29 0 Q AMP Dryer 13
32 33 31 0 0 Doyle Reactor 13

* variables defined on page 26

v



NAME--emission point name

PSNUM--point source jdentification number
With the exception of the last variable, these data were gathered from pre-
vious reports of PEDCo (1975), Valentine and Fisher (1975), PES (1978), and

EPA (1975a,c). The last variable, PSNUM, is a categorization variable

15

developed for the purposes of this study. It is explained in a later section

of the report. Point sources are located on the Map PTSOURCE in Appendix A.

4.3 PROCESS FUGITIVE SOURCES

These emissions are associatediwith the metals industry. These are
pollutants that escape to the atmosphere from industrial processes. They
may be leaks, vents, and overflows from production and pollution control
equipment or buildings. They may escape from uncontrolled portions of pro-
cesses exposed to the atmosphere, such as conveyor belts or by-product
dumps. Many of these fugitive sources are attendant to the processes and
exhibit regularity in their location and strength (e.g., building fans).
Others, particularly leaks and overflows associated with process upset
conditions and malfunctions, are erratic in both frequency and magnitude.

Process fugitive particulate sources were identified and mean
emission rates were estimated in previous studies (PEDCo, 1975c; Valentine
and Fisher, 1975; PES, 1978; PEDCo, 1979). Those sources have been identi-
fied in Table4.2, together with percentage lead and cadmium components
measured in_the same surveys.

A1l industrial process-related lead sources were combined in cate-
gories for later analyses. Those sources and mean emission rate estimates

and rankings can be found in Table 4.3. This table represents the best



Table 4.2 Process Fugitive Sources Ordered by Lead Source Strength

Name EMR PBFR CDFR PBEMR CDEMR
Blast furnace 30.00 61 9 18. 3000 2.7000
CPP exhaust fams 34.00 3] 1 10.5400 0. 3400
CRE con exhaust fans 25.00 34 1 8.5000 0.2500
Cast roof fans 12.40 31 1 3.8440 0.1240
PB ref roof vent 6.70 37 1 2.4790 0.0670
Elec fur roof 4.30 10 0 0.4300 0.0000
Sinter prod dump 0.54 31 1 0.1674 0.0054

EMR--total particulate emission rate, 1b/hr; PBFR--percentage lead
in emission; CDFR--percentage cadmium in emission; PBEMR--lead emission
rate, 1b/hr; CDEMR--cadmium emission rate, 1b/hr.

estimates for comparing industrial sources that could be developed with the
available data. It was develooed from information collected between late

1974 and early 1979 and some updating may be required.

4.4 ACTIVE FUGITIVE SOURCES

These sources are varying and intermittent pollutant sources whose
suspension energy is provided by agents other than steady state industrial
processes. They may be industrial sources related to activities such as
stockpiling,” truck and train loading and unloading, or materials handling.
They may be related to land use such as ground working, construction, or
surface mining. Or they may be related-to transportation sources such as

reentrainment by vehicular traffic, from open carriers, or mobile source



Table 4.3 Point Source Category Components and Lead
Emission Rates (EMR)

I O O R/ T ]
S

I. Smelter Low-Level Sources

NEDS Name Mean Lead- % of EMR
EMR 1b./hr. Category Rank

2 Crushing Plant Dryer 3.4 6 6
3 Crushing Plant Collector .4 1 12
4 Crushing Plant Rodmill .4 1 13
5 Crushing Plant Baghouse <4 1 14
6 Oreprep Baghouse .3 1 16
8 Lurgi D Scrubber 1.4 2 10
9 Lurgi N Rotoclon 16.0 28 1
10 Lurgi B Scrubber 4.1 7 4
11 Lurgi A Scrubber 3.4 6 5
12 Lurgi C Scrubber 2.7 5 7
17 Zinc Fume Granulator 1.8 3 9
32 PB Refinery Scrubber - 0 --
15 Electric Furnace Scrubber - 0 --
FUG Oreprep Exhaust Fans 10.5 18 2
FUG Ore Conc Exhaust Fans 8.5 15 3
FUG PB Refinery Roof Veént 2.5 4 8
FUG BF Roof Vents .9 2 11
FUG Electric Furnace Roof 4 1 15
FUG Sinter Product Dump 2 1l 17
Total Low Smelter PB EMR 57.3
II. Smelter Mid-Level Sources
NEDS Name Mean Lead X of EMR

EMR lb./hr. Category Rank

Y AP D D D G S v S G G S R - Y D S D T M S e O Em S R G S G e PP D N R AP P WD G b - G e G G =k e G = .

7 Pellet Dryer 8.0 2
16 Zinc Fume Main Stack 2.3 4
FUG Blast Furnace 18.3 54 1
FUG Casting Roof Fans 3.8 3
FUG Fuming Furnace Roof 1.3 5

Total Mid Smelter PB EMR 33.7
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Table 4.3 Continued

III. Smelter High Level Sources

NEDS Name Mean Lead % of EMR
_EMR 1b./hr.. Category Rank

S G - > . - —— . R D ED S EP SR D S G G G S R D ED WS D D W G S R S G S D S G EE e D R WD A e D G G G WD e W e

1 Smelter Main Stack 43.0 100 1
IvVv. Zine Plant Low-Level Sources
NEDS Name Mean Lead % of EMR

EMR 1lb./hr. Category Rank

33 Concentrate Dryer .02 1 5
19 Concentrate Silo 0 0 --
22 Rosconv Scrubber 0 0 ==
25 Melt DRS Scrubber .07 3 4
23 Rodross Baghouse .02 1 6
20 #1 Wedge Scrubber 1.36 67 1
21 Residue Dryer 0 1 7
28 Scrap Furnace .07 3 4
26 #3 Melt. .37 18 2
27 #2 Melt. .11 5 3
24 ZN Pure. Baghouse 0 0 --
Total ZN Plant Low Level 2.02
V. Zinc Plant High Level Sources
NEDS Name Mean Lead Z of EMR

EMR 1lb./hr. Category Rank

18 Zinc¢ Plant Main Stack 2.28 100 1
VI. Ammonium-Phosphate Plant Sources
NEDS Name Mean Lead Z of EMR

EMR 1b./hr. Category Rank

31  AMP Reactor 0
32 AMP Dryer 0 _—— -
33 Doyle Reactor 0




combustion emissions. They are distinguished from the previous category fin
that their frequency and magnitude are not attendant to industrial processes
in the steady state time frame, and from the foi]owing category in that

their suspension energy is independent of kinetic meteorological factors.

Active Sources (Industrial)--Particulate fugitive sources were identified

in the same surveys cited in the process fugitive discussion. Similarly,
mean emission rates and chemical constituencies were estimated in those
studies. These sources are identified in Table 4.4. They can be located

on Map ACTIVES in Appendix A.

Table 4.4 Active Fugitive Source Characteristics

Name MapID EMR PBFR CDFR PBEMR CDEMR
Silica slag pile 73 17.8 5 0 0.890 0.000
Sinter storage 45 1.6 42 ] 0.672 0.016
Slag storage 33 20.2 2 0 0.404 0.000
State highway piles 74 30.3 1 0 0.303 0.000
Sinter -storage 49 0.4 42 1 0.168 0.004
Coke storage 45 0.6 0 0 0.000 0.000

EMR--total particulate emission rate, 1b/hr; PBFR--percentage lead
in emission; CDFR--percentage cadmium in emission; PBEMR--lead emission
rate, 1b/hr; CDEMR--cadmium emission rate, 1b/hr.

-
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Active Sources (Transportation)--Several résearchers have investigated

those factors most contributory to road dust impacts. The condition of the
road surface seems most important. Unpaved roads result in orders of magni-
tude greater particle suspension than paved roads. In fact, some studies
‘have ignored the effect of particle resuspension from paved roads alto-
gether (PES, 1978). However, others have found. considerable resuspension

of tracer materials from paved roads (Sehmel, 1973). The PEDCo (1975a)
study recognized three categories of roads: unpaved, paved, and dusty paved.
In general, it seems that in comparison to unpaved roads, paved road contri-
butions to total suspended particulate may be negligible. However, with
respect to hazardous materials or trace elements deposited on roadways,
traffic induced resuspension may be significant (Sehmel, 1973). Suspension
from unpaved roads has been related to particle size in the roadbed (Becker
and Takle, 1979). PEDCo (1975a) has developed formulas for total particulate
suspension from unpaved roadways based on traffic characteristics and the
silt content of the roadbed.

Various studies identify differing ambient impacts associated with
vehicle weight and speed and the number of vehicle passes (Becker and Takle,
1979; PEDCo, 1976; Sehmel, 1973; Smith, 1976). Vehicle characteristics
affect both suspension rates and initial dilution through mechanically
induced turbulence. The latter results in a shallower dilution gradient
away from highways and a lesser dependence on atmospheric stability and
source height (Becker and Takle, 1979; Sistla et al., 1979).

Other factors found to be important in road dust impacts are the
angle between the wind and road (Calder, 1973; Sistla et al., 1979) and the

surface roughness of the roadside environment. Little and Wiffen (1979),
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Smith (1971). and Heichel and Hankin (1976) found the characteristics of
roadside flora significantly affected ambient lead concentrations. Becker
and Takle (1979) suggest that sampling height is an important consideration
due to the differing particle sizes and settling rates of the suspended
material.

Each of the roads identified in this study was characterized as
paved, unpaved, or dusty paved. Annual vehicle miles traveled (VMT) for each
road were obtained from previous reports and traffic studies (PEDCo, 1975c;
PES, 1978; State of Idaho, 1974a). Emission Rate Factors developed by the
EPA as described by PEDCo (1975c) were then applied to get per unit distance
emission rates for these roads. Both road dust and gasoline combustion

factors were included.

Active Sources (Urban)--Urban active fugitive source strengths were con-

sidered to be proportional to the traffic volume on city streets. The total
VMT estimates for each city were obtained and proportionately allocated

over the area of the community. No ébsolute estimates of emission rates
were determined for the last two sub-categories as they were treated pro-
portionately in later regression analysis correlating these estimates to
observed concentrations. The details may be found in the parent document.
However, these sources are located on the Maps TOWNS and ROADS in Appendix A.
Specific emissions estimates could be developed for these sources by using
the final regression coefficients in a calibration procedure. However, this

would require additional work.
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4.5 PASSIVE FUGITIVE SOURCES

These sources are reentrained by the wind. They include open areas
of bare soi]-?nd exposed industrial areas. Their magnitude depends on wind
speed and direction and surface conditions. The air quality aspects of
these sources have attracted significant attention in recent years due to
the need for predicting urban air pollution levels, and in the nuclear
industry where resuspension of spilled nuclear materials is a possible
health hazard. Like roadway sources, passive source strengths are greatly
dependent on surface conditions. Soil particle size distribution, surface
roughnéss, orientation, cover, and moisture conditions are the principal
surface variables. Those factors that contribute most to wind suspension
have been investigated for many years in relation to soil erosion. Those
studies have been modified to develop air pollution impact estimates (PEDCo,
1973; Wilson, 1975).

The basic technique utilized in assessing passive source impacts
was developed in a series of publications by Chepil and associates and was
reviewed by Woodruff and Siddoway (1965). In that publication, they
modified the techniques to develop "A Wind Erosion Equation." Those defini-
tions and techniques have been extended for use as air quality predictors
commonly termed the "Modified Wind Erosion Equation Method." The Modified

Wind Erosion Equation is as follows:

E=TrK -C L' -V

where

m
1

.total mass soil movement, tons/acre/yr

—
]

soil erodibility (or the potential to erode), tons/yr
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K' = soil ridge roughness factor

C' = climatic factor (soil moisture and wind velocity)
L' =‘fie1d length factor

V' = vegetation cover factor

The strategy of this equation is that the erodibility. I, is defined
as the potential loss of soil in tons/acre per annum from a wide, unsheltered,
jsolated field with a bare, smooth surface. It is based on both wind tunnel
and field observations (Woodruff and Siddoway, 1965). The others are
mitigative variables varying in value from O to 1.0 that reduce the final
erosion estimate.

This equation has been used to estimate emission rates from area
sources by multiplying E by the area of the source in acres times a conver-
sion factor. That conversion factor represents that fraction of the total
soil movement (E) that is observed as ambient particulate. Literature values
for the conversion factor are found from 0.3 to 10% (Wilson, 1975).

The physics of erosion involves three transport processes:
saltation, surface creep, and suspension. Saltation is the movement of
soil by a short series of bounces usually rising no more than a foot above
the ground. Surface creep is the rolling or sliding of the larger particles
along the surface. Suspension is the entrainment of fine particles up away
from the surface (Buckman and Brady. 1972). A significant gradient of
particle size with height results from these processes. Only the suspension
process produces ldhg range air pollutants.

Erosion rates are also sensitive to meteorological variables.

Total soil movement varies with the wind speed cubed and inversely with

soil moisture (Woodruff and Siddoway, 1965). Rain and snow cover eliminate
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wind erosion when in sufficient quantity. In this area, diffusion of sus-
pended materials by wind erosion is practically independent of atmospheric
stability. Significant wind speeds are required to initiate suspension.
In the Silver Valley such wind speeds are observed only in near neutral
conditions and only in the up or down valley direction (PES, 1978). It
seems that significant reentrainment from these sources occurs in the Silver
Valley under meteorologically limited circumstances.

A11 of the available data for passive sources have been accumulated
from three studies conducted in the Silver Valley (PEDCo, 1973, PES, 1978;
State of Idaho, 1978). The sources can be found in Table 4.5 and located
on Maps found in Appendix A, by using the value VAL as described in Part E
of that Appendix. No absolute emission rate estimates were prepared for
these sources because of the nature of the later analyses as detailed in the
parent document. However, they are listed in their relative order of lead
source strength in Appendix C. Estimates could be accomplished by a calibra-
tion procedure utilizing the final regressiqn coefficients. Such an analysis

would be interesting but is beyond the resources of the report.



Table 4.5 Passive Fugitive Source Characteristics

are the ppm lesd and cadmium levels in the

fines fractfon of the soils samples where avaflabdle.

PBFRAC, CDFRAC -.

are the code numbers from the original studfes
referenced in the text.

10

The note denotes the source of the
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{s & number used to key the map input information.

VAL

The value [ refers to the

data for the variadles sbove.
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are the source development factors
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5.0 AMBIENT ANALYSIS

5.1 GENERAL

The heavy-metal contamination problem in the Silver Valley is extremely
complex. The air pollution component is especially difficult. Considerable
care must be exercised in any analysis of the support data and the
particulars of the analytical procedures. In any type of modeling study where
mathematical expressions are used to represent physical phenomena, certain
assumptions have to be made to accommodate the analysis. The adequacy of
those assumptions most often determines the quality of the results and
conclusions. The types of assumptions that are inherent to simulation
diffusion models (at the practiced state-of-art) could possibly make such
analyses unreliable for the Silver Valley situation. However, given the
wealth of data available, an empirical application in this situation could
result in a more reliable analysis. Literature citations and a support
argument for this position can be found in von Lindern (1980b).

This is not to say, however, that there are no problems in an empirical
analysis. Analyses where observed poliutant concentrations are related to
atmospheric and emissions indices, in the ignorance of the physical
phenomena ijfAvolved, arel particularly prone to erroneous conclusions. Great
care must be exercised in the design of the model and the interpretation of
results. In any .modeling analysis, it is important to understand the

physical and anthropogenic factors involved. This background information is
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necessary to select and to evaluate the assumptions discussed above. Most
of this background material has been summarized in earlier sections. How-
ever, there are three areas of specific difficulty that should be discussed.
The problems are presented in detail in von Lindern (1980b). However, they
are important enough to repeat briefly in this presentation. They are:'

1. Meteorological factors associated with complex terrain.

2. Spatial and temporal valuation in source strength and multiple
source configurations.

3. Interdependency of source strength and configuration with
meteorological variables.

Two atmospheric phenomena common to complex terrain literature are
especially important in the Silver Valley: the frequent formation of surface
based nocturnal inversions and the mountain-valley drainage wind. Radiative
cooling of the slopes of the valley causes air temperature to decrease near
the surface. As it cools, it becomes more dense and-flows downsiope to the
valley floor and subsequently down valley. Extreme diurnal shear and low
level isothermal structures can result from this drainage. This capping
phenomena inhibits pollutant diffusion and enhances terrain channelling.
After sunrise the slopes of the valley heat more ranidly than the floor.
This results in the descent of the inversion layer as insolation proceeds
and fumigation phenomena can return residual pollutants trapped aloft over-
night to the ground. Followingthis period fiow up the valley predominates.
This flow is typically associated with the prevailing synoptic winds aug-
mented by ug§lope winds resulting from differential heating. The valley
narrows and deepens considerably in this direction. As a result, signifi-
cant terrain channelling-is expected with up-valley winds, even in the

absence of stable layers aloft.
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Conventional modeling analysis dealing with long-term effects
requires some degree of uniformity and homogeneity in both atmospheric and
source behavipr. The second diffiCUaty in analyzing the Silver Valley via
modeling concerns the spatial and temporal irregularities in source behavior.
Source descriptions were provided in the last section. Point sources are
generally uniform in their behavior. Industrial processes are designed to
operate at particular rates and capacities. Control equipment is corres-
pondingly designed and emission rates are consistent. Ihen dealing with
process fugitive sources, emission rates become irregular, depending on
process fluctuations and outside stimuli. These two categories are also
subject to upsets and malfunctions that can result in orders of magnitude
changes in emission rates for short periods of time. Active fugitive
sources are sporadic and their emission rates depend on the frequency of
their parent mechanical activity and local meteorological conditions.
Passive fugitive source emission rates are wholly dependent on meteoroloni-
cal factors and vary not only in magnitude and frequency but in confiqura-
tion as well. HWind speed, wind direction, and surface conditions dictate
these sources' contribution to atmospheric levels.

This last factor, the interdependency of source strength and con-
figuration with meteorological variables is, perhaps, the most confounding
factor in applying modeling techniques to this problem. Ironically, it is
this same dependence that allowed solution of this problem through the tech-
niques emp]qyed. As an excellent meteorological data base was available
through the Bunker Hill Company's Supplementary Control System (SCS) monitoring
network, source behavior could be quantified through meteorological indices.

However, doing so in an empirical format utilizing over thirty variables
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and two years of data from hundréds of sources was a tremendous computational
demand. In this study, the problem was addressed by using the geographic
information system described in yon Lindern (1980b).

5.2 THE MODELING PROCEDURES AND ASSUMPTIONS

5.2.1 The Basic Source-Receptor Model. The objective of this modeling

analysis is to quantify those factors most important in air lead contamina-
tion in the Silver Valley and to ascertain the relative contribution of
different sources to excess atmospheric concentrations. Considering the
wealth of data available and the particular difficulties of applying standard
diffusion models, an empirical approach was selected. The first step in the
solution strategy was to develop the basic source-receptor model describing
the fundamental relationship between a receptor and any source of exposure.
The design of that model should account for those particular topographical
emissions, and meteorological phenomena suspected of confounding air pollu-
tion impact analysis in this area. The most important of these considera-
tions have just been discussed. Cursory examination of the wind spectra in
the Silver Valley suggests that the mountain-valley drainage/nocturnal
inversion scenarijo dominates the local meteorology on the majority of days.
The model developed sought to quantify the basic source-receptor relationshin
in a quasi-Gaussian fashion by accounting for the peculiar flows associated
with this diurnal phenomenon. It is also known that certain meteorological
conditions €an void or considerably modify the basic relationship. The Bunker
Hi11 Company SCS has identified those critical meteorological situations.
Their data are used to modify the basic relationship where appropriate by

dummy variable additions to the regression procedure.
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5.2.2. Variable Construction. A derivation of the modeling equations and

construction of the variables and regression analyses are not contained in
this report but can be found in von Lindern (1980b). It is most important
in this report to point out and discuss the assumptions inherent to the mod-
eling strategy and how those assumptions affect the quality of the results

and 1imit the conclusions that may be drawn from these techniques.

The basic modeling equation was the simple Gaussian plume model

2 2
] - -H
x=Q 53— ex,o(—Lz) - exp( )
2nu cyoz 20y 2022
where
X = the pollutant concentration at the receptor
Q = the initial pollutant source strength
u = the wind speed in the x direction

.0y and oz = the standard deviations in pollutant concentration
in the y and z directions

X,Y,Z = the Cartesian coordinates

H = the difference in elevation between source and receptor

No provision is made for differential olume rise or particulate settling.
This model was derived in a surrogate form to accommodate those variables
that were available from the emissions, meteorological, and geographic data
bases. Three basic requirements were involved in the surrogate derivations:
(1) the equation had to be derived using variables that were both available

from the emissions and meteorological inventories and that were amenable to
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manipulation in the geographic information system, (2) the model had to be
capable of empirical parameterization via linear regression, and (3) the
model, to thg_maximum extent possible, should reflect the concepts of
accepted air pollution meteorology. Simultaneously accommodating these
constraints involved making several assumptions and adjustments to the

solution strategy. Those basic assumptions are discussed below.

OBSERVATION TIME PERIOD BASIS. The dependent variable in the equation is the
mean 24-hour pollutant concentration observed at the various stations. These
data were obtained from the State's hi-vol network shown on page 20,

These data are believed to be of excellent quality and were used as is.
However, this daily periodicity defines the base time unit for the dependent

variables.

ADEQUACY OF EMISSION DATA. This represents what could be called the weakest data
base in the procedure. Only single observations were available for many of
the sourcés. Quarterly, self-reported, emission rates were available for
some smelter sources, but the reliability of these data is unknown. These
estimates were reduced to 24-hour emission rates. It is suspected that many
of these sources can vary more than an order of magnitude on a daily basis,
especially when malfunctions and upsets are considered. Two elements of
strategy were developed to deal with this deficiency. The first mitigative
factor was to introduce on-off criteria as described in the parent document.
Many sources were known to be inoperative on particular days for either
operations or meteorological reasons. Zero emission rates were assigned to

the appropriate sources for these days. The second mitigative element
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concerns the basic philosophy of the entire project. The source contribu-
tions and rollbacks eventually developed are discussed in relative rather
than absolute terms. Pseudo-dummy variable analysis, as described by
Draper and Séith, js utilized throughout. This technique is especially
useful in determining the relative significance of different variables in
regression analysis.

Source estimates were eventually grouped into eight categories for
final analysis. The grouping was based on the spatial configuration of the
sources. The basic assumption isithat significant particulate lead sources
emanate from eight predominant locations in the valley. By appropriately
characterizing the emissions (by rate estimates and on-off criteria) and

the atmosphere (by wind and stability indices), relative contributions could

be ascertained by regression analysis.

THE VIEWFIELD ASSUMPTION. Downwind concentration dilution in the traditional
Gaussian formula is inversely proportional to the wind speed. Doubling the
wind spéed doubles the space between particles and halves observed concen-
trations. However, this assumes a constant wind direction and speed. In
the Silver Valley wind direction and speed change continuously and usually
reverse themselves daily in association with the mountain-valley drainace
phenomenon. In order to compensate for this difficulty in the daily time
basis, two wind flow directions were assumed in conjunction with the mountain-
valley drainage phenomenon. Up-valley and down-valley winds were defined.
The mean daily wind speed, direction, duration, and standard deviation in
wind direction were calculated for each flow. Each receptor's face was

turned into the wind and its upstream "view" was considered. This is the
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VIEWFIELD assumption. How many sources a receptor can see depends on its
"viewfield" or a narrow upwind sector that contains those sources that could
possibly impact that receptor. The depth of view depends on wind speed and
duration of the wind flow from that direction. The width of the sector
depends on the variation in wind direction. An expression was derived to
express the number of hours per day that a receptor was exposed toc a source
and the assumption was made that the downwind component of dilution was pro-
portional to that duration of exposure and inversely proportional to wind
speed and the width of the view-sector. These terms are all calculablie in
the geographic information system and could be easily accomplished for each
receptor location. In this way, both a proportioning factor and an addi-
tional on-off criteria were developed. If, because of wind speed or direc-
tion, a receptor is not exposed to a source during the day the exposure
reduces to zero. If the wind blows consistently all day from source to
receptor the downwind dilution becomes the 1/u term in the traditional
equation. This variable is not meant to simulate wind flow in the valley.
It is an index meant to represent downwind dilution from sources in the up-

and down-valley directions and is designed for use in a regression equation.

THE STABILITY ASSUMPTION. The surrogate term for the 3;%— term in the
yz

Gaussian model equation was designed so that the Gifford-Pasquill form of
these variables could be recovered from the eventual regression coefficients.
First the tt§dition§1 form of the Gifford-Pasquill plots were derived in a
system of linear equations developed through logarithmic transformations.

It was then assumed that the linear coefficients for this system were a

function of atmospheric stability and would be specific for this situation.
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Next the potential temperature gradient at Spokane International Airport

was selected as the daily indicator of atmospheric stability. This has been
found, through the Company's SCS, to be the most appropriate stability index
available. It was then assumed that the linear coefficients were first
degree functions of the potential temperature gradient. This assumption

is consistent with the form of the Gifford-Pasquill charts and results in a
convenient form of the expression for both parameterization and geographic

manipulation.

THE PLUME MEANDER ASSUMPTION. The term exp(JQE;) in the Gaussian plume
analogy represents the dilution effect of be?gé remote from the mean wind
vector. In the Gaussian formulation, a uniform wind direction is assumed
and the degree of lateral dilution is a function of atmospheric stability.
In the Silver Valley, wind direction fluctuates continuously and straight
line flow is not expected. Thus, it was assumed that exposure reductions
associated with being remote from the mean wind vector are more a function
of variation in the mean wind vector than of the stability criteria per se.
Two lines of reasoning justify this assumption. The variation in the mean
wind vector (plume meander) is likely a function of stability itself. And
the maintenance of a crosswind Gaussian distribution in the Silver Valley is
unlikely. Plume meander, when considered on a daily basis, would predom-
inate any such distribution. As a result the standard deviation in wind
direction was selected as a measure of crosswind remoteness and dilution was
assumed to be a function of the number of standard deviations a receptor was

from the mean wind vector.
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THE VERTICAL DISTRIBUTION ASSUMPTION. Differential plume rise, particulate
settling, and plume depletion are all ignored in this model. A constant
plume rise aqq constant plume elevation are agsumed. The main reason for
ignoring differential plume rise was the insufficiency of the data base for
developing appropriate variables. In order to account for plume rise, an
equation utilizing the atmospheric surface temperature and wind velocity
would have to be included in the source height factor. Theése measurements
are used in other independent variables in the modeling equation. Including
them in another term would increase the possibility of undesirable effects
associated with inter-variable correlation. loreover, from a practical point
of view, these are low temperature plumes and only a single morning surface
temperature was available. The benefit of using that single observation in
predicting an effective daily plume rise was considered not worth the con-
founding effects of adding a possibly redundant variable. Considering plume
depletion, no data were available for developing settling estimates. Making
unnecessary assumptions in the development of regression variables should be
avoided. Practically., plume depletion must be significant with respect to
certain sources. Fugitive sources in particular contain large particle
emissions subject to considerable fallout. Point sources, on the other
hand, are fine particle emissions that may approximate gaseous behavior. As
explained later, cadmium emissions are used to parameterize the basic source
receptor model. Cadmium emissions are predominantly fine particulate. Ig-
noring settling phenomena is, likely, permissible in defining parameters for
the model. Later, when developing source estimates for lead and particulates,
depletion from fugitive sources must be considered important. However, in

the division of source categories, active and passive sources appear in
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separate independent variables. When linear regression analyses are applied
to those variables it can be inherently assumed that some constant amount of
plume depletion is accounted for %n assigning the regression coefficients.
In practical terms, the assumption is that a particular percentage of fugi-
tive emissions fall out between the source and nearest receptor and that
gaseous behavior is observed beyond. This assumption is adequate for the

empirical format of the study.

THE EMPIRICAL MODIFIERS. The Bunker Hill Company meteorologists operating
the Supplementary Control System (SCS) have long recognized those difficult
meteorological factors discussed earlier in this section. They have,

through years of experience, developed semi-quantitative indices to represent
the onset of certain meteorological and operational conditions. For the most
part, these variables identify the onset of non-routine conditions where
“normal" assumptions do not apply. As such they are quite appropriate for
use in regression analysis as dummy variables to account for the effects of
special conditions where the base model may not apply. These variables were
transformed to act as empirical modifiers in the regression analyses. De-
tails of the variables and transformations can be found in the parent docu-

ment.

5.2.3 Finding the Model Parameters. The model was assigned parameters

through a sgepwise regression procedure that forced inclusion of the vari-
ables developed as the initial surrogate model. The several empirical
modifiers developed from the SCS were also offered for forward selection.

There are several assumptions inherent to regression analysis that are not
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necessary to include. However, there are two assumptions made in solving the
regression equation that are important to discuss here.

The first-1is the ﬁse of cadmium data to find the model parameters. The
number of sources and the difficulties with defining configurations make it
impossible to solve the modeling equation for lead or total particulates.
Cadmuim emisions, however, seem to predominatly arise from within the Jead
smelter or, more to the point, from the same geographic location. This
considerably reduces the complexity of the modeling equation for cadmuim.
Because cadmuim emissions do emanate from three distinct source heights, one
unknown function still precludes solution of the equation. An assumptive
constraint has to be added to the regression matrix. That constraint was
developed by assuming that the ratio between 0y and ©; at neutral stabilities
at 0.1 miles from the source will be the same as the ratio found under there

conditions in the traditional Gifford-Pasquill charts.

5.3 THE IMPORTANT SYSTEM VARIABLES

Using these two $ssumptions, the equation was solved and the selected
model is shown below. An extensive discussion of the results is found in von
Lindern(1980b).

The regression statistics for this model indicate that poliutant
dispersion can be successfully quantified by this model form. Seventy-three
percent of the variablity in observed concentrations is explained at strong
significance levels. The initial model seems particularly strong (R2 =
.71 at p .0001). This is especially encouraging considering the

difficulties with cadmuim source estimates discussed earlier.



Table 5.1 Regression Statistics for Selected Stepwise Model

Inttial Model: DEPZ = g8 4 B,LNVWF + BJPOTEHP + B

0

4

]
InX + BSPOTEHInX + B6NSDSQ

Model Statistics by Step

Step Variable Sum of T-Model (P>F) F-Variadble R? Model
Added Squares Hodel on Entry (P>F)
0 (Initiasl Model) 7749.4 673.3(.0001). (sl11 .0001) .712
1 MDSOLNX 7836.9 583.3(.0001) 39.0(.0001) .720
2 REGVAR 7870.1 507.3(.0001) 15.0(.0001) . 724
3 BFDOWN 7892.5 4648.2(.0001) 10.2(.001S) .726
L} HD36 7914.2 402.1(.0001) 10.0(.0016) .728
5 W15 7930.8 364.4(.0001) 7.6(.0059) .729
Total SS = 10877.5
Pasrameter Statistics on Final Step
Source Parameter Sum of F (P>4)
Esctimate Squares
IRTERCEPT 2.31 (SAS Type 11)
LNVWF .17 31.0 14.2(.0002)
POTEMP .65 1511.5 694.5(.0001)
LNX 1.51 1999.4 918.7(.0001)
POTEMPALNX .15 898.2 412.7(.0001)
NSDSQ -.04 91.8 42.2(.0001)
MDSOLNX .16 33.0 15.2(.0001)
REGVAR .20 33.2 15.3(.0001)
BFDOWN .15 40.9 18.8(.0001)
HD36 2.06 25.4 11.27(.0006)
W1s .084 16.5 7.6(.006)
§S (Model) 7930.8 F-Model = 36.4
S§S (Error) 2446,7 R Model = .729
§S (Total) 10877.5

*» yariable descriptions can be found in Table 5.3

ov
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Table 5.2 Regression Statistics for Final Logarithmic
.Model ’
DEPZ = BO.+ BZLNVWF + B3P0TEMP + BALNX
+ BSPOTEMP*LNX + BGNSDSQ -+ B7BFDOWN
+ BgMD36 + BgMDSOLNX + By oW15 + B,;REGVAR
Source DF Sum of Squares F-Value (PR>F)
(SAS Type 1V)
LNVWF 1 40.4 22.0(.0001)
POTEMP 1 1327.9 720.8(.0001)
.LNX 1 2016.8 1094.6(.0001)
POTEMP*LNX 1 784.4 425.7(.0001)
NSDSQ 1l 80.7 43,.8(.0001)
BFDOWN 1 23.4 13.0(.0003)
MD36 1l 18.4 10.0(.0016)
MD50LNX 1 22.2 12.0(.0005)
wWis 1 17.4 9.4(.0022)
REGVAR 1 36.4 19.8(.0001)
Model 10 7499.4 407.0(.0001)
Error 1428 2631.0
Total 1438 10130.4 R? = .740
Parameter Estimate T-Value (PR>T) Std. Error
BO 2.26. 6.50(.0001) . 347
62 .192 4.69(.0001) .040
83 - =-.612 -6.62(.0001) .023
Bz ~-1.48 -26.85(.0001) . 045
65 .138 -33.08(.0001) .007
86 -.039 -6.62(.0001) .006
B -.569 -3.61(.0003) .157
Bg 1.75 3.16(.0016) 554
Bg -.124 -3.47(.0005) .036
Blo .085 3.07(.0022) .027
B11 .205 4.45(.0001) .046

* variable descriptions can be found in Table 5.3



As in von-Lindern (1980b) the best way to discuss these model results is in
terms of the regression coefficients. Parts of those discussions are in-
cluded here.

Ten variables were selected as important in predicting observed

cadmium levels. The first five variables comprise the initial surrogate
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model. Five of the empirical modifiers offered were found to be significant.

Briefly, they are:
BFDOWN--the on-off indicator of blast furnace operation.
MD36--an on-off indicator of the most severe limitation in mixing depth.

MDS50LNX--the on-off variable for situation of uninhibited mixing depth
times the logarithm of distance.

W15--an indicator of suppressed wind speeds in the middle atmospheric
layers of the valley.

REGVAR--the severity code indicating adverse dispersal conditions asso-
ciated with peculiar synoptic situations.

The model as taken from the parent document is as follows:
,1n(XT) = BO + B] InQHF + 32 InVWF + 83 NSDSQ + 64 POTEMP
+ 85 LNX + 86 POTEMP * LNX + 87 BFDOWN + 68 MD36
+ 89 MD50LNX + 810 Wis + B]] REGVAR

The parameters, their associated independent variable, and the

parameter vdlues are shown in Table 5.3,
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Table 5.3 Parameter Values for the Logarithmic Model

Parameter 1Independent Factor ‘Parameter Value

Variable Description

‘Bp Intercept Initial dispersion 2.26
Bi In (QHF) Source height function 1.00
32 ln (VWF) Receptor View function .192
83 NSDSQ Lateral position factor -.039
Bs POTEMP (Stability ) -.612
85 LNX E and g -1.48
86 POTEMP*LNX Edistance factors; .138
87 BFDOWN Operations factor -.569
Bg MD 36 Limited mixing depth factor 1.75
39. MD50LNX Uninhibited mixing depth

factor -.124
By g W15 Inhibited mid-level winds

factor .085
Bi11- REGVAR Severe synoptic factor 204

* for a detailed description and derivation of these variables
please see von Lindern 1980b
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These parameters and associated variables can be grouped for discus-
sion relative to their contribution to quantifying pollutant dispersion in

this valley.

-

BO’ 84. Bs, and 86 are the dispersion parameters for the plume centerline
dilution effect associated with the mean wind as derived from the
traditional Gaussian form. These parameters were used to derive the
familiar °y'°z plots of Gifford (1961) and direct comparisons of the
dispersal conditions in this situation are made relative to the
standard modeling assumptions.

84 is the unit coefficient for 1nQHF or the source strength-source
height term. This term reflects the initial source strength reduced
by a factor dependent on the relative source-receptor height. The
latter is developed from the same basic component parameters as
Bg» Bg» Bg» and Bg above.

B, and 8, are associated with the terms In(VWF)and NSDSQ. These two
variables, as they were developed, serve to mitigate the standard
model predictions with respect to the topographically induced wind
conditions. VWF is an exposure factor that accounts for the reduced

receptor "view" of the source associated with up- and down-valley

wind shifts. NSDSQ is associated with the lateral variance in the
mean wind and accommodates reduced exposures associated with the

cross-valley wind shifts. In the form offered in the modeling

analysis, they become empirical modifiers of the more traditional
dispersion equation characterized by the above parameters and

variables.
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87 is the parameter for BFDOWN and is a direct empirical modifier asso-
ciated with shutdown of the largest single cadmium source. The B
estiggte for this term is (-.569). When the blast furnace is down
(BFDOWN = 1), the predicted effect is exp(-.569 * 1) = .57 times
the model prediction. This suggests that when the blast furnace is
nonoperative at least 16 hours per day, ambient cadmium levels are
reduced 43%.

88 and 69 are associated with extreme mixing depths. 89 is the parameter
for MD50LNX. This variable allows for greater dispersion under
uninhibited vertical dispersion conditions. Because a limited
mixing depth associated with nocturnal inversion is the "normal”
situation in this valley. the standard diffusion parameters (80, 84,
85, 86) are calculated under that circumstance. The value of Bg is
0.125. The significance of this variable is as follows: when

1, MDSOLNX = In(x)) the value of

mixing depth is great (i.e., MD50
-(1.48 + .125) = -1.61. This is

the coefficient of In(x) or p + g
nearly the value supposed in the traditional Gifford-Pasquill form as
discussed in von Lindern (1980b). This supports the idea that the
"normal” situation in the Silver Valley has an associated limit to
vertical dispersion probably related to the surface based nocturnal
inversions. Uninhibited vertical dispersion is an "abnormal" situa-
tion. Similarly, when mixing depth is severely inhibited, an oppo-
site "abnorma]" effect is present. The variable MD36 has a value

of 1 when mixing depth is most shallow and 0 at dther times. The 8
value for this variable is 1.75. This suggests that when the lowest

Tevel inversion structure exists, the model predictions are increased
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by exp(1.75) = 5.75 times. This represents a severe condition
treated here by a simple empirical modifier.

810 and ?Jl are empirical modifiers associated with special synoptic
situations. B ]O-w1s accounts for reduced wind speeds in the mid-
level valley atmosphere. By, is associated with REGVAR, an indicator
of severe synoptic conditions. The W15 variable has greatest
effect when the mean wind value is less than 1 mph. At that value
the model estimate may be increased as much as exp(.08*5) = 1.5
times. This situation implies extreme calm or shear in the middle
atmospheric levels. REGVAR is a severity code associated with some
peculiar synoptic conditions. Two conditions are especially
important. They are the valley drainage wind (=3) and stagnation
(=5) that are both associated with high pressure areas in the moun-
tain range vicinity. The former can increase model estimates by

exp(3*.20) = 1.8 times and the latter by exp(5*.20) = 2.7 times.

The strength of the initial model indicates that the mountain valley
drainage phenomena dominate pollutant dispersion in the Siiver Valley. The
two mixing depth variables selected in the stepwise process suggest that
nocturnal inversions are also part of the "normal" dispersion picture for
the valley. Four levels of mixing depth were offered in the stepwise pro-
cedure. The non-significance of the two middle levels indicates that they
are accounted for in the remainder of the model. In practical terms this
means that the basic source-receptor model reflects a diurnal capping in-
version between 3600 and 4800 feet. Special modifiers to the basic model

are required only when greater or lesser mixing depths are present.
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It also means that the dispersion parameters derived from the re-
gression coefficients for this situation reflect this diurnal phenomenon.
Some importaqt aspects of the montane air pollution meteorology for this
area can be explained by comparing these derived dispersion coefficient
estimates with the standard Gifford-Pasquill parameters.

Figures 5.1-a and b show the derived dispersion parameters for this
situation plotted as solid lines. The dotted lines are the corresponding
plots taken from the subroutine distributed by EPA (1976b) to estimate
Gifford-Pasquill dispersion parameters. (The units have been converted as
indicated in the axes labels.)

In discussing the differences in these two sets of curves, it is
important to-remember that the standard curves represent the expected
standard deviations in the horizontal and vertical distributions of pollu-
tants calculated for different stability criteria and downwind distances.
Both sets assume a normal distribution around a plume centerline defined by
the mean wind vector and have been developed from field observations over
flat terrain for relatively short averaging periods (<30 min).

The curves offered in this study are derived in a totally different
manner. The Gaussian form is present, but much modified in an effort to
accommodate the majority of wind fluctuations in the NSDSQ and VWF terms.
These two terms account for, respectively, the daily cross-valley variation
in wind direction and the variation in wind speed and flow up and down the
valley. In‘a sense‘they normalize the dispersion curves by accounting for
the gross fluctuations related to the local wind phenomena.

The dependent variable in this model development was a twenty-four

hour average. As a result, all independent variables were constructed on a



Figure 5.1a Comparison of Standard and Derived

Horizontal Dispersion Parameter Estimates
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Figure 5.1b Comparison of Standard and Derived

Vertical Dispersion Parameter Estimates
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twenty-four hour basis. This represented no great inconvenience because the
mountain-valley drainage wind is a diurnal phenomenon. However, it is not
-obvious what‘the cy and g, terms in the above derivations and charts reore-
sent. Examination of Table 5.2 shows that a certain amount of the variance
in pollutant concentrations is explained by the gross wind variation terms,
NSDSQ and VWF. Other empirical factors related to operations and “abnormal”
meteorology explain a small percentage. However, the greatest portion of
the sums of squares is explained in the three terms from which the cy and g,
charts are derived. Those terms most likely represent the downwind pollutant
distribution for the component wind period, averaged over twenty-four hours.
The component averaging period is the one-hour mean wind. It is suspected
that the oy and g, values derived are the expected standard deviations in
downwind pollutant concentrations for one hour for a given stability cate-
gory. However, that value necessarily reflects an average for all the hours
of the day. This is a most important point to remember in discussing the
differences in these and the standard curves.

Turner (1979) pointed out that any modeling effort has to consider
the pertinent averaging period with respect to both the prevalent meteoro-
logical phenomena and the ambient standard in question. The same logic pre-
vails here. These charts and the other significant model variables can
illustrate many of the difficulties encountered in applying Gaussian form
models to complex terrain, provided the pertinent averaging time is con-
sidéred.

There are three obvious differences in the form of these two sets

of curves. The first difference is that the estimates are similar for

unstable conditions but considerably less dilution occurs as neutral
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conditions are approached, and that effect is exacerbated toward stable
conditions. The second inconsistency is that the slopes of the curves in
the horizontq} dispersion chart are notably less than their standard counter-
parts. The third difference is that under very stable conditions a nearly
uniform distribution in the vertical with downwind distance is predicted in
this study's o, chart.

The mitigation of terrain effects under unstable conditions has been
noted by several researchers (Hinds, 1970; Fosberg et al., 1976; Reid, 1979).
It is likely that when unstable conditions prevail, no capping phenomena are
present and uninhibited vertical dispersion would persist. Similarly, the
tendency to develop calm and stable layers aloft is reduced over the twenty-
four hour period. As a result, the only inhibition to normal diffusion
present would be terrain channeling. Under unstable conditions terrain
channeling would T1ikely exercise its influence in the horizontal, but not
for some distance downwind. The effect of terrain channeling on the hori-
zontal dispersion parameter may be seen in the reduced slopes noted above.
Other comp1e£ terrain researchers have made similar findings as reviewed by
Miller (1979). However, the result in these cases is usually curved o, lines
starting out at or near standard slopes and decreasing in slope with distance.
This is, perhaps, a more appropriate form than that presented in this study,
as the effect of terrain channeling would become more pronounced with plume
growth relative to the valley width. Unfortunately, this model form can
only accommqgate straight lines in the horizontal.

Essentially the mitigative effects of instability on complex terrain
dispersion may be accounted for in the absence of those phenomena that pro-

duce the confounding situations. As neutral conditions are aporoached the
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nocturnal inversion and drainage wind phenomena become routine. OQver a
twenty-four hour period, a considerable period of time is spent under an
inverted temperature structure, downslope winds develop, and at least two
directional ;hanges in valley flow occur. In addition, during inversion
breakup a double dosage of pollutants can occur. As stable conditions
develop these phenomena become more intense with increased duration. These
hours or, more appropriately, the dispersion observed in these hours is
included in the "average" that produces the above charts.

As very stable situations are encountered, calm conditions, intense
inversions aloft, and severe limitations in mixing depth are likely. Most
air quality models of the Gaussian form have recognized that, under 1limited
mixing depths, uniform vertical distribution may develop some distance down-
wind. That observation may be seen in the o, curves at stable conditions.

Several researchers have noted that it is stable conditions that are
difficult to simulate in complex terrain situations. In this case, the fre-
quency and duration of particular phenomena (that become more frequent as
sfabi]ity increases) are ultimately responsible. It seems that with the
inclusion of mitigating or normalizing variables that account for those
phenomena, and with proper consideration of the averaging period, the complex

terrain situation may be discussed in an empirical Gaussian format.

5.4 APPLYING THE BASIC SOURCE RECEPTOR RELATIONSHIP

5.4.1 Methodology. Thus far, the modeling procedure has concentrated on
defining the basic relationship between a receptor and a source. Having
developed a satisfactory model, the next step was to apply it to all the

source-receptor combinations in the valley. In practice this was a
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mammoth task. However, it was greatly facilitated by emplioying the Geo-
graphic Information System. The details of this application are complex
and can be fgynd in von Lindern (1980b).

As the relationship was applied to each source, the impact estimates
were accumulated by source category at each of the valley's nine monitoring
Tocations. These categorical estimates were then regressed against observed
ambient concentrations. This was accomplished for each day of the two-year
study and done simultaneously for lead, cadmium, and TSP. The result is a
calibrated model that reflects the most significant particulate sources and
weights the relative impacts of the various categories. This, again, was an
exhaustive and complex procedure that is detailed in von Lindern (1980b).
Over 4300 observations were analyzed. The regression statistics are shown
below.

The eight source categories are SMLOWEST (low-level smelter sources),
SMMIDEST (mid-level smelter sources), SMHIEST (smelter tall stack). ZPLOWEST
(zinc plant tall stack), AMP (ammonium phosphate plant), ACTEST (active
fugitive sources), and PASEST (passive fugitive sources). They are described
in detail in von Lindern (1980b) and the emissions inventory section of this
report. Four of these source categories were found to be significant in
predicting particulate concentrations in the Silvery Valley. They are low-
and mid-level smelter sources, and both active and passive fugitive sources.
The other source categories likely do contribute, but are insignificant in
magnitude ngn combined with these sources. Final prediction statistics can
be found in Tables 5.4a and b, BKGROUND refers to TSP background levels
(BKGROUND = 0 for lead and cadmium).



54

Table 5.4a Regression Statistics for the Model:
TPOL = B;SMLOWEST +B,SMMIDEST + B;SMHIHEST
+ B,ZPLOWEST + B5ZPHIHEST + BgAMP
+ B PASEST + BgACTEST + Bg BKGROUND
Source DF Sum of Squares F-Value (PR>F)
(SAS Type 1V)
SMLOWEST 1 136963 379.9(.0001)
SMMIDEST 1 27801 77.1(.0001)
SMHIHEST 1 696 1.9(.1646)
ZPLOWEST 1 971 2.7(.1008)
ZPHIHEST 1 993 2.8(.0970)
AMP 1 1196 3.3(.0685)
PASEST 1 52130 144.6(.0001)
ACTEST 1 5246 14.6(.0001)
BKGROUND 1 576519 1598.9(.1646)
Model 3771996 1162.4(.0001)
Error 1527706 2
Total 5299703 R®™ = ,712
Parameter Estimate T-Value (PR>|T]|) Std. Error
Bl 425 19.5(.0001) .021
B, 4.62 8.8(.0001) .53
By 27. -1.4(.1646) 5.14
BL 27.8 -1.6(.1008) 17.0
65 -109.1 -1.7(.0970) 65.7
86 -7.16 -1.8(.0685) 3.93
B 19.9 12.0(.0001) 2.43
Bg 9.28 3.8(.0001) 1.65
Bg 35.5 40.0(.0001) .887
TPOL Total ambient particulate concentration

SMLOWEST
SMMIDEST
SMHIHEST
ZPLOWEST
ZPHIHEST
AMP
PASEST
ACTEST
BKGROUND

Low-level smelter sources estimated ambient impact
Mid-level smelter sources estimated ambient impact
Smelter tall stack estimated impact

Low-level zinc plant sources estimated impact

Zinc plant tall stack estimated impact

Ammonium phosphate plant estimated impact
Passive fugitive sources estimated impact
Active fugitive sources estimated impact

TSP estimated background concentration
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Table 5.4b Regression Statistics for the Final Relative

Source Impact Model:

TPOL = g, SMLOWEST + g,SMMIDEST + B,PASEST

+ B4ACTEST + BSBKGROUND.

Source DF’ Sum of Squares F-Value (PR>F)
(SAS Type 1IV)

SMLOWEST 1 144129 402.(.0001)
SMMIDEST 1 33016 92.(.0001)
PASEST 1 45310 126.(.0001)
ACTEST 1 7458 21.(.0001)
BKGROUND 1 774061 2159.(.0001)
Model 5 3793243 2116.(.0001)
Error 4310 1545150
Total 4315 5338393 RZ2 = .711
Parameter Estimate T-Value (PR>|T]|) Std. Error

Bl . 423 20.1(.0001) .021

62 4.20 9.6(.0001) L437

~B3 17.9 11.2(.0001) 1.59

84 10.9 4.6(.0001) 2.39

Bs 35.2 46.5(.0001) . 757
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This model in Table 5.4b was used to predict ambient concentrations
for each quarter in the study period. Those predictions can be found in
Appendix D and a quarterly summary is presented in Table 5.5. Those pre-
dictions are-used to evaluate relative source contributions to ambient lead
concentrations and to estimate required source reductions for achieving the
NAAQS. The individual source results and a "residuals" analysis can be
found in von Lindern (1980b). An observed/predicted concentrations summary
follows.

Model predictions for quarterly lead means range from .26 to 7.2
ug/m3 over the entire study area. Actual observed concentrations range from
.25 to 12.5 ug/m>. These results are summarized in Table 5.5 along with the
ratio of predicted to observed values. This ratio on an annual basis con-
sistently falls between .5 and 2.0 (a kind of unofficial measure of model
quality). Moreover, on a quarterly basis the model does well in predicting
means for most of the stations. This is especially true in consideration
of the range of values and the fact that predictions are based on quarterly
mean emissions averages.

However, the model does characteristically underpredict in certain
situations. The most important are those where a few extremely high indivi-
dual readings inflate the observed mean. Many of these outlying values do
not seem to be meteorologically based, but do occur at different stations on
the same day and always downwind from the smelter. It is most likely that
these extreTe'va1uqs are the result of severe emissions excursions at the
smelter. .It is important to note that the model does not effectively pre-
dict the impact these days have on the quarterly means. This is important

both in terms of utilizing the model output and developing an attainment
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Table 5.5 Summary of Mean Quarterly Ambient Air Lead Impact

Estimates, Predicted Values, and Observed/predicted Ratios

3
T KEY = OBSERVED 3
A (RAT10) ug PB/m
1 PREDICTED
1
0 QUARTER
N 3-77 4-77 1-78 2-78 3-78 4-78 1-19 2-19
.47 .86 .57 Y .20 .54 .60 .21
. (.5) (1.3) (.8) (.3) (.2) (1.0) (.6) (.2)
(n T .91 .67 .76 1.22 .89 .56 1.01 1.13
4.02 2.75 .99 .85 2.81 2.38 .n
: Z.3 (1.2) (3.4) (1.5) (.7) (.s) (1.6) (.8) (.4)
(2 H 1.94 1.19 1.73 1.50 1.62 1.75 3.08 1.88
] 8.7 1.7 3.4 2.4 6.1 4.8 2.6
BT (2.2) (1.8) (1.2) (.8) (1.9) (1) (.8)
v | 3.4 3.8 4.2 2.8 2.9 3.3 4.2 3.1
] 12.3 11.6 5.2 3.6 6.0 5.5 3.7
(4) : 12.5 (2.9) (.7 (3.9) (2.1) (1.0) {(.9) (1.0) (.6)
s | 4.4 1.2 3.0 3.0 3.6 5.5 5.7 6.2
.S 1.1 6.3 2.4 1.9 §.2 4.s 2.5
(s) : (2.2) (2.2) (1.5) (1.0) .7) (1.4) (.7 (.s)
c ! 2.9 3.2 .2 2.5 2. 1.7 6.3 5.4
4.1 6.9 6.3 2.9 1.4 5.6 4.6 2.4
(6) ¢ (1.5) (2.1) (1.6) (1.2) (.6) (1.6) (.8) (.6)
w27 3.2 4.0 2.4 2.5 1.6 6.0 3.8
1.5 3.5 1.9 ) .4 1.2 1.9 A
(7) (s) (2.5) (6.4) (2.2) (1.9) (1.0) (1.8) (2.1) (.8)
8 .6 .6 .9 .5 .4 .1 .9 .5
W .9 1.8 .9 .5 ) .6 1.0 3
(8) A (1.9) (.5) (1.6) (1.0) (.80) (2.1) (2.7) - (1.0)
L .5 3 .6 .5 .4 .3 .4 .3
X .65 .3 ‘ .2} 1.12 .70 .31
Lu‘o):' ———— ———- a.ap (1-9) .y -5 . » | . ol , . (.5 22 (.3)
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strategy. The effect of these days is great enough that they deserve

special treatment in attainment considerations; and they are separately
~discussed in_the next section. What is important to remember, at this point,
is that the model predictions are based on average emission rates. The
resultant predictions are then "average predictions" and any attainment
strategy based on the model applies reductions to average emission rates.
These reductions will not guarantee compliance with the ambient standard

in and of themselves. Simultaneous control of the severe excursions must be
accomplished as well. Descriptions of the model results by station and

source category follow.

5.4.2 Model Results by Station

CATALDO. Observed ambient lead concentrations range from .008 to 2.8 ug/m3
on a twenty-four hour basis. Quarterly means vary from .20 to .86 ug/m3 or
from 13 to 57% of the quarterly standard. Model estimates range from .56 to
1.13 ug/m3. In general the model overpredicts concentrations for this site.
According to the model, passive sources are major contributors to lead levels
at Cataldo. Percentage contributions from the passive source category run
as high as 44% of the quarterly mean in the third quarter (July-September).
Surmer quarterly mean passive estimates of .6 to .7 ug/m3 are predicted.
These are among the highest passive predictions for any site. The predom-
inant sources of this passive contribution seem to be alluvial deposits on
thé nearby Mission Flats and along the river's flood plain north and east
of the\townsite.

The remaining source contributions seem to be dominated by the mid-

level smelter contribution, 60%; low-level smelter sources, 12%; active
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sources, 6%. Passive sources amount to 20% on an annual basis. It is
suspected that, although not statistically significant, the tall stack emis-
sions constitute an important portion of the mid-level impact at this

distance.

KINGSTON. Quarterly means for lead are observed from .21 to 1.1] ug/m3.
Model predictions are from .77 to 1.33 ug/m3. The model suggests lead levels
observed here are 80% resultant of mid-level smelter emissions, 20% Tow-
level. There are no significant passive or active sources of lead affecting

the Kingston location according to this model.

WALLACE. Quarterly means for lead for lallace range from .25 ug/m3 to 1.8
ug/m3 observed values. Model estimates vary from .26 to .47 ug/m3. The
maximum does exceed the proposed 1.5 pg/m3 limit. However, that exceedance
can be traced to an extraordinary single observation of 6.625 ug/m3 that
occurred on 12/21/77. Passive source estimates run as high as .21 ug/m3 and
can account for up to 32% of the total exposure on a quarterly basis. On an
annual basis it is suspected that tall stack and mid-level emissions combine
for 75% of the total exposure, low-level smelter sources contribute 14%,
passive local sources (primarily north of the city) 11%, and there is no

significant active lead source in Wallace.

OSBURN. Quarterly mean lead levels in Osburn range from .42 to 3.54 ug/m3
while model estimates range from .49 to .94 ug/m3. The 3.54 ug/m3 quarterly
average observed in the fourth quarter of 1977 can be traced in great part

to a single daily observation of 20.4 ug/m3 (the same day that an
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extraordinarily high value was observed in Wallace). Similarly, the proposed
standard exceedances that were observed in three other quarters can be traced
to single exEraordinary days. If those extraordinary days are ignored,
Osburn seems to be in compliance with the standard. Both passive and active
source contributions seem minor, amounting to only 7% of the total impact

in summer months. On an annual basis, high and mid-Tevel sources account for

80% of the predicted impact, low-level 16%, passive 3%, and active sources 1%.

PINEHURST. Observed quarterly means range from .77 to 4.02 ug/m3. Model
estimates range from 1.19 to 3.08 ug/m3. Although single maximum values
constitute a large part of the quarterly average, Pinehurst does seem to be

a bona fide noncompliance area even in ignorance of these values. Passive
sources can account for up to 19% of the total lead levels observed here or

a maximum of .37 pg/m3. Active sources are absent. O0On an annual basis low-
level smelter sources constitute 20% of the total, mid-level 70%, and passive

10%.

KELLOGG CITY HALL. Quarterly means ranging from 1.4 to 6.9 ug/m3 are observed
at Kellogg City Hall. Model predictions ranged from 2.5 to 6.0 ug/m3. Pas-
sive and active sources combined constitute at the most a 7% contribution to
these levels. On an annual basis mid-level sources contribute 66% of the
impact, low-level sources 30%. The maximum quarterly mid-level impact is

estimated at 3.41 ug/m3, the maximum low-level impact is 2.52 ug/m3.

KELLOGG MEDICAL CENTER. Observed levels at KMC range from 1.9 to 7.1 ug/m3;

mode] estimates range from 2.7 to 6.3 ug/m3. Although these levels are
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similar to those at Kellogg City Hall, it seems that both passive and active
sources make a greater contribution to total impact at this station. Passive
source contributions are estimated as high as .74 ug/m3; active sources as
high as .36 ug/m3. The principal passive sources seem to come from the air-
port and tailings pond bank areas. Principal active sources are roads and
transportation facilities in the vicinity of the smelting and milling com-
plex, and sinter-storage activities. Combined, passive and active contribu-
tions can constitute as much as 1.1 ug/m3 quarterly mean or 14% of the total
estimate in summer. On an annual basis passive and active sources constitute
7% of total impact, mid-level smelter sources 59%, low-level 35%. Maximum
mid-level smelter contribution is 3.48 ug/m3, maximum low-level 2.69 ug/m3.
These do not occur simultaneously with each other or the passive-active

maxima.

SMELTERVILLE. Quarterly mean lead levels in Smelterville range from 2.41
to 8.56 ug/m3. Model estimates range from 2.80 to 4.80 ug/m3. Both this
station and Silver King School suffer from a number of extraordinarily high
individual readings that cause the actual resultant means to be higher thén
model predictions in most quarters. Passive sources can be significant
amounting to 15% of the summer total or as.high as .37 ug/m3. Active source
estimates go as high as .13 ug/m3 but amount to less than 5% of the total
impact in most quarters. Passive sources surround Smelterville and impact
from all difgctions, However, the McKinley Avenue area and smelter active
sources contribute the bulk of the active source contribution. Maximum
quarterly mean mid-level estimate is 2.24 ug/m3, maximum low-level is 2.92
ug/m3. Mean annual relative contribution is 54% low-level sources, 37%

mid-level, 2% active, and 7% passive.
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SILVER KING SCHOOL. The highest concentrations of heavy metals occur at this
station. Quarterly means range from 3.6 to 12.5 ug/m3, while model estimates
range from 3:9 to 7.2 ug/m3. Larger means are underpredicted because of the
effect of the extreme individudl readings that occur in several quarters.
Passive contributions are estimated as high as .6 ug/m3, active contributions
as high as .58 ug/m3. They can amount to as much as 30% and 16%, respec-
tively, of the total quarterly estimate. Their simultaneous maximum is 1.0
pg/m3 amounting to 28% of that total quarterly estimate. Low smelter sources
dqminate the estimates at Silver King School, amounting to 77% of the total
on an annual basis, mid-level smelter sources account for 6%, active 4%, and
passive sources 13%. Quarterly mean estimates attributable to low smelter

sources are as high as 6.53 ug/m3, mid-level sources only as high as .2 pg/m3.

5.4.3 Model Results by Source Category. There is little effect of stack
"he{ght associated with low-level smelter emissions. As a result they exert
their predominant effect close to the smelter and decrease rapidly with
distance. Mid-level sources, on the other hand, have little effect within
one-half mile of the smelter. As distance increases the relative impact
of the mid-level sources increases markedly. Figure 5.2 shows the relative
impact of low and mid-level sources, by station, on an annual basis. Figure
5.3 shows the actual estimate components at each station on an annual basis.

Active sources exert small effects on estimates at several stations.
They seem te be important, in terms of attainment strategy, only during
summer quarters at Silver King School, Kellogg Medical Center, and Smelter-
ville. At these locations the active impacts can be traced to transportation
activities around the smelter and McKinley Avenue area, and sinter product

. handling in areas peripheral to the smelter.



Figure 5.2 Percent Relative Impact Estimates for Ambient Lead

by Source Category at each Monitoring Location
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Figure 5.3 Predicted Ambient Lead Impact Estimates by Source

Category at each Monitoring Loqation'
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Passive sources exert significant impact at several monitors. In
terms of percentage impact, Cataldo is most affected as a result of high lead
alluvium deposited across the flood plain and the Mission Flats. In concert
with other sources, however, consideration of the passive sources is most
important at Silver King School, Smelterville, and Kellogg Medical Center.
Both Smelterville and Silver King are surrounded by numerous high lead pas-
sive sources, especially in the immediate vicinity of the smelter. Kellogg
Medical Center is exposed in the predominant wind direction to the airport‘

area and the massive tailings pond impoundment area and features.

5.5 DISCUSSION OF MODELING RESULTS

Perhaps the most important way to discuss the modeling results is in
terms of seasonal impacts of the different source categories. In analyzing
the basic source receptor relationship earlier, it was evident that certain
meteorological conditions are critical in determining dispersal conditions
and ambient concentrations in the Silver Valley. Because these conditions
vary with season and because the NAAQS is a quarterly standard this becomes
an extremely important consideration. Table 5.6 shows the major components,
critical season, and impact area and ambient impact estimate for each
significant source category. It is evident that the critical seasons for

the several source categories do not coincide. Low- and mid-level smelter

sources have their maximum impact under stable conditions exacerbated by
light winds and high pressure synoptic patterns that inhibit dispersion.

These conditions prevail in the late fall and winter. Active fugitive

sources, on the other hand, have their maximum impact under unstable condi-

tions with light winds in the absence of moisture. This type of weather



Table 5.6 Source Categories' Critical Seasons and Impact Areas

Largest Critical Critical Maximums ambient
Source category component season impact 3estimate
sources (quarter) area ug Pb/m~ quarterly mean
Low-level smelter Lurgi 50% Fall, winter < 1 mi. = 7.0 pg/m3
Silver King, -
OrePrep 35% (4,1) smelterville = SKS
Crushing 10% =
Mid-level smelter Blast furnace 55% Winter 2-4 mi. = 3.5 pg/m3
Pellet dryer 25% (1) Kellogg, =~  KMC, KCH
Building vents 10% Pinehurst = 2.5 ug/m> PNH
Active futitive Smelter roads Spring, summer <1 mi. = .6 ug/m3 SKS

Passive fugitive

McKinley Avenue (2,3)

Sinter handling

Airport Summer, fall
Smelter property (3,4)
Fairgrounds-

lumberyard

N Kellogg

Silver King

<1 mi.

Smelterville,
Silver King,
NW Kellogg

= .4 ug/mS KMC

~ .6 pg/m> SKS
= .4 pg/m> SMU
= .75ug/mS KMC

99
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occurs in the spring and early summer. Finally, passive fugitive sources

are active at neutral conditions with dry surface conditions and high winds.
This weather occurs in the summer and early fall.

This situation has a tremendous impact on any strategy developed to
meet the NAAQS. Table 5.7 examines the model estimates for the several
non-attainment monitor locations. It can quickly be seen that the worst
case situation for each of these locations occurs in the late fall and
winter. Further, it is evident that the impacts during this period are
nearly exclusively due to low- and mid-level smelter sources. Active and
passive fugitive sources are, for all practical purposes, absent during
this season.

There are some important conclusions that can be drawn at this
point:

1. As the critical impact season for the non-attainment area occurs in
the winter when active and passive sources are practically absent,
the control strategy for this season must be aimed at the smelter
sources.

2. As the primary impact areas for low- and mid-level smelter sources
do not coincide, both must be reduced significantly in meeting the
NAAQS.

3. A significant question remains as to the combined effect of smelter
sources and passive and active fugitive sources in the summer months.
Hill the smeltgr source reductions required to meet the NAAQS in the
winter be sufficient to guarantee the standard in the summer when
combined with the active and passive source contributions?

The next section of this report deals with this most difficult

question.



Table 5.7 Critical Quarters and Principal Sources for Non-Attainment Monitors

Ambient impact

Maximum ambien Critical Component sources
Location conc. -ug Pb/m season (2_max. impact?
quarterly mean (quarter) ‘Low-level Mid-level Active Passive
. 3 X 3 3
Pinehurst 3.1 ug/m Winter .9 ug/m 2.2 ug/m 0 0
(1) (18%) (82%) - .-
. 3 . 3 3 3 3
Smelterville 4.2 ug/m Winter 2.9 pg/m 1.2 ug/m <.l ug/m~ <.1 ug/m
1) (69%) (29%) (1%) (1%)
Silver King 7.2 ug/m’ Fall 6.9 ug/m> Apg/m® . 1 pg/m® L1 pa/m®
(4) (94%) (2%) (2%) (2%)
3 . 3 3 -3 3
Kellogg 6.3 pg/m Winter 2.6 ug/m 3.5 ug/m .1 ug/m” <.1 ug/m
Medical Center ‘
(1) (23%) (75%) (1%) (%)
3 . 3 3
Kellogg 6.0 pg/m Winter 2.1 pug/m 3.4 pg/m 0 0
City Hall
(1) (24%) (76%) --- -

89
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6.0 STRATEGIES FOR ATTAINING THE NAAQS

6.1 ATTAINMENT CURVES

In this modeled representation, the primary sources of lead impact
have been grouped into four categories. Even with this considerable simpli-
fication, development of a sufficient attainment strategy will be difficult.
Each of the four main source categories can make a significant contribution
to ambient levels when applied to the 1.5 ug/m3 proposed standard. HMoreover,
those meteorological situations that cause the greatest source impact for
one category are not necessarily the most significant in other categories.
As a result, great care must be exercised in selecting the proper conditions
under which to evaluate an attainment strategy.

In order to determine those combinations of source reductions that
will result in attainment of the 1.5 ug/m3 standard, the concept of the
"limiting situation” must be introduced. The "limiting situation” is that
period (quarter) and location (monitor) that requires the greatest source
reduction to meet the proposed standard. The "limiting situation" for any
source category is determined not only by the absolute magnitude of that
source estimate, but also the relative magnitudes of the other source cate-
gories in that same period.

Achieving the proposed standard under the modeled representation
requires thdat the following constraints be true under the "limiting situa-

tion" for each source.
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(1 - CLoy) * (SMLOWEST) + (1 - Cyrp) *¢(SMMIDEST)

+ (1 - CPAS) * (PASEST) + (1 - cACT) * (ACTEST) < 15.

SMLOWEST = quarterly impact estimate of low smelter sources
SMMIDEST = quarterly impact estimate of mid smelter sources
PASEST = quarterly impact estimate of passive sources

ACTEST = quarterly impact estimate of active sources
CLow = fractional reduction of low smelter sources
CMID = fractional reduction of mid smelter sources

CPAS = fractional reduction of passive sources

CACT = fractional reduction of active sources

It follows that constraints for each source category can be

developed as shown:

) (SMLOWEST) € 1.5 - (1 - C (SMMIDEST)

(T - Clow MIp’

- (1 - Cppg) (PASEST) = (1 = C,.1) (ACTEST) or
Cow>1- T§é€6§¥§TT + (1 - Cypp) %%%%%%%%%%

+ (1 - Cpps) Té%ég%é%%y + (1= Cpep) Té%%%%%g%y and,
Cyip 2 1 - Tgé%ﬁ%%TT + (- Cpow) %%%ﬁ%%%%%%

+ (1 - Cppg) Té%%%%%%%? + (1= Cper) ré%%%%%%%r
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Cops > 1 - TéA]_SE.S'S)T)' b (1 - gLy LSHLOUEST)

~ (0 - yrp) R + 0 - cucr THRSTERTY
Cpey 2 1 - Ux'é%%% b1 - ) (SILONEST)

+ (1 - Cypp) X.?%‘Mwlgg.f,}L,L (1 - Cpp) gPASEST;

These equations can be used to determine the required control for
any source category by defining a control regime for the other three cate-
gories. Given a proposed control regime for three of the sources, the
appropriate equation is solved for each of the monitors for each quarter in
the study. The maximum value of C for the fourth source as determined by
this method then represents the "limiting situation” for that control
strategy. If that maximum value exceeds 1.0, then attainment of the ambient
standard is impossible, and further controls must be imposed on at least one
of the other sources. By iterating this process for all interesting control
strategies under all possible situations, attainment curves can be developed
that illustrate those combinations of source reductions capable of achieving
the proposed standard.

A primary concern of this study has been to evaluate the "background"
contribution to ambient lead levels at various locations in the valley and
how those "background" contributions can affect an attainment strateqy for
the area. First, a definition of background is in order. If "background"
means lead levels in the absence of industrial activity, then they are

probably best represented by passive source category. Active Sources,



although they are akin to industrial activity, are not easily addressed in
an attainment strategy. The primary active source contributors to lead
levels are miteria]s handling of smelter by-products and intermediates in
areas outside the smelter proper, and dusts raised by transportation activ-
ities in the vicinity of the smelter. The exact regulatory mechanism to be
employed in reduction of these sources is unclear.

It is likely that the eventual definition of "background" will be the
passive source contribution plus some fraction of the active source contribu-
tion. Figure 6.1 shows the results of solving the constraint equations for
the lTimiting situations assuming no control in passive sources and 0, 25,

50, 75, and 100% control of active sources. The abscissal and ordinal
values on this graph indicate the minimum combinations of Tow- and mid-level
source reductions required. For example, given no passive control and 50%
active control, possible minimal control requirements are found along the
50% 1ine on the graph (e.g., LOW = 90, MID = 84; LOW = 82, MID = 90). Com-
binations of low- and mid-level control above and to the right of the solu-
tion line will achieve the standard; those to the left and below the line
will not.

The vertical 1ine in Figure 6.1 shows that no matter how much control
is exercised in the active and mid-level source categories, at least 80%
low-level control is necessary. This is figured assuming no passive con-
trol. However, even if 100% passive control is assumed, solving the CLow
equation fot the "limiting situation" yields a control requirement of 78%.
The "1imiting situation” in this case is the second quarter of 1978 at
Silver King School. Knowing that at least 78% control of low-level sources

will be required regardless of other source reductions, the constraint

72



OMTVmCOMD EOm—OOCOMmD "

NEO e N Nee X e me [ X 4

Figure 6.1.

100

90

80

70

60

Attainment Curve for No Improvement in the

Passive Source Contribution

1124 ACTIVE CONTROL

REQUIRED CONTROLS NECESSARY
TO ACHIEVE PROPOSED LEAD
STANDARD ASSUMING NO
PASSIVE SOURCE IMPROVEMENT

% REDUCTION REQUIRED IN LOW LEVEL E:MISSIONS

€L



74

equations are solved assuming 80, 85, 90, 95, and 100% low-level control.
One set of attainment curves was then developed for each of these low-level
control straEnges. That family of curves is shown in Figures 6.2a through
6.2e. In these figures mid-level control requirements are plotted against
a supposed passive source reduction;'the lines themselves represent a con-
stant level of active source reduction. As with Figure 6.1, values above
and to the right of a subject line will result in compliance; those to the
left and below will not.

Any combination of source reductions in the four categories can be
evaluated by these curves. For example, suppose no additional control on
active or passive sources is contemplated, and 90% control of low-level
sources is proposed. From Figure 6.2c, it is determined that 91% controil of
mid-level sources will be necessary. Or suppose 50% active and 25% passive
control were feasible but only 80% low-level control were proposed. Under

this proposal Figure 6.2a shows that 84% mid-level control would be required.

6.2 EXTREME EXCURSIONS

The inability of this model to predict extreme values at all stations
has been discussed. Although that inability is not thought to affect the
relative impact calculations for mean emissions, these particular days must
be considered in an attainment strategy because of their effect on the
quarterly arithmetic means. These days were identified and examined sep-
arately. TQe results of that examination can be found in Table 6.1. The
data for each extreme day were qualitatively examined and each day was
assigned to one of five categories. Those categories were determined by

four factors found common to several of these excursions. The first
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Table 6.1. Tabulation of Possible Causes for Extreme

Air Quality Excursions

SUSPECT
CAUSE STATION

CAT KIN PNH Sy SKS KMC KCH 058 WAL EAST WEST ~ TOTAL
DRAINAGE WINDS 0 0 1 K} 2 0 0 0 0 0 6 6
STAGNATION 2 3 7 7 6 4 3 2 2 11 25 36
LOW WIND SPEEDS 2 0 1 2 4 1 1 2 1 5 7 12
STRIKE/STARTUP 1 0 8 6 K| 1 2 1 0 4 18 22
UNACCOUNTED 1 2 8 6 6 11 6 9 9 35 23 58
# DAYS 4 5 25 24 21 17 12 14 12 5% 79 134
SUM ; 0 11.4 20.9 163.4 369.8 485.1 233.] 211.5 100.3 42.1 587 1050.6 1626.2
MEAN E g 2.9 4.2 6.5 15.4 23.1 13.7 17.2 7.2 3.5 10.7 13.3  12.1
# DAYS 165 140 150 169 167 164 145 172 161 642 791 1433
SUM C 0 74.7 76.1 273.7 805.3 1093.3 659.6 614.2 222.0 111.6 1607 2323 3930
MEAN ) 2 .45 .54 1.8 4.8 6.6 4.0 4.2 1.3 .7 2.5 2.9 2.7

08
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condition was several days of extreme readings during the strike of 1977,
and the startup period following for which no meteorological data were
recorded. TEe second factor included days of extreme atmospheric stability
or stagnation. The third situation was severe synoptic drainage winds
affecting stations to the west of the smelter, and the last included periods
of low wind speeds in the middle atmospheric levels. No meteorological or
operational factor could be found to explain the extreme values on the
remainder of the excursion days.

Three of these factors are accounted for to some degree in the model.
The stagnation and drainage wind regimes and low wind speeds in the middle
atmospheric levels were empirical qualifiers in the regression equation.
Passive source estimates predict significant impacts with drainage wind, and
extreme stability is treated by nearly a constant dispersion parameter.
These factors, however, do not predict as high an impact as was observed.
Perhaps the remaining two categories can suggest why. During the strike
the smelter was operated intermittently by salaried personnel and consider-
able construction of pollution control facilities was carried on by outside
contractors. Following resolution of the labor difficulties, new pollution
control facilities were in use. It may be possible that less than efficient
operation was practiced during these periods resulting in exaggerated emis-
sion rates. Furthermore, those days for which no meteorological explanation
of the high values can be found are 1ikely caused by abnormal emissions.
Additional investigation of company operation records and upset reports may
be worthwhile in establishing this point.

The remainder of the discussion here will contend with the impact,

rather than the cause, of these days. The top part of Table 6.1 shows the
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number of extreme days in each category.for each station, for each direction,
and total tabulation. It can be noted that to the west of the smelter about
8% of the severe days can be attributed to drainage winds, 32% to stagnation
and extremé-stability, 9% to low wind speeds, 23% to the strike/startup
period, and 33% are unknown. In the easterly direction drainage winds have
no effect as the monitors are upwind of the smelter. A similar percentage
of extremes were attributed to low wind speeds and extreme stabilities. The
strike period, however, did not seem to affect eastern stations to the degree
that occurred to the west. This may be attributable to less than twenty-four
operations of the smelter and the wind direction associated with the opera-
tion shift. The suspected cause of over 60% of the extreme concentrations
east of the smelter is unknown.

The lower part of Table 6.1 shows the effect of these days on the
total impact measured at each station. The number of extreme days at each
monitor is shown together with the mean and total lead impact. These values
are compared to those for all days. This shows that, at non-attainment
stations, from 8 to 17% of the days account for 35 to 60% of the total impact.
These days have about 4 times more impact on the quarterly mean than does
an average day.

Any attainment strategy must consider these days and their extraor-
dinary impact. Deductive reasoning concludes that those severe excursions
whose cause cannot be found in the meteorology are likely due to excess
smelter emissions. . These excess emissions are, in turn, likely due to
upsets, malfunctions, and startup/shutdown conditions. Further work in this
area and the development of an effective program for preventing or minimizing

is requisite to formulation of a viable attainment strategy.
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6.3 DISCUSSION

There are numerous combinations of source reduction scenarios that
will achievg‘the nationé] standard according to results of this study.
However, there are certain minimum requirements and generalizations that can
be made. In order for any attainment strategy to be successful, the extreme
excursions suspected resultant from process upsets, malfunctions, and
startup/shutdowns must be addressed. Either additional studies should be
undertaken to confirm the cause of these high concentrations, or a compre-
hensive program and accompanying regulation controlling these situations
should be established.

Given that severe excursions are successfully addressed, the attain-
ment curves can be used to ascertain further requirements. Under any circum-
stances at least 78% reduction in low-level emissions will be necessary.
Assuming an 85% reduction in low-level emissions, significant improve-
ments in ambient concentrations can be achieved by reducing the active and
passive components. Remembering that Kellogg Medical Center is the limiting
situation regarding passive and active sources, improvements in those sources
affecting this monitor may be worthwhile. Those sources are sinter product
handling outside the smelter, McKinley Avenue, the airport area, the fair-
grounds/lumberyard area, and the tailings pond embankment area. With signifi-
cant improvement in these areas and 85% reduction of low-level sources, per-
haps an 80 to 85% control in mid-level sources would be necessary.

Examination of Table 4.3 shows that blast furnace upsets are the
dominant source in mid-level emissions. This same source is suspected as
being the largest contributor ?o the startup-upset extreme excursions. If

these upsets were eliminated, achievement of the standard would 1ikely be

much easier.
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One additional point should be considered in developing an attainment
strategy. A1l the attainment curves are based on at least a 78% Tow-level
emission reduction required at Silver King School. Were the smeiter owner
to purchase all property between the Smelterville monitor and the plant,
this requirement might be significantly reduced.

A1l these factors deserve consideration. However, in general, given
the current conditions, meeting the national standard will réquire:

1. A comprehensive control program for upset, malfunction, and
startup/shutdown situations.

2. Eighty to 85% reduction in low-level and mid-level emissions through
elimination or rerouting discharges to the tall stack.

3. Moderate effort to reduce active emission arising from by-product
handling outside the smelter, company roads, and McKinley Avenue.

4. Stabilization, covering, or revegetation of bare soils around
Linfor Lumber, Smelterville fairgrounds, the airport, and the
smelter tailings pond embankments.
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APPENDIX A

REFERENCED MAP DISPLAYS

Figure A: TOWNS, RIVER, VALLEY, MONITORS
Figure B: ELEVATION, ROADS, VALLEY

Figure C: ACTIVES, PTSOURCE, SPECSITE
Figure D: SOILPB, SOILCD

Figure E: DOEPASS, PEDCOPAS, PESPASS,
COVERMAP, PASSIVES



Notes for Figure A

The first map demonstrates the map VALLEY overlaid by the river
and urban locations. The second map depicts the urban locations through
the map TOWNS. The third map superimposes the monitor locations from the

map MONITORS.

91



92

Figure A
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Notes for Figure B

These three maps are first the sliced version of the ELEVATION
maps. It is divided into twenty levels representing 100-foot intervals
from 2000 to 4000 feet in elevation. The next map shows the ROADS in the
valley and in the third map values above 3200 feet elevation are masked

out for VALLEY to illustrate the relative location of ;he roads.
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Notes for Figure C

Thess three maps show the locations of the Active and Point Source
locations, and the sites deserving special source considerations in the
passive analyses. The point source labels are by process unit as defined
in Chapter VIII. ACTIVES, PTSOURCE, and SPECSITE are described in Chapter VI

of the parent document.
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Notes for Figure D

This_series of maps illustrates a part of the development of the
soil contamination maps SOILPB and SOILCD. The first two maps are the soil
lead and cadmium estimates developed by the regression models in the report
text. They are displayed here using the "slice" technique in which the dif-
ferent levels signified at the top of the legend are displayed via corres-
ponding symbols below. The levels are in ppm metals. The third map is the
soil contamination map synthesized from the several soil studies referenced
in the report text. It shows soil lead estimates in ppm for the valley sites

(river + 200 feet).



tiyuie v 98

TR RO 52

ek b R

il it - i

o e :

I

i :

B :

@ o= i) :

2 i :

gg,; Ey e

i .

i .

£ i i

& B

& 0 i
¥ LB

3337538
B
!

Pl

5t
Er ]

P n e r e s S T2

53

sEt

bt
.
SRETEEI

-t
.-l
Y T

ZoE?

A e,

S RS T A R s e e e
e o s e s = o e 25 1 a3

TZrisssreres
B INSIETR R

R SR i S

37553

I ISE s 3
(Lo A= S S I T R T 41

v g ey e ey e ez
R irrptaeet

T
2=

F ::i'

i : :
sa‘f |
ji il b
i i i
! 0 s-:
i i i
I i
i .
i b |
i i :
i o ;
i i i

L3I U AT A

2t
i
it i
i AUt ;
i
i ‘
i
f t

2

: £ TR it
i = i,

e t { - S E
b T AT T 1 RGeS S SIS ¢

.

i ! iE I
i ,Blgglm i gn{sl tE
i : WEER i iF 48
LY LSS 'L-"i:u"".x'mui-).i! i " %ﬁ%,
. e e i 48 g‘?i
i mms GRS EL L
we tas

R
Jev ey
.

AP e

" erus

” e s

o ey as

wateson | X1 :"" ' TRt
s u trus AL 1 s




99

Notes for Figures El1 and E2

The first three maps are the PASSIVE source locations from three
studies referenced in the text. The list at the bottom of the maps refers
to those in Table 2 as indicated by the variable VAL for PESPASS, (VAL - 100)
for PEDCOPAS, and (VAL - 200) for DOEPASS. The next map is the vegetation
COVERMAP that depicts the vegetation cover levels for the valley. Some of
the areas from this map are used together with the previous three maps to
produce the last in this series. That map referred to as
shows all the special passive source areas considered in the valley, and

the river.
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APPENDIX B
NATIONAL EMISSION DATA SYSTEM
(NEDS) Designation for Bunker Hill

Company Point Sources

(Taken From PES, 1978)
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TABLE 1. SMELTER STACKS

Process
Units Process and/or Control NEDS Name
s1 11. Crushing Plant Dryer - Scrubber 02
12. Crushing Plant Dust Collector - Receiving Bins 03 Crushing
13. Crushing Plant Rod Mill Scrubber 04 Plant
14. Crushing Plant Conveyor - Baghouse 05
S2 15. OPP Ore Preparation Plant Baghouse 06 Ore Prepara-
tion Plan
S3 16. Pelletizing Dryer - Scrubber 07
17. Return Sinter Storage up 08
18. Pelletizing Plant Conv.} D* Scrubber
54 1. Lurgi-Strong Gas
Smelter Acid Plant 01 Lurgi Sinter
2. Lurgi-Weak Gas Machine
S5 19, Lurgi “N" Rotoclone - Sinter Discharge 09
20. Lurgi "B" Scrubber - Sizing Building 10 Sizing
21. Lurgi "C" Scrubber - Sizing Building 11 Building
22. Lurgi "A" Scrubber - Sinter Roll}s - 12
Retrofit Drum
Sé6 3. Lead Blast Furnace 01 Bl F
10. Lead Blast Furnace Feed (Sinter Tunnel) ast Furnace
S7 26. linc Fuming Plant Main Stack - Baghouse 16 linc Fuming
27. 1linc Fuming Plant Granulator - Scrubber 17 Plant

X0)1



S8 28. Lead Refinery - Dross Kettles - Scrubber 32 Roof Vent

5. Reverb Norblo Flue to Main Stack 01 Lead Refinery

24. Reverb Granulator Scrubber 17 and |

23. Reverb Speiss Discharge - Baghouse 13 Reverb. Furn.
S9 6. Electric Furnace (Copper Dross) Norblo to 01

25. Electric Furnace Granulator - Scrubber 15
S10 Silver Refinery Duct

7. Retort Room 01 S

8. Cupels 01 Vvery

9. Monarchs 01 Refinery

NEDS 01 Main Stack

Table 1. ZINC PLANT STACKS

ﬁProcess
| Units Process and/or Control NEDS Name
? 21 32. Concentrate Dryer - S02 Monitor 33 (New) (Concentrate
l Dryer
33. Concentrate Silo - (No Control) 19 yer)
from Rail Car
12 )
After H/H Zinc Plant Acid Plant #1) #1 RSTR.-27 18 (Zn Roasting
Scrubber #2 RSTR.-28 Plant
L ESP #3 RSTR.-29 - 5 Roasters
#4 RSTR.-30
. #5 RSTR.-31
After B/H Zinc Plant Acid Plant #2 18
Scrubber & ESP

v01L



36. Roasting Department Conveyor Scrubber 22 #5 Roaster = 3
Roasters 1-4
Each Atid Plant
3.5 Roasters
13 34. #) Wedge Roaster-Scrubber 20 Zinc Dross
39. Melting Department Oross-Baghouse 25 Processing
37. Roaster Dross-Baghouse 23
14 35. Residue Dryer - No Cont.-Temp. 21 Residue Dryer
15 Scrap Furnace Sky Vent ( )
42. Scrap Furnace Scrubber - Not Hooked Up 28
40. #2 Melting Furnace Scrubber 27
4. #3 Melting Furnace Scrubber 26
41A. #3 Melting Furnace Vents ( )
42A. Alloy Furnace ()
16 38. Purification Zinc Baghouse 24 Purification
(Zinc Dust Prep.) Department
17
Table V. PHOSPHATE PLANT STACKS
Process
Units Process and/or Contro) NEDS Name
P.1 44. Aerotec Ammonium Phosphate Reactor 30 Separate PWR
P.2 43. Oryer S.F. - Ammonium Phosphate 29 Separate PWR
P.3 45. 0Doyle Reactor - Phosphoric Acid Reactor K}

Separate PWR

50T
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APPENDIX C

SOURCES LISTED BY SOURCE TYPES AND
SOURCE STRENGTHS
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POINT SOURCES ORDERED BY TOTAL SOURCE STRENGTH
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PASSIVE SOURCES ORDERED BY TOTAL SOURCE STRENGTH PER UNIT AREE
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F1.SSIVE SOURCES ORDERED BY TOTAL SQURCE STRENGTH PER UNIT AREA (CONT.)
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PASSIVE SOURCES ORDERED BY LEAD SOURCE STRENGTH PER UNIT AREA
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PASSIVE SOURCES ORDERED BY LEAD SOURCE STRENGTH PER UNIT ’REA (CONT.)
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PASSIVE SOURCES ORDERED BY CADMIUM SOURCE STRENGTH PER UNIT AREA
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APPENDIX D

FINAL RELATIVE IMPACT ESTIMATIONS
BY QUARTER AND STATION



Variable D

esignations

QKOUNT = s

STATION

1
2
3
4
5
6
7
8
9

AMBPB = 0b
SMLOWX = E
SMMIDX = E
ACTX = Est
PASX = Est
TOTX = Est
FRSMLOW =
FRSMMID =
FRACT =
FRPAS =

tudy quarter (1 = 3/77 . . . 8 = 2/79)

Cataldo
Pinehurst
Smelterville
Silver King
Medical Center
Kellogg City Hall
Osburn

Wallace

Kingston

served Quarterly Lead Mean (uu/m3)

stimated Low Smelter Contribution (ug/m3)

stimated Mid Smelter Contribution (ug/m3)

imated Active Source Contribution (pg/m3)

imated Passive Source Contribution (ug/m3)

imated Quarterly Lead Mean (ug/m3)

Fraction of Estimated Mean Due to Low Smelter Sources

Fraction of Estimated Mean Due to Mid Smelter Sources

Fraction of Estimated Mean Due to Active Sources

Fraction of Estimated Mean Due to Passive Sources

115



QKNUNT =1

SIATION«]

C.v.

VARITANCE

SUN

MEAN

VariLeLt

322693‘5%5
NN OD O Mt N
OVl AP ONO O wery
® 8800 00 0 0
PAMee T OND W\ =
3339m5‘5w’

ORMANNNOOE N
P OO e @ P o
MO OMOMO O
APV OQN~N
T AMO NP e O
O P e DD me N 0N o
MO e mg, Q& OD
QOO0 QemNOO DY

0000000 0Q

OOMr pgmmn.r oM
QNI o NNY
OsrmNne OO0
OTr O OP MDD
OITTMIrNDCr~
OCNNCTOONT T T
NP OOVD O Mo T L
CANOMNMNO T =N D
LRSI I AN

NONONNOMO

VO MO PO
MANN O e ON
PPN G P e LT Dy
¥ Qe FANU
Q=P O N
CETNAY N~ C T
PO F T P ons o ot 17 00
COOO=NO™Con
*e 080 000w

[=1-1-1-1-1-1-1-1-1-}

Oy OO
GG wmem o
ONI M Oromyt &y
O T OP N smom
CLOOC T ST
GLTTVOT LMD
Laal A iTalat [Vl VL g ]
WO Nme Lo N O
6 0 & 4 0 3 " s

CO0Omm=OCOO

OLNOODL=CO

SeeCosa~Ge
R OOwWwM=C O
=ONQONSCNGDO
LI O IR I I N N )

coooCOoCcCT

NP DT MON
DL LY =
Drx gty ,rof~
M D Dempul [ Suey
N TNOT ™" N
R o it % end

P oY LD L T )
T P TN ¥ of = Lo T 5
® 8 8 & % 8 % » s 0

OOV WY

CroUANSC O£
SR~ CAT e
cTrTL LTI
CE1TT IS L 1"
Vit At
=} P FC >
Po\Pee SN 2P WD)
T OMemr Ol DN
. e 8 9 & 0 8 b s
[eY==falaleTohgt ]

BROLC DL O <

L
> Co
azxs -l =

Qe ] 2 \Jeag

-2 VIV at QP A N e b

R D - S S D D Y D S P D D O W G DD WD e

OKOUNT =2

STATION=]

IO et O O N NI
OMONNMONNe@ O
NeaNNON T N D
e 0t 80 b 0 0o
N O OANN
MO OT VT NN

] LT ]

@R N INENO
MAPTISOVDTOOS
PN YR O T o=l
NOCUR OO P~y
VONOOMOILO
NN eal NI O
U OeeNfemOQw 3 -
MOCOO=O000
e o8 &0 a8 0

OCHO000OCO

COPOOTDVIOD
OO Ot DN ome
QTmEP oL ONN
Or=mrDNODO DO
OO DR ONG e~
NT O DMy oM
L DONMONNMD
NN Qe
* " P 82 g0
- O P NN
-

NN A DA P
e & MNP DN o
X COUIreae gy
[l enlaad alaa T B A - ]
PO NT o=t O e
MOOOOMMNNOVO
rOMIP0 ooy =
=CO0OCLOCO

® o 50 00 0>

[~]-1-1l-1~]-1.1.1-]

CTReZ U M T NN
CACAM™E, AT M
MO NG N? O
Or=C =N~
C MmO -Ng
NOO NS P el
DLE 0O NON
Pomei® ML I

NOOOO~COCO

OVIOCSC 009

1)4(07&..«.00
NC=mO QeI
R

OSISVSOCCO0

CTrr T oMM
oo At 2 4

edTH5 v
AV TO)

C.Ut- TR ]S
Py
1
1
[{
1

(U TR R LY ]
Lelbul2447d

A e e

OKOUNT#3 ccmccmcecrecccrcocnmacmcrronrnescor semmacnne caooane— ~rm~ -

) -\
rQ [ -1}
NN My

* 0 06006 00 000
3 i "]
(-2 <

CMNQQOONNOOD
De=MOOMOO0Q
orNnOOoOLN 00

SORUO=QUOO
NODOO-0 00

[ 1-Y-T-T~Y-1-1-T_Y-]

QT OODVOFO0Q
O30 DN~O0
CTHO0IMOOC
QLrMOOT~NOO
OOTOOTMOOO
COVrOONMOOO
N O QOO0
NONOOMNOMOO
DO A A A A

PNOTONNMCO
- - e

NCOOOVIreOO
JeEooonaTroo
QN OC~L L OO0
Ne=rOOmMmLLCO
LI=O0r Qe 00

~00CUCCOOO

[~{=1-1-1-T-7-1-1-]-]

OICCOITraADO
CrmCCHr~CCO
COOCrY TO00
QCOTOOI<LCIO0
COr==OOCUCOO
e COTNOCO
T COCH~mO0
SOAN=OOFmeCO

~O~OC=COCO

ONIOOLUL~OO
QI OC=CNnOO
CLroCcLnreco
CLo OO~ MmOO
MO TSOD
IITOOUNTTO0
OL' wO0Fa SN0 D
—=OANOO™m~I 00
® 4 & 0 ¢ a2 9 b oo

eLCCoCOOCO

SVONC~O0
69 ﬂ OONTMCO

COrOCm1zCO
AT e OO
0. ~O0mTDOO

SleSWTODCO
0 L2 N B B BN Y N B )

QCLOILIVVLILY

6.5 7425000

O 1207% 307
G.OCC 00U

(VN AT F AU
0.GL0I0000
V.70 440485
Goluit¥35A1
G.calbt4617
0.6L00u0U00
0.00MrNINVO

llllllll

= =

- Lo
[ & 29 - -y
WS, ) I
C wda wViImw. .l Q
due WNOuwiea
LUV DVE SV Vg v

S e eceeceecccseeccecccccenseccmcomacmeenua S]AT ONS]

1
|b

- - -
[T 5 Y
Q=] ) Ut
Crwdd = vl
Lad I xsuic
RV e P e b

-y W=

QKDUNT LR e e e e e e e b T L L T T R P S PO O Y

STATIO%N=]

- D - B G TP D L D -y P - YD T A R e W P S D e W S S S P e an o

PN O QO Mee
e Qg O ONMO
_OOVN~OQONR
e e s 0 bt
OP T F PO FMes
[l Lt At -0 o

NQANON= MMl
QIO FM~0r0
O=NNF O
O N OO QDI
T O et NOPPN
MO s\ J T My
TO=OL OO0

OCOOMTIOQO0~.

[=1-Y-1-T-T.7-1-1-[-}

Of~mMniMmr.r OCN
COL M OMIO
OfcmNOPONNS
ON et O D vt 2 X o 0me
OOV r-Cr M
P N @ O =i =
NOJF OO F O™
o QN e @O
® 4 0 900 W e 8
Mot Q @O o= O

Lla’] [ ]

L ATV IS PR T I 1]
FCCOCE N T ol
CINC O L ONm
Lo -a-3 2= dad 3l
NeowPeC O O T weon
CENIOC =M
COA mi Mol =0
CLOOm=mOOO0
2 6% 0 g0 2 » 0 s

0000000009

OC =, CenpOf~mMm
Cr oM. OO0
CONe=E NOMNOM
oV OOET MO
COT JF ey
Crar-rnooTor
NP pa N GNP P
Mol Ao oo 2 NE
S a ¢ 0 q 000 0

=T CNNOCOD

CCLOOV +Oo0O
SNCOSEND00

00]002(000

SODTCOOODO

SNIAIORTOMNN
QU T OANT O Lo
DTN CION
CNFLCINLONE
L= TDLrOCDOT
TE>=OPIrA">
LTINS T O
NO=T S ROMUOM
RN I TP I T Y

LR A TE SRS &1 & J=2e 0 }

=2y T T A~
S 3 Nemm PO P
I me T T O
TSRl ENSN
TN TmrTALY
SN T~y
PeLNdm =Dl P
[aP=Rat=T T L SRt 4
¢ e 0 o 0 0 0 0 0

PTCO0=D 20D

L Loaaial alos Lol oa B ol |

Nl BN N
b ¥
o C o
L3P XN I

Gmwa L3\t
- IV A
1 ava S A g
L 32 L T8 Wl VR Vipvey

16



IKOQUNT =5
MAX [4iM
VALUF

STATION=1]

MINTVUN
VALUF

c .v.

VAR JANCE

SUM

A

VAR LAKLE

PP P ON R

ANOQ=NQMO

OWNLOVNO=OD

A EEEEEERENE]

NF=QN MO m Mee

OANDONNNOR
-y

DM Qe O QMM
[ Al le L Tagl- 1 W 2 IV, )
OMI T ANIMU P
T ONI O e

PO APe Ny
X T F e ety
QOIONIVQQ
8 & 8 084
[-X-T-1-1-Y7-1-1-T-Y-

PN\ P PN PN D
DHOTN =T oM
COAUIO~ IS
OO X O
P NP ONMID Oem
ST ININLON
Nes PP OO D Q=N
o -1 -L Lot P T
o 8 0 ¢ 3 0 6 s 00
Nemrey O MNNNG
—ry e

OO T NN
NEND T O NN
O v o € M\ oo mn o P
L3 -Lnatindd ¥ 4
LSOOI
NPT O
MO eeme § OU N
COOCCOCO00

e o0 0 0 s 00

0000000000

=QENOITV M
Lalat- " o =T AN L g¥X 4
O AMO
CV FOQO=OMON

o o=l PP g O A
T =T NSO MNP
® 0o 0 8 8 8 0 0 0 g

OCOO=NOOCO

OCOS0OTO0S

MO T ONERE
LTS Sy O
WGP CODLM=NT L
!t.lrur)f.lb.lJ
Py 20r L Zdadad - X 24
O TN, Dy
P TN ey
CTI T o v
o 8 & 0 0 ¢ 9 0 4 0

UOLOVI0wIwWwO

0.20 11537
(AL YU LR E ]
0.0, 1169
0. 1012 { ing
0.6117>709
VU4 19456)
QLG V40
C.6T71972 40
S T RULYS
0.312 025

QLT VL i~
LaTa i 1T, VTN T e YA

23

» P
-2 ¥ - X =
Qe md i
T dd =VIimANGY
A wMidur 14
NN QG e i

QKOQUNT 96 ~remcmcmcccccccccccmccancarcecoemr e oo ———e®e-e e oo -

e e e e e e e ccceccmmm e e a o oo STATIONS)

OMNO DN O D
DO OOt
FrONOMNyMN -
S 0600000000
[ E il alallalal dod
’65‘762\136
Lol mm

OV TCMNANND
NPT DDLIDMND
NONIL DI OO N
- Lo 2l Tond =~ L alanl ool -]
L N mafn P ™
o (A P S\ P

Y wOmmNO %
VRDOQA~DDOD

¢ s 0 ¢ 00 5 000

-7-1-1-1-Y-T-1-1-1-]

ol adeal--1- b -1l 4
M Denfewtny(hr-3 0
[l A ==L & l- o dad
OMem PO PP~
MO0 OONODNMN
OP NN~ & O
COL V=L N~
MOy Chefe
s 0 e 00 s 00
=N ONMMOO
- = - N

CONS MC =~ MO
AN O PeT P D
.2 mea@ VI NO
LI e o F ey
smem T Cul (A C omt
2 gak Tal X dodad- o
NC = GO\ moe
—LOSCOCCO0

OOLCO0OO000

& OO N\ O NN
Pt e N R e~
€ P AT O s N
ALOoONTVL L~
[k X =1LV LT ¥
CCre Lo SN
e D Cum ™ T A
ENF N OmT. M

NO=OO~=QOO00
CINnNOCHMNOD
Pr=QOTIT, O
T COCLLNCO
TSRS IODFMET OO
NLFPDIDNETIOD
NS LODE ¥ nTO
Pafd ORI IO
CCm=DOCeTMOD
¢ 0 s 8 0 0 90 8 s
STTICO0COTO
G =AM RT LN
QAL INCOT O
DIemMirag, JN
-, MNP TN T
TSI LS
P e N LT " Oms
S Te INENT SO
-DTemT Cmn e
*® 0 8 & 6 & 0 0 s ®
(FIS TSR PR I I

[ R £ BLDY
Goalt 19007
Golte D Vi
0.0 1215124
Vi 337 1V 3A
Vet 46 16 2A
C.l210045%]
(O R LY )
[V e [ B g 1Y
v.0z77126171

-

- w
c.4C -d -
QG mg ) I
3 widl =Vimvviga
i wsaNlauvaa
VIV AL uh "k e o

QKNUNT T cccccmcccenccccccccceccererancmmemcanaecacenaannneeae =

STATION=)

——— . T W S P A - P W S e W e e WD R W TR A D e e

D NNNINY S
& D OVMBO G
QNN ODNO
o0 00 0 80 00
magsz"."

O e ONNN O

tvton AT o NN

A O & NP PN O e
CONOTTNOIN
Lo VX A \Or A
(=TT T &l ad abd
NP O AN E =y
CRrLreOmON A
Se Ol ONOM
MO LO=NOOI0
¢ 0 00 0000 40

COCUO0=0000

MM GO e
Ll e b Lt Sd
QG P Poem TO AP
=g DO=LOr~COet
P = QNI N
Pt on (M F ONNT
NO NPT MNOND
ORI
OMNO QMMM eaQen
- e N N

EMNINE PNT O
A OO T A=
=L T S
TONSIOTNAONEO
CC mte SO
Lt dadaalal - dad-1=1"3
NS Peofe .OF anrfy
—CmOCNOCCO

- s 8 00 e g s

00QOO0CO0O0

COLCA V=0t
LV g2 Lo ol ST ]
s Ll Tai=1. 4 2
g e T e, T
LSO Fom g N
FroTeOIT SN
(42X Al Sadal 3 dad
LaadY ot N - L T L ]
o 8 o 5 0 0 2 s ® 0

N Ce= 00000

M OO 0200

Pl OO0
T,LOSVT 2O
~LLSST~NCO
4 TAQCOLTIDQ
DTASTNVNCAID
® % 9 9 0 8 0 2 0
ccosceccooTe

Pl 241207)
Co ltathtndney
Golol 111V ] 0N
S PEELETN |
| I AN S AT
DR EPARE TN
[ ¥ ERR PreH
N Cinllede.
(LA I00Y

CLH s

1 e Py, e P ,'7 P P
LA TR L T

kl

> ~—

3 3] —X =t
T wmmx) y Ua
Q T =Vt IO
A3 s unCavuwa
LA 1L Y- WV v Y

T e I LI LA L A 0

QKNUNT#8 =vececcccccrccmcnccnncnecsceccsrrr et caccaccccocnneanaenas

et S st D F Nome
et Or O S NNDM
MO DO NP e ol
.....-..‘02‘
Py OD O

ONAD T NOP

P GNN PO v
NP~ ON
NV ODNT O~e
e OreAN L IEN
03796“53“”
- QN O
WOIMCNObOS
[-T-1-I-R T V- 1.}~
o 2 8 90 000 0 0

000000000

& O T PG AP
Or=N O oD DM
NOmOf O NO =y
CD~TNFFONS T
-OOOTLNTNDr
ONCAONgMNr=M
O s P UTON
5*063“7695
% o 0 8 ¢ 0 8
529?59?010
-y e s

VNN OO O Mo
OO TN £ Jorum
I CNrIMNOO
NETLTT X =T N
ONP=re Qv O T
FPOUN T 3 o O
BONeE O o o
CCUCC~C OO0

QOO0 0CO000

Ll - latad ol ol =T oL 4
bt aat dad S 1)
COCNICY =0
K = PP Pt Py ey
TS T
CLEMempCCn
TCr.OoNn~0 OO0~
A T ToaT - X 5 £a¥.
s 6 060 8 0 % v e g

CCOOm=COOCO

DTCIFOoOONTNOO
CcC SOT~CNED
el 2CHI SO0
D e DT™T 0D
ﬂ.ln;n;OlllUO

TLI0OWT <« OO0
071006?A00
CS=25~0000
*® & 8 9% o 5 0 0 0 9

CoCSOCTTCO

LAl dalrl B L1 o
W C e -TOLMy
TE=TASCM=S -
NS S veLorm
S emNS e AD DA
NP DOOT *eary
T T T N S
e L DN
LA IR A )

O wIIVIVOD

e ) e LR

Tt el e
S LIS SO
feis® =L mem I PP
LI R R S N
TeoI0==32CD

- =
G ommm s o )L
3 Ny W
Qiduniuaaw
-y C.L.D'l-""

117



QKOUNT =}

STATION=2

C.v

VARIANCE

SUH

METANY

VAR 210 E

OTVOLOT* O
VOO OTINOQ
OO LOO I WO
"WML OA.003 0m
CIIOTLOIUC O
CTIOON=MOp
MU LOLMOOQ
=ONOOMODOQ
o e 0 0 o st 9

NOOOO~=OOO0

QO IFr=Of~ WO
OMe=QOFS—Or
OMITOOOTTVY
O r=Oeup = J QM
OO =g OoMmMOO
NZNO O IOr
DM I OB MO
OO0 TTOmMm
e 5 & 5 0 90 0 00
et~ OO ONOMOQ
-

COMOIIODON
CPDTONDOLOOT
PN=QOLN~CD
ECCOrRMAT Ome
COT ODMP O
CO=C OO
TS C Cmmemy Co,
G mnnCCCO

[-1-1-1-1-1-7=1-]-1-]

CMOO™Nm Qs
CmaOToOmMnca
CLTOTOr=OS
C = QO Nm=CO M
COVMOO NN O on
MOECQOOU-NON
ELON e~ O0
~OITOMNTON

TONOOMOOOO

SCOMOOT=—NOO

OCOO0O0OL OC

MOTONS DNEN
QI T=OTNIO Y
-rNDLLL IO
TOAITOQ,DIGO
~OIONL=OC O
N IO T™
O CONW J==DT
FONEL cmC—=OD
® 8 O ¥ 5 8 & 4 © @
_VC I s

QL P T =TS
G Syax o
CreOmIn IO~
QSN TANLAD
KR SRl W I sk gl 4
R
il D ow L o I
CIr g ey e S
4 % # o 0 8 5 0 00
NG D CmD Do

VAW AP Wy

o

£

» 3¢ =
g 1] - ) -
QACmx™xl I wa
Sk 3 NN @]
LAl ve(Clcuuua
NN al Qe e b e

4

D . S P D D T D W S D S WD S D D D P dn A D S P D W

QKOUNT =2

STATION=2

x

N MM ©
Ooa NOM O
e 00 00 80 8 00
QO QOMT o
ey N \n

- -

TOCO™mDONIOT
T O MOMeenNemO P
L MEONNTJTO =
AL OMN=TO O
NP O\ mmNO ™M
P LANOOO=e=D T
AL ONOO O~
CO= D0

[A=1-T 1~1-1-T-1-1-]

OO OONOVOOVT
Qe rOFeOMO O
LNy SO D
OO MO ~Or
LQNINO O Dem~O O
C=NnOMOR0O0
SO QP ONO T
L - T Yo PoTaT o
& 00 3 & s 28

OND QeSO
[N 4 L]

MON O N O
VLSO O
NC=C NI =Gl
G L O OO
Tr=CMos s Ca
CSE O PemmCh
Ol CInemmCm
Lm0

[~1-T-1-T-1o]-]-T-1.]

OO mOoOom
CICCTmCmCO
CMr-C X M mmOyW
ONECT LT O
QNVFE O N O O
TSSO Nes O
DUEDTOCSOSCOO
CLrCmMmracom

NO‘OOZOOOO

DCOCI0OCOD

T ODOMI DD
TH = S O
NS O™ SO
PRI X INT I
T4 DNemA,NO X
N C el LSO
TS T TNCO~
Lom o et e
s 5 & 8 0 08 0
NS QWL VS

021 000)
L2452
et P29
ORUARIVH I )

&
0
0

CBCOQIVSCD

o D s S ot e gt it iy s

-—

> P
I T -l
AC x> m g ) W
E wed sl il teln
LAdwaliduaaa
Lo LAl 2L YO Vv

OKOUNT 23 cmcocccmcmcccecsacccecrcmccrememcronurmmascccaneon-

et T TIPSR, § S 8 1) [T PP

iy O
Nl A onr

s ¢ 000 000
ey ol L]
D00 [,

NN=OQONNNO O
OMOOCOmMOO
OO «COOMMmO0O
nwNDOOA T OO0
~JFMOOS NNOO
MAr~00TLDO000
OF w00 I0000
SONODINITOD

LI B I N TR I I N )

[l-J-71-J-T-1-1-1.Y.]

COFrQOONOCOO
OMCQIOMI =0
CrIOIrmMO20
SMAMOO VDO
QU OOIa ~O0
e O0M~I OO
Pt DO O m~=L OO
N ONOO=00 0

OMNO 0N OO
M o -

OMmOOOLLOO
NOVOONmemOO
N8 MHCOMMOO
=P QONCCOO0
TCmOOLC~~CO

[-1=T-]-1-]-1-1-T.1-]

[¢]
7
0
0
0
H
0s
308

—rrCoOmMAIOC

r~rOFOOTCOoO00

cIOCCCORCO

393

Y

CedILTN27 M
Ve l22 V00612
C.T%3¥72%a1)
Co000UN00
V. 6O0OCGOY

0.9l
L UD0VL000

Cou %t

L |':‘:\ it}
»
C.u0GOTLOD

;OIS DEMTSD
e Te s O
NE PO G~
LR A A T )
[ sl S gl
LR Bl L el
LoD LD e =D
(oL T R I T R4 &)
e 2 s 8 0% 5t 00
L= w WD

o gy e gt gt S s s S
gy S ot ) i g ot s Sy

L
- -
Co %o
P AL I I REL )
£ d) PV Vgl
Io2dwNilodauaa
WYV L e P Ve vl by vl

- ) v

QUOUNT 24 ccccccrmcrmc o cccacnr cnrr o crcrrn e e r e oanonwnmeas e

it T TSRS SISRIISISUNY § S § T: TP

ONY N

~D_ mMmr~QJr

5
. Q
OO N
N~ OO0 ©
nor I IN w

AN = O QPO
NOVON N DO D
OO NO~OV
MI O ONNNOO
AL NONOm MO
VR FOremie NOM
D OO FONOM
MO NOONI000
2 00 60 00 b ¢

[-Y-T-I-1-T-1-1-1-T-}

CHNNOMAPOVNON
O o0NT~S00
OO0 LOMOON
COHNONP-OCO0
OWOO O~ NOM
=IO EOITMmeNON
L MO MO OO
CXCOMN=NOmM
* e 00 00 o
MONOC OTNOV
~N N m e

VN O NN eaPe O ot
rNOOOTMIOo®

CEANCreemNg OL
_IPACSOM~ o
AN T SN om
=L oUW —~0000

0000000000

oOMMoILSNTOR
CAZOMONOON
CNICr DU T C e
Ol FO=mOOIT O
DL OCY ML OO0
COICN T OXC
rTOOLCTITITmON

mZ CTT mITXOLC

ANC~OOMmC OO0

“ocuen
waQ g
Ques?
00000
)0000
14494
13ung
16990

000000

000000

~ANOQCT
CICO0OC—~CO
—-CANCCUDrOQ
9 8 8 03 ¢ s e

QOCCCOIO00

R
Car et} in

CouH204160
056231}

sl

UL QA0 Cuv0

CoclT61 34
C.1171144%20

u.uQa39Cc0ond
C.16G446 24060

G, 7135%% 4100
(.0

ot

) ITO0

SIITIEIITY
L N A TS W Y, 9
]
» =
L oL -t X N

LConax) 2 U
ddd vV N
didd vlnuaau
i ond QP e b bbb

118



QKOUNT =5

"STATIONs?2

MEtIMUM

C.V'

VARIANCE

sum

VALUF

MEAN

vaRilabLE

TER
oma

g am
NP

VODON=NCOR
CATCOCTVNOM
NINOPLORO
TRECOMrPNG O
"OMOONSOOMN
ROVONNT>O™M
FOMO JF ot O
e OOV OO0
s 000 00000

[l = -I-T-T~1-1-T.Y-]

OMea O M= N OM
OO T MNOM
~NSOL RN ON
CO=OOD=IQs
MNP O NN OO
NOQO TP HVO™
C& VOV D=O0
0980089707
8 0 8 " 0 P s

k280707803
Ny T e

WremOANTOOM
NG OOy OO
TAOONNNDC Y
TO=CAITL COT
TORmOT OX=QM
NSO 3 LOm
CrOmMm—ar.Civ
COCOC~=CCLO
® % 0% 0 8 0 9 s 0

0000000000

CITPACON=T OO
N COITHLPOL
TaNOTNCANCE
=GP OMO OO0

3370776504

LI N A ]

Nem=OONCOO00

000v000
0¢IG000

0.1
0.0
0.2
0.0
000
0.4
0.0
0.1
0.0
0.0

AR DM O
MOT O L™~
SINCO T =0
Pl mNATYN
ANL S OA, L b Do
—r—y DT L SC~
P OD S M > Do
SO D=
® & ¢ v 3 s 8 s N

La=1 =1 PR TP A

20

[ &

et J =1
W m) ).
= Vo N A Y
Lo e 1 =17 SV QY

»
x
(=]
ced

3
ViV (o ™ b b W

‘.\QC pa
Skminy

QKOUNT 86 —===-oc-ceccccmmranceccccn e e m e e me————

STATIONSs?2

- " -~ ——— - D e D e A DS WP W e e S an A e

RPN NI~
MR DN
e s 0800
M= OPorg
OND MDiNee
oo ~

339.37

OKNUNT 87 =mcccecmcccccncmcmcccccesccnrar ceacrenaneeneceeasennne e e

MNP ONC S OON
MO ONONO D
LOCC UNFLOO
QP Or=Z FOON
EANOT G eOr
CAPDLrNION
GO QUmemOO
BNT2ONOO0D0
e 8 0 0 9 s 060 00

BO=OONOOOO

N TONITOMON
L =OMMOLOOMN
PP NDOrMON
AR ONQIL™OT
DINOT PP =OM
Tl OT OO
PO mMUEOv
36(0697306
e 0 0 0 5 8 0 0

09)0036900
~ m & -

VW= O FMNG One
TS ONTINDOM
CMmC h MO Co
TmOoO0O0T O
MO OO ey Fe O
COLCChANMmON
TS FOe=C ONC
C.ONQUNOCDO
o & o & " o 00 00

COOOoOO0OCOO

Ll dad =2l Tl -t
L a- ST g Xl ol ~1 o]
GO CLommr oGS
PG Om Qe M~
RS«O)?0|07
ONPOLCITAOM
e Ol a e onr
-\ LT CnN

V.065%4909¢

NEZD) LommOw
T e L yemDT
* 8 o 8 g 0 9 " 0 8
LTl PTS L P LN )

TP P
—— T TN~
LB PR - S legd
Bl e Tl P
LTINS Y
Bl A A adiC Al
L FDNl TS~
AT Y, reeatei
« 0 s 8 2 0 g 408
N a0
[l ST BTN R o)
NN AN AT N A

2

- o - -
[ i X -t =
A=) L«
8 d T = NEAVILl
e d WK wu X
VIV QP e b e

e eecemme et et cccecacnmmeseccenccenceca—e STA]1ONs?

TN ONDO =
PN PN ©
YRR RN
OO0 mNSC M
mGt ONTm O
P L Y ] L 4
OMEODV=QsrOD
=S ONL ™ mCT
CMTONUQOLOY
MATMAOTOOO00D

Gl L SO=Q0C0
P L DI N0020
o 02 o8 0 0 0 08

75500”0000

rrCONNG IOV
DIIONDOTO
TALSITOOIOV
NOLOMNO~ 0N
ITNIODVOMOse
L LON~OrOT
ANTIOT PVO00
L0 CcOrOnN
8 0 ¢ 0% 0 0 0
TCPrOOm=IOO
Lala 1 LB

O OEMOMO
FreeCyrrrerCO
TCOOCONOCM
IANITCTLOONCH™
CCACSFKrOraOvw
CrADM QDM
LTCO L me=C O
Cde SCOCOQOCL
S 6 % 8 0 ® s g s

CO0QOOO0000CO

~ECC Iyl
rerocer~aCO
cCcnCcCanNrCO
NS OO~ OION
JOANTONrCD
==L NEACO
LT LIC~
Tl OMNANI IO~
® 8 o & g 8 g ¢ 0

-l-l-l..uo.’oo oC

g — oy

755
17067
23
00
00

0¢24]

1061
G.ASTTY 04
0. 00030000

n,0:

0.1
0.00000000
0.74¢6%210
0.131%141¢
G.N0C0ON
0.000060

v, 501297

-
4

T-9l et
AFTI9T0)
SNH66010
C. 00000600
.02 39610

3l
teRa1D

(.¢CO0NGCOoD
Counall 6
. 17391997

C.0M4-74%9

Cou

R L)

MR )

PR RN LY
el . -2 A
2.0t

(VNP Re MATART §
.G 114407
QCLLIT0%8 22
IS RIS S
NIRRT

[(IRATHER LapP

[ TIPS

bl ol Y VT Y Y
[CL Y N Y LN

-
:

PN LA d e a
TV Al e ™ e b e e

LA R R e L L L L T T P iy ppp——

QXNUNT =8

STATION=2

TEOACQPRMO0.
~ACOSTO~00
O ONMOOOD
IR POL T O0OL
oM O Memrnl O
TSSO OMLnOD
©h oGl LONON
MONVOOLOOD0
e 0 s 0 9 8 @0 0

00000000

NONOPrONOO
NP OMM OO
-l DLOP N0~
WVQONOMNOM
IO T O rO0
MELAD OO0 N
NG QP DO
¢ LOCOO=OD
0 o 84 8 8 o
T J0PNNO S
—enpy g -

N OO ONNT OF
mIeOVrTrnOV
et C LT PO
CrLOoTOCCNOO
ASCOC O=vOm

—~QmmOC~=0000

COCO0O00000

Ao C - O
T=rOLetC™mMOC
oo C—r~inOa

FANCETNC O
rOICTTILOO

* s s 0 0 5 080 0 0

et , TCO0O00

TEMOOLTYY OO

PANDOLw SO0
O 20 PCNO0O
" ® 0% s v 90 s 8

VOTTSCCODD

=T RASTIVON

LTSN NUT
TONNT S Lo O
T2TSNLANCOD
TS ST O~
e o 4T OemD e
e e e 0 00
VLo 0Dl vilw
P, CI =N~
TSI e~
i LS ST
—- e A e N
Vet e AlON
e A3
e w3l INI oL
MDA e
e % 8 a2 s 0 g8 g 8
- 2 IO IO

Srwwdedwws
CurninPe Nty ™ Wy

3
= C=
- - I =y
Comemtmxd) o
ot 3 e Vmuiviaq.
LI N dwal
LEL2L Y- W IV PgVipry

l"l ra

119



QKOUNT a)

STATION=3

L R B

VaLut
« 16400GO00
<uag Ir28

C.Y.

VARTANCE

SUM

CA

N

VAR jACLE

QONFONNDSO
D™ DDA O
OO ONOMMN
¢ o ¢ 00 000
MO T M AN &
VPrMO PV =DO

-0 gy -t

oot Qe Q et @
O\ e i, AN
Lol Lot AN a3 4 ot ol
DNE O OMNP=r,
FOOI MmO L D
LCOH™PIINLOS
TRV OO OO
MPOQO=NOmOO
20 v s 00 s 0
Ba’oo.’oooo

O T et g s ON
O =MW O
OTOm N O DYT
(= LT TV LV AT
Qe 0 O et
MO MNCINT N
Vet PO Ny
TONEOMMOOWN
*e v 0000000
- T ONOMANOO
-t ~ .

OO M~ DOT
AN MINOT N
L= OANMT E S
[ - =240l
L O P=mmANG T
JOTCIEIlr e
e G =04
0 G OeapueenyC
® 2 2 a " 9 s o

~QO00OTO0O0

CANOM=O YOO
OUNNEQ Peeefeg M
QCreCv Lo
O=Pr Q=0 QIO
CIrIsreocCcyo
L ONOT=L O
bRt ol - R ~olV ol T g P
LMo LM TCN
® %8 00000 0

NNNCOV0000
-y

<DCOI0000
. 00000¢00
. 40000000
O, 639592
. 000006000
.60CO0CGO0

16343124
8.0000C0ﬂ0

1
o
1]
(!
0

[

MO T OO

¢ <
F-2a-1 2 25 da Dl ¢
AT A C T -
QT L e~ 2T
* o 8 0 g 0 90 g0
T oo Q% <

CLLICICTw VW

liwvudCusax
LRLAL WO PN

OKOWNT 22 =emccerrccceccaccecrencenmtecececrconana—rreoaree——e— e

e e £8 BT LT

E gl U L - -1 1Y
T\ ot s Pent N P O
e F N MO M PN
s 0088000
mng Paes O\ F N OGN
TSNS NO~D

[ 2 T o=

WO Fom FNIN DN
il L aloa LT Tk o]
q e QN OL S
WNDPMe L OO
CreteDrenOrCIN
7 ANOICT & I M

MLNDONCDOD
® s 0020 00 0 0
TCMOOOMOO00
T o -

OMP RO IV
Oemfe=Qfere £ N
DI ODNIINTN
OCOMN O el L ety
QT DM Ayt O
mOMAOL L N=D
OndenmoMnne
SOt o Dot Q T
» 0 0 % 0 0 a0 b
PP e, OO
My -]

-

N e AON O O MO
CO PN NOT -
OL =D L N O T
= CSUN Ot PN OO
Cd mIONOT WG
~OEAS OO0 T
LG Lt D =2
=GOl LULO
o e 8 % g0 p ¢ b

=QOOQO0QOCO

OLM NI LOVXTN
CvvweC e rmCMmey
Sy LU Cmot
Cml @ vy QT
OLm I OO
SOL IO NS Cem™
QP LT C T
WS T ey
® » 5 % 2t a0 e

LCommCON~C OO
N —

0. 000000
0.1aln0195
V. Co000000
0,00006000 .
0.C0030000
JEEST N4k
e/ IVLAG
LD TR TR
« 0000000
«+ 00000000

(¢]
4]
0
Q
0

DmIrN D PNNO
FO A=l SRS
O Gy Cm TS
LND D e
WD -~
DeArSsNT S
[RRST L Y
Ssme—l . .CO
® o0 3 00 00 00
LS DA YR Tog PRIW-BITH ]

T ™A N sp o
VrlovT o=’ 2
Nl ST o2
- tmas, A
D T 4
i e D
Ll SR A
[ IR TT RPN ST
L R A A N
=N T LTLD

......

L

- m (Y
[ X -] =N
A(ewwanl U9
C dd = s
IR I Irary. 3
WVl O™ s e

QKOAUNT 23 comcmccrccncccsssrccrr rcrca e rn crcr s e r rr s s s s ccrr e e oo =

W - - = S W W . -

STATION=D

Mmoo
NN -
oo

RN
O .
(=12 4
=

N=J000C VW00
VOO OMrAACO
MNAOOW” ™00
TNOOOIWE OO
NT S OO SO0
ARQOO T OVOO
PFTLOON OO
BD=mOOL TR0
s & v & % 2 06 0 0 8
”3‘0060000

O~ rO0~00Q0
O™ O0ONOQ
Qe OO Qe L, VO
OMIQIrrNOO
OO0~ 00
NP 00RX =00
VNGO NMCE DO
CHM OOk QD
s 6 60 0 0 0 a0
OOMOOMODOO
st <9

=t

NIMmOODCOOO
SN OO OO0
MONCOow ot CO
I OO ¢ OO0
—mey CONI OO

LI NLOCCCOO

ANOOOOQO0CO

QX TOOVTNOOQ
CLyr COITI=CO

OCLF COmeCCO .

CcOLOCOU VO
ocCoCCaveoe
Tt OO0mNGO0
voOSCOoOoOOwoo
EPFTO D=0

COoIroco0000
[} ]

L S C o= OO

!
1
U
¢
4
(
C
C
¢

1.973v)15g)
2.8 203\
[N LIRD LTy

Gl 0V 33
Gl e 2T

INCLOP R & |

Cot'enNfafs )y
GO0 ol 00N

Tolefradyy
C.CuYn0y

Y e TRl AN
g S P SR S el S S

€

- -
[T ¥ -l e
Clemwm x) 4 wd
L dd =l NG,
dadWBnl s
alVIV. Al o P i b b b

QROUNT 08 commcrcanc e cm oo cwcrra e n ot er e oo e oo w e e e ene e

ettt D e - 1 1 3 8 LLII'TE

859”553255
I NCNDO ON
mONT O MO N
AR RN
[l Ddland L el o)
VP ONO T W e

oy Ll ]

CONCIrFreng
NOT OO D=N=O
N2 RV Tl VL
O NN M b
& Fee O N0

MDD 2000

N=OO00=0000

OLTNOOYMOMY
CTnNA-NIO DD
DT DN Ay
CONTDreODD
OV BT Venrom
M O DO Ny
VT ON IO DM
CAnomnmomey
0 0% 38009000
T I N=rO00ODMm
[ <Dl ] Proem o

OODTMN Oy
SETTNT MO PP
LN =G
CEI T OrOTmm
reFaNCTF rT®
~TLTCTINTO
LCCACLITOMm
T OO LANCOLOO
® 902 0088 g0

QOOOO00000

oS eI sS I~
CTCLOS i1
CVCC I ATTO
CUNTEOT ST
SO NVNE LmMOO
CT~EA TLC D
C M=o I N O e
U PG ol & Pty

. 00006000
GU
&4
0

1.7%H
'y
3
2
5

Rtk REE P
I et Ladie |
WL ITAT IO

a0 888 308 000
Fmtem o0 NLSCD

A

(S TR S
‘w wly el W Recuryfy

A
- -
[ S 2 -l

b Y ) Jey
-l eIy
3di)wnllaibuid o
AUNVIN L "y e by

120



QKOWNT =5

STATION=3

C.¥e

VAR LANCE

suM

AN

VEKTAGLE

POQR MO D S o
P OCGRNONI~ N
NGOV \N==O N
R EE I
Orm =N OIN
D= QUND JF T e

—— vt

F O P O o P N ot
PN NN O O OGN
TOLOMITAINDI
NOMPRNOY M J e
NO=NOT O v
Ly el =L t- 2
TOVL=L L reOn
~OMQO~000D
¢ 0% 960000

M OOO=O00Q0

T IWVOOIFOONM
WO~ PO MmD
“ONOP T INOO
COCMOTTMAymN
WA o0
QOO DN O™
CITNAQU O Mr=
g P O NN (T ot Po v
® o 8 8 4 0 " 0 00
DTN =N = O
L-1 2l Do

DT PO FOO M
L Smi-al A d a5 Saud 2l d
FONONT e NN
L=l Al A Doy
COTRE=rgud
N 2O SOOI
[t 2o A A "2 4
A=A COCO
« 8 @ v v g 0 9 v s

[=]-1-T-Y-1~1-T~]-]-]

[l - T4 p¥- XV LTa R 4.
NRC=OMemac
e tNT OO L AN
VDL OTNCTMN
Lol akagd 2T 2]
AT IE TNO
SN NS O
FNONO T O o=
« 0 2 4 00 8 b

TrmOOLroO00

.
.
-
.
.
-

0,3C0u0000

OIONROIV O
Ll £ ek -l Aedaiyi
(ol £ 1 8 -T2k i
Ll 4T3 el VTS o |
_-FCTSTOIND
SO TLTNS -
e Tem N TN
P 2000 TR APl o IR o SE SO
LI N N I T I |
D et D D 1D

13478 44,
0.37°09596)
2.911026¢.

'~l.l1|l:‘;

2.41111430)
Jo%6Aan]6 LS
[VIRLY 2% BT ALTN
Ue2 Ay VET
O (251 14
Coluluionh

(UM

0.

e A T e -

QKOUNT 28 ccrcccccrccccccccccscccracnrsecrcrcrmererecncn e e =

e 3 TR T L N TS

OO ONR NG
MO NSO OM
QO @ SN =D
e s 008000 0
[ L2 -L-T-F-T1-J
Petymmemea Gy OOM

s (V) )

NNATINOOM T ™M
NNQA PO
NG @O OO
rPEMACDOONYT
JOZZSb%WWW
LmO O e

NOL DT MOW
IT e DONm=I0
S s e 00 g 0’0 s

MOO0O0IDOO00
Now

NI MO IFNONCH
MEMOOMmD I N
- Llad ok dak ¥
ONIreetePOON
MONORF~ONO
QOO O N,
VTN TOTN
MO memMmROM
s e e e s 880 b
N OO O0
OPmom Ch e

-

PPN = O
~FOLCHEC OO0 s
Lkl ol oL Tl Lol
Lot 10 Sadaal 22 )
B AT AT, V.Y W]
=T NO=OOOE
MCLrCArr~-Ce
CC=CCY SO0

QOO0O00CO0O00

CNRPeONO L L
T INAMLECAT O
~ A OOq T
O FerePed OUO ™M
QO oDl
TS PO TN
T OOCLNON=E
e CTmea O
o & 8 @ » & 0 5 00O
,IADOLP=DCO
e -

CmO00¢ OO0

=00 I =000
AR

COoCSSCcOZlC

P QN D DD
e QL e PO
I At S A
AR e - danl *4
=2k S Sal e g A
Tl TSN
KE L T Tl ol t o 1o ¥ 4
W NT S mI*NS D
o s 8 ¢ ¢ 0 0 % 00
P PRI N T S S 4

ot TTTYLO
S LLT DD\
IR N Rl A
F."f o= ™™
b Sotol Sl Sader T
IR NP iy
B - S Sem
A LSS m DO
L R A A )
D D Y i e -1

Ml acamea o w il
P NN fe N\ Pa N

-

" - o
[ B XN -t 3 -0
AiL=Aauw) dwa
Gowdd e UQ
D hd N TR
TR AL T g TN

—n

QKOQUNT 7

STATION=)

. - D D e = D T D R D - -

OO0 OD=®NN
NN F DI g M
DNDD VO =P
a8 000 0 o‘h
NS POT INP
P~y O T OECR
- NN N

VL NOQr NP OT
(el S A ad ol =1 3l
&, L wn o, o
Pl WA OO M
Flnd X -Likad tod 10
ST STV O
P ONed L CO
Ualadd=12-ol-%-1-1-]
@ s 008 90 s

SZOOONMOO0O
=t -

Qe PN Q O M
BP0 NTND
OONNSOMC M
NDONANAORD
M ONE PO
OO QO OND
MNP d m TSP
-l J OV DO MOAm
e s 0 st 00 00
O oy O=ZNNOO
~NE™ ————

- -

COITDLBOONT
At TP LT
[~ ol N-R A 4o 4
—~COLPOTC MG
(- & ST g ol
TICTC FromSte
oL =N IWCO
reL=SO~CUCO
9 6 090 0 00 v

0000000000

CIrIaecT OO
MY et C PO
P e ACJ S
SxoovvECran

— Ld
MO COC=0CO
U RDVOAOCO
wdwlCd P CCO
NSV~ CTC
SN T VT AT OO0
rCOCONeDO
A QOCNICIO
CNODCA=DZC
% o b 8 4 s s
SOS-2T=ODCC
L-Dalad- Lol alle g t-giX 4
CE ey LS
L I el i la
PO RN TR P
L3R A R L T -
e d LAl e
L N 2 akia Rgl
N -t NS D
& s o 8 0 0 % o
LA RS RUESY o I~ ] S

e 2 tdiiel A -

Nl die ol g\ s

h ¥

-~ o« [
[ ¥4 - T -
CAY Al 7 EW RO
—d) TSIV €
Aid wSidaa Lt
MY Gl ™ -

L T T R D

STATION-3

0.2Ri44M9990

- - P D e = P P D R W@ -

5828”977%“
POORONM

NONS OB D
So00000 000

[~ E - Tl oLl -TaL)
Oy P FreOme D
O “MIMED™M
QOVP =T LD O™
Vo od QNG P\
DOL O™ LT el
NTO=MCY NOO
Ce=moorooa0Q
o 0 ¢t ® 58 g 0 o

MO OONDOOO

—po e PN OO O
N LromOrrymer D oew
[T W% L LY. ¥,
Pomel, N PO
Pty N QPN =P
O OO0 oM
Q) e Py e P e O N
B OrAPON~ON
06 ¢ 3 0% 00 00
GOOMOO Moty
o T D

[t £ 8- dnd A AP
MO OCNOCT O
L AT T -4 -
-~ CPrmPONY ©
P Ld TCLY M
CITUr TN
PG leMimg O
M OLMOOC O

[~1-Telr1-J=1-1.1-1-}

IO TOONO
[l 3o LS L1 g
K rman O omomminy C P
NC X C MNOMA=
TLLLCTNSOON
Lot Sad Sad BEE Taead]
rreseCYoro
aa ol a1t g
® e 0% 0 2 08 0 ¢

ernCcor~0O00

co
0n
2
~5
00
0000
0000

COmLO

0.13040907

0.0UOgOOOO
9
2
s
0
0
0

cocCcooo0

O ONT T OO
[ Sedindad 2 alad 20
s LS LTINS
N e PO TO
NS o~ rT
FLEFPS DT
fud AINP T g
Vs memyg 0 S
260 4 0 40 g 00
TRl OeCL WL

k3

[ N Y oy o %)
Gl <ndl ) wueg
bowsd =Nl
doediuuaax
WYV, e

121



QKNUNT =1

STATION=4

C.V.

VARIANCE

suM

1M

o

za
-

r

MELN.

N

VaR1ARLE

=mNOCDODMO M
NS ORT I OR
A antad -2 1 -1-1,1- T
* 000000 o0
g FORNOFNMm
L M a2l al M I~ 21

Lol ] Nio=s oy

repepereNLOOO T
Orufetfag DOF=Mm
OARDPNLONOD
NOND e T T TN
QOO L I O Mue
sate\ MW $F COOWN
QO Tt JOM
TOOOMPeem QO wn
e 9 0 80 0 9 0 s
~TOQOROOOO
("4 -

OmTr=P DDy
CmOrF~QOTLOND
OINIOma (I
QRO N N

. O TN MNG

[ Ll hala o
NP P N O N

e AN O N ey
a8 8 600 0 0 g0

 TNOOMOT OO~
r~~ty ~ -

Ladnd 2L b il - N =T -]
WA O e A M Ao
ML NGS T L NO
N S OE =T NP O
NS OO
et sCImerC
NN =y O
T OO Ome
® o 80 0 09 s

Ne=OOO~OO000

QOLNOYT Qe O
COC O™ OO C
cCxn SCOCOCQ
VeV Or~00-
oM@ e OmoOc
TOFPI~CMAO
NPT T OONS Y
NG oo O OO
® ® 2 o b 8 s > 0 0
3'00‘21000
Nor

JFOOOODCOCO

—_- NP O TN L
L T Hb.{c .Vlona

u
J
-.-.-..-
eIOCWICWD D

T LT e D
S P nT e T
CCCQQmI o 3oL
- eTr.TNAN
M N~ N
B UNK L) Jann
TrOCL . SO0
e 0 & 0 @8 s 0 g 0

ANOCT PO D
-

£ -
L ¥ Co=
[ 3 I~ -dd

L 3 } U
[y g LAl {-¥
I Awaliozuwwd
QVIVIRL L e b e A

QKIJUNT 82 ecccccmrcccrerec e e cncre e r e e e e - - - —r— - oo e ees

i D T e I IS S [\ LT3

Mo et O O OOP
MNND FreNO Ny
PeMOMOJ N
e s s et Pt
= ONMNOOMOP
PeNANONNN TG
omtemetpiont  maenN)

OOFCOOMOON
MM DT 3 L
& A Pt N O O
N O M DNCN
FENTONG Moumn
FO P Sy T MND
AINmITNADD
N1l Ld-loloTe ]
® 9868 0% 80 8 8
DNHOOOF 0000
ror~

QWO YOMOWVY
COVErMNOrOX O
OU™~NTE NOTM
OO DM OMOWN
ODVNOTOOND
CCTOCMOW NN
Ll dmcalnd at=datl
VO TO@MTNTN
* o 0 0 0 0 s 00
PO eten N MmO O
90 1]

Lol .y

P omotems MO\ N T P
P ONT N O NN
Ciom XL M s Mo O
P MmO 0Om
CO U r=Mpre L N~
T maryry D et
g M"Y L f 1T, tem
NS QOO OLC
oo " 8 90 8 00

NNOCONROQOO

oONCOINOMOO
ComPe g nCCF
CCo OQCCrva
QNE = N OOMO
S O ND
NEC PO OO
QT Fom OO\ e
PT F L= O 3 e
s % & % o0 0 o 00
CTEO0CT~000
[a o] ~

0.9ARJC0D0

ol Eadat ol st N
VeegpmhLoAXTZ
TSl aVONST
T S e
- e T ey
Lo e ™ om s
RO e, LD
MRS -T L N PN
® ¢ ¢ ® 0 0 0 v

STV LIOD

LTV o - ww

e G D W W W G G e S G D AR M O OP  W EaPa

QKOUNT =3

STATION=4

Qen DO
~NO Py
NNMO Noa g
T8 00000000

o
ON Doty
i d

TVIO0OWOOOO
NP OODOVOO
ONMOOMe & O0
OO OCmNNO0
VO NOOENMOO
TITNODOVI0O
O OO Nme=O0
P eDOOSOC OO
¢ 0 9 0 ¢ 8 08 s
r200Q0000
om

OVOOOLDONOO
oM Od NS OO
OO ODNOMOO
OONOO~nOVO
OOV OO
DOLOCLTOOO
QO R NFOO
NMOOOMUEE SO0
o " &0 0 0 06 0% 00
TNMOONM=OO
rD -]

]

PP OOBINOO

v FCOOTOCQO

N=QOC—~O000

CMMOOMOCOO
cCCLeCcoecxCo

OrrvCOr~Cct 0
=g NOTSC=00
QO Cr~00
NS OQO™CMO0

Py OOONANNTS O
~OorOCMTg D
M SCms fOD
—f PDOCITITD

rb?Ut&llou
o @& & * & 8 & 8
Cﬂ"“}ﬂuuoe

mereDL=IOC
R
St i
e pAAC ST~ -
Rttt Skl
poaem TNt T E
-"oD22ssd2
~rlooErzaR
® o ¢ 0 0 % 3 s 0
=ATTTLTSSC

Ml AL S a MY

e

- e
[ v FA -dd =
QAL =xm)d) 2 Ve
o d I = imviviar g
Lidwuluacewx
UVIVI () bl b bl

3=

< S
[ ¥ -d —-
-l m) O
i Lo PN e A YISO
LLIWSNCuwwuu
AWV AL G ™l Ay e bl

QKOUNT 24 coccccmncncccnacrrcccnenrn camm e = - - e e e -

S e e e cmemeeceeeecnceo- STATION®

FhetaDmPOm~ 0
Ll T L =T 1-1=]
DOVMNQOD ™MD
O 0060 200 00
DVD=NTODO T
QONOQDNO =
PN 7 oy Nesme

ONM=O 00
i@ N~ON O
(g 3d-Made1- 1ol 1. §
DN et e N S O N
MIANTOV IO
ROV NI e AN
CrOON P ICC~
TNOOTI=OO
0 a0 2 08 0 00

VOOOCO~QO00
-

COTNFONO~N T
OnNT TR Mm@
O=DVe= gL TLTM
O Fout P e B ONQ
OL-rMOovrmoOw
O OP=N @D O ey @O
WP P MmO M T
OMWNE OO
® o0 ¢ 8 ¢ o0 g ¢
NOQeNL O OM
L -F.1 Ll

L o

[l e a1 L B SN PO
TITOTYN IR CO
CLOON=NC T
NOO TN ~OT
Toa U Py =CPrO
e T NN
TG0 =OQON P mmend
AITCOmE QOO0

OO00OCOO00

CT UL NOme—O
CLrmCC Or ™~
CmlChLCT IO
OC T~ ONOM~
OTTNOOO=L O
AN MCHF.COSN &
TOlATTOND
O PN C A, T rme\ O
4 0 08 0% a0 9

COOCAmaOO0
- -

1.13990000
0,00000000
. 00000000
. 00000000
. 00020600
LY Iat 10
.00030000
). H00200N0
0.00030000
0.00000000

0
Q
0
n
{

FPINTOTr A

Lo s T M
SIMONe Sy
P alind o TVl BV T DAL Y
NS PO T oM
R I R R

T DL DOV

N e W
L e Tt VLN .

£
> o
[ 3] -l
Qoe=mauxl 3 U
W) Vi @l
L) aWsNSlhaua
WUNVIR L ™ b e b

122



QKOUNT =5

STAVIONs=G

C.V.

VARIANCE

SUM

My AN

]

VARIZELF

P ONL N D et D
OO D ND =
NP PP DN OM
e 008 &0 s ol
DO MMD e NN
NCNMOD SO TN

Mee Mot o

FPNOO N =000
NN Pem AN NN O
FNFPrAMNS - N
(o 11 ool & ¥ ¥ )
TSN O N
DOLIrO O =—=NY
MAMNOO LW OOM
S DONMmO O
e 0 00 ¢ 0 0 v g0

FL S~1-1-F-]-1-1-]-]

L aaias & dalalnlel )
MO =GNy TN
N DN G e AP
QNN AN Pe et am
AF SN O ot 0 AT O O
ONQNMNOTO
DT NOCNOOND
N O PO O
* 8 0 8 0 s e e
OOONIPTOO W
oD Ll ol

-

L esam s COPO
N OO MNP O
PN CONN T
O P on L o Vi P
OV =lne e

PO ~OC O
MAEO0= - 000C

[-1{-1-1-1-1=l-1ofoT-]

COmE M Cror
ANLe=mm~CCIN
NCMe=rC Cor
PTNTOITAC ST =
—-FmMOCCY oL
e C~ONT"O
N daaladg ool - R=1-1. 2
T O NE O meem

COOOmmemOCO
— L d

1.12%914927
. (00000000
- NVOHOLONO
«0C020000
. 0030N00
YN IV YA
. 0POUN00
. C000C 000
< GO02uNnQ

0. 00000000

9
0
0
0
0
0
o
0

SV ONnT oS
CPNIIITIO0D
DQwe mpemly N

ﬁ
1
2

Crdmm

1

mTE20

il 47NN
RN EUNN LY

[{CATE AT, YA PR

1,00 263%19
Jolanhal 4206
GOV )LA
C.C23211 4
N A WAL

2.
0
0

‘ae

1,9%K01%

v,

who okl (D s s o T am

L Y N e T

L -

- e
[V 9§ -d AL =)
[Nt 2 ¥ £ 5 eV
s T ivindgy
¥FIAdWdbuivu &
NIVl ™ v e e o

GLOUNTep =wmcmmeecemcccccccceanrecccmcmeecccemncen - cececcncaee——

STAT 1N

O. 7 1FT13¢4Q
0, 000NN
(. OGUI000N0

7.00030009
V. GO00NC00
0. 00000000
O.H0141460
N, LCN00LLO
0.00000000
V.N0000000

- . " . = " T e S Y D R W e -

OMO P PO O
e ONNm O DN
e N ON OM O
¢t e 00000 0
NNO OTMONDO
ORI GL ONINRO
smeufyMies  mINM

OO OO TO0
et T MEOON
OFV Nwnd N T
QNI NI M
PO ) AT LoD
NEDOMM=T OO
MIFrOmImNnOY
AP0 ION2000

P 3-1-1-T-J-1-1-1-]
o rhy L]

=G OV O MmN o
T TP Oom I, Poe
[~ I-F-FE-F & st
NE TP et TNO
QDL PmO
MOMr OO0 OMewie
PCrRHIOO~On
CIMAe OF Memy
¢ 8 ¢ 3 8 g 0 s 0 e
MANO OO O
o Orome

-

—ra@ Py NNONE G
OO OrTLNG
Lalogl =14 € 1o L ol gl
Lo g QO PP~
A Qemeall . JU QP
PO ITCITL ™
TN MO
~ANOCONOS OO
e 09 8 8 9 0 900

O=OO00~0000

TO T =GO
CLATLCCMOC O
CXrerLCree
FO PG Ommemy
LR =
TSN CLI S
G =N CC T
CANLC=L OO

* % o 0 ¢ 0 0 b

ACO0OO=COO
-y bal

-3l e

D DS tIT
SRl Nemen.
S TP ETAT -
—r e S S
T e T e
& & 9 0 ¢ 9t 4
NMaeww dhwwow
R R & -]
Ve [2%ZIMm. 30
o o, ST > p
R R N
W > A CTl
PNt et
SIS el Lty
Ve e =€)
s 8 %Y 9 6 2 0 9 b
£7L.3Tn82O2

b

n C -
(-2 . - -
8 Swemimnl 3y
N wdd Y. me vy
LI UNLEaaw
WAVIVial L P b e o

QKUNT 8] mcrmcccccceccc e rc e cc e r e e ac s cre - on-oo e -—

e s VS BT YIS

105'
l“bSO“*
[ Nm@D DUV

so0 0 to e
P Y. S 14
LRI T - L s
st NN

ONCONONMV T Do
CCONICOL ON
w Ly S\Pormamd, P
Mo NS O
97973)Mﬂ3ﬂ
L l-1T 1 1. 3 -
r-.wm"‘.lioc
TMO=Y00003

nMOCOMOON O
~Nm ”

Pt Qoo QO N F o=
SITTHANT DN
-t~y O D T
CNMNO=md OTNP
LY TP Y T VIVl I g
LT ONEMNMO
—A T et OO O~
MNO G oo OF e
2 ¢ 08 % 000 80
& Ao O M= OO
oN

o] -

AN A inand 2L £ 4
QENCOCN™NO
CCrIC o =N
ENFLCIAY ~OQN
NINNwen o s g & T P
Pt 7 P g P\ P
COrLMCAaNCO
COVOO~=00CO
e 6 0 8 ¢ 5 v 0 0 0

O=QQO~=O000

L QOO T
G T . QO
Pty PG oS-
[0 4 o D Toa VX J ot o ol
_eOITOAC S M
C e U.MCLNS
—CAnELL O
RO~ O ~0

LG

L NCON0N00

L 00NGG000
0.V0030000
0, 0L000V00
0.200001n00
0.%445%1QR
0.,400000000
V. 00000000
0.00000000

0
(4
Y

INSPNrMe O

AT EDem A,
I?LM9I94MN
Cri” N OO~
IS ISCI DO
la A adanlo gl o NG VTS SOy
il R P Y
® 2% a0 e L ]
Véd wowd dowe

it 1 el M A
TEeeS T O~
TAL N i,

fmimtesew
TN S
e dmem OO
L N )

LI5S, CD02

-~

WD et oW w

VA A Ca A AN A LA

[ S gl -
NSl 2 ¥ § WEEer
f7islaiis
. A Wai It
l(.(.LP.l.ln““

AKOQUNT 2 mmcerccrvccnrnccrrccrresrs s crsr e e rec e rrer e e e n oo

T e T IS TS R 1 LT

055570%7%‘
M O [
CROOFTONI =~

g O O™OO
il daY Loetntoniad)
QO em? o ) F Nyomt

OMea N PN O
OO IO~
D0 WmO=Q2Q

FNOSOMBOO0O0
~ ~

MNE NN AO MY
OO NN
Do Quere O FOON
NPt D O NP
MAre e O F O men
=g NMAOMN= F oy
P DN O
. OMPm S ON
¢ e 00 s 00 0o
BNONMPr €O M
[ L Y1
- -

CONNONCOCN
CITQmDO~IN
CooovEor~e®

N C oD eson
CmCO LW Comgm
SOeCOLOrOO000

COo00000000

- e tAE ey C =0 ©
TIAINLCCNOr

CrheaCrvCo0Om
—r. AR OJ CmO®
O v Of.Aurv

onoanuo

U Y
-

N4 )0

1
vl
L',
%3
1"
%
ll
ll
le

® 2 a0 0 0 4 00

FIOD0LL 00D

Thwrvtwdewdd
P r NN Ny
Fy
» x - -
[ 3y .4 -F =—tn

Cmaxx) ) Va
-l d 'fu'lfo!-lp
A AR OOt g
IV QP

LMrF

123



=i

AKOUNT
“

"STATIU4=S

MEN[RUY
VALUF

VARIANCE C.v.

SuM

X {MUIM
ALUE

<>

MEAN

N

IR ZLRETH NS

Mymapa =P remO NS
Ll Al Al Al Indaad 17
NOQ~OOND
s 0 00 80000
Wt s NP P N O
Pt GNP OO s

- ey oy oy

POt M P OO v et
VI T=MONTOD
O QLM
OO OO
CANE OITMNT NG
O I MDA O
AL IOy, OO O
Pt OOMOOOO
¢ e 0 0 20 004

3200030000

O A O O~ 00
OO OMPrameO N
Ot QTP O NN
COP=PramOr~
NP Tmrema =0
T T OHO~NY
NP PPN M
@@ MNP NN O Ny
S 6 0 2P 0% 0 v 0

CrCOO~NNMOO
(a2 - .

Q@m0
—_COMME mary N
NEMefegro~ON
e O N
CenOramge~a
KA FrpemS Ore
LC LONTACCC
Ow MOUDMO=CO
o & 0 & % o 0 8 » g

il ~1-1-1-1-T-1~]-7-]

Srroremacy
CcoQg Ova O~
Crcvrnroo oM~
CrO-OmI~OC 9
Cwmtmf terune g O
MAINGE NG @
NSO Cere o
O mmOLq O
® 8 o & 5 0 e v )

“420060000

LOCO22TCCS

I ke ol T RN o TV ol Lag)]
PN T T~
VNI LT SOTYS.
O AN ST
[l KB VIV 1. GNP
_-FLCLETTNLE T
Lk B Ladat L Dol 4
CETLD=T AT
s 0 20 a0 0 P
VO Q=TS

[ OERRLY A4
13903104
C.G6 1 46100
G 119,908
N P N R ]

PN UEYY BV A
O.Ca%) 9553

[ e XN Y% |
NDRT S Wi X
VLSTINTIQ In

3 =i eT g
PR AL ISR T
Vo r o ™ b bde Mo e

. 4D S P D A N et e V AD O R AP W G R G G S AR G 9D D W D S e

QKOUNT =2

STATION=5

1.06500000
0.12%64%470
G.43R7% 59

L P D W S R A R G S G W S D Y e G L m e T N R e W 4D R M WS WD W YR W A e e

NS NN =P NN
ST ANMOMINT
T SO T DN
RN
VDR PONTWNS
Py T OO
ot emtoe o~

ON D PP Oy O P N O
EmMnDQ==OND
T PN T T T Mo
[ Al L &l ]
O OMPRCOTOmd
e g TSN
ONFOO LMT.O00
.t MO P00
® 8 & & 20 4 4 g 0
”5000&0000

QO OO e OF
[ LNT Y B R TV
DRI LODT I
ONMNDVL OO Y
GO SMO U~ OO
QOO M, NG
SISO Wr N3O~
Laaland £- S ATV, T
e 9 8 » s s b s s
P QOIS ITTLOQ
N X4

ERAL=OOL O
NINNMO T M-
TR FTITNING
O
TOTECY IO~
- N T U Pt
Mo C AP emem
TENOOCCLO
o 0 ¢ 3 0 8 09 00

=OQOOC OO0

CErZT OOV M~
CLY I IL IO
O ==Y I (O
OemaenATI T MNN
TeOL=a T ML
LICrMeCoInN
[0 LTl o A72VY s o el - 3
T DR T ety me
LR B Y )
NTANOO—OO0C
N -

R
&5

JL. 00030100
0n.00000000
O,%514314070
.1330404)
W. 233094

0. G0000000
6.00000000

A O NL T D

QKOUNT=3 ==ecmcmcccececccccccamccecccemmcccreecmcmesmemcccnceon

STAT LON=S

[ands &g ownwn
[~1", Y] Mean
JOO [adaal o]
tsae 00 a0t
PN onm

~O O ey

PIIroooNnNnOQ0
C=NOOMErCO0
e N QO PN CO
ORI OOMOO00
CITOOTwNnDIO
STOOIL IO
FIrODLOO000
FrePDOCLODIDC
¢ @ 8 8 90 & 0 0
ulz’ooaoooo

OTTOVITNVNOO
CID0I~OMOO
OCmNIOUNT =00
OO0 OO T OMOQ
0QOVO0OMOO
O ONINOO
S=MOQ I N0
BOTCOTT~00
o 0 p 6 8 0 8 B 0
ML JOOAMmOO
Qrem g O o=

O OO =00
eI CCC OO0
mMNSCTMmMQOO
CT=COrd o0
CETOUONMA~OQ
CLICCOCOCO
SUNCO L ==CO
Ny WO T QOO0

=o0COCO00Q

ONOOCANDOO

SCOCTOCCMNECO

CIreDO~CECO
[

-l

+LHOOFA20TA
.CCOQ0000
- 00000000

Com=Xmu] v
d edd Vv D
2. WsNiuwstad

Lt ] 3 NJd
e B XY IRV §. 8
Il wNcawar 2

]

]

]

1

]

t

]

]

[}

]

[}

]

DN SL T, 1NN OT™SLA D

XIS~ r I ZASCSOTLICD
Yt AT | TrRer2CTESSTD
P St Lo P ' ] Pl NDTT e T
CEMMTOT S ) T SO0 SO
[ 2L N0 Y T I T N T S | 0 2 5 0 9 8 b VD
S lrdde 17300 w0 | JemmT.O0NOOT S

]

'

1]

]

]
Toamor 2 pAMIPS ) TP ISST LT
SEFEelmT LIS ) SO I . A0 D
L L T A el T kgl s S P iy
Lo o e v 0y N A R S
D ST R T B Sk i A I
NPT Teemes | AT
U POFLAE Gk T B = T R R ghe
-o e TLA,TQLUD N AT N D= 00
LI T S I I I S R | e ¢ o ® 8 ¢ o 8 % 0
Pomem [T LT 1 SmANISIITYSQ

1]

'

]

)

|
ER IR R el i B G

- ]

]

1

'

1

1

]

F g ] ok
= C oo ] - w T

- £ Cs -3 =i TS ST =i

]

1

1}

’

UV PING a4

QAVIV ey o P b M b

OKOUNT 84 memcrmcccccrc e mc o mrccccrmcmc o cr e v c et e r e re e e o-— o

STAT ION=S

- " o - . - A e A e - P D e e P e W 4 R M e W

P o rar MO rieem
NI OOEL™MNO OO
=N O SN D D
"8 00000 b0
ODNOOOO~ON
DnMON~M O T
L] aned

Nt O PN TVON
NOOTI~LOT O
MO LT et oaen
ON Ml N O OO
NN POO T S M
NI MO=C
M rOe=0Ouw Sf 00
VNI OO7TVODQ

M OO0OmOO00

OTTOTmNOm g
COMOOmI I N
QOTNI N Im
oETPANO IO o™
OV OemOmMmrreonm
Uadaaoal Tt 3B £ da)
N e O N NN ON
OCMIT BN OM O
e % 0 5 0 s 0 & 20
SO OM N\ O et
nem O

OC OPTODL T O
AT P OC P
QOO TSI LTM
MC OL TSIV Mmia
O Cm=NC TP
il At A
NITCANTI IO
A= OConNO000
®® 9 0 5 00 0 00

CCOOO00C00

CrrNE T T OON
CCrCraCMmeQ
OF ey @ =y O
Qe O™ CNM~E
CCrITI=Org
T oo ey
C oS P om0
CrnemrcTco™

¢ ¢ o s 0 008 0 9

rIrn20s00o00

Cmro~s 2
L Y I A ]
SSm2TD

[ CY LS
led 4G w94
Je 705 15914)

a )

)

l~.

7

7

6

[}

lavis dlevo?
1.2 74544
ol V40000
C.31713¥112)
YORVL LY
selreren
(113134

2. 000000
o
.0
.C

Goluwdrpd A
PP AR EL]

Y]
0
0

= (&
o= L ) o 1%
e x) T\
LT = NemNNGQ
33 rwNiiwau X
YWD P e e b

124



QKOUNT =5

STAT{ON=T

C.V.

VAR IANCE

SUM

cc

- .-

cCw
rd ]
->
Ll
o

EAN

N

+ VAR] AWLE

F OO0 e

P Neatem O NN

PO JDNTOQr

S 06000800800

PO IO N

AN QO NN $ 00
-y -

P ONDT O O
MNaMOMOD NN
M OH OO
PO = D es N O
MO JOrr~ T
Qe QOMNDO
=OQOV~OVO
mOQUVO00VO0
LI I I I I Y )

0000000000

e Pt M D P
MO P ONVOOD
AN Pl OO M g
OV DT AT ONN
N = OMO = HMm
NP F N QO m
Lt B el -1 -
Qe (D Ny e C Py D
LI BRI R N )
NEOONTOIOm
-y L

—~ONOMMONM~
QO ODO
O CRLT O
D et F F F LN
Q=T O OONS
PO ORI N NN
CO=CC AL mQOe
OCACCOUWOOO
e® s s e v e

[={-1-1-1-1-1-1-1-1]

DBV OON P N
BT reQ - CX g P=om
[ el A L 44
FOr Lo
[t e » Ll e Y- 2
PV Z D Al
CTNOON S T
A\ OO MG, =
2 0 & ¢ & 000 g &

-OCCOCOOCO

L dnd  d X7 4,8

COC=~C IN=NOD
L N S A

OCCOoOCOD00

ONT = Demeas I N >
Ll ol LA Oncanten)
ST NN L Demyt
NG = DA 7 > U™
NI P e X IO
NP > O >
AT eat - PO N
MNCLCCCI=TTTO
® 4 & 3 & 9 ¢ g ¢ 0

PUOLDVLITWO

TP T ™™ g
PLPTLL P~
LCRC eyl .y
AN 0 e Sy
Pk Bkl ST P
‘\.7')01.‘%”
L 203 Ral dat et
VoL OOUI mraOD
e ® 0P 0 0 0 0 0

QO0O0O03V ST

P P e P P e P P e
OGO AN NN

20
= [t
[ -3 r—t
—_ Iy -
Trvimvivai
AWNDw W
V) ad Qo P U e b b

nz
c
"
X
-

QKNUNT 8 mccmrccmcccracrccr e wrr rcrr e armerrr e o owwe e e o w e - S e W

DT ey 3 P ST I'RY |

ORPANN Do
DO Pt (g J @O e oy
Lol LT L-T-1 3 LV
8 0000 000
POOOPmemOo
[l -1 2Ly B - T

Mg man

MO P & O O™ e
N YN= OO OD
MY L MO &
NT POMO QP
CeomnO O T OO0
QIOVOor OO0
$CWO0O=0000
MODVO~I000
P N I Y N )

~000000000
e

I'4

QOO DMONTM. g
OMALA NI ONNN
QLONC N OO M
OO OOy
QOO MO
S & D= DNAN
Ll -Lalada s & -2-10 2N 4
NI NOOMCNMOO
e 4 0 8 b o 98 o0
= NOOr=MMOO
" = - N

O O NNes O I Nt
L Al Lagshiont 2t Lond
QL P DONO
~EANOSTOD
=My OO

NCOOVLOOLCO

(=111~ 1-1-1-1-1-1-]

O ME M O
CONMA T O med AN
CO e (@ O Pooe
COTE L LTy
C e O N
CT I TOMOman

020000
000000

€N L OO=CeCO

=C JP00QDDe D

e P s e P P o P P g
N Nl VAP A PN AN

£ &

C -

-l =\
MumylJa
LA 2l A XX ¥
WROW sy
b Q"™ b e b bae

=
X
(&

- 3
3
L4

LPPPR
Sr<lpx

SIATINNGST  QKUUNT*7 =cceeccccmcecceccccceccseccmamecrcacce o ccmcmnen————

= O M O N P
ONNPNONMON
QOPNOTBDOO
» 200 00 ® b
0616869405
o p e Yot
oy gt €N (P 50 23

GNP VN P AP
A PN r=re T AN
-y OB TTAT N
O QNTC VLT
O Nasy” He OO
= lQ0NO=00
AT OUIOQ0O
AC™IOmD DO

[ X-2=1-1-2_J-T-1-1.]

O\ D= NOO
QeeNIrTeQe=MpNO
MT>FS OO P>
SCOINIENO TN
_T PO POTOV
OTOT POy
069209‘655
MO Poen O I Oemry
OEEEEEXEEKR]
TM=mOOOMMOO
w N ~N N

N fu g PO PP N
(ol 2" 0 o d- LY -4
NG ONNEGCE IS
Ot De\C NNE M
= OVNL T PO -
G NP NS
MrecOCCOoOCCS
TO~OCACCCC
LI I B T B ]

[~1-1-1-T- T Y1-1-]

CECT L O
MO T AMNGE G
LoD Laalad- Aol £ 4 d
- R LR e 2 3
E S L siadanl aloal ol &8 -]
COLIEN LM O
T NN O T CC™
PP O S O
® o0 08 0400

T=sO0LO0CE

[ pd 1 il % o oF &1
CONTOTLmm]

IS C L Lym =
s i K
=L PPy -
.l.:—.r’.l..“l).ﬂk.nl

L A A ]
NOWD Lmlu .-

>t
[ 23 S -td Y,
= tuwdalelaX ¥ VL
N w; — Lt el g,
R e TR
ETREP = trdvdretng

e e e e ceeeeecemmmeeoe e mecaccae STATINYST

QKOUNT e rmccccrmecrcmccccccecccrcvacceccans el Ll bt DL L L bl S e 1T

uzsz7lll03
M NNt PN O P
PO QNI & O~ P
IO IO
NN MNP PO
622032 93

Pl Lol Dl -1
O=OIFOT IMED
PO AT NS Lo
MO € OmL Men
O SrerfT N OO
OO ONO=00
~O000V~LO00
QP0V00N2200

0000000000

Pty P NG N
NNPIPELMNETTD
MO Tt QT P Fom
OOIMOO L Q=M
P sl PN
T B PNO TS
QO™ I LN Oy
il Tl lals' ad L)
*® 6% & 0 0ad s e

—_vOO0L OO0
o  om - N

CromPR P AP O W W e
Lttt & Lt A sl )

PP OCC=P T o
Lol & -Dalalatlaind 4 Al

=T ONCCCO
oo CUOOCCCO

(={-1-7-1-T-T~]-1-1]

CONQOT I~ TTT ™
Po P W NP el Nomos
~emnvrryCCer
LM ~TOT®
O TN e OP g
oo o= C &
PN P e oo
O mreCOC AT One
e 4 e® Vs a0,

[~1-1-1-{-J-1-%.7-7.]

55‘00’3‘00

So0QoOTHoeR0

AT M OO N
DY slaateanh A0 oF FT- X - ]
Cmtul * ST, O
N Cemen.r A~
SR Al ANNS
MR A Tk -
e\ Lo ymrr,”,
eIV IT D
® % s 0% 08 4 000

CoDd Y einwwlew

NS S e e
Lol Sl BT -G 4
CLEAD T mmm
ol I ML N
I AR Rkl
I IR N TR
Tew =emI el Gl e
Temdl Jy =m0
A LI Y TN S S Y
CeeWOIDTO0

Indanianl el T T XY S
CoMaANNN PNl o

N

L - -
LW <3 -3 A
QC=xnmn) i Ja
-ty van
TiAhVNCw LA
AVIV, QD ™ e e e

129



QKOUMT =]

STATION=8

NIMUN
ALUF

C,V

VARIANCE

SUK

X IMUM
ALUE

- >

M

Lt

TAND2FD M
¢

sSta
D VEATIUN

ME-Al

VAKTABLE

MO VIr~0
DON COHN
EEEEERX
JOD DvOom
NOKY O
- -

144,96

PO O=DNG ¢
P rOOD~ONOC
QMO ONOOM
PNTO=TNOO
NO=mOPrOLO0ON
OO IO QmmrO>
NONONVOLOG
=mOOO0COC O D=

[gl-1-1-1-1-1-7-7-7.]

ON=O TN =0 O
Q- OONOTOO
OPIOUMNNEON
Ore=tOONROO
OO0 ODMOT
et O F MO NO M
OrQOVU=ONOO
=mNOO DM VOOM

NC=OONQ O

CONOLMET One
~OsOovaeNnTCe
L O CHNITMOO
NS TC IO
NI CrC MmO
ACMONOVCV
o OC Cmes M
CCOQOUC™C e

[={-1-1-]-]<1-T-1-7-}

cazoNnNCT~CO

OO T~ NC O
PP C el NO ew
NG amC et OO T
-— TCONASCON
CCTrovT—~ICr~
s ® 8 ® ©® g b 9 ¢ g

mOQO0OOO00

DCOICOC DS

DemANO~LNO OO
o Il.O.\.Ll(I M.O.I

CErLOTPETON
I D O D
e ¢ o % 4 6 9 o & 9
—_-SLUCUTEUIO
Lkl L diis T S5
LANDCSr T SO
T TN T
SmENEme Sy
e S TR
CmlC 3t e~
POt S T S Sl e ]
N Py T
e e 00 060 4 0 g
DO2TCIVTT2S
CUVOVwwwIeT

o€ e

- L=
PFG -F =

QKOUNT 22 cmcacccccc s s s s c s s r e rr o s c e rEr s e o e e m @ eooOesEmeene

et i g U Uy S S0 B T 1Y JY

LY. S RSL]
Ll Al R L ¥+ N

Cwmmanw) i Ua
b ? =S G,
3 svNuuda

e NG 1 T gr~9 fereo.
oM NOO N | OIr~ oM
e s s o000 | [ I N
DM PO ~ | MmO  OmO
Oy O3 S | Ve -
m L I |
]
]
]
]
]
)
]
I=IOTONTOMm | DODVOOVTY OO
O FO=ONn | CrnooTrcTOO
LD P} Om | NmFOOTCLOO
N0, ONNOM | ==rO000000
W OOJITINROCY | OSO00ONO000
=OMOOOONDT | O=TODVDOO0000
ML=OONCOO0 | YOMOCUWLCI00
DOQIDODO0T | MOOVOIBID0
S0 8 4008 0 LI I I I B O I )
(at~1-1-T-1-T-T-1-[-] “ [-1-1-1-1-1-]-]-7-Y-]
[}
i
OIMOMOemOL | 0O0OODANXTOO
OMrNOOPT™IOY | O==OONINQO
O PmQO>MMNnUM | ONJTULOOT =00
oCONOOMOON | OTYVODNNMOO0
ONVOOMI~OD | OXmOON"mLOOO0
BAFONONOO 1| A=OCONI v OO
MLAOTON=ON | CmOONMGOO00
QOrOOQOTON | SINOCHIN.00
e g s s 0080 | LI I T O T
OOMOONN=OO | JTmmOOTNNOO
~N L] [ -
[]
[ ]
'
NOVOOSTOOM | O=mOOT~NNOO
CCOONC=OON | NOMOOY YOO
Qe CrmnQE | =COCCy S & Co
CmrOOCMICE | OCmOGNNMOO
F OSSO mObm | JINOOCCMLLCO
TIOCOVLMIC™ | JOmOC~OCOO
TeANCOFOmCm | ey wCLCLSC
JTECOOLOOUOD | =OCCSSOCCO
e o 00000 s | LI B N A
[-1=1-1-1-1-1-1-1-1-} “ OCOOO0O00OO0
]
!
m
COMOMemLrOw ¢ OUVCOOTOCCO
COTOQOOCTT™=CS = ONetCCTmesCl
COMOrOrLCm W OrCcCCraes=CC
OO T OOT =0 ON COCLOCr-mr~00
QL=OLCET O C CUrnoS~"300
COLCARNErOMr ¥ CoNOCI~O00
ANCOC LN O JTOmCC—~r-mOT
T 0 OOMNT ON TNOCONmCOO
& & 0 ¢ 8 0 s 0 S 2 s ¢ 0 0 9% 38 o
VOO0 O0000 @ NO~OC~O000
"
2
[=}
—
CLeOOCLLOO = OTOCCIT~000
STROOMaOQ < Cu CCCLIO0O
CmICOIrINCY ™ CLmITlem=mCO
Qul SOe d w0 VI TmI o2INSSCO
DANQ I =IO DO CTT NODS
mIPTC o TTOD | smyg=O. 4 TC0
DU T S LD 1 T TNODC  NDO
FomCOe=m CO | MCASTN=CTO
s 0 0 0t ces | L R S A A N )
ODOLCOOCOOD " QO CIoVC DT
]
t
i
DN I0Mm | OO DOCT00
o oamsrors | TISCeeTTOD
CuwmeQr =X 20> | = ~CRIS 0D
TowoOn . 20 ] PIT T D)ement 3O
—_-ECtQTTTPOL | Tt OIS
——Fm .t rCL ) TONOSMANNDO
FTOAL= 00 | DPSTDOTOO0D
ol ml e | ST ONCDT O
® 0 0 g0 0 0 s | LINL DN IR I I B I O O
~OLT TS ISP “ Ve DoV wew 20
'
1)
]
L]
NTNTAATIO ] T, 2T o0
CC DALY =mCry | IS TUM PO
CC=mtLmm T | TNTTCS T,
e mpeT e TOT T T
Y L iR S ) ) —— B e y e,
T il Bl Y1 Bk SRRl T e
L TR T T Y 4R ]
g N a1~ I B R P R A
s * e s 00 e vt | e e e 90 e @
—,ELDT S D “ [~ 3= 1eRo o Joit1
]
]
]
1
LS BN IS S L ST " Fon e St
)
[}
[}
]
[}
]
Lo ] b e
- ' > R
-3 “ LS - =
'
1
]

I A )
g AR
Svujr

UL FLAVRVEN S¥ )
e ™ e bl e

WYVl L ™ s e b

SIA ' 'nN'a oKOt"" ." D AR Sk SR S 4D NS M SR AR R D DS R TSP R R D Gn S DA R S W O AP D P WS G P Gn G e OD bGP RGP GG G .-

ONED mMmaon M~
QIO emNnOOd @D
o 0 060 502 08 0
Pt puPeosee 0N
MM FOTE =

-y -y

e O O NN O
I OMP =00
P L OP U Oy
T OO LN Om
OO MO e
FOJOC ONOOM
~rOQOV COWwO
O 3T DO=0D00
® 8 & 2 4 00t 2

CO0000LOO0

OOV OC O~MO O
ONIOmTO=Dm
QIrrOTrRnnNnON
COTO > NNON
OO0 FNNOm
el =i lnl 2 &-1=1. 3
oo vorIon
ToronCTMOMr

tem OO N NP OO
Lo —-—) =

VTOODOOLOT
O emCmmT TON
TOLO~ITMOIN
O MOr ~;O0m
Lt ¢ CNO0
CAMNO T = O
CCmCCue ¥ OWw
OCOOCLOOCO
® ¢ % 9 9 0 9 g

CO0CAO0O0O00

O NONT O~
coem~CCcCITOrQR
CCIOIre=NnOCy
QI FOoIvTL O
CeoureZT ATV OOD
A ek =lad i -l-4=]. -]
TS~ 090

NOTOONmL OD
o ¢ 8 8 % 0 @ g 0
OO DO OO0
or~nNDCOorcC Qo
CTrTO0C=c000
CIrCRAANSO
C..2CmLue
DrsOoCrNTO0
OO C OO
—— OO SA=O0
ST =00
LI ... ® % g & 0 0
coTecoceoo0
=NO~ OO ON
.

LS CTIT=Or
;R L =P TS
LA A A B T L)
SXETNEPY Oem
ML I NON
el OC=Ir QO
DT 2MAMONDM™M
® 9 0 9 3 0 9 % ¢ 8
P15 U NS ST S NS |

Patadn T-loal Lol -dbo Pl
Se STy Naco
TR .-G
Fef S, TSNy
LRRESAANS T -
Lol A0
Po o /y Namfe oo M
LRI £ RV V]
2 g %0 80 0000
TOUI0VO 200
Waae e Wl
N e PaMe NN N Ny

L(:\.‘F"F'F

130



QKOUNT =3

STATION=10O

- Eots

UL 1ANCE

sun

HE A

ViRlsntLE

P OO QO~~00

S0 BVOONDNOC
OMVOQIFr 00
oOrQOOrO00

PMOVCTMNNOO
, - L I ]

NP O Oerl OO0
>y OOOC 00
Om O OMNNG
TNVOOrT O C
_NTOONTT OO
CrPNOOR OO
aNMTCOOC OO
O™ OC~C OO0

Q000000000

OO0 I~cOQO
Qe COT OO
e orCOZOVOO
COMOoOr-mOO
[T dalolal ol J-1-]

CIOMCO0=E 00

—=ONOONO OO0

O L OOFT OO
OTNOOI =900
CSHN~ODTIO00
QODOCU L CO
OCO00 T 00
C=AOO~LNCO
COV0VOCLO00
- N, OO C= OO
e 8 & 0 8 o ¢ g ¢

QOO0 0COCO00

INDOONNDCOD
WAAQOLTIVTOO
ONIPOOC™=00
NI POOU mMUO
[ il ol =X Sealg¥ole]
T d MODmtare OO
ONOVOOT OO0
TS OCRLOD0
® 8 % & 0 90 o o0

QULT OO DCI0

ML PO D
ML COTF OO0
~reAnCOC £ TO00O
[ah il labak-1als)
-y POMDIASTC
AN TOPIECO
NI COTINDD
CNIDOM=T,.C.O
e ® & ¢ o 0 a8 9

QO=OO~0OO0CD

s 2l 31"l g s ol ol ol
R b g o =t gy

2=

[t

-t T N
MM XT LIS
PN N QL
U Tuaa
L Y N L 1"

SHLOw X
Seriba

AMpDA

QXOQUNT »§ coccecrcccccocsccssncncavonssavavscapsm=

meeeccecccccmccccmcicccncsnccnconccreccececaccncneaaes STATIONSL0

%

QKOUNT o8 ecevescescnvcaccocw= thad b Al d s e g e L )

*
L]

[ X B A

3

i

* O
63600“
51&000??00

[-Y-1-1-1-2-1-1- -1-]

OMNeeO QOO0
QG OONNF~OO
LONPVOTNOV
OMe=OOCOrO0
OoNTOoOOMINno0
QrmQQeeny~OO
Pt S OF TNOO
PO QOMIVOO
e e 0 b0 s 0

reANOOOTO00
- - N

OBV OONIOO
AN OONWINO O
NZOOO=~OCO0
~AOONOCOO

JONCOXZ T TOO
Qi COLOOCQ
oCCCOCCO000

QOOO0CO000O0

OOV QOme=r OO
CLNOO=ITO0
ONE CO=-0O0
O™ OOLm=Q 0O
O=rOCH' VOO
A LOOMOECO
NPFOOrMI OO0
[adapta Y-T1=0 -T ol A1}
"o e et e e

OQmQO™O000

OWNC ORI =000
Ot OO IUW OO0
QrToCIfeCO
SVOOLreacCO
ANUmOOI ™ 200
LI QO =T OO
NFLOONGEG OO
OC=ACN=RO0
"% 0 g0 0 8 9 %O

CCOOVOO00000

NOHOOOMMOO
DIPO00LMMO0O
X em\ QO mam OO
~CV QO IMT QO
NL V0= LSOO
OmmOOIrOs D0
NC OO 200
VO IMNO D IO
® ® ¢ & & 0 g ¢ 20

- LOOIQO2D

CAOOTAMOD
(22 dad-Tol l T Hal-]
CmarmOIer.Q00
NEL A LCDA0
"l‘\l.‘b‘)u
L Pl aY ot 1 Wey ol
IS UM, C D
Ve COM=y CO
* 8 % 5 60 g 9 08

LI00000D00

U A AT A
et N NN AN AN

b ¥~

-l -
L L ST YL
= lem N | Q.
URCax L&
O e b e b

AYePh
PLOWX
L L1

<
¢

reeeeccmeseecemccs—tccesccenscmcacccerccmacsscanacc=ces ST2][(Ne]0

.

34
I

«99

¢
it

Pl Lo l=1-T -2 g g~1-}
N0 QO Y YO0
TN OOMISO0
000000
NS O00ARPNNGOO
796005000“
MmO ¥ OO™~00

[~1-1-T-T-1-1-1-3-1-}
o0 0 00 g 00 b
0000000000

OO0 TNO0
-y OOOMHDO
~—NOOV T D=0
NP OO0mer@ OO

AMAOOMROCOCO
O=wrOONA=~00

COOONOG~OO0
- ~N N

P OOROCO0
OO0 -~0O0

NOOVDO Qa0 O
Ctd COC~=0Q0
OVTOOOMN~OO
P QOY =e=O QO
[Y-1q~>l~To]-T=A Y]

0000000000

. T-1.7,7 4 -]
OTNMCOING OO
ACEC OCommmCT
CIrCOm =00
P00 NOOC
P\ OO mLr~0O0
-y OCNOTOQ
Cro00enae o

QOmO0=QB00

FNOORNENOO
=—n 00 OO0

OCNIDOMN=rCO

LI I Y S I B

QCOO00OCI0

= OOr e~ O
PCEOOMmrOD
rICA0M. "0OQ
I UOOM™~~DU
R LoOLrreco

=0\ DONOS D0
RN

CWIODCVWCL D

119000

[ I BN Y

QKDUNT 0 cccmccrcncwcroccvaccccncsnarcror s et tacanecescceeona

S R TS S 1 T3 T

QPRFrOOMNNNO
DOTrOO~O0 O
CM=QOr vy OQ
BINOCIT0VO0a
Pl - T=Y-1 ot lolee]
OO0 Qe QO
A AQOVT OO0 O
-OuJu30>OC O
....-....h

NOOOOOQOO0W

m~o000mevod
T O000 SVOa
, PO rren 0
~FrOoOOTsOoQ
0P OON-00
= ONOOPemT OO
NN OO0 NOO
NOCOO=00 OO
® 9 & 6 0 v o g 00
O COOINOO
m o~ m o~

csmoomnanoOd
Cr=OOTVNO O

1.2:.0O65.N o0
cCrcOoCroC

FIC O UmLCCO

LR B 2R N A BN BN o

0000000000
]
"OCOC~NOOC

e~ QO=CrCO
TLITOO0OANO"00
Mmoo OO
CAMCTTANCCS
O~ rOC~MTOC|

rFomODrO0SCC!

~AMOOVOXILOo

COPELOCL LSOO

TESSCrIr.0C
2me DO o”CC
=TANOCOL™O0
T LQD05 ¢ OC
NN~ OQ OO =~V
CO=TON== C
# & & ® & 0 9 ¢ o @

cCCco0ToeTC

Colintin)uis

Lew000.1,00
t .+ 000£000

1)
C.uan'.?

191619y
2

r128104
th 1250

=SCI2T=D 202

L N e
“efuuleN Nlw e T

- —
i
- -
) A
an(-'(:..l‘
v
-\.

[ e N Y

-
2
<
-
3
VN - -

LuEpe

133



