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SO, MASS FLUX .

Emission rates for the smelters have been estimated
from the moving remote sensor data. The SO burden results
and information derived from the pibal measurements were
combined with traverse route geography to calculate SOj
mass flux. A total of 23 Events were processed by computer;
the results are tabulated in Table IV. The mass flux values--
estimates for the amount of SO2 1in the overhead plumes--
are listed _in_»bothﬂ_kilograms»pervhgur__jkg/hr) and
pounds per hour_ (1b/hr); averages for each day are
included. _

The average SO mass flux for all five days (23 cal-
culations) is 23,330 kg/hr (51,450 1b/hr) SO2; the staﬁdard
deviation (as a percent of the mean) 1is 77%; this statistic
indicates a wide spread in the calculated flux values. Some
of this spread in the results is the expected error of the
remote sensor measurements (See Section 3}. However, the
smelters cannot be assumed to be constant emigsion sources;
thus, some of the spread is due to the true variation in
the combined SO2 emissions.

The calculations in Table IV are the result of indi-
vidual passes of the AQML-mounted COSPEC under the dispersing
plumes. The remote sensor make5 a near-instantaneous measure-
ment--a ”snapshot".of the SO in the overhead plume. Because
the plume shape is usually not constant with time, each measure-

ment produces a different result. As described in Section 3
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TABLE IV N

SOZ MASS FLUX
Hayden Smelters Emission Survey

DATE TIME (MST) |[EVENT| WIND S0, MASS _ FLUX*
™/S) | (KG/HR)  AVG [(LB/HR)  AVG _
14 Apr
© 75 1036-1055 8 5.9,3.928,750 63,350
1451-1500 | 18 7.1 |47,500 38,150 {104,700 84,100
15 Apr
75 0900-0910 | .3 2.5 112,600 27,750
0910-0925 4 2.5 110,050 22,150
0925-0940 | 5-6 2.9 16,700 36,800
1122-1136 | 10 3.0 {17,750 18,500 | 39,100 40,750
1136-1150 | 11 2.8 6,000 13,200
1630-1638 | 26 6.0 |15,000 332050
1645-1652 | 28 6.0 {51,328 113,150
16 Apr
75 0859-0927 4 3.1 14,200 31,300
‘ 0927-0952 5 4.0 135,200 77,600
1609-1616 | 23 6.8 ig,ﬁg% 20,600 23,2%% 45,400 -
1616-1623 | 24 6.6 | - _ ,
1623-1631 | 25 6.5 |12,416 27,350
1631-1643 | 26 6.1 |16,500 36,350
17 Apr v '
75 1203-1211 { 14 6.0 31,000 68,300
1534-1539 26 5.5 21,100 45,500 46,500 100,300
1555-1603 | 29 |11.0 |[84,250 185,700
-18 Apr .
75 0951-0959 7 2.4 110,800 23,800
1223-1228 | 17 2.9 {15,250 33,600
1228-1232 | 18 2.9 ]10,400 14,200 } 22,900 31,300
1232-1235 | 19 2.9 9,700 21,400
1235-1238 | 20 | 2.9 {24.750 54,550

* Combined SO, emission rates for the entire two-smelter complex.
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a set of measurements (typically six) is required to obtain
a reliable flux figure. This is illustrated by the averages
for 15 and 16 April which are derived from six and seven
separate calculations. The ‘averages for the two days (18,500 kg/hr-__
and 20,600 kg/hr) agree within 12%. The standard deviations_
are 81% (15th) and 54% (16th). The daily averages are a
better measure of smelter SO; emissions than any one indi-
vidual calculation.

These emission rates are for the entire smelter complex.
All SO; plumes measured by the remote sensor--whether ema-
nating from stacks or as fugitive emissions--are included
in the calculations. For most measurements it was not prac-
tical to attempt to é;parate stack plumes from fugitiverplumés;
nor was it usually possible to identify plume anomalies in the
data records as originating from the KCC or ASARCO stacks.
In general, there were toolittle detailed wind data (even
with the 35 pibals) to be able to define precisé plume
trajectories for a significant number of measurements. The
rugged terrain had a pronounced effect on the'plume paths,
as well. Source separation would require additional field
Studies with, hopefully, more favorable wind directions
than were experienéed during this program.

The combined mass flux values can be expected to be
larger than other SO; emission rates for the two smelters

because essentially all of the SO; source points were being
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tested simultaneously. There are other reasons why some

of the fluxes may be high. Traverse routes that are sharply
curved and terrain that is rough can cause positive errors
in the calculation of remotely measured mass flux.

Higher emission rates were calculated along the Globe
Highway (in the Gila River Canyon) than in the Montgomery
Ranch area. The average of the sixteen Globe Highway SO2
mass flux calculations is 26,900 kg/hr (59,300 1b/hr);
this is significantly higher (78%) than the average for
the COSPEC measurements west of the smelters, 15,150 kg/hr
(33,400 1b/hr). There are two reasons for this difference.
_First, the only available traverse route northeast of Hayden
is a curvéd canyon road (the Globe Highway). The plumes
being measured were generally above the canyon. But the
canyon walls may have channelled portions of the plumes
along an irregular trajectory--unrelated to the straight-
line plume path assumed for analysis. The effect is to.
distort the wind/road angle and plume width. The errors
which enter the flux calculations tend to be ﬁositive;
they increase the computed flux value. By comparison, the
Montgomery Ranch traverses would be less influenced by this
type of error because the topography is less rugged.

The second reason relates to the non-stack (fugitive)

emissions. A single wind speed and direction was selected
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from the pibal results to be representative of the wind
conditions that existed within the elevated plume. In

the case of the Globe Highway these wind data were applied
to total burdens measured overhead in the plume--but also

to any SO; gas which may have originated at low elevation
points‘in the smelter complex. It is presumed that much

of the remote sensor data were a combination of elevated
plume and lower level fugitive emissions; this is supported
by the high ground level SO; concentrations measured on

this road.  Because these low elevation emissions were prob-
ably being influenced by different 'canyon winds" (both

in speed and direction) the winds aloft data were incorrectly
applied, causing an increase in the calculated mass flux.
Again, by comparison, data collected in the Montgomery Ranch
area would not suffer the same degree of error because of

the less severe topography and micrometeorological effects.
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@ Section 1

INTRODUCTION
PURPOSE

Environmental Measurements, Inc., was contracted by the
U.S. Environmental Protection Agency Region Ix; Office of Air
Programs to conduct a moving measurements survey of smelter
emis$ions in Hayden, Arizona (Purchase Order #PP5090462B).

The field survey was conducted 14-18 April 1975; five data-
days were completed under the field direction of the EPA Pro-
ject Officer.

The purpose of this study was to monitor sulfur dioxide
(50;) smelter emissions overhead and at ground level in the
vicinity of the two copper smelters in Hayden. One smélter is
operated by Kennecott Copper Corporation (KCC) and the other
by American Smelfing and Refinery Company (ASARCO)., Their
main stacks are 800 meters apart. The KCC stack is 182 meters
(600 feet) above ground level; the ASARCO stack is 305 meters
(1000 feet) high. An Air Quality Moving Laboratdry (AQML) was

used to study ambient SO; at this complex source.

SUMMARY

This report presents a description of field measurements,
data processing procedures and results and discussion for the
five data-day survey of smelter emissions. The survey was
conducted with a Bafringer Correlation Spectrometer (COSPEC II)

to measure overhead burdens and a Bendix total sulfur monitor
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to measure ground-level concentrations. The speed and direc-
tion of winds aloft were monitored by the periodic release of
pilot balloons.
| Measurement activity consisted of moving measurements--
traversing the plumes downwiﬁd of the sources-- and plume rise
measurements-- measuring plume height and vertical plume geo-
metry downwind of the sources.

Results are presented in map form indicating ground-level
concentrations, SO, dispersion and plume rise profiles. S50,

emission rates were calculated from the remote sensing data.

CONCLUSIONS

The AQML traced smelter emissions to the west and north-
east of Hayden. The remote sensor located overhead plumes as
far away as 40 km (25 miles) downwind; the point monitor mea-
sured plume touchdown there, also. The variability of plume
behavior from one measurement to the next was documented by
both overhead and ground level SO; data.

Plume rise measurements revealed a complex plume structure
reflecting the irregular terrain and meteorological conditions
in the vicinity of the smelters. The centerline height of the
combined plume 0.5 - 2.0 kilometers downwind was 300 - 600
meters above ground level.

Mass flux calculations forAthe combined emissions from the

two stacks as well as fugitive emissions were made for twenty-three
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sets of remote sensor data. The combined average emission
rate for the entire two-smelter complex over the five day

period was 23,330 kg/hr (51,450 1b/hr) SO,.
€520

5SS
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Section 2

FIELD MEASUREMENTS

. ACTIVITIES

EMI brought an Air Quality Moving Laboratory (AQML) to
Hayden, Arizona for the smelter emissions study. A crew
of three persons operated it during the daylight hours on
~14-18 April 1975, A remote sensor and total sulfur analyzer
were used in a moving measurement mode near the smelters and
far downwind--to 40 kilometers--to measure overhead and ground-
level concentrations of S0;. Meteorological forecasts were
used to select the most suitable days for moving measurements;
plume rise measurements were scheduled on other days. Pilot
balloon (pibal) measurements were made periodically to deter-
mine wind speeds within the plumes, The field measurements
were conducted under the direct supervision of the EPA

Project Officer.

A total of 57 activity hours were logged during the course
of this study. Figure 1 is a graphic summary of the activities
for the five days in the field. A total of 1210 km (755 mi)
were traveled in the moving laboratory; on the typical measure-
ment day 240 km (150 mi) were traversed.

A summary of activities for each data-day follows:

14 April 75: An initial survey was performed along

highway AZ-177 from Kearny to Hayden.
Measurements were made in the Montgomery
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Figure 1
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o,

15 April 75:

16 April 75:

17 April 75:

18 April 75:

Ranch area west of the smelters in the
morning. In the afternoon the plumes
shifted to the northeast; they were moni-
tored on the Globe Highway (AZ-77).

Early morning measurements were made west
of Hayden by traversirg on mine roads to
the west and north of the Montgomery
monitoring station. At noon the plumes
shifted again; an extensive three-hour
survey was performed on the Globe Highway.

The wind rotation occurred earlier in the
day and the wind speed increased; a long
distance survey on AZ-77 and US-70 success-
fully located the plumes 40 km (25 mi)
downwind. On return to Hayden a Globe
Highway survey was conducted.

Plume rise measurements were made from two
sites, alternating with moving measurements
of SOy on AZ-77, :

Plume rise was measured from one site;
a moving survey was performed before and
after on the Globe Highway.
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EQUIPMENT

Air Sensors, Environmental Measurements, Inc, provided

an Air Quality Moving Laboratory (Figure 2Z) equipped to
measure overhead SO; and ground-level SO;. The principal in-
strument was the Correlation Spectrometer (COSPEC II) remote
sensor used to measure overhead burdens. The COSPEC viewed the
sky through a side window in the van, using a right angle
mirror to reflect overhead light, The natural radiation of
the solar electromagnetic spectrum is influenced by the absorp-
tion spectrum of the target gas, sulfur dioxide., The Correla-
tion Spectrometer, an electro-optical instrument, detects
portions of the molecular absorption bands spedfic for this
molecule., The optical unit includes a Cassegrain telescope,
an Ebert-Fastie quarter-meter dispersive element, a correla-
tion disc assembly, and a photomultiplier to detect light
energy levels. The electronics of the COSPEC contain signal
processing circuits to provide an analog output suitable for
strip chart recorders. |

A Bendix Model 8300 flame photometric total sulfur
monitor measured ground-level concentrations. A teflon sampling
manifold (4 cm ID) gathered air into the van by means of a
squirrel cage fan; a 20 mm diameter teflon inlet tube, in
turn, sampled this air stream for—analysiS'by the point monitor.
The analog signals were recorded on a Rikadenki strip chart
recorder. A rear-mounted propane-powered generator supplied

electrical power for all instrumentation.
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Figure 2. EMI's Air Quality Moving Laboratory, a completely
self-contained monitoring system, is shown at the
Joint Control Station in Hayden, Arizona.
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Calibration. Calibration of the COSPEC was carried out

at least hourly in the field by actuating a pair of knobs
to place two gas-filled quartz cells (labeled "low"™ and "high'")
into the instruments' internal light path. These cells contain
fixed amounts of S0, in a dry nitrogen atmosphere. They pro-
vide span offsets according to factory certified values:
65 ppmM(low) and 350 ppmM(high). The calibration was done in

| regions of background S0,, away from plumes; just prior to
or following a traverse. Notations of the time and the cells
used during the calibration and the recorder sensitivities
were made on the chart record. The voltage for the automatic
gain control (AGC) circuit was also noted on the chart record
to provide an indication of thé changing light infensity
during the day.

The Bendix monitor was calibrated daily with an EMI

permeation system and on 14 April with a NERC-LV system at
Williams Air Force Base. The average error was *2.14% for

eleven calibration points (excluding two calibrations on 17
April 75 when there was a leak in the test system). The

range of errors was from +6.5% to -4.8%. Therefore, the
SO, data in this report are within #10% accuracy. To verify
the calibrations the Metronics Dynacal Permeation Tube (No. 90-125)
was recertified following the field study. It was within 0.8%
of the previously certified value.
The electronic circuitry of the Bendix instrument establishes

an upper limit on the concentration of ambient S04 that it can
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measure. The peak concentrations of SO, at Hayden frequently
exceeded this limit. Therefore; the maximum ground-level con-
centration reported, 1390ppb (1.4ppm) S0,, is a function of
instrument design; it was exceeded on many occasions, but
the true peak values are unknown.

The point monitor was calibrated for S0y, the target gas
of this study. The Bendix instrument measured total sulfur
in actual application, No filter was used on the incoming
airstream to discriminate between SO, and other gases. For
sources such as copper smelters it is assumed that the gas
detected by this unit is S0, and the data are reported as\
"grognd-}evel SOZ". This is a reasonable assumption; the
remote sensor data--which are specific for S0,--corroborate
the presence of SOZ in the measured plumes,

Pibals. Single-theodolite pilot balloon measurements
were made to measure winds aloft. The measurements were
used in the field to understand the changes in wind movement
occurring while the survey was in progress; also the data
were used in the calculation of S0, Mass Flux. The theodolite,
balloons and helium, were transported in the moving laboratory.
Pibals were released at different locations as the need for
wind information occurred (Figure 3). The locations of the

pibal measurements are given in Table I; they also are

shown on the Route Index Maps (Figures 6A and 6B).
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Table I

Pibal Sites

Dates Use
"ISite No. ~ Location i  April 1975
1 Joint Control Station 14, 15
16,17,18
2 Montgomery Ranch Station 14
3 Plume Rise Site 1 17
4 Plume Rise Site 2 17, 18
5 Highway U.S. 70 at AZ 170 16
6 Kennecott Office 14
7 General Kearny Inn 18
8 Highway AZ 77 at Christmas 16
Mine Road

A total of 35 pibals were tracked; the processed results appear
in Appendix B. '

A supplementary data collection technique was provided by
EMI for the study. A time-lapse motion picture camera was lo-
cated on the reof of the Montgomery Ranch monitoring station,
approximately four kilometers west of the smelters, to record
plume and cloud activity during the day. An edited film for
the five days has been provided to the EPA as a separate data

record for this study.
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" Moving Measurements. EMI employed unique methods to

make moving measurements of smelter plumes. To interpret the
results required that the moving laboratory data be related
to the geography of the study site. Prior to the actual field
work a set of U.S. Geological Survey Topographic Maps (7.5
minute) was annotated with numerical identifications of key
road intersections. By labeling the routes a systematic iden-
tification system was used. During a traverse, the identifi-
- cation numbers from these maps were recorded on the chart re-
cord to locate where the total burdens and ground-level con-
centrations of the target gases were recorded,

The AQML was driven downwind of the Haydeﬁ smelters,
usually within a five kilometer radius, but as far away as
40 kilometers. The objective was to cross the plumes at as
many different downwind distances as possible, to map the dis-
persing SO3. Two problems at Hayden made this difficult to
achieve. The rough terrain limited the available traverse
routes; and the juxtaposition of the two smelters with their
differing stack heights presented a complex source to study.
The limited traversing road problem was overcome by 1) using
the mine roads west of the smelters and 2) making repetitive
surveys on available highways, such as the Globe Highway,
The complex source problem required wider ranging traverses

because the stack emissions originated from widely differing
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elevations., Furthermore, fugitive emissions created a third,
broad source of S02. To cross all of these "plumes" necessi-
tated long traverses, even close to the smelters,

Tréversing speed varied with the distance from the
source. Close to the smelters the speed was kept low (below
30 km/hr) to allow the instruments to respond fully and to
provide clear definition of narrow plumes. As the AQML moved
further downwind from the plant it moved faster through the
plume. The speed of the vehicle increased to a maximum of
90 km[hr at the farthest radius. Because the plume is broader
at the greater distances, changes in overhead burdens and
-ground-level concentrations were less abrupt, and the instru-
ments responded to them easily.

Decisions were made in the field based on the real-time
data: whether to repeat the plume-tracking measurement at the
present radius or to move to a second radius of measurement;
whether to turn right or left to recross the dispersing
plume at a different radius.

Plume Rise. To measure plume geometry in the vertical

plane the COSPEC remote sensor was placed on a stationary
tripod. The AQML was parked nearby to provide necessary
power and connection to the chart recorder (Figure 4). Two
plume rise sites were used: Site l-was 1.4 kilometes north-
west of the smelters and Site 2 was 2,0 kilometers to the

southeast. On the days when fixed COSPEC measurements were
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Figure 4. Tripod-mounted COSPEC measures plume rise as pibal
is released to determine wind direction.
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made (17, 18 April) the plume vector was easterly,

The objectives of the plume rise tests were to measure
plume height downwind for the two-stack emissions, separating
them where possible, and to measure vertical plume geometry
as far downwind as possible.‘ The basic procedure was to ro-
tate the COSPEC through an angular sweep from the horizon to
the zenith so that the spectrometer's field of view passed
through the dispersing plume, This “'sweep" was repeated
several times so that a total of four or more measurements
were made. By chénging the horizontal angle of the COSPEC
the next set of plume rise measurements was made at a different
downwind distance. Four to six sets of measurements were
made, as close as two degrees from the stacks and as far
away as 65 degrées.

The COSPEC was equipped with a narrow-angle telescope;
its angular field of view was 1 x 10 milleradians, (This com-
pares to the 1 x 1 degree telescope used for vertical-view
traversing). The narrow telescope was used for plume rise
to measure detailed plume structure close to the stack where
the diameter of the plumes were relatively small, It was
used farther downwind also, even though the dispersing plume
presented a larger '"target."

To relate the angular positions of the COSPEC to the
geometry of the stacks it was necessary to collect concurrent

data on the plume vector. This was done by tracking pibals
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at the plume rise sites to measure the wind direction (and
speed) at the time remote sensor measurements were made. Also,
the AQML was used in the moving mode; the COSPEC was put back

in the moving laboratory so that horizontal plume geometry
measurements could be made immediately after the vertical data
were collected. The moving data were used to convert the plume

rise vertical angles to downwind distances,
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Section 3

DATA PROCESSING

MOVING MEASUREMENTS

The AQML data collected in Hayden were taken to the EMI office

in San Francisco for processing.

" Events. The chart records were first annotated to define
Events. The continuous recordings were separated into indivi-
dual measurements, whether single plume crossings or regional
surveys, to establish an orderly, chronological 1list, This Event
list formed the basis for selectingbdata to be processed., Key
Events were identified and evaluated for relevance to the pro-
ject goals and priorities were established. A summary of Events
is presented in Table II. Events are grouped by major measure-
ment activities; time periods are identified,

" Digitizing. The raw moving laboratory data were the analog

traces for SO; total burdens and ground-level concentrations. These

records also included hand-written annotations of time and positions

made by the data-logger, as well as instrument calibrations and
weather conditions. Figure 5 is a sample chart record of moving
measurements. The data were recorded on 15 April in the early
morning. Event 5 began (at the bottom of the record) at the
gate on the mine road behind the KCC smelter. The AQML moved

to the northwest until it reached the Chilito Mine Road and pro-
ceeded south toward highway 177; from there it turned left and

returned to the Joint Control Center at 0940 MST, The far right
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Table II
EVENT SUMMARY

- DATE TIME - | EVENTS DESCRIPTION

; (MST)
14 April 75 1036-1055 8 Plume tracking west
of Hayden
1309-1514 15-19 | Globe highway survey
15 April 75 0900-1223 3-13 Plume tracking west
_ of Hayden
1352-1713 16-33 Globe highway surveys
16 April 75 0857-0952 4-5 Plume tracking west

of Hayden and on
Globe highway

1042-1323 |  7-11 Long distance (40 km)
plume tracking
1331-1351 13-16 Miami smelter survey
1550-1643 21-26 Globe highway survey
17 April 75 0910-1111 4-10 Plume Rise - Site 1
1150-1217 12-15 Globe highway survey
1237-1405 17-22 Plume Rise - Site 2
A_15l371645 I 24532 B  Globe highway survey
18 April 75 0933-1000 4-7 Globe highway survey
‘ 1002-1138 9-15 Plume Rise - Site 2
1223-1242 17-20 'Gipbg'highway survey
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trace is from the remote sensor and records the overhead
burdens of SO, monitored along this traverse route. The

left hand trace is the ground-level SO, monitored by the flame
photomefric analyzer; (A third trace locéted at approximately
25% fullscale is the NO; COSPEC signal.) Note that the SO,
overhead and SO, ground-level traces tracked one another as
the moving laboratory traced a near-axial path through the
plume (Event 5) then moved away from the plume (Event 6).

Reference baselines were first drawn for the SO, burden
records. The background was defined as the instrument output
on either side of well defined plume anomalies. Using hand
digitization methods each analog trace was sampled at inflec-
tion points and at geographic reference points. Major assump-
tions of this procedure are a constant velocity of the vehicle
between indicated landmarks, and straight line interpolation
between geographic points and inflection points. Therefore,
assuming straight line variations between each of the digitized
points, ihey may be joined by straight lines to recreate the
original record.

All of the geographic location points were digitized
from U.S. Geological Survey 7.5 minute topographic maps into
X and Y coordinates, The Universal Transverse Mercator (UTM)
system (in kilometers) provided a convenient reference grid.
Each of these coordinates was assigned an ID number. These

ID numbers were subsequently used to refer to the geographic
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points for map making, Route Index Maps, Figures 6-A and 6-B,
display all the routes (shown dotted) used during the survey
and the geographic references (monitoring stations, pibal sites,
smelter buildings and stacks, and the 3200-foot contour) used
on the computer drawn maps.

Data Listings. The two sets of data--pollutant and geo-

graphic--were stored on a computer and merged into listings of
five parameters in engineering units (see Appendix A):

e X Coordinate (km)

e Y Coordinate (km)

e Geography point

e SO, Total Burden (ppmM)

e SO Ground Level (ppb)
The data listings in Appendix A are for 28 selected Events
covering the five-day span of the study.

The density of the listed numbers varies between geogra-
phic points. Where the instrument readings were very low
and near background levels, onl& a few numbers were required
to describe the spatial variations that occurred;'however,
where fluctuations occurred within the boundaries of fhe plume,
the density of numbers was increased to properly describe the
changes in the measured results. Where data were inserted
a zero was added between the geography points. In most cases

one additional point was added; in some instances two were

added.



9-¢

PLUME
RISE
SITE |

A@

. :Qn KCC

JC
o

O

..."..-.®

o ASARCO .
o

LYY
WK'a - PLUME

A RISE
. SITE 2

4
N

MONITORING STATIONS

Joint Control
Montgomery Ranch

HJ = Hayden Junctlon

GH = Globe Highway =
WK = Winkleman

MD = Meadows ]

SCALE 1:50,000
}——4 500 METERS

(D) PIBAL SITES
(See Table I)

Figure 6A )
ccrre R

ROUTE INDEX MAP
HRYDEN SMELTERS SURVEY
(4-18 APRIL (378

ENVIRONMENTAL MERSUREMENTS, INC.
SAN FRANCISCO, CA 84111




L-€

GLOBE
© Uy |
IEETNG W
m § " - LOWER 7
g PERIDOT
, o i
ég/ -
Q’ .
R |
| & ]
SCALE  1:300,000 1
—— 3 KILOMETERS ]
.
PIBAL SITES
<:> (See Table I)
Y I | ROUTE INDEX MAP
VOEN E man . HAYDEN SMELTERG SURVEY
3 14-18 APRIL 1975

3

ENVIRONMENTRL MERSUREMENTS, INC.
SAN FRANCISCO, €A 4111




Total Burden Maps. The COSPEC data have been plotted in map

form to display the spatial distribution of the results.
Figure 7-A is a typical SO; total burden map. The total bur-
den map shows the remotely measured overhead SO2 using ''total
burden lines'". The lines extend from the roadway in the dircc-
tion of wind flow; the length of the lines is proportional to
the COSPEC readings, calibrated in parts per million-meters
(ppmM) SO;. A plume anomaly recorded on the original data
appears on the map-as a set of lines showing the '"'shape" of
the overhead gas.

The 15 total burden maps in this report (Figures 10, 12,
etc., Section 4) are drawn to a geographic scale of 1:50,000

(1 cm

500 metgrs), with two exceptions. One map required

a scale of 1:100,000 (1 cm =1 km), and another 1:300,000

(1 cm = 3 km), to display broader regioﬁal measurements. The
scale of the total burden is 400 ppmM per centimeter, the
same on all maps. The selectéd wind speed (from the pibal
results) labels the wind arrow.

On two maps there is a pair of wind arrows. In the first
case (Figure 10) there were two separate, distinct plumes. The
pibal results indicated a wind shear; different wind sbeeds
and directions were assigned to each plume, therefore. 1In
the second case (Figure 22), the survey extended over a half-
hour period when the wind was rotating from easterly to southerly;
the pibal results confirm the SO, measurements showing two
Plume crossings.
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Ground-Level Maps. A complementary set of 15 maps showing

ground-level SO2 concentrations measured concurrently with the
overhead S02 is presented in Section 4 (Figures 9, 11, etc.).

The groupd-level data are plotted as ladder rungs (See Figure 7-B),
lines normal to the traverse route; they are calibrated in

parts per billion (ppb) SO; 6400 ppb per cm). No wind arrows

are shown. The ground-level maps are printed on vellum to

permit simultaneous viewing with each total burden map.

SO0p Dispersion Maps. A third type of map has been prepared

for this study to document the dispersion of SO2 over traverse
routes used repeatedly during the survey. These SOz disper-
sion maps (Figures 39-53) are smaller than the computer-drawn
total burden and ground-level maps and have hand written anno-
tatiéns, They are drawn to a scale of 1:200,000; 1 centimeter =
2 kilometers. |

These sketch maps summarize the tiﬁe/topography variations
in SO, burdens and concentrations along the Globe Highway
(47 maps) and in the Montgomery Ranch area (12 maps). The
extent of the overhead (narrow line) and ground level (wide
line) SO2 plumes are marked; the peak readings (in ppmM and
PPb SO02) are located. Each individual map is identified
by date and time; the time is the approximate central time of
the moving measurements, as near the time of the peak readings

as practical.
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Ground-Level Maps. A complementary set of 15 maps showing

ground-level SOz concentrations measured concurrently with the
overhead S0 is presented in Section 4 (Figures 9, 11, etc.).

The ground-level data are plotted as ladder rungs (See Figure 7-B),
lines normal to the traverse route; they are calibrated in

parts per billion (ppb) SO; t400 ppb per cm). No wind arrows

are shown. The ground-level maps are printed on vellum to

permit simultaneous viewing with each total burden map.

S07 Dispersion Maps. A third type of map has been prepared

for this study to document the dispersion of SO2 over traverse
routes used repeatedly during the survey. These SO2 disper-
sion maps (Figures 39-53) are smaller than the computer-drawn
total burden and ground-level maps and have hand written anno-
tations. They are drawn to a scale of 1:200,000; 1 centimeter =
2 kilometers.

These sketch maps summarize the time/topography variations
in SO, burdens and concentrations along the Globe Highway
(47 maps) and in the Montgomery Ranch area (12 maps). The
extent of the overhead (narrow line) and ground level (wide
line) SO02 plumes are marked; the peak readings (in ppmM and
PPb S02) are located. Each individual map is identified
by date and time; the time is the approximate central time of
the moving measurements, as near the time of the peak readings

as practical.
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PLUME RISE

The stationary COSPEC data--measurement of plume rise--

- required a separate data processing procedure. The same type
of chart record was used as for moving measurements, but the
results had to be related to.the geometry of the measurement
site relative to the stack heights and local topography.

A sample chart record of plume rise measurements 1s shown
in Figure 8. Two individual measurements are recorded; the
instrument field of view was rotated from 6° above the horizon
to 25°. The trace labeled E-1 is the SO, analog signal for
the instrument moving upward to the highest angle; in E-2 the
instrument returns to the lowest angle. Number notations are
given for each angle of the plume rise measurements. Note
that the two traces are dissimilar even though the measure-
ments cover a time-span of only four minutes.

The records were digitized by taking chart readings for
each degree of angular movement. The readings were multiplied
by appropriate calibration factors and stored in a computer
memory. The results were plotted in sets. These plots (Fig-
ures 55, 56, etc., Section 4) indicate the horizon line to show
the lower limit of the remote sensor measurements. The verti-
cal scale is in degrees inclination”and elevation (meters).

The elevation scale is nonlinear because the height of
Athe plume varies with the tangent of the angle by the formula:

H = L tana+ (ah) where H is the height of the plume,

3-11



Figure 8
SAMPLE CHART RECORD
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above the bottom of the stacks, L is the horizontal distance
from the COSPEC to the plume centerline, a is the angle of
inclination, and ah is the difference in elevation between
the plume rise site and the base of the stacks.

To calculate the distance L the ﬁlume vectors first had
to be determined. A review af the plume rise and AQML data
revealed that the plumes from the two main stacks almost always
were co-mingled (beyond 200 meters downwind). Therefore, it
was not possible to perform separate vector analyses on the
two plumes. Rather, a combined analysis was done.

The results of the plume vector analysis are shown on
Plume Rise Geometry Maps (Figures 54, 62, and 70). They dis-
play the COSPEC site and the horizontal angles used to measure
plume rise. The "effective plume centerline' is drawn as the
best estimate of the vector of the combined plumes during the
measurement period. These vectors are drawn as if originating
from a single "equivalent stack", between the two actual stacks.
The constructed plume vectors and the angles of measurement
were used to determine the distance L, and hence the elevation

of the plume, in meters.

3-13



PIBALS _

All of the Pibal Results have been reduced into a graphic
-format and are presented in Appendix B. The plotted results
show a "birds-eye' map view on the left and a vertical view on
the right. In the map view the plotted line shows the direc-
tion and the distance the balloon traveled, beginning at the
center--the balloon's release point. The arrows in the verti-
cal view are plotted with the base of the arrow at the coor-
dinates of the wind speed and the altitude of each 30-second
pibal observation. The arrow is plotted in the direction of
wind flow (straighf up is North}); they are aligned with the
balloon trajectory shown in the map view. .

Some of the pibal measurements were abbreviated by uncon-
trollable conditions at the site. Data Qere lost when the
balloon travelled toward the sun or when the balloon was lost

behind a nearby hill. All computable balloon observations

have been plotted to provide the complete set of wind observations,

Selecting wind speeds and wind directions for analy-
sis of the remote sensor results required a detailed study of
the pibal results. First it was necessary to determine which
readings represented the wind speed at the top of the stacks
so that proper winds would be chosen for flux calculations.
Each hourly pibal was averaged for both direétion and speed.
Each route and the burden data were reviewed to deter-

mine which of the pibals were appropriate and whether more
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than one wind direction or speed was necessary (because of

wind changes during the traverse), A final adjustment in wind
directions was made by checking the burden data to determine

the cdmpass angle of the line from the source(s) to the measured

plume peak(s). This figure ﬁsually was within five degrees of

the averaged pibal direction. On occasions there were differ-

ences caused by topographic influences on wind flow. In such

cases, the direction determined from the burden data was used

for map plotting.
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SO MASS FLUX

" Calculations. The computation of SO, mass flux--emission

rate of a source--were derived from the COSPEC total burdens,

the geography, and the wind speed according to the following

formula:

S0, Mass Flux = Cospec _ Cospec _ Trav. Wind Wind/Road  Gas/Weight/Time
Read. X Calib. X Dist. X Speed X Angle X Conversions

kg/hr SO = Div. x ppnM x Meters xM/S x Sina  x 9.576 x 107

Defi. Div.

The.COSPEC reading, COSPEC calibration and the tragverse distance
were taken from the chart records and maps. The wind/road angle
was derived from the pibal results and by relating the peak of
the measured plume to the traverse route and the assumed center
of emissions for a given source. The conversions bring the
computations to a result in kilégrams per hour (kg/hr) SO;;
equivalent pounds per hour (1b/hr) values are reported, as well.

Error Estimate. The accuracy of the flux computations

can be estimated from the errors of individual parameters.
There are six identifiable sources for error in th¢ data col-
lection and processing procedures: spectrometer precision,
spectrometer calibration, spectrometer record interpretation,
wind speed, wind direction and burden location. Each of
these errors is a random quantity &H}ch takes on different
(and unpredictable) values from traverse to traverse. The

first three error sources are related to the operation of
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the spectrometer; the next two pertain to wind data used in
the flux calculations; the last occurs in transferring origi-
ﬁal data records onto digitized maps.

COSPEC II non-linearity (above 500 ppmM) was treated as
part of the spectrometer calibration error. The calculated
instrument sensitivity was used to convert the digitized spec-
trometer outputs from millivolts to parts-per-million-meters.
Corrections for occasional readings greater than 500 ppmM were
made prior to the calculation of flux,

The RMS Error for the SO, mass flux results can be calcu-
lated by assigning individual values to each of the six com-
ponent errors (Vj) and making a root-mean-square calculation.
The equétion is: | ' |

RMS Error =‘b\fvlz + VZZ + e+ Vni//aif

Where V; is the RMS error of one of the contributing

sources of error, and N is the number of remote sensor
measurements.

The values of each errar for SO; data gathered in this

study are:

Spectrometer precision + 7% (average noise as a
percent of signal within
one kilometer of source)

Spectrometer calibration + 5% (actual daily variation

in field calibrations)

Spectrometer interpretation % 5% (typical error in
determining reference
baselines on chart
records)
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+

15% (expected variation in
extrapolating fixed-
site wind data to plume

Wind speed

location)

Wind direction t 3% (average error in de-
termining wind direc-
tion (a) when converted
to sine a)

Burden location *+ 8% (combined field nota-

tion and data handling
errors of geographic lo-
cations)

The computed RMS Error for a SO, Mass Flux calculation is:
RMS Error =‘d(7)2+(5)2+(5)2+(15)2+(3)2+(8)2/\1N
= 20"7/‘\’N

For N=1 the RMS Error is *20%; where N=6 the RMS Error is re-

duced to '%8.2%.

This RMS Error incorporates the principal sources of error
in making remote sensor measureﬁents and converting the results
to emission rates. If one of the component errors is reduced,
the RMS Error is reduced. For example, if the actual.wind
speed error is #5% (rather than %15%) the RMS Error is re-
duced to $14% (where N=1).

Conversely, for plume crossings 10 km from the source the
spectrometer precision can increase from +7% to $20%; the
resulting RMS Error is #26% (with N=1). To accurately deter-
mine a flux value, therefore, a number of separate measurements
(usually si¥ but at least three) are made and the results

averaged; this averaging procedure cancels out random errors
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and reduces the probable error by the factor %/Qﬁi Therefore,
while the RMS Error of a remote sensor flux value may be as
high as %26% for one particular measurement, it is significant-

ly less (e.g. *8.2% for an average of six measurements).



Section 4

RESULTS AND DISCUSSION

The results of the Hayden Smelters Emission Survey are
presented in three sections:

e MOVING MEASUREMENTS - Total burden and ground-level
maps and SO, dispersion sketch

maps

e PLUME RISE - Individual profiles and plume
height to two kilometers down-
wind

e SO, MASS FLUX - Estimates of smelter emissions
from remote sensor and pibal
data

MOVING MEASUREMENTS

The moving measurements were successful in locating
overhead and ground-level S0, in the near vicinity of the
smelters and as far as 40 kilometers downwind. Significaht
events and typical moving measurements results have been
plotted in map form.

Total Burden/Ground-Level Maps. Thirty computer drawn

maps are presented in chronological order. Each day's results
are summarized and interpreted on the page preceeding the
daily map set. This discussion and the maps are both pre-

sented in a horizontal format.
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14 APRIL 75/EVENTS 8, 18

The first pair of maps (Figures 9 and 10) shows a moving
survey from Hayden west to the Montgomery Ranch air monitoring
station. Two distinct plumes were measured: one was crossing
highway AZ-177, and the second was above the Chilito Mine Road.
The second plume had the most significant SO, touchdown (550 ppb peak).
Two wind speeds and direcfions were observed; the slower winds were
at lower elevations.
Figures 11 and 12 show ground-level and total burden S0,
.data gathered on AZ-77 later the same day, after wind shifted di-
|rection. The northeasterly plume trajectory was documented by
both the remote and point monitors. The ground-level concentrations
were greatest (to 540 ppb) at the southern edge of the plume activity;

the total burden peak (405 ppmM) was five kilometers to the north,
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15 APRIL 75/EVENTS 4,5-6, 10, 28

Events 4, 5-6 and 10 are representative of a morning survey
conducted west of the smelters on 15 April. The first two total
burden maps (Figures 14 and 16) are similar; high SO, burdens
(to 3400 ppmM) were measured on the mine road northwest of Hayden.
The corresponding ground-level maps (Figures 13 and 15) illustrate
the wide variations in plume touchdown. The maximum recorded SO,
concentrations were 440 ppb for Event 4 and > 1390 ppb for Events
5-6 (1390 ppb was the limit of detectability for the SO, monitor;
see Section 2). Two hours later (Event 10) plume activity was
again measured, but at a different location (Figures 17 and 18);
the peak SO, readings were 790 ppmM total burden and 1370ppb ground-
level concentrations.

One set of afternoon measurements on AZ-77, the Globe Highway
(Event 28); is plotted in Figure 19 and 20. The peak burden
(1820 ppmM) and peak concentration (760 ppb) nearly coincide at

a point two kilometers from the Globe Highway monitoring station.
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16 APRIL 75/EVENTS 4, 7-8, 21,26

On the morning of 16 April the'smelter plumes were detected
to the west of Hayden (Event 4). By the end of the 28-minute
traverse the wind had shifted; SO2 was again detected 11 kilometers
almost due north of the smelters. Figure 22 shows the two plume
crossings; Figure 21 shows that the plumes touched down to the
west (4 kilometers downwind) but not to the north.

Figures 23 and 24 are plots of a long distance traverse
(Events 7-8) north on AZ-77 (to Globe) and east on US 70, The-SO2
plume from the smelters was crossed 10 kilometers to the northeast--
and again 40 kilometers downwind. The burden plume (140 ppmM peak)
was about 15 kilometers-wide at this second crossing; the peak S0,
concentration at ground level was 65 ppb.

Two Globe Highway traverses (Events 21 and 26) are shown in
Figures 25-28., The magnitude and location of peak burdens and

concentrations varied widely, as shown on the maps. The peak SO,

concentration near the Globe Highway station for Event 26 was 940 ppb.
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17 APRIL 75/EVENTS 14, 29

The two Globe Highway surveys, plotted in Figures 29-32,
were made between and.following plume rise measurements. Good
correlation of overhead and ground-level SO2 occurred during Event 14;
both peak values (1050 ppmM and 1000 ppb) were recorded 4 kilometers
from the smelters. In contrast; the correlation was poor for Event 29.
The peak SO2 concentration (930‘ppb) was located 5 kilometers to
the northeast but there was relatively little SO, burden associated
with it (190 ppmM peak). However, near the Globe Highway station f
there was a total burden peak of 2340 ppmM SO;; there was also
a high ground-level reading (>1390 ppb) but it was located 500

meters to the south of the overhead plume.
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18 APRIL 75/EVENTS 7, 17, 20

These three Events were Globe Highway traverses before
and after plume rise measurements. The variability in both the
burden and concentration data are apparent from these six maps
(Figures 33-38)., Only the first pair of maps (Event 7) show
good correlation between the two sets of results. Events 17 and
20, which occurred after the wind had rotated and became some-
what stronger, show lack of agreeﬁent between the locations for
the integrated and point measurements. The wind shift separated
the overhead plumes, especially for Event 20 (Figure 38). Two
plumes are more evident on this map because they were érossing
the road at approximately a right angle, in contrast to most
Globe Highway maps which show burden data along portions of the

road nearly parallel with the plume centerlines.
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SO0, Dispersion. The influence of the rough terrain

north of the smelters was evident in the moving measure-
ment results. This was especially true for the Globe Highway
where extreme fluctuations occurred from one traverse to the
next in both SO burden and concentration data. Measurements
in the Montgomery Ranch area also exhibited vgriability. To
illustrate these variations two sets of sketch maps are pre-
sented: Figures 39-50 for Globe Highway and Figures 51-53
for Montgomery Ranch. There are maps for all five days of
the study for Globe Highway; Montgomery Ranch maps are for
14 and 15 April 75. The maps are 16 km x 16 km squares.
These maps show the extent of overhead and ground level
S02 as measured by the AQML. They also give peak values for
both burdens (ppmM) and concentrations (ppb). The peaks are
the maximum SO2 burdens and concentrations recorded on each
traverse; where multiple peaks were recorded only the highest
value is shown. While these hand drawn maps are not precise
plots they do show the geographic locations (within 500
meters) of data gathered in these two critical areas.

The SO dispergion maps depict the location of smelter
Plumes and the correlation between the two sets of data.
Figure 39, for example, shows displacement of the ground-
level SO2 along the Globe Highway relative to the SO bur-
den; in contrast Figure 40 shows good correlation for four

traverses spanning a fifteen minute period.
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17 APR 75

Figure 47

SO DISPERSION

Globe Highway

1526 MST

17 APR 75

HAYDEN SMELTERS EMISSION SURVEY

[531 MST

&

1400
PFb

ground level |
e=mbe®  oncentration (peak ppb)

17 APR 75

17

"e—l . total

APR 75

burden (peak ppmM)

1540 MST

1534 MST

4-46




17 APR 75
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Figure 50
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Figure 49
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The Montgomery Ranch SO; dispersion maps show similar
patterns. The plume touchdown points (concentrations) have
relatively poor correlation with the overhead plumes (bur-
dens). For four of the twelve traverses the ground level

exceeded the detection limit of the SOz monitor (1390 ppb).
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14 APR 75
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I5 APR 75

Figure 53
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PLUME RISE

The Plume Rise measurements were made at two sites on two
days. A summary of the twenty sets of measurements is given
in Table III.

" Individual Profiles. The eighty-five individual profiles,

single vertical sweeps through the plumes, are plotted in sets.
Each set contains two to eight profiles. The sets are grouped
by site and day; each group is presented separately with a
discussion and a Plume Rise Geometry Map. All pages are in

the horizontal page format.
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TABLE III

EPA/HAYDEN

Date Site Time (MST) Set Location
17 APR 75 1 0924 1 Between Stacks
1 0947 2 10° Left KCC Stack-
1 0959 3 25° Left KCC Stack
1 1033 4 25° Left KCC Stack
1 1046 5 Between Stacks
1 1055 6 10° Left KCC Stack
1 1103 7 25° Left KCC Stack
= : ecow ST —r:
17 APR 75 2 1254 1 Between Stacks
2 1303 2 2° Right ASARCO Stack
2 1314 3 15° Right ASARCO Stack
2 1325 4 42° Right ASARCO Stack
2 . 1337 5 42° Right ASARCO Stack
2 b 1355 6 65° Right ASARCO Stack
2 b 1401 7 65° Right ASARCO Stack
18 APR 75 2 é 1017 1 i Between Stacks
2 1027 2 [ Between Stacks
2 1036 3 5° Right ASARCO Stack
2 1049 4 20° Right ASARCO Stack
2 1104 5 45° Right ASARCO Stack
2 1120 6 65° Right ASARCO Stack
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17 APRIL 75/SITE 1 PLUME RISE

Site 1 was above and behind the smelters; it was selected
because it had the advantage of being elevated with good line-
of-sight to the distant horizon. However, it had the disadvan-
tage of presenting a view of the‘two stack tops at nearly the
same angle of inclination. Thus it was difficult to separate
the KCC and ASARCO plumes from Site 1. The KCC stack was used
as a zero degree reference. The 4°,10°, and 25° horizontal
angles used to measure plume rise are shown on Figure 54. The
plume vectors were almost due east, as represented by the "effec-
tive plume centerline'" on the map.

A total of 42 plume profiles are plotted for Site 1 (Figures
55 - 61). The profiles between the stacks show only SO; emissions
from the KCC stack (Figures 55 énd 59). Set 1 shows eight profiles
with good repeatability; Set 5 illustrates some low level emissions
near the horizon. The other Sets are downwind of both the ASARCO
and KCC stacks; some profiles have two distinct plumes but most do

not. Low level emissions (below 200 meters) were measured frequently.
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FIGURE 56
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FIGURE 61
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17 APRIL 75/SITE 2 PLUME RISE

Site 2 was located in Winkleman southeast of the stacks; - it
was superior to Site 1 because the two stack tops were separated
vertically. It had the disadvantage of having mountainous terrain
at the horizon; therefore, measurements of plume rise were limited
to a minimum angle of about 5 degrees. The ASARCO stack was used
as the zero degree reference. The 15°, 42°, and 65° measurement
angles are shown on Figure 62. The plume vector was east-southeast
to easterly.

For 17 April, 21 plume profiles are plotted (Figures 63 - 69).
Because of the lower elevation of Site 2 the horizon line appears
above zero degrees (as noted on each plot). The Set 1 measurements
(between Stacks, Figure 63).shows ASARCO stack emissions (at 400
meters) and fugitive emissions at the horizon. Downwind profiles
are more complex; multiple peaks occur frequently as do low elevation
emissions. Except for Set 5 (Figure 67) the SO plumes remained

below 20 degrees (600 meters) to nearly two kilometers downwind.
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18 APRIL 75/SITE 2 PLUME RISE

Site 2 was used again on 18 April. The wind had a more
southerly component so the plume vector was east-southeast.

The 5°, 20°, 45°, and 65° horizontal measurement angles are
shown on Figure 70.

A total of 23 plume rise profiles are plotted (Figures
71-76) . Compared to the previous day these profiles show SO,
dispersing more vertically,up to 40 degrees (1000 meters) or
more. This was due partly to-the more southerly plume trajectory.
But the combination of meteorology and topography caused higher
burdens at the horizon; both stack and fugitive emissions could
have contributed to the near-ground SO;. Even though the stack
tops were visually separated (see Figure 4) the profiles do not

show individual plumes that can be attributed to either stack.
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FIGURE 73
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FIGURE 74
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FIGURE 75
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Plume Height. The individual plume rise profiles for

17 and 18 April illustrate a lack of uniformity in vertical
plume geometry for the meteorological conditions that existed
in Hayden. More measurements and extended study would be
required to better understand the plume behavior for this
tall stack/complex terrain situation. No detailed analyses
of the KCC and ASARCO plumes--individually and as a combined
plume--were made. However, the plume height for each set
of profiles was analyzed.

The plume height was determined from the remote sensor
data and the site and stack geometry. Using the effective
plume centerlines the height of the plume (in meters) was
'éalculated for each downwind distance (in meters, converted
from angles); the height was measured from the ground, midway
between the two stacks.

Three plots of plume height are shown in Figure 77.
They show the vertical location of averaged sets of plume
rise measurements. The plume center (the peak ppmM value)
of each set is a '"dot" located at an elevation; the ver-
tical width of the average plume is drawn as a scale line.
The tops of the stacks are labeled KCC and ASR.

The two plots for 17 April show a rising plume center-
line in the morning (to 500 meter§) and a flatter trajectory

(to 400 meters) later in the day. The plume (or plumes)
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Figure 77
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were well defined (except for Set 5) with a vertical dimen-
sion of 400 meters or less.

The 18 April plume centerline reached nearly 600
meters elevation, 1700 meters downwind. The vertical plume
dimension was 750 mefers or more; the top edgé of the plume

was less well defined for Sets 5 and 6, as indicated by the

dashed lines.
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SO, MASS FLUX

Emission rates for the smelters have been estimated
from the moving remote sensor data. The SO; burden results
and information derived from the pibal measurements were
combined with traverse route geography to calculate SO3
mass flux. A total of 23 Events were processed by computer;
the results are tabulated in Table IV. The mass flux values--
estimates for the amount of SO in the overhead plumes--
are listed in both kilograms per hour (kg/hr) and
pounds per hour (1b/hr); averages for each day are

included.

The average SOz mass flux for all five days (23 cal-
éulations) is 23,330 kg/hr (51,450 1b/hr) SO3; the standard
deviation (as a percent of the mean) is 77%; this statistic
indicates a wide spread in the calculated flux values. Some
of this spread in the results is the expected error of the
remote sensor measurements (Sge Section 3). However, the
smelters cannot be assumed to be constant emi§sion sources;
thus, some of the spread is due to the true variation in
the combined S02 emissions.

The calculations in Table IV are the result of indi-
vidual passés of the AQML-mounted COSPEC under the dispersing
plumes. The remote sensor makes a near-instantaneous measure-
ment--a 'snapshot'" of the SO inifhe overhead plume. Because
the plume shape is usually not constant with time, each measure-

ment produces a different result. As described in Section 3
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TABLE IV

SOZ MASS FLUX
Hayden Smelters Emission Survey

DATE TIME (MST) {EVENT| WIND SO, MASS  FLUX*
(M/S) | (KG/HR)  AVG [(LB/HR)  AVG
14 Apr
© 75 1036-1055 8 I5.9,3.9]28,750 63,350
1451-1500 | 18 7.1 |47,500 38,150 (104,700 84,100
15 Apr | '
75 0900-0910 3 2.5 [12,600 27,750
0910-0925 4 2.5 110,050 22,150
0925-0940 | 5-6 2.9 |16,700 36,800
1122-1136 | 10 3.0 |17,750 18,500 | 39,100 40,750
1136-1150 | 11 2.8 6,000 13,200
1630-1638 | 26 6.0 15,000 33,050
1645-1652 | 28 6.0 {51,328 113,150
16 Apr :
75 0859-0927 4 3.1 {14,200 31,300
0927-0952 5 4.0 135,200 77,600
1609-1616 | 23 6.8 134,250 20,600 | 75,500 45,400
1616-1623 | 24 6.6 |11,183 | 24,650 '
1623-1631 | 25 6.3 {12,416 27,350
1631-1643 | 26 6.1 16,500 36,350
17 Apr
75 1203-1211 { 14 6.0 |31,000 68,300
1534-1539 26 5.5 21,100 45,500 46,500 100,300
1555-1603 | 29 |11.0 {84,250 185,700
.18 Apr
75 0951-0959 7 2.4 110,800 23,800
1223-1228 | 17 2.9 |15,250 33,600
1228-1232 | 18 2.9 110,400 14,200 } 22,900 31,300
1232-1235 | 19 2.9 9,700 21,400
1235-1238 | 20 2.9 24,750 54,550

* Combined SO, emission rates for the entire two-smelter complex.

751009
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a set of measurements (typically six) is required to obtain
a reliable flux figure. This is illustrated by the averages

for 15 and 16 April which are derived from six and seven

separate calculations. The averages for the two days (18,500 kg/hr-__

and 20,600 kg/hr) agree within 12%. The standard deviations
are 81% (15th) and 54% (16th). The daily averages are a
better measure of smelter SO; emissions than any one indi-
vidual calculation.

These emission rates are for the entire smelter complex.
All SO; plumes measured by the remote sensor--whether ema-
nating from stacks or as fugitive emissions--are included
in the calculations. For most measurements it was not prac-
tical to a}témpt to separate stack plumes from fugitive plumes;
nor was it usually possible to identify plume anomalies in the
data records as originating from the KCC or ASARCO stacks.
In general, there were toolittle detailed wind data (even
with the 35 pibals) to be éble to define precise plume
trajectories for a significant number of measurements. The
rugged terrain had a pronounced effect on the'plume paths,
as well. Source separation would require additional field
studies with, hopefully, more favorable wind directions
than were experienced during this program.

The combined mass flux values can be expected to be

larger than other SO emission rates for the two smelters

because essentially all of the SOz source points were being
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tested simultaneously. There are other reasons why some
of the fluxes may be high. Traverse routes that are sharply
curved and terrain that is rough can cause positive errors
in the calculation of remotely measured mass flux.

Higher emission rates were calculated along the Globe
Highway (in the Gila River Canyon) than in the Montgomery
Ranch area. The average of the sixteen Globe Highway S02
mass flux calculations is 26,900 kg/hr (59,300 1b/hr);
this is significantly higher (78%) than the average for
the COSPEC measurements west of the smelters, 15,150 kg/hr
(33,400 1b/hr). There are two reasons for this difference.
First,‘the only available traverse route northeast of Hayden
is a curved canyon road (the GloBe Highway). The plumes
being measured were generally above the canyon. But the
canyon walls may have channelled portions of the plumes
along an irregular trajectory--unrelated to the stréight-
line plume'path assumed for analysis. The effect is to
distort the wind/road angle and plume width. The errors
which enter the flux calculations tend to be positive;
they increase the computed flux value. By comparison, the
Montgomery Ranch traverses would be less influenced by this
type of error because the topography is less rugged.

The second reason relates to _the non-stack (fugitive)

emissions. A single wind speed and direction was selected
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from the pibal results to be representative of the wind
conditions that existed within the elevated plume. In

the case of the Globe Highway these wind data were applied
to total burdens measured overhead in the plume--but also

to ahy SO0 gas which may have originated at low elevation
pointslin the smelter complex. It is presumed that much

of the remote sensor data were a combination of elevated
plume and lower level fugitive emissions; this is supported
by the high ground leveleOZ concentrations measured on

this road. Because these low elevation emissions were prob-
ably being influenced by different "canyon winds" (both

in speed and direction) the winds aloft data were incorrectly
applied, cauéing an increase in the calculated mass flux.
Again, by comparison, data collected in the Montgomery Ranch
area would not suffer the same degree of error because of

the less severe topography and micrometeorological effects..

751009 4
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S0, MASS FLUX

Emission rates-for the smelters have been estimated
from the moving remote sensor data. The SO; burden results
and information derifed from the pibal measurements were
combined with traversé\route'geography to calculate SOj
mass flux. A total ofk23 Events were processed by computer;
the results are tabulated in Table IV. The mass flux values--
estimates for the amount qf SO02 1in the overhead plumes--
are listed in Dboth kiloérams per hour (kg/hr) and
pounds pef- hour (lb/hr);\\averages'for each day are

\
included. \

\ .

The average SO7 mass fluf\for all five days (23 cal-
culations) is 21,150 kg/hr (44:960 1b/hr) SO2; the standard
deviation (as a percent of the mgen) is 50%; this statistic
indicates a wide spread in the calculated flux values. Some
of this spread in the results is thg expected error of the
remote sensor measurements (See Section 3). However, the
smelters cannot be assumed to be constant emission sources;
thus, some of the spread is due to the\true variation in
the combined SO2 emissions.

The calculations in Table IV are the\result of indi-

vidual passes of the AQML-mounted COSPEC unifr the dispersing

plumes. The remote sensor makes a near-instaptaneous measure-

ment--a "snapshot'" of the SO, in the overhead\plume. Because

the plume shape is usually not constant with tipe, each measure-

ment produces a different result. As described i? Section 3

\
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TABLE IV

S0, MASS FLUX
Hayden Smelters Emission Survey
DATE TIME (MST) |EVENT|{ WIND S04 MASS _ FLUX*
(M/S) | (KG/HR) ™ AVG |(LB/HR)  AVG
14 Apr
© 75 1036-1055 8 15.9,3.9 34,000 75,000
1451-1500 | 18 7.1 | 34,600 34,300}76,200 75,600
15 Apr
75 0900-0910 3 2.5 9,900 21,700
0910-0925 4 2.5 |16,600 36,600
0925-0940 | 5-6 2.9 | 33,800 74,600
1122-1136 | 10 3.0 }16,100 18,800{35,400 41,500
1136-1150 | 11 2.8 3,500 7,700
1630-1638 | 26 6.0 | 20,000 44,100
1645-1652 | 28 6.0 | 31,800 70,100
16 Apr
75 0859-0927 4 |, 3.1 10,200 22,400
0927-0952 5 |- 4.0 }33,000 - 172,800
1609-1616 | 23 | 6.8 {33,200 18,800}73,200 41,500
1616-1623 | 24 6.6 8,100 17,800
1623-1631 | 25 | 6.3 8,500 18,500
1631-1643 | 26 6.1 | 20,100 44,100
17 Apr
75 1203-1211 | 14 6.0 | 11,200 25,900
1534-1539 | 26 5.5 } 23,500 23,300{51,800 51,900
1555-1603 | 29 |11.0 | 35,300 77,900
18 Apr -
75 0951-0959 7 2.4 }32,500 32,500
1223-1228 | 17 2.9 | 21,300 47,000
1228-1232 | 18 2.9 [13,300 20,600{29,400 37,600
1232-1235 | 19 2.9 12,800 28,200
1235-1238 | 20 2.9 | 23,200 51,100

* Combined SO, emission rates for the entire two-smelter complex.
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a set of measurements (typically six) is required to obtain
a reliable flux figure. This is illustrated by the averages
for 15 and 16 April which are derived from six and seven
separate calculations. The average is the same for both
days, 18,800 kg/hr (41,500 1b/hr). The standard deviations
are 58% (15th) and 63% (16th). The daily averages are a
better measure of smelter SO; emissions than any one indi-
vidual calculation.

These emission rates are for the entire smelter complex.
A1l SO; plumes measured by the remote sensor--whether ema-
nating from stacks or as fugitive emissions--are included
in the calculations. For most measurements it was not prac-
tical to attempt to separate stack plumes from fugitive plumes;
nor was it usually possible to identify plume anomalies in-the
data records as originating from the KCC or ASARCO stacks.
In general, there were toolittle detailed wind data (even
with the 35 pibals) to be able to define precise plume
trajectories for a significant number of measurements. The
rugged terrain had a pronounced effect on the plume paths,
as well. Source separation would require additional field
Studies with, hopefully, more favorable and directions

\

than were experienced during this program.:

i

The combined mass flux values can be e%pected to be

larger than other SO) emission rates for the.two smelters

because essentially all of the SO; source points were being
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tested simultaneously. There are other reasons why some

of the fluxes may be high. Traverse routes that are sharply
curved and terrain that is rough can cause positive errors
in the calculation of remotely measured mass flux.

Higher emission rates were calculated along the Globeb
Highway (in the Gila Rivef Canyon) than in the Montgomery
Ranch area. The average of the sixteen Globe Highway S02
mass flux calculations 1is 229600 kg/hr (49,700 1b/hr);
this is significantly higher (28%) than the average for
the COSPEC measurements west of the smelters, 17,700 kg/hr
(38,900 1b/hr). There are twé reasons for this difference.
First, the only available traverse route northeast of Hayden
is a curved canyon road (the Globe Highway); The plumes
being measured were generally above the canyon. But the
canyon walls may have channelléd portions of the plumes
along an irregular trajectory--unrelated to the straight-
line plume path assumed for analysis. The effect is to
distort the wind/road angle and plume width. The errors
which enter the flux calculations tend to be positive;
they increase the computed flux value. By comparison, the
Montgomery Ranch traverses would be leég influenced by this
type of error because the topography is\;ess rugged.

The second reason relates to the noﬁ;stack (fugitive)

emissions. A single wind speed and direction was seleccted
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from the pibal results to be representative of the wind

conditions that existed within the elevated plume. 1In

the case of the Globe Highway these wind data were applied

to total burdens measured overhead in the plume--but also

to any SO, gas which may have originated at low elevation

points in the smelter complex. It is presumed that much

of the remote sensor data were a combination of elevated

plume and lower level fugitive emissions; this is supported

by the high ground level SO, concentrations measured on

this road. Because these low elevation emissions were prob-

ably being influenced by different "canyon winds' (both

in speed and direction) the winds aloft data were incorrectly

applied, céuéing an increase in the calculated mass flux.

Again, by comparison, data collected in the Montgomery Ranch

area would not suffer the same degree of error because of

the less severe topography and micrometeorological effects.
Accounting for the influence of the Gila River Canyon

on flux calculations the five-day average SO mass flux for

the smelter complex should be reduced approximately 20%,

to 16,920 kg/hr (35,970 1b/hr) SO,.

4-89



APPENDIX A

Data LisTINGS



Appendix A

Data Listings

Index
Date . Time (MST) Event Page
14 April '75 1036-1055 8 A-1
1451-1500 18 A-3
15 April '75 0900-0910 3 A-5S
0910-0925 4 A-6
0925-0940 5-6 A-8
1122-1136 10 A-10
1136-1150 11 A-12
1630-1638 26 A-13
1645-1652 28 A-14
16 April '75 0859-0927 4 A-15
0927-0952 5 A-17
1042-1131 7 A-19
1131-1151 8 A-21
1550-1600 21 A-22
1600-1609 22 A-25
1609-1616 .23 A-25
1616-1623 24 A-26
1623-1631 25 A-27
1631-16453 26 A-28
17 April '75 1203-1211 14 A-30
1534-1539 26 A-31
1555-1603 29 A-32
18 April '75 0951-0959 7 A-33
1223-1228 17 A-34
1228-1232 18 A-35
1232-1235 19 A-36
1235-1238 20 A-37
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FIGURE 66
ENVIRONMENTAL MERSUREMENTS INC.
PLUME RISE S5TUDY: EPR/HRYDEN
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FIGURE 67
ENVIRONMENTAL MERSUREMENTS [INC.
PLUME RISE STUDY: EPR/HRYDEN
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FIGURE 68
ENVIRONMENTAL MERSUREMENTS INC.

PLUME RISE S5TUDY: EPR/HRYDEN
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FIGURE 69
ENVIRONMENTRL MERSUREMENTS INC.

PLUME RISE 5TUDY: EPR/HAYDEN
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PiBaL RESULTS



Appendix B

Pibal Results

Index
Date Time Site Page
(MST)
14 April '75 0945 6 B-1
1202 1 B-2
1354 1 B-3
15 April '75 0955 1 B-4
1000 1 B-5
1012 1 B-6
1328 1 B-7
1337 1 B-8
1425 1 B-9
1533 1 B-10
1545 1 B-11
16 April '75 0800 1 B-12
0807 1 B-13
0828 1 B-14
0958 1 B-15
1200 5 B-16
1517 8 B-17
1650 1 B-18
17 April '75 0823 1 B-19
0920 3 B-20
0951 5 B-21
1021 3 B-22
1036 3 B-23
1045 3 B-24
1104 3 B-25
1246 4 B-26
1311 4 B-27
1348 4 B-28
1612 4 B-29
18 April '75 0755 7 B-30
0900 1 B-31
1020 4 B-32
1046 4 B-33
1125 4 B-34
1133 4 B-35
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Burden -

COSPEC -

Data Day -

Event -

Flux -

Ground Level

Km -

MT/D -

ppb -

ppmM -

GLOSSARY

Automatic Gain Control, the light sensing cir-
cuit of the correlation spectrometer

Air Quality Moving Laboratory, an array of in-
struments designed to monitor air pollutants
in a truly mobile mode

Vertically integrated concentration-path length
measurements of pollutants as measured by the
Correlation Spectrometer, (also overhead burden,
total burden)

Correlation Spectrometer, manufactured by
Barringer Research Ltd,, an electro-optical re-
mote sensor which monitors pollutants along
light paths originating from natural or artifi-
cial radiation

A measurement day when personnel and equipment
are mobilized to survey air quality; actual
hours of measurement may range from one to
twenty-four depending on conditions at the site

A single measurement by the moving laboratory;
a plume crossing or a regional survey; may
vary in length from one minute to one hour

See Mass Flux

Ground-level concentrations of pollutants as
measured by point monitors

Kilometers
Metric Tons per day, emission rate
Parts per billion, concentration measurement

Parts per million-meters, concentration-path
length measurement
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GLOSSARY

Mass Flux - Emission rate of pollutant across a traverse
route calculated from remote sensing data
(also mass flow rate)

Noise - Spectrometer response due to spurious, unwanted
electronic signals; usually a few ppmM depend-
ing on gas measured and available light

Overhead Burden -See Burden

Pibal - Pilot balloon, used to measure wind speed and
wind direction at the elevation of the plume
(stack emissions)

Plume - Dispersing stack emissions

Total Burden - See Burden

TB - See Burden

Ground - See Ground-level

GL See Ground-level

RMS Error - Root Mean Square Error

Traverse - A moving measurement using a moving laboratory;

a traverse route is a highway or road travelled
during a survey

UTM - Universal Transverse Mercator coordinates used
on U,S. Geological Survey Topographic Maps
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