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I.. INTRODUCTION
The U.S. Environmental Protection Agency retained Clayton.
Environmental Consultants, Inc. to conduct a source testing study
of vafidus emission sources at the pelletizing operations of
Empire Mining Company near Palmer, Michigan. .Ihe primary purpose
of this study was to prbvide data for the establishment of emis~ -

sion standards for iron ore beneficiation facilities.

" The test program included measurement of particulate and asbes-

tos emissions from four sampling locations of the pelletizing opera-

tion (Figure 1l).i Particulate samples were collected simultaneously

'in triplicate from the duct exhausting the drying section of the

pelletizing operation, both before and after the electrostatic

‘preécipitator which controls this exhaust point. Triplicate

particuléte tests with an in-stack filter were also obtained
at the precibitatbr outlet. Particle sizing samples were col-
lected at precipitator inlet and outlet sampling locations.
Triplicate measurements were taken simultaneously at the inleﬁ
and outlet 1ocatibﬁs of a Rotoclone controlling emissions frﬁm
the pellet discharge end of the pelletizing operations.
Associated data, including exhaust gas composition and
moisturé content, gas temperatures, and flowrates were also
collected. |
This study was conducted during the week of November 16,

1975. A list of project participants is included in Appendix A,
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II. SUMMARY AND DISCUSSION OF RESULTS
Table T summarizes results of the inlet and outlet particulate

saﬁpligévat the No. 3 Kiln Electrostatic Precipitator which con-
trols emiséions from the dfying.zone of the pelletizing operation,
Table IT presents these same data in metric units. The uncon-
trolled total pafticulate emission rate from this source averaged
480 poﬁnds per hour'(2;8 kg/hr), while the outlet of the pre-
cipitatdr was fpund tp_have a total particulate emission rate of
13.3 pounds per hour (6.0 kg/hr). Emission rates &ecreased con-
.tinually during the”éémpling at these two locations.

Tables III and IV present the results of the special (in-

" stack filter) tests conducted on the electrostatic precipitator d

~outlet in English and metric units, respectively. The average

total particulate emission rate was 21,4 pounds pér hour (9.7 kg/hr).
" Emissions meésured by'the in-stack filter and reference

method tests are comparable only for the two tests which were

cSllected simultaneously, tests 1l and 2.'.Impinger catch emission-

rates measured by the refefence method, 14.3 and 9.2 pounds per

hour (6.5 and 4.2 kg/hr), were similar to those measured by the

special sampling train, 14.2 and 6.5 pounds per hour (6.4 and

2.9 kg/hr), differing by 0.7 and 34 percent, respectively., Filter-

able particulate emissions measured by the reference method were

expected to be similar to those measured by the front filter, probe

wash, and second filter of the special sampling train with a

relatively small amount of particulate expected in the latter two
fractions. During both tests, however, front filterable particu-
late of the special train was less than that meaéured by the ref-

erence method, and a relatively large portion of the particulate

was captured in the probe wash and second filter. Special test 3
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- 8 -
and reference test 4, although not collected simultaneously,
confirm this observation. A statistical comparison of the
simultaneous test results cannot be made due to an insufficient
number of samples. |

Table V summarizes the efficiencies measured during the
simultaneous inlet and outlet testing conducted on the electro-
static precipitator. The average coﬁtrol efficiency for filterabie.
particulate was 99.2 percent.by weight; the average efficiency
for tetai particulate was somewhat lower, 97.3 percent,

Tables VI and VII disélay the results of the simﬁltaneous
particulate testing conducted on the Rotoclone inlet and outlet
in_English and metric units, respectively. Analysis of these
data shows a likely malfunction in this piece of control equipment.
The volumetric flowrates at the inlet and outlet were méasured to
be 9,900 and 19,500 dry standard cubic feet per minute (280 and
551‘DNm3/min), respectively., The total particulate emission rates
were found to be very similar; the average inlet rate of 57.7
pounds per hour (26.2 kg/hr) abproximately equals the outlet rate
of 54,7 pounds per hour (24.9 kg/hr).. The first test shows a
slightly higher outlet than inlet emission rate. Mr.-Paﬁl.Rosten
indicated that the staff of the Cleveland-Cliffs Iron Company |
Research Lab measured a similar difference in flowrates both befpre
and after the EPA testing. Mr. Martin Jonmes of the CCIC Research Lab
staff remeasured the flowrates at this juncture at a‘later date and
found them to be more nearly equal (inlet - 12,000 SCFM; outlet -
14,000 SCFM), although the temperatures were significantly higher.

Mr. Jones also examined the maintenance on the control system during



TABLE V
EFFICIENCY OF NO. 3 KILN ELECTROSTATIC PRECIPITATOR
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Efficiency, Percent
Test
Number Filterable Total
Particulate Particulate
1 99,5 97.4
2 : : 99.0 : : 97.3
3 - -
4 99.1 97.1
Average 99,2 _ " 97.3




L*9E L0*0 L*%¢S 8Z€°0 2000°0 8z€°0 00%°*%g oomnmﬂ LST |*8av
$*2§ 70°0 $°z¢ 21€°0 Z000°0 #1€°0 004 ¢ ye 00561} SS1 € 381310
z°¢€s I1°0 1°¢¢ LIE®O 9000°0 91€°0 00% e 009%T1| LS1I z
¥7° 8¢ §0°0 °8¢ £€5€°0 £000°*0 €SE°0 005 %2 00€°61| 861 1 .
L°1LS 80°0 L*LS 089°0 100°0 6.9°0 008°¢#H1 006°6 0L7 ["3aV
' g9°9g¢ €1°0 c°9g 699°0 700°0 £99°0 00L°%H1 0886 | 0i2 € PERLD:
o _ R
— 6°66S 80°0 6°66S %0L°0 100°0 €0L°0 008°%1 0€6°6 0.7 Z
] .
9°*9¢ 20°0 9°*9¢ 899°0 $000°0 899°0 008°#HT 088°6 042 1
23BN 23BN WDV wansda :
-313axed yo21e€d @3einatlaed | -~oraaed uosles 23 INOT3aed (d,)
18307 ao8urduw] °21qea"lTTId fe301 azo8utduy 21GBI93TTL 931BIMNOTA dual *oN | @9anog
. 3s=2],
(ay/sqi) e3e¥ UOTSsSTW ssey (30SU/23) UOTIEBIJIUDDUOD SUOT]TPUO) SBH NdEB1S

SL61 “1z-81 A°qUIAON
ueSETYo TR ‘aswmied
Lfuedwoy Surul satdud
o o ~ HNOTDOLOY NTIIX ¢ ~ .
anHZD meAUva wZOHmmHEm MHﬂﬂboHHm4m ho Mm4zﬁbw

IA mam%ﬁ




6°%7 | €0°0 - . 8°%E 6L 6°0 _ 0sL . 269 166 69 *3AV
6°¢€2 _No.o 8'€T 61L: g0 61L 169 €ss | 89 £
3813ano
[ A4 G0°0 ~1%e gZL g1 Wl 169 §ss 69 g
G° 9T z0°0 g* 9T 808 29°0 808" %69 9%s 0L 1
z°9¢ 70°0 - ¢° 9t 09S1 £€°C 095t | 81¥ 087 Z€1 | "8aV
] LG9 90°0 L°ST 0€EST G*e 0€st o1% 082 (A ¢ -
- _ 331ul
= LT %0°0 1°L¢ 0191 € 0T9T 617 182 rA N 4
1
L°S¢T z0°0 £°GT 0EST : 1°1 0€st 61% 08¢ ctl 1
I - o3e1n nw&msﬁ nw&&szn
-a13aed 518D s3eInoiaaed | -oT1raed yoaled s3eINnOoTIIRd (D4)
1e310L .umwnHmEH 2Tqea=?311Td fezol aeSutdul 27qBA93 T 03BIMOTI duey ummw 92110§
(ay/8y) °38Y UOISSTWH SSEBH 1 Amﬁza\wEv uoT3BAIUSIOUOD SUOT]TIPUC) SBO }OBIS

SL61 “TIz-81 *3quWeAON
us3TYsTH ‘zsuwied
Auedwo) BUTUIH exidmyg

" ANOTOO0L0Y NTIX € ‘ON .
AmHHz= UHMHMZV mZOHmmHEm FLYINOII¥VA 40 MMﬂEEDw

IIA T19VL




- 12 -
the testing period., ' We must conclude that the exit flowrate in-
cludes significant in-leakage presumably from leakage through the
dust removal system of the device. |

Table VITI shows the exhaust gas compositions found during
each test at each sampling location on the No., 3 kiln pelletizing
operations,

Tables IX to XV display the results of the simultaneous paf—
ticle sizing tests conducted on the electrostatic precipiéator
inlet and outlet,

The high pérticulate concentration at the inlet location
relative to tﬁe outlet location created a difficult sampling situ-
ation, Because of its inherently lower sampling rate (less than
0.15 CFM) a modified Brink cascade impactor was used at the inlet
location, and sampling time was adjusted to provide optimum logdm
ing in the impactor. At the outlet location, an Andersen Stack
Sampler was used o obitain ahliigher sample volume. Due to the
time'required to obtain optimum loading at the outlet iocation, sev- -
eral inlet tests were conducted during a single tesf at the outlet.
Accordingiy, inlet tests 1l-A and 12B are simultaneous with outlet
test 1, and inlet tests 2-A, 2-B, and 2-C are simultaneous with

outlet test 2. During outlet test 2 theelectrostatic precipi-

-tator malfunctioned and went into manual control. Tt was restored

to full operation approximately 45 minutes later,
The particle sizé data for the electrostatic precipitator
inlet and outlet have been plotted on log-probability paper as

illustrated in Figures 2 and 3, respectively. A comparison of
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TABLE IX

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR INLET

Test 1-A

Empire Mining Company
Palmer, Michigan
November 18-21, 1975

Characferistic Size Distribution
Diameter . by Weight -
Fraction of W?;g?t
: Particles 8 Cumulative
Percent
() Percent
Cyclone >5.1 43 .4 80.2 100.0
Stage 1 5.1 -1.7 4.4 8.1 - 19.8
Stage 2 1.7 -0.98 1.7 3.1 11.7
Stage 3 0.98-0.66 1.6 3.0 8.6
Stage 4 0.66-0.32 1.0 - 1.9 5.6
Stage 5 0.32-0.19 0.6 1.1 3.7
Back-up
Filter <0.19 1.4 2.6 | 2.6
Total -- 54.1 100.0 100.0
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TABLE X

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR INLET

Test 1-B
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Characteristic Size Distribution
Diameter . by Weight
Fraction of W%;g?t
Particles - 8 Cumulative
Pexrcent
q7)) Percent
Cyclone >5.4 41.1 71.3 100.0
Stage 1 5.4 -1.8 10.0 17.4 28.7
Stage 2 1.8 -1.1 1.9 3.3 11.3
Stage 3 1.1 -0.71 0.8 | 1.4 8.0
Stage 5 0.35~0.21 1.7 3.0 5.4
Back-up : . :
Filter <0.21 1.4 | 2.4 2.4
Total - 57.6 100.0 100.0
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TABLE X1

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR INLET

Test 2-A
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Characteristié Size Distribution
Diameter Weight by Weight
Fraction of (ng)
Particles - & Cumulative
Percent
(p) : ' Percent.
Cyclone >5.1 7.9 54.9 100.0
Stage 1 5.1 -1.7 1.9 - 13.2 45.1
Stage 2 1.7 ~0.98 0.8 5.6 31.9
Stage 3. 0.98-0.66 1.5 10.4 26.3
Stage 4 0.66-0.32 1.1 7.6 15.9
Stage 5 0.32-0.19 0.4 2.8 8.3
Back-up <0.19 0.8 5.5 5.5
Filter * . : * *
Total -- 14.4 | 100.0 | 100.0




TABLE XIT

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR INLET

Test 2-B

Empire Mining Company
Palmer, Michigan
November 18-21, 1975

Characteristic : Size Distribution
Diameter . by Weight
Fraction of Wi;g?t
Particles - & Cumulative
. Percent
(w) _ Percent
Cyclone >5.4 91.3 84.2 |  100.0
Stage 2 1.8 -1.1 2.6 2.4 5.6
Stage 3. 1.1 -0,71 1.1 1.0 3.2
Stage 4 0.71-0.35 1.1 1.0 2,2
Stage 5 0.35-0.21 0.2 0.2 ‘1.2
Back-up - _ .
Filter <0.21 1.1 1.0 1.0
Total - 108.4 100.0 100.0
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TABLE XIII

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR INLET

Test 2-C
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Characteristic Size Distribution
Diameter Weight by Weight
Fraction of (mg)
Particles - g Percent Cumulative
(w) Percent
Cyclone >5.3 54.7 77.1 100.0
Stage 1 5.3 -1.8 10.6 "15.0 22.9
Stage 2 1.8 -1.0 1.9 2.7 7.9
Stage 3. 1.0 -0.69 0.9 1.3 5.2
Stage &4 0.69-0.34 0.6 - 0.8 3.9
Stage 5 0.34-0.20 0.3 0.4 3.1
Back-up
Filter <0.20 | 1.9 2.7 2.7
Total -- 70.9 100.0 100.0




TABLE XIV

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR OUTLET

Test 1
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Characteristic Size Distribution
rraction Diag;ter w?;g?t by Weight
Particles Percent Cumulative
(n) _ ~ Percent
Séage o | >5.5 4,2 17.0 100.0
stage 1 5.5 -3.5 5.8 | 23.4 83.0
Stage 2 3.5 -2.3 1.8 7.3 - 59.6
Stage 3 2.3 -1.6 1.1 bty 52.3
. Stage & 1.6 =0.99 7.2 29.0 47.9
| stage s 0.99-0.52 1.0 4.0 18.9
Stage 6 0.52-0.31 1.0 4.0 | 14.9
Stage 7 0.31-0.21 | 1.1 b4 10.9
Baok-up <0.21 | 1.6 6.5 6.5
Total -- 24.8 100.0 100.0




TABLE XV

PARTICLE SIZE DISTRIBUTION
ELECTROSTATIC PRECIPITATOR OUTLET

*
Test 2
Empire Mining Company

Palmer, Michigan
November 18-21, 1975

Characteristic Size Distribution
raceion| Mgt |wewsne| B eishc
Particles Cumulative
(w) Pexcent Percent
Stage 0 >4.3 17.9 40.5 100.0
Stage 1 4.3 -2.8 6.3 14.3 59.5
Stage 2 2.8 ~1.8° 6.2 14.0 45,2
Stage 3 1.8 -1.3 4.6 10.4 31.2
Stage 4 1.3 -0.80 3.0 6.8 20.8
Stage 5 0.80-0.40 2.0 4.5 5 14.0
Stage 6 0.40-0;24 0.9 [ 2,0 9.5
Stage 7 0.24~0.16 1.1 2.5 7.5
i <0.16 2.2 5.0 5.0
Total - 44,2 100.0 100.0

* The electrostatic precipitator malfunctioned for
approximately 45 minutes during this test. This
may have exaggerated the percentage of larger
particles in the sampler.
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these figures showé that the median diameter of the particles
sampled at the inlet exceeds 10 microns while 50 percent of the
particles at the outlet were found to be below 2.7 microns.,

The 50-percentile diameter from outlet test 2 (3.5 microns) was
somewhat higher than that from test i_(2.1 microns). This
difference.may have been caused by themalfunction of the precipi-

tator during test 2,
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ITI. PROCESS DESCRIPTION AND OPERATION

A, Process Description

Empire Mining Company is an iron ore beneficiation operation
owned by Inland Steel Company (40 percent), McLouth Steel Corporation

(25 percent), The Cleveland-Cliffs Iron Company (20 percent), and

International Harvester Company (15 percent), Cleveland-Cliffs

is the manager, The Empire mine and plant are located in
Richmond and Tilden Townships in Marquette County, Michigan, a

few miles south of Ishpeming and Negaunee, at Palmer, The old

" Empire mine of 1907 to 1928 shipped a total of 768,000 tons of

~hard, red siliceous hematite ore of less than 40rpercent iron,

The new mine and pellet plant started production in late 1963 with

a rated capacity of 1.2 million long tons of 64,5-percent iron

,(6.6-pefcent Si02,0.5- tol.0-percent HZO) pellets per year.

The operation was expanded-tq a rated capacity of 3.4 million long
tons per year in 1967 and to 5.3 million long tons per year in
1974. |

Empire uses conventional open-pit mining techniques (xotary
drills, 6- to ll-cubic yard electric¢ shovels, ANFO or siurry blast=
ing, 85- to 100-ton haulage trucks) to mine a mﬁgnetite ore
body which-dips approximafely 38 to 40 degrees to the northwest.
The ore is blended on the basis of diamond drill cores to yield
a crude ore grade of 32- to 34-percent total iron (22; to 24-per-
cent magnetic iron). Wéight recovery at the conéentrator is

about 36 to 38 percent (33 to 34 percent on a dry basis).
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The ore is hauled by truck to the primary crusher which is
a 60-inch gyratory with a closed side settiﬁg'ofeightinches;‘The
gyratory crusher utilizes Rotoclones for dust collectors. Water
sprays are used to control fugitive dust emissions at the dump
pocket and transfer points,

The primary crusher discharges into the primary grinding
cirecuit which consists of 21 lines of double—deck screens and
autogeneous mills, Figure 4 is a flow diagram of a typical ecir-
cuit, The mills afe operated as truly autogeneous mills, The

five newest lines incorporate 25-foot-diameter by 12-foot Allis-

Chalmers Rockeyl primary mills and 15.5-foot-diameter by 24-foot

Allis-Chalmers pebble mills. The other lines have 24-foot-diametér
by 8-foot primary mills and 12,5-foot-diameter by 24-foot ﬁebbie
mills., The double-deck screens separate the 1- to 2.5-inch material
which is used for the grinding media in the_pebble mills (the
éeqondary grinding circuit), The discharge from the primary miil
is‘screened on a.double—deck 20-mesh DSM screen with the fraction-
less than 20 mesh going to the magnetic cobbers, The oversize
from the DSﬁ screens is returned to the primary mill, The mag- :
netic cobbers produce a concentrate containing about 50-percent
iron. The reject (tailings) f;om the cobbers ié senf to a tailings
thickener;.the concentréte from the cobbers is sent to a sump
which discharges to a cyclone in closed circuit with the pebble
mill.

The pebble mill discharge is reclassified and ground aéain.
The cyclone ovefflpw is sent to a siphongizer. The underflow from

the siphonsizer is sent to the tailings thickener. The magnetic
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finishers concentrate is then sent té flotation cells with the
tailings from the finishers reporting to the tailings thickener.
The concenprate from the magnetic finishers reports to the flo-
tafion circuit. . Approximately 90 to 92 percent of the concen-
trate is less than 500 mesh, This is very fine grind.

In the flotation circuit, Empire utilizeé 60-cubic-foot
cells in the older circuits and 500-cubic-foot éells in the newer
circuits to produce a 66-1/2—percent iron'concenfrate. The flo- .
tation reagents used are MIBC Amine M9883 and an alcoholic
frother. The concentrate from the flotation circuit is put into
a concentrate thickener and the underflow is pumped to the disc
filters, The disc filters reduce the moisturé content to
aéﬁroximately 10,5 percent.

Figure 5 is a flow diagram of the pellet plant. The £il-
tered concentrate is transferred into holding bins and discharged
by table feeders onto a conveybr belt where bgntonite'is added._
Empire uses approximately 27 pounds of ﬁéntonite pef'ton of ore,.
The mixed concentrate and bentonite is then added to the balling
drums. There are 12 balling drums, each 12 feet in.diameter and
33 feet long. The balling drums discharge onto screens and the
oversize from the screens is then returned to the filtered con-
centrate bins; the undersize is then passed onto reciprocating-
cCoOnveyors wﬁich feed the three indurating linesf For each
line, the induration of fhe pellets is accomplished by a traveling
grate drying machine and an Allis-Chalmers rotary kiln, The
traveling grate for line 1 is about 97 feet 16ng. For lines 2

and 3, the grate is 104 feet and 8 inches long. Each rotary
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kiln is 17 feet in diameter by 115 feet long. The pellets travel

through the grate machine, rotary kiln; and granular cooler. The
kiln ig fired by natural gas and No., 2 fuel o0il., The pellets are
discharged from the cooler epnto tﬁe vibrating grizzly feeder
wﬁich then feeds conveyor belts for loading directly into cars
for shipment or onto an outside stockpile for storage.

As shown in Figure 5, the pellets are first dried at about

700 - 710°F, preheated to 1950 - 2080°F, indurated at 2370 - 2400°F,

and then cooled to near ambient temperatures, The main waste gases

make several passes through the pellets. The first stage cooling

air (updraft) is used as the secondary air in the kiln. (The second

stage-cooling gases are emitted directly to:ithe atmosphere;) The
kiln gases flow countercurrent to the pellet flow in the kiln and
go down through the péllet bed in the preheat section. The

preheat gases are cleaned by cyclones and then are used for down-

draft drying. The downdraft drying gases pass through a dropout

box and an electrostatic precipitator before being emitted to

the atmosphere.

The electrostatic precipitators on the three lines are manu-
factured by Buell. They were installed as a result of pilot-plaﬁt
testing of several types of control devices, Empire pefsonnel
have estimated that the collection efficiency is about 97 to 98
percent, None of the United States iron ore beneficiation
plants other than Empi;e, Tilden, and Republic currently_utilize

electrostatic precipitators. (All three of these plants are

managed by the Cleveland-Cliffs Iron Company.) The electrostatic
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precipitator on line 3 was installed as an integral part of the
line;.those on the two older lines were added after start-up.
The three Empire electrostaticlprecipitators have 42, 44, and 48
plates, respectively, on a 9-inch spacing. They are.rated at.about
70 kva with an area of about 41,581MSQuare feet fqr the émallest
unit which is rated to handle about 400,000 acfm at a temperature
of 220°F. Emﬁire had some trouble with buildup in the downcomers
ﬁhich caused bridging over the insulators and has wrapped theée to
prevent.the bridging. According to Empire personnel, normal main-.
tenance needs are nominal and do not require any excessive downtime
or maintenance costs., However, the electrostatic precipitator on
line 2 was experiencing problems during the sampling on line 3.

On the feed end of the traveling grate machines, American
Air Filter Type N Rotoclones are utilized. The grate return area

dust is ducted to a Ducon wet scfubber, The cooler discharge

- point (discharge to grizzly feeders) and tﬁe cooler area (grizzly

feeder and transfer points) utilize separate American Air Filter
Type R Rotoclones. The péllet loading facility utilizes a Ducon
wet scrubber.

B. Process Operation During Sampling

1. Sites A and B -~ Main Waste Gas Stack Electrostatic
Precipitator

The first emission source tested at Empire was the
grate-kiln system main waste gas effluent which was operating

with a dropout box and a Buell electrostatic precipitator,
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Sites A and B were the inlet and outlet streams for the
electrostatic precipitator, respectively. - Four particﬁlate
tests were taken at the inlet and three at the outlet.
In addition, five particle sizing tests were conducted at
the inlet and two at the outlet.

The first stack samples at Sites A and B ﬁere taken
from 15:19 to 17:40 on November 18, 1975. The plant was
operating with balling drums 10, 11, and 12 running at a
rate of about 280 long tons of green balls per hour. The
pertiﬁent operating data during this period are shown in
Table XVI. The electrostatic precipitator was functioning
normally. The grate-kiln was operating within normal vari-
ations. . About 24 minutes before testing began a balling
drum was shut down in order for am Allis-Chalmers representa-
tive fo check the screens. This caused a momentary.change
in thé feed which resulted in a peak in the cooler waste gas
temperature between 15:10 and 15:55. However, the effect
on the emissions should be minimal,

The second samples taken at Sites A and B were obtained
from 10:39 to 12:46 on November 19, Again, theplant was
operating at a rate of about 280 long .tons of green balls

- (240 léng tons of pellets) per hour. Other pertinent operating
data are shown in Table XVI. The electrostatic prebipitator
was functioning no¥mally and the grate-kiln was operating

within normal wvariations.
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The third sample at Site A ﬁas obtainéd from 16:04
to 18:00 on November 19. Again the plant was operating at a
rate of about 280 long tons of éreen balls per hour, Other
pertinent data are included in Table XVI, The electrostatic
precipitator was functioning normally. The grate-~kiln was
operating within normal variations.l At 16:13 the high grate -
bed warning signal was set off by the cleaning of the wvane
feeder, i.e., the accumulated pellets that had adhered to
the vanes were knocked off the vanes and onto the.bed. The
preheat windbox temperature increased and tﬁe bypass dampers
were opened further. As the temperatures decreased, the
dampers were closed slightly. The effect.on the émissions
should be miniﬁal. |

The fourth samples taken at Sites A and B were obtained
from 08:38 to 10:33 on November 20. Again, theplant was
operating at a rate of abbut 280 long tons of green balls
per hour. Other operating déta are included in Table XVI.
The electrostatic precipitator was functioning normally. |
The grate-kiln was operating within normal variétions.__‘

During each of the stack sampling tests, two or three
grab samples of green balls were obtained at the grate feed
and composited to form one sample per test: The samples will
be storéd at Battelle-Columbus Laboratories to be used for

later analysis if deemed necessary.



- 34 <
Simultaneous particle sizing tests were éonductéd on

the electrostatic precipitator inlet and outlet. The first
set of tests was conducted from 12:00 to 19:00 on November
20, The plant was operating at about 280 long tons of
green balls per hour. The grate-kiln and the electrostatic
precipitator were operating normally. The second set of
tests was conducted from 10:25 to 17:15 on November 21.

The plant was again operating at 280 long tons of green

balls per hour, The grate-kiln was operating within normal

variations., However, the electrostatic precipitator mal-

functioned at 13:30, Its low power fault signal was set
off and the.precipitator was switched to manual control.
Normal power was restored and the electrostatic precipitator
was switcﬁed back on between 13:49 and 14:14, The record
of the electrostatic precipitator operafing déta is shown
in Table XVII. Thus, the second outlet particle sizing
test must be considered to be an indicatidn of a higher-
than-normal outlet emission size,

The detailed plant operating field data log is presented
in Appendix B,

2. Sites C and D - Cooler Pellet Discharge Point Rotoclone

The second set of sampling locations was the cooler pel-
let discharge point which was operating with an American
Air Filter Type R Rotoclone. Sites C and D were the inlet

and outlet for the Rotoclone, respectively., Three samples
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TABLE XVII

ELECTROSTATIC PRECIPITATOR OPERATING DATA

Empire Mining Company
Palmexr, Michigan

November 18-21, 1975
R Primary Primary Secondary
Operating Current Voltage Current
Time (AC) amps (AC) volts (DC) amps
Module Normal 173 362 1.32:
' 11/21 13:30 Fault Signal for Electrostatic Precipitator
' 13:49 172 365 1.32
14:14 172 365 - 1.33
15:06 172 367 1.33
16:04 174 "~ 368 1.33
16:44 174 ‘365 1.32
Module Normal 200 270 1.34
11/21 13:30 Fault Signal for Electrostatic Precipitator
E 13:49 200 270 1.37
14:14 198 270 1.37
15:06 198 270 1.37
16:04 197 270 1,37
16:44 200 270 1.36
Module Normal 150 322 . 1.47
11/21 13:30 Fault Signal for Electrostatic Precipitator
13:49 150 325 1.47
14:14 150 325 1.48
15:06 150 325 1.48
16:04 151 328 1.48
16 :44 151 326 1.48
Module Normal 162 306 0.78
' 11/21 13:30 Fault Signal for Electrostatic Precipitator
' 13:49 75 : 210 0.72
14:14 140 ~309 0.75 .
o+ 15:06. 152 305 0.74
16:04 152 308 0.75
16:44 152 - 308 0.75
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were obtained at each site. At Empire-the cooler-pellet dis-
charge collector draws the dust from the dumping of the
pellets ffom the cooler to grizzly feeders., A separate
collector (codler area collector) draws the dust from the
grizzly feeder which transfers the péllets to either a belt
COnveyor or a pan conveyor,

The three Rotoclone samples were taken from 17;40 to
18:47 on November 20, 09:50 to 11:08 on Novémbér-Zl, and
12:48 to 13:53 on November 21, respectively. For all three
tests the plant was operating at a rate of about 280 long
tons éf green balls per hour, The grate-kiln was opérating
within normal variatioms., The second test. was delayed until
the grate-kiln could stabilize after a balling drum had
éhut down. An increase in the cooler waste gas temperature
was exhibited, but the effect on emissions &hould have been
minimal,

The Rotoclone on the cooler discharge apparently was not
operating properly. The wgter feed pipe was leaking and
little water was being used. 1In addition, a large volume
of non-process air was leaking into the system. Thus,
neither the inlet nor outlet samples are valid., Tests by
Empire pérsonneél before and after the EPA=particuléte'sam-
pling suggest that:ésSéntially no wafer.was bEing‘added to
the stream and dilution air approximately'equal‘in volume -

to the process air was apparently leaking into the system.
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The EPA.process engineer's inspection of the Rotocloné
at the time of the sampling was superficial and did not
indicate that the Rotoclone was malfunctioning, The process
engineer and Empire personnel discussed the potential of
inéreasing the dﬁst collector draﬁt or placing a baffle
between the pellet discharge collector drawpoint and the
second stage cooling stack in new plants. Howeﬁer, the amount
of dust from the cooler discharge point which was being emitted
from the secondary cooling stack was not noted as.being
atypical for existing plants. Empire personnel had checked
the collector not long before'the sampling and no problems
were noted, At the time of the sampling there was no steam
plume from the stack, A wet collectof shﬁuld have had a
éteam plume in the cold weather.

Empire personnel have stated that the collector is
operating properly now. The leaking water pipe has been
repaired. ﬁo reason was found for the dilution air, but
the flowrates are now correct, Empire has offered to test
the Rotoclone if EPA personnel ﬁill‘observe the tesf. Eﬁpire
personnel believe that a'pfoperly operating Rotoclone will
adequately capture the particulate for the cooler discharge
point. ‘The EPA may take advantage of the offef in the near

future.
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IV. LOCATION OF SAMPLING PORTS

A, Pelletizing Drying Zone Exhaust - Electrostatic Precipitator
Inlet - No. 3 Kiln

Exhaust gas measurements were conducted through each of the
four.ports located in a rectangulér duct upstream of the electro;
static precipitator and downsfream of the pelletizer drying zone.’
Exhaust gases passed the sampling location horizontally as shown

in Figure 6., Sampling point locations are shown in Figure 7.

B. Pelletizing Drying Zone Exhaust - Electrostatic Precipitator
Qutlet - No, 3 Kiln -

Samples were drawn through each of four sampling ports, 90
degrees apart, located in a circular duct section downstream of
the electrostatic precipitator (Figure 8). The 48 sampling

points are indicated in Figure 9.

C. Pellet Discharge - Rotoclone Inlet - No., 3 Kiln

Sampling was conducted through three sampling ports located
in a square. duct before the exhaust gases wefe drawn through a
Rotoclone by an induced draft fan as shown in Figure 10, Figure 11
illustrates the locations of the 12 sampling points on the duct

cross section.

i

D. Pellet Discharge - Rotoclone Outlet - No. 3 Kiln

Sampling was conducted through two sampling ports 90 degrees
apart located imn a circular duct as shown in Figure'12. Figure 13

shows the locations of the 12 points sampled.

Table XVIII summarizes the sampling site dimensions and char-
acteristics, Saﬁpling site locations and the chosen number'of
sampling points follow the procedure outlined in EPA Method 1

(40 CFR 60) as far as practicable.
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FIGURE 7

LOCATION OF SAMPLING POINTS
ELECTROSTATIC PRECIPITATOR INLET - NO. 3 KILN

Empire Mining Company
Palmer, Michigan
November 17-21, 1975
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FIGURE 11

LOCATION OF SAMPLING POINTS :
ROTOCLONE INLET PELLET DISCHARGE AREA NO. 3 KILN

Empire Mipning Company
Palmer, Michigan

November 18-21,

1975

28"

-
4-1(2" \ | |
1 | o
T 1 N =
o A
' i T

-
L

5.6"

16.8"3_

22.4"
4

LAAAI

' 11}
28.0 -




SL6T ‘1¢-81 aaquoaoy
ue8TYsTR ‘asuled
Ausdwoy Bujpuiy sarduyg

NTIIN € °*ON VINY IDYVHOSIA 1IATTHd LATINO INOTOOLOY
SI¥0d ONITIRVS ® “NOISNILXE I00Y¥ “ONITIVY AITIVS J0 NOIIVOO1

_ Z1 F4nOo1d
, 0G% . _

Tea9T woom

UOTFSUIJXD JOOY

\v ~ Foox 3o 93pz \\ //
A _ T/1-T

O X0

8urireyd
L3a3es

s8urrdnoy 4 muuom_mﬂﬁﬂmamm
s3ax0g
Suridusg

45

:._NN.MIHM
01

-

B =



- 46 -

FIGURE 13

LOCATION OF SAMPLING POINTS
ROTOCLONE OUTLET PELLET DISCHARGE AREA NO. 3 KILN

Empire Mining Company
Palmer, Michigan
November 18-21, 1975
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V. SAMPLING AND ANALYTICAL PROCEDURES

Sampling procedures at the four locations follow those out-

lined in Methods 1 through 5 (40 CFR 60, Standards of Performance

for New Stationary Sources, December 23, 1971). Alterations in

the particulate sampling and analytical procedure were employed
in order to measure asbestos emissions in the particulate Samples;
Deviations_from Methods 1 to 5 include:

1) A 115-mm diameter cellulose acetate filtef replaéed the
glass fiber filter in the sampling train in order that
fibrous asbestos particles could be identified omn this
filter material.

2) The temperature of the sampling probe and heated filter
were maintained at approximately 180°F (less than fhe
250°F suggested by Method 5). Deterioration of the
cellulose acetate material at 200°F dictated this
alteration.

3) A glass cyclone was placed in the heated filter box area
to remove some particulate materials prior to their
filtration.

4) The sampling probes and cyclone separator were rinsed
with distilled water rather than acetone after the .
collection of each sampie; Acetone rinsing ﬁas con- .
ducted only after these components were thordughlf rinsed
with water. Acetone rinsing was necessary to remove the
final residue on the glass as repeated washing and brush.

ing would not remove this residue, The acetone wash was
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l_ stored separately,The distilled water wash was employed
in order that the sample collection procedure be amena-
ble with deviations in the sample analysis.

5) 1In the laboratory, aqueous probe wash fractions were
combined with the residue remaining.after evaporation of
corresponding acetone probe wash fractions. This sus-

. pension was then drawn through a tared cellulose acetate
filter. The filter was subsequently desiccated to a

.- - constant weight and the weight of suspended solids was
deﬁermined.on an analytiqal balance. The filtrate
passing through the filter was evaporated to dryness
and the residue weight was added to the weight increase
on the filter to determine the total'weight of probe
wash materials, '

6) The impinger catch was extracted with chloroform-ether
and the organic phase was evaporated to a constant weigth
This residue weight was added to the aqueous portion to
calculate the back-~half: emission.

7) After determining the weight of particulate emissions in
the front half of the Method 5 sampling train, the cellu-
lose acetate filters were subsequently transfefred.to
another contractor to pérform ithe asbestos analysis under a
separate contract.

. Special particulate testswere performed at the outlet of
the No. 3 Kiln Electrostatic Precipitator, Alteration of the
normal Method 5 procedure ﬁas limited to the ad&ition_of an in-
stack type A filter between the nozzle and the sampling probe,

(The sampling train included the normal 110~mm type A heated

.filter as well,)




Particle size tests at the electrostatic precipitatorvinlet
weré collected with the Brink impactor which included the use of
five separation stages_plus a cyclone ﬁre-separatorand a 47-mm
type A backup filter. The entire unit was placed in the staék_
and samples were drawn isokinetically through an appropriately-
sized nozzle preceding the cyclone. After a sufficient exhaust.
gas volume was sampled to collect a weighable portion of material
on each stage, the collection plates and cyclone collector were
rinsed with acetone and the sample transferred to glass sample
containers. In the:laboratoty, the acetone from the samples was
evaporated and the samples were weighed on a laboratory balance
capable of resolving 0.1 milligram. |

farticle size sampling at the electrostatic precipitator
outlet employed the Andersen Stack Sampler in a similar fashion.
Filter paper was used in the collection plates and the cyclone
p:erseparator'wasalso used during this evaluation. Multiple
samples were collected at the inlet for each sample obtained at
the outlet ﬁue to fhe differences in exhaust gas dust loadings.

The procedures for sampling with the Brink sampler follow

the principles outlined in BMS-11 Sampler - Sampling Instructions
(Monsanto Enviro-Chem Systems, Inc.). The sampling procedure for
the Andersen sampler follows that presented in the operating

instruction manual for the Andersen sampler (Operating Instruc-

tions for Andersen Stack Sampling Equipment, Andersen 2000, Inc.).

The particulate/asbestos field sampling data sheets are

presented in Appendix C. The particle sizing field data sheets

are presented in Appendix D. A sample log is shown in Appendix E.




- 51 -
Appendix F contains a summary of sampling data. Appendices G
and § show the particulate weight data and the calibration data,

respectively. Appendix I presents the example calculations..
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Harold P. Flood
Richard G. Keller
Richard J. Griffin
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Sally A, Akehurst
Justine H., Schroeder

Mary L. Fegan
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Project Leaderxr

Assistant Project Leader
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Laboratory Coordinator
Field Team Sampler
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Field Team Sampler

Visible Emissions Observer
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Assistant Léboratory Director
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Contract Manager
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The Cleveland-Cliffs Iron Company
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Project Officer
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SAMPLING TRAIN DATA AP =106 77 H

l Company: ZPH THSK 20 EMPIRE ININING Ao LolTa ¥
. Source Designation: F&c/Pi7rROR___ (N L{ET NOo.2 mMrlN

Date: . f/-48-75 Fllter Heater Setting:  90%
Test Number: P-/ Probe Heater Setting: PE 70
Field Person: M.P, F. I, K Nozzle Number: ,Dia, (in.): .R&7

' Filter Number":Ga.‘/".?Q/— 20 Pitot Tube No._l_z_,(:orr.Factor:o.gls-
Barometric Pressure ("Hg): 2%.54 Meter Box No.RAe- § ,Corr.Factor:0.99%

I ‘Stack Static Pressure ("Hzo):'—-/z.z Meter Isokinetic Factor:ﬂuﬂ
Stack Dimensions: S9"X 159" ' Assumed Moistlure(%):
Plume Appearance: Condensate Volume(ml): 1.5'0 :
Ambient Temperature(°F): L 0% §ilica Gel Weight Gain(g): [0.2
Record all Data Every & " Minutes Leak Rate ,g@4 -~ CFM at !5: "He
Trav- Time Velocity Stack Dry Cas Meter ;)rrels#slucreeFilter;‘:zfSa';lrpalilnng '
erselsamp- Pressurel Temp | yolume o piffer-| .L°* lcas| static
Point l1ing|Clock| ("H,0) 4(°F) 3 Temp (°F) ential Tsmp TempLPressure
No. . (£t7) (°F) (°F) ("Hg)

(min) Inletjoutlet ("}120)
710 53| .68 \|ajq |77a125|66 |BE| 2.8 |tg0 |¢0] 2.5
a3 | 6 s22.¢p lau |s0z8s |97 |27 |22 140 (60| 28
T4z 72 i535].63 |220 |502¢4 |95 (87 |2-1 _|{60 (60| 2% &
/7

Z

#- |18 listnt| .57 (220 |33 \iwo |90 | L0 60|2-5
57 |27 |5535] .65 |az0 |516.9338|9¢ | 2.2 |/68 |60|R-5
83 |30 |/c:09].68 |az0 |$21.73|98 |72 |23 /62 162]|2-7
sz |20 16'1°) .69 1220 |526.¢8)10p19C 12-1 |/60 |62 2.9
B |4g Yei6| 50 |220 | 5319 ot |92 || B_ Y60 |6%12-7
748 1550|135 |azo 53598 9¢ |92 |0.5 V60 |d|=-0
-3 |54 g36| -2 o8 By0-88 |96 \9¢ |24 |/[60 2613
2 60 |pve| 43 |ars" 5897 |foz|9t |2/ 142 B0 |22
¢+ |46 I'¥| . s& |a10 58024 /ot 9T /.9 [162 D6 (%7
p-1|92 Eﬁ}"}} 5P 205 (555088 9t 90|)-5 12 82,7
arl . 6T |g00 58923 92|92 |2.1 /65 16°]|2.8

2.0

6

%

*

*

[

p-L|gy |2:2y| 3% |R60 |563. 66| 76| 9T |7¢2 |58 z0
< {90 112:33] .5 |aop | 588.23| 7% |70 | /. /65 68|30

G¢ (17'37 57230

. ) . Ve =t N L - e , - - -

AVERAGE (TOTAL) S0 ('73.737)|¢7'¢ 9071 AK.) o076 a] A7
£ PORT CHA#LE TImE Clayton Environmental Consultanté; Inc.
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oW [} e - L
SAMPLING TRAIN DATA - QU=3.0°' 2 ¢

1 | Ts

Company: fpﬁ TASK 20 EMPIRE monwiNe

Source Designation: PRECIPITATOL. INLET _ NO.R KN

Date: N 18-25 Filter Heater Setting: /O @&%»

Test Number: P-2 PRGE ) Probe Heater Setting: 902,

Field Person: o mS Nozzle Number:  ,Dia.(in.): .28/
Filter Number: - 8[-‘[7 Pitot Tube No. / ¥,Corr.Factor: o 8|% :
Barometric Pressure ("Hg): 2&_1[ Meter Box No.pRge-/,Corr.Factor:0, 323
Stack Static Pressure ("H,0): -/2.3 Meter Isokinetic Factor: J-7-3-4 /753
stack Dimensions: _QD”X 159" Assumed Moilsture(%): 182 |
Plume Appearance: Condensate Volume(ml): 22 9 :
‘Ambient Temperature(°F): 5,3” Silica Gel Weight Gain(g): g.?, 7
Record all Data Every 6 Minutes Leak Rate @.000CFM at /&  "Hg
Trav-l- Time Velocity|stack Dry Gas Meter ;¥2;Z:§;bilter?:§fSﬁﬁi&ﬁf%
erseSamp- ressure| Temp Vo lume R Differ- Box Gas| Static
POintling Clock ("Hzo) (°F) £¢3 Temp (°F) ential Tfmp TempjPressure
No. (min) (£t7) Inletoutlet ("_H_Z__Q) (°F) (°F)| (“"Hg)

W-v 10 w1l .¢c 210 B572.990|80 190 | 1.80 |/6088| 2.0 |
W-3 16 10797 07 |20 1576645 |70 |96 |1.7 |1é60 |80|2:0
-2 |12 |1053| .67 |ros 5815|197 |22 | 1.9 (165 68|20
4-1 118 (1051 55 |a10 |585.63 00|90 | 1.5 |16568|2.2
a4 |/#:6d 589786, )
27129 176| .63 | 200 \589.796196 | R | |-& |15 |77|2.0
|B-3 |30 2zl .46 |20 59708 /o0 |97 | (-G 165 |72]| 2.0
g2 |36 |wag| .67 |aro |sw.66 07197 | 1.9 |165 | %2 |20
e-1 lyq linz?| .53 a0 |603.18 106 |96 | 1.5 (165 P2 |2-0
ey (10| e | |602.3¢4 | |
e-v\99 (Nso| .95 |ase |Gorzet|ion |96 | 2./ 168 (252!
e-3ley (se| o7 a0 61206 loy |58 | 19 /65 75|27
e-z 6o r2ot| o2 oy leyte 106198 | -7 1o (PF)2.0
le-t le¢ Veog| co0 |5 \620.99 |08 vo0 |1 (168 76 |2-2

N2 121 b 4. 778) |

AVERAGE (TOTAL) ¢ )

Clayton Environmental Consultants, Inc.



vy & s - ™ - - u
SAMPLING TRAIN DATA L= o2 Ts Y 4

company: £PA 7asic R0 Eln FI2E  Prmsiae

Source Designation: E&ECtﬂlfﬁzﬂﬁ I LED NO. & KILN

Date: l1/=19- 78 Filter Heater Setting:

Test Number: P-2 Lrsc_ 2 Probe Heater Setting:

Field Person: Nozzle Number: ,Dia, (in.):

Filter Number: Pitot Tube No. ,Corr,Factor:
Barometric Pressure ("Hg): Meter Box No. T wCorr,Factorn
Stack Static Pressure ("H,0):_ Meter Isokinetic Factor:

Stack Dimensions: Assumed Moisture(Z%):

Plume Appearance: Condensate Volume(ml):

Ambient Temperature(°F): Silica Gel Weight Gain(g):

Record all Data Every , Minutes Leak Rate .~ CFM at g
- rifice ast|Sampli
Terrasve- Time Velocity|Stack Dry Gas Meter :res.sureriBlot:rTme:.sTrpalj_lnng
POintslafnpg- Clock@?ﬁ;:gge '1(“:1;1)’ Volusme Temp (°F) Delnftfiearl- Tsmp TGearnspsz:zi:e
No. {min) (££7) Iinletoutlet ("H20) (°F) (°F)| ("Hg)

D-v 172 298| .68 |245 W29.99¢ |10g)s00)| 1.9 165 1BR| 2.2
0-378 Waa| .¢3 |25 k2953 |106l100| 1.8 170 |% | 243
p-2|84 (123¥ .59 S |432.98 [112]100]1.7 | 772 |7¢6|2.3
0-1190 le¥o| v |2S 1638 35 |l1e || 1.3 ()60 (76|21
96 |96 642,119

—

v

AVERAGE (TOTAL) <107 ((09,/953“0\ 7;‘ 1.2 L5 |7

ﬁﬂﬁé— L&M C.000 AT/ Clayton Environmental Consultants, Inc.
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savpnfif® Frain para AN S8 ;,:-f H

Company:_ PR TSk 2D EMOME  INININE 2D,
Souxce Designation: £. POECIPITARTOR INEET Kt Ho.
Date: /16725 . Filter Heater Setting: /OO 7o

© Test Numbe:‘: ° P=3 Brsc ¢ Probe Heater Setting: 30?9
Field Person: MBE OIS Nozzle Number: ,Dia. (in.): .28/
Filter Number:_&‘_ﬂp,-/é Pitot Tube No.ﬁ_,Corr.Factor:Q.ng'
Barometric Pressure ("Hg): ga, y/ Meter Box No.Rae ,Corr,Factor: 0.99%

stack Static Pressure ("H,0): -13..3 Meter Isokinetic Factor:ﬁﬂu_s_?p

Stack Dimensions: jo'Z££9‘ Assumed Moisture(%): 1<%
Plume Appearance: " Condensate Volume(ml): 244 -
Ambient Temperature(°F): Silica Gel Weight Gain(g):
Recoxd all Data Every bo Minutes Leak Rate Q.000 CFM at “"He
i . ~“lorifice FLastSampling
: Terrasve" Time Velocity|Stack Dry Gas Meter PressureFiBlot:rImp. Train
& .
\ Samp- ressure| Temp Volume o Differ- Gas| Static |
V P;int lingj{Clock| ("H,0) (°F) (ft3) Temp (°F) ential ’23‘;? Temp[Pressure
° {(min) Inletjoutlet ("Hg_O) (°F) ("Hg)
av| 0 Veod .66 220 lo#2.50286 186 | -8 /60 (67|20

A3 ¢ bero| 8 (220 lgw28|% 196 | 185 160 60| 2.2
a-t sz g1e] .65 |22&1650.521|9 156 1:& |s60l60|20
18 22| s¢ | zo0 |68 67 Yoo |70 15 |p0 ¢\ 20
29 |16°28 657.793 | |
g-v|29 638] .65 |92b |659.742\%6 |92 |17 /60 K¢ |R0
8-3 |20 (1641 .23 |22 |66%.18 \wo |92 |2-0 | /606922
8 |34 Wiv7| 169 |25 14¢8.89 |10y |27 |19 | /6o 60|20
8+ |v2 053] .57 (RIS |¢73.4¢ (/06|96 |1.¢ )60 |67 |26
yg W59 2 | 677.677\am || XN -
e-v\y9 03| .2¢ |2y 697677102\ 9¢ (2.1 |16516€] 25
e-3 |57 1709, 20 |2/5 |682:37 Jos |92 | 2.0 |165 67|25
ez (g0 12| v |a10 68702 1p |95 ). 7 \/BB Vo |25
et l6e | o2 |asS Legh 80110 oo 1.2 (120 86 |
72 1727 695.4%)| |

AVERAGE (TOTAL) B 4

o mmp——

Clayton Environmental Consultants, Inc.
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Company: £ /s 4 T7AS RO

Source Designation: &, PRAC/PI17HION
Date: N[12?5

plof) =
SAMPf?pG TRAIN DATA

EMPINE ___rriting Lo

rA2 7

1€ s N 3

Test Number:
" Field Person:

Filter Numberx:

Barometric Pressure

-3

Vi A

Cat/-28/- [Jb

("HE):

Stack Static Pressure ("Hzo):'
Stack Dimensions:

Plume Appearance:
Ambient Temperature (°F)

Record all Data Every

: Si;.é
Minutes F’ ea

Filter Heater Setting:
Probe Heater Setting:
Nozzle Number: sDia. (in.):
Pitot Tube No. _ ,Corr.Factor:
Meter Box No.
Meter Isokinetic Factor:
Assumed Moisture(Z):
Condensate Volume(ml):

‘yCorr.Factor:

ca Gel Weight Gain(g):

Rate 00000 CFM at zg "Hg

2;i;; Time Velocity|Stack Dry Gas Meter ;?:ﬁ?:f;?ﬁ;;?r%;;fSﬁiihirg
PointSamp- . rﬁssure Tsmp Volume | Temp (°F) fofﬁ;- Temp Gas| Static
No. éﬁﬁs Clock| ("Ha0) | (°F) (ft3) Inlet{Outlet (ﬂ;zoi (°F) ¥E?§Prgﬁ;:fe
1Pry| 22 112:3¢] .28 245 |695.94)|1091/92 ) R.] _|1726 168) 2- T
03 |98 129d ¢ s |200.20 Yoz |10 | 1.8 1170 168|2.6
oo |54 10:98) .6 ¢ S |ooe.78 /o Vor | 1.5 |10 |68)5.6

D-1

490

.59

50

205

2493t

)2 |/0L

14

[76

25

96

/8:00

3. 409

66

AVERAGE (TOTAL)

7

>

5

-

e

| (¢

i

5

)

A

-t

Clayton Environmental Conaultants, Inc.
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ook 4 = Am: 387 120 u

SAMPLING TRAIN DATA 7%
company: £Ff) THASA 20 EMPIEE _JUNING
Source Designation: £.8. 2 tM2ET _
Date: . ///35/7( Filter Heater Setting: /00
' Tesat Number: P-4 froé /)  Probe Heater Setting: /@O
Field Person: ”p; e/mns Nozzle Number:  ,Dia.(in.):/2s7/
Filter Number?: Layy — RS/ -/5 Pitot Tube No. /4 ,Corxr.Factor:¢.%81%

Barometric Pressure ("Hg): ga 3.4 Meter Box No.gmey ,Corr.Factor: OQ?S
Stack Static Pressure ("H,0):=/2, 3 Meter Isokinetic Factor: -/—5‘-5':5!253

Stack Dimensions:___?d,l’/j'q‘ Assumed Moisture(Z%): re”
Plume Appearance: Condensate Volume (ml): J(/t‘,
Ambient Temperature (°F): &/9° Silica Gel Weight Gain(g): Q
Record all Data Every & Minutes Leak Rate m CFMiat /& “Hg

| . Orifice Last|Sampling| -
Trav- Time Velocity|Stack Dry Gas Meter PressureFilterImp. Train
etisetsamp- pressurel Temp | yolume | Tem 1) Differ- TBec:nx casl| static
Poin ling{Clock ("Hzo) (°F) (ft3) P ential (°Fl)) Temp[Pressure
No.. (min) Inlet{Outlet ("H20) (°F) ("Hg)

¥ |0 18:38%] .20 a1 |7/24¢8|4¥ g/zﬁ-% /0 |72 | 1. 8
#3677 21 o0 \9297 19892\ 'P |10 121D
Wz leso | . 69 |25 |g20.25 |59 vy 1260 152 (# |/ 2
A4 (18 |85C | 16T |9/ | 22498 |40 |6 |J8 /00 (90147
2y |90t wigzl | /5% |90|
8-712919:08| .9/ |21 |72987% |54 |50 |2/ [/5° |#0| 70
8-3 |20 1917| .23 |40 [7127.00]6z|st 2k | /s0|v6| 82 |
B-tl3£ (700 .69 |0 |737.92168 16T K-/ /50|58 2.0 |
6-1 g2 |9:26) 0 |20 7«3[,,{4 20 |58 |86 |150|5% 2.0
|8 (93], 949,025 |
e-y |v8 19:33]. 99 |05 |\7g.otsloe |6 | 2.2 |50 160|2. 2
c-3|5919:74) .79 |28 |752.85 90602, 2 |10 |5%|2.2
Telgo (95047 |20 957392 |60 ()9 |/75 58|22
¢/ |66 19%¢| .vyo |20 | 2208 |72 (62| )6 |75 159 13.0
_ 72 )00t | 76X270 . |

AVERAGE (TOTAL) ( )|

-----'-_---'--_[

Clayton Environmental Consultants, Inc.
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e

Date:

Test Number:

Filter Numberx:
Barometric Pressure ("Hg):
Stack Static Pressure ("Hzo):'
Stack Dimensions:

Plume Appearance:
Ambient Temperature(°F):

| SAMPLING TRAIN DATA A/ 5.8 —;f .
Company: L LA _THASL RO EMPIRE UMK,
Source D_esignation:_ﬁ'..fl’. JMEE T NO, ,3 [N '
‘lzzzﬁbfyg' Filter Heater Setting:
J P&/ zjéé 2 Probe Heater Setting:
Field Person: //ﬂ,f Oorn S Nozzle Number: ,Dia. (in.):
s Pitot Tube No.  ,Corr.Factor:

Meter Box No. ‘yCorr.Factor:
Meterx Isokiﬁetic Factor:

Assumed Moisture(%):
Condensate Volume(ml):

Silica Gel Weight Gain(g):

Record all Data Every & Minutes Leak Rate 0048 CFM at J&  “Hg
trav]  Time yelocity|Stack| DTy Gas Meter I?rreisf.siucreeulter?:zfSa';nrpaliinng |
KPR o P s IS Py it EE R G i
NOo« Jtmin) 2 (£t7) Irnletfoutlet ("H20) (°F) (oFl; ("Hg)
v |9210:08) .9 |206 \96¢.290|68 62| [.7 |75 |5°] 2.9
-3 |78 \0:11) 43 Qo5 |770.63 |00 62| -9 |/75|6° |29
p-2\oy o] w0 |206(225,05122169 |18 150 68 | 2.0
D1 |90 |p0:26| .57 (206122938 |77 |6/ |1.e 2P |R|22
% | Wadvy|
oy . v/ . ]
AVERAGE (TOTAL) 20 (LDC?.loBQ;')IQ,“-} £ l'? 1437 oy &.C’@_'_

Clayton Environmental Consultants, Inc.
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SAMPLING TRAIN DATA

Company: __EMPIRE MINING Co. _ELPA ThasKk TZO
Source Designation: MO, 3 K/¢(N PRECIP/TAHT? R o 7zaT—

Date: L //?/'75 Filter Heater Setting: /F5 <&
Test Number: ' — | v Probe Heater Setting: / £6  SF
Field Person: . JQRS ;C—S':)"S Nozzle Number: ,Dia. (in.): o, 249
Filter Number: 54— 2% (—32%) Pitot Tube No. /Z.,Corr.Factor: 0,83y
Barometric Pressure ("Hg): 2%.¢4 Meter Box No.pAC-5 ,Corr.Factor: /o))

Stack Static Pressure ("H,0):—¢.43 Meter Isokinetic Factor: (130
Stack Dimensions: //QS ' Assumed Moisture(%Z): . lQ..;Q_‘Z, '
Plume Appearance: < /0 %F Condensate Volume(ml):  HOZ.,.0
~ Ambient Temperature(°F): <HLH7L. Silica Gel Weight Gain(g): =C.©
Record all Data Every 2. Minutes Leak Rate £.00¢ CFM at é, "Hg
| Ame 357 T : _
Trave Time Bejgcieylstack| DTy Gas Meter I?rrei{:ucreeF:'.Blotxeri'::fsa;nrpaliin“g
. amp- ressure| Tem o Differ- as atic
Psz‘:tj];uiin:g) Clockm("HZO) 5 V(ofltu3m)e I:i:‘:;ufle)t ?gﬁzgi o Jé(;c:r;;)apgg'sﬁzgu)re
W-iz| 0 | 5ol 0.25 |25\ 922.540 | 45164 ) 0. 72 | 5 S| 0.
1)z |is/20) 2. 28 |<30|750:7 145165 | TS| /3¢ o./
o] # 1187510 2%|230\751.7 165 || 6. &9|/4) \45] 0.
9| ¢ |1524|10.3> 230|752, £S5 45| O.FH70 HTF| Ol
Y| ¢ /220 6,.39230|953, 4, |85 6| .97 | 175281 ©. |
7| /0 |I5.290.3 2. |'230(739.¢ |45 |64 | 052 /50 |5 &.)
6112 | 1773) 6, 37312305955, (|65 |eF| 0.9 /4518 01 [
5114 1155%0.3¢1230\72¢.7 65| 6H /.o 3¢ #I| ©.]
41 16 Y535 .36 230|937, 7 14516 71 /- © | /50 50| 0.
3 | 18 V529 0,33230| 7388 6 57| 0. G A+ 50| 0.
2| 20(5/27 0.39 1220\ 9%0,0 | 45 |64-| £0.55|/70 |52] o, ¢
|| 22|14y 0,00 P50 |990.7| 0516910, 27| (¢ 5153 )
241548 741,55 ik
O.C712 apér/'é; | 2N 74*52 1
- | C/ ;
AVERAGE (TOTAL) ( )
Clayton Envirdﬁmental.Consultanﬁs, Ipc.



Company:

SAMPLING TRAIN DATA N
EMPIRE  WMUNINS Co — £P4 THsk2zo

Date:

"Source Designation:

No.2 - feren

PRECIPITRTOR & 7 2-ET

Test Numbe

Filield Person:

()18/75
r:__ P-|
NBSSTS

Filter Number: Cf?ﬁ%¢/'-jL87h,jgg

Barometric Pressure ("Hg):
- Stack Stati& Pressure ("HZO):’YQJﬁ?
Stack Dimensions:

2K K4

(4F

77
Potentiometer No.__SA ‘-"5:.11751 —

Filter Heater Setting: s/ A4£5 %/~
Probe Heater Setting: /&& &

. Nozzle Number: sDia. (in.): g, z<5

Pitot Tube No. /Z.,Corr,Factor: 0&33%7
Meter Box No.pﬂg} ,.Corr,Factor: [.0))
Meter Isokinetic Factor: {720
Assumed Moisture(Z): 42/, ‘
Condensate Volume(ml): °

Ambient Temperature(°F): 0O Silica Gel Weight Gain(g):
Record all Data Every )~ Minutes Leak Rate ¢, o /¥ CFM at /£ '"Hg
' o= e 447‘)-°'*q% ' '

Trav4 Time Welocity Stack| DEy Gas Meter ;?:;§Sf;%ﬁ;ter%::fSiﬁihi?g

lerselanas essure]| Tem N iffer-| . 2°* lgas]| static

Fosnatiiny Jovoer "oy | €55 | VA [Eeme O fepesat | (8 aphrszacte

s-12| 24| /60| £.30|250|99) 55465 | 6 A0 &s |/55|5/] 0. )
ulze o3| 0-281270|992.8 |65 |6F| .80 | y#¢| 75| 2. (
ol 2¢ Lptes| 0.2912301943.7 65 |62 8 .50 | /#0172, )
9 \av \pe1|0-27 | 980|974 7 b\ eFH 6. 77 | /eo |H 2. |
v | a2 | Jiod| 0. Bgps\95 .4 |¢5 et €97 175197] 2 |
7134 ey Ve d 7 \220| F#¢ 7165 |6 1.3 |6y 7| 9.7)
O30 6310057 1290 92,9 |5 L& (56 2] 4 O
52z (i) 0.6/ | 580|975.¢ L5 b4t 2| 125187 £ O
4140 Viel| 0.L9| 22T50,9-| 2| 64 (P8 3F1F| (D
3|42 Veii5|0.70 1230 |9579045 167 /.95 /50 lF0| /. O
2 /L 2/ '
|

AVERAGE (TOTAL).

Clayton Environmental Consultants, Inc.



SAMPLING TRAIN DATA

Clayton Environmental Consultants, Inc.:

I Company: EMPIRE WUNINEG OO — CPA  TAskE 2o
Source Designation: NO 3 N PRECIFPITA TR, OUTLET
I Date: -L(,lgl?"-': Filter Heater Setting: Z4I& <4
Test Number: ',O-—l Probe Heater Setting: /55 “F
Field Person: (@3S IS5 Nozzle Number: . ,Dia.(in.): &.245
I " Filtex Number: 6/}—4— D&~ pPitot Tube No. /2.,Corr.Factor: (2:¥a4
Barometric Pressure ("Hg): =25 § Meter Box No. 74¢-5,Corr.Factor; [,Qlly
Stack Static Pressure ("H,0): — O. 43 Meter Isokinetic Factor: [130
l Stack Dimensions: /27 "D Assumed Moisture(%): /4:3/,, '
Potentiometer No. DA —5jJe [~2 (4 Condensate Volume(ml):__ -~
I Anbient Temperature(°F): ) Silica Gel Weight Gain(g):
Record all Data Every 2.  Minutes Leak Rate J.0/FCFM at /5 '"Hg
. -0‘3%0 B
| ] - Orifi . LastjSampli
l : Terra:e' _Time Velocity|Stack Dry Gas Meter rrels.slucree%lBlotxerI;:. aTmrpailnng
. S - Pr re] Temp ° Differ- G Stati
l Pgint laﬁlpg Clockl| (ﬁgzg) (°F) V(Ofltu:;n)e Temp (°F) elntieal 1(.(:'?; TeZ:nSpPre:stie
%¢ ltmin) Inlet{outlet ("H20) ¢ ("Hg)
| el #3032 Bao |95595) balos| 0,94 (o] #7]O- ]
S ulBo k5048 250|754, 65| €4 £35] ZaFl £-0
: 5154 \ 570 Pee20|757.5 | 45l F| Q.3 |/sp el £ O
V\B6 \13g\0f 8 1230|760 e5\eF| 25| /FolFs| [ &
B L7 18r |8, 73) 220|962 & LA F| Q. & | 1551g2| Jio
L\ p0 o4 O T | 250)| 264362 | 6H 20 S (28 1B 4 O
W 6 lpsle galos| ze./1 45| 2| 2.2 r22199] 2.0
1 414411620 6.85 g | 26 7 ¥ 65|67 2.7 /5] 50| 7o
3 el o) oz lPes zlgsler | 0.3 |1szls0] /.0
1 | 21|l octbroloze 9 eslead /7 | 125]s0 | edD
I L {70 |/t 8,220|920|772 3 | ben | L4 0561 /67 |59 72
| 72 \16./5% 573, i .
| Cle dz 4+ 7.5~ 4
1] #
I |  AvERAGE (TOTAL) ( )E' 1}1

;/



.
. ) .

L)

SAMPLING TRAIN DATA

. EPA THASKTEZO

Filter Numberx:
Barometric Pressure ("Hg):

Stack Statit Pressure ("H 0):
.Stack Dimensions:

BhG — 28)-35

Potentiometer No.
-Ambient Temperature (°F):

- Record all Data Every 2. Minutes

/47

A,

ILQ/

—0 .43

L SN BT | =2 14

2

Company: EMPIRE MU NG CD

. Source Designation: NCO. 3 i PRECA\P ITATOR. O 7LET
Date: // 5?/753 Filter Heater Setting: ) & </~
Test Number: fZ./ Probe Heater Setting: / 55 °F
Field Pexson:_ -/>S, IS Nozzle Numbexr: ° ,Dia.(in.): 2.299

pPitot Tube No. /z-3Corr,Factor:Q.%a4
Meter Box No./4c-5,Corr.Factor: | Ol
Meter Isokinetic Factor: 130
Assumed Moisture(Z): a7
Condensate Volume(ml):

Silica Gel Weight Gain(g):

Leak Rate (,C |72 CFM at ZZ "Hg

AL

Terras:— Time Velocity|stack| DXy Gas Meter Porreisj.ssiucree&?iBlotxerij‘-:l:fl:a;rpaliinng

Foin R noe[230) | €53 | TGS | 1omeCE) fenelal | 258 gt
N-r| 72|17l .32 | 230 | E ﬁfé@c 6,92\ t#s |56 2. |
4 o4 (2507555765 |62 425|/2slt2| 2.0
ol 7 1120\ O F7 | 20 é75’,7 6z ezl /.3 | 7136|F J./
9l grliriza0.56 [25|97¢.9 |3l ez L6 |/S3F2| 8,7
Fl e 177 0,65 |232| 778,283 | e2 /95| 17¢ |F2) [ o
7 ez li7i2d 0,74 | 224979.71 63 L 2o (s|/es|22 /O
bloglrrize) 0,8 | 225|987/, 214 3| 2R 2 /725 ~#2©
S| st V1730|105 | 220 7?2,5%?3 24235 /74| /-
4| 88 7z |0.F/ | 220|964 5 | eF e 2| B | (FEF7| ‘o
319017340, 67| 520|788 .0\ 2} 1.9 | 7OFPT 1O
oA g21