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Foreword 

This document supersedes the previously released document entitled 
Air Pollution Control Techniques for Crushed and Broken Stone Industrr 
(EPA-450/3-80-019), which was published in May 1980. 
the information and emission test results previously presented for the 
crushed and broken stone industry in the above mentioned document. 

This document contains 
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1 .  INTRODUCTION 

This document presents information on the emission of par t icu la tes  a n d  
t h e i r  control a t  non-metallic mineral processing f a c i l i t i e s .  Emissions from 
both process sources, except combustion sources ( i . e . ,  dryers and c a l c i n e r s ) ,  
and fugi t ive  dust sources a r e  considered. Applicable control techniques 
are ident i f ied  and discussed in terms of performance, environmental 
impacts, energy requirements, and cost .  

This document supersedes the document e n t i t l e d  Air Pollution Control 
Techniques fo r  Crushed and Broken Stone I n d u s t r y  (EPA-450/3-80-019) which 
was published in May 1980. 
emission t e s t  r e s u l t s  previously presented f o r  the  crushed and broken 
stone industry in the above mentioned document. 

1 . 1 .  INDUSTRY DESCRIPTION 

This document contains the information and  

The 17  non-metallic minerals selected 
a re :  

Crushed and broken stone 
Sand and gravel 
Rock s a l t  
Gi 1 soni t e  
Boron 
Fluorspar 
Diatomite 
Vermiculite 
Kyanite 

f o r  invest igat ion in t h i s  s t u d y  

Clay 
Gypsum 
Pumice 
Talc 
Bari te  
Feldspar 
Per1 i t e  
Mica 

Total domestic production o f  these non-metallic minerals fo r  1980 was a b o u t  
1,686 million megagrams (1,859 mill ion shor t  t ons ) .  Geographically, the 
non-metallic minerals industry i s  highly dispersed with a l l  S ta tes  reporting 
production of a t  l e a s t  one o f  these 1 7  non-metallic minerals. 
mineral processing industry i s  highly diverse  in terms of uni t  production 
capaci t ies  a n d  end product uses. 

The non-metallic 
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I n  1980, there were approximately 11,000 ac t ive  operations in the 
United S ta tes  located in urban, suburban, and rural a reas .  Mined non-metallic 
minerals a r e  reduced and graded in to  products by a number of component 
process operations integrated i n t o  a processing p l a n t .  
f ixed or  portable and range i n  capacity from l e s s  t h a n  9.1 megagrams (10  tons )  
t o  several  thousand megagrams ( tons )  per h o u r .  

Plants may be e i t h e r  

The processing of non-metallic iminerals can involve a s e r i e s  of 
d i s t i n c t  ye t  interdependent operations.  
operations ( d r i l l i n g ,  b las t ing ,  loading, and hauling) and  plant process 
operations (crushing, grinding, conveying, and other material handling 
and t r ans fe r  operat ions) .  
processing (washing, drying, calcining,  and  f l o t a t i o n  treatment) depending 
on the rock type and consumer requirements. 
processing operations will  not be discussed i n  this document. 
the individual operations can be associated with a high degree of moisture, 
such as wet crushing and grinding, washing screens,  and dredging. 
wet processes do not generate pa r t i cu la t e  emissions and  will  not be 
discussed. A l l  dry processing operations a r e  considered poten t ia l ly  
s ign i f i can t  sources of nuisance pa r t i cu la t e  emissions, espec ia l ly  when 
the operations a re  located near res ident ia l  areas.  

1 . 2  SOURCES AND CONTROL OF EMISSIONS 

These include quarrying o r  mining 

Most non-metallic minerals require additional 

However, these additional 
Some of 

These 

All quarrying and processing operat ions,  including surface mining, 
crushing, screening, and material handling a n d  t r ans fe r  operat ions,  are  
potent ia l  sources of pa r t i cu la t e  emissions. Emission sources may be 
categorized as e i t h e r  process sources o r  f u g i t i v e  dust  sources. Process 
sources include those sources fo r  which emissions a re  amenable t o  capture 
and subsequent cont ro l .  
reentrainment of s e t t l e d  d u s t  by wind o r  machine movement. 
a f fec t ing  emissions from e i t h e r  source category include the type,  
quant i ty ,  a n d  the moisture content of the non-metallic mineral processed, 
the type of equipment and operating prac t ices  employed, and  topographical 
and cl imat ic  fac tors .  

Fugitive dust sources generally involve the 
Factors 
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Principal quarrying operations include d r i l l i n g ,  blast ing,  secondary 
breakage, and the loading and hauling of broken  rock t o  the non-metallic 
mineral processing plant .  Emissions from d r i l l i n g  operations are caused by 
the removal of cu t t ings  and d u s t  from the bottom of the hole by a i r  f lushing. 
Generally, two control techniques are avai lable:  ( 1 )  water in jec t ion  a n d  
( 2 )  the asp i ra t ion  of d r y  cu t t ings  t o  a control device. Although largely 
uncontrollable,  emissions from blast ing can be minimized by using good blast ing 
pract ices  and scheduling b l a s t s  only under favorable meteorological conditions.  
If  secondary breakage i s  required,  d r o p - b a l l  cranes are  generally used and 
resu l t ing  emissions are r e l a t ive ly  small. Emissions generated by the loading 
of broken rock in to  in-plant haulage vehicles by front-end loaders o r  shovels 
can be controlled by wetting down rock p i l e s  p r io r  t o  loading. 
quarr ies ,  l a rge  haulage vehicles are  used t o  t ranspor t  broken rock from the 
quarry t o  the processing plant  over unpaved roads. Emissions generated a re  
proportional t o  the surface condition of the roads and the volume and  speed 
of the vehicle t r a f f i c .  Control measures include methods t o  improve road 
surfaces including watering, surface treatment with chemical d u s t  suppressants,  
s o i l  s t ab i l i za t ion  and  p a v i n g ,  and operational changes t o  reduce t r a f f i c  
volume a n d  vehicle speed. 

A t  most 

The principal crushing and grinding process f a c i l i t i e s  include crushers,  
gr inders ,  screens,  and  material handling and t r ans fe r  equipment. Pa r t i cu la t e  
emissions from process equipment are  generally discharged a t  feed and process 
material discharge points ,  and  emissions from material handling equipment a t  
t r ans fe r  points.  Available emission control techniques f o r  these plant-generated 
emissions include wet d u s t  suppression, d r y  co l l ec t ion ,  and  the combination 
of the two. Wet dust suppression cons is t s  of introducing moisture in to  the 
material flow t o  prevent o r  suppress the emission of f ine  par t icu la tes .  Dry 
col lect ion involves hooding and enclosing dust-producing points a n d  venting 
emissions t o  a co l lec t ion  device. Combination systems u t i l i z e  both methods 
a t  d i f f e ren t  stages throughout the processing p lan t .  

Other pa r t i cu la t e  emission sources include windblown dust from open 
conveyors, s tockpi les ,  and  the plant  y a r d .  Control measures range from the 
use of d u s t  suppression techniques t o  the e rec t ion  of enclosures o r  windbreaks. 
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2.0  SOURCES A N D  TYPES OF EMISSIONS 

2.1 GENERAL 

There are many non-metallic minerals which a re  individually produced in 
a wide range of quan t i t i e s .  For example, the annual domestic demand fo r  sand 
and gravel i s  quoted in  mill ions of megagrams ( t o n s ) ,  whereas the production 
of industr ia l  diamonds and gem stones i s  measured in cara t s .  
s tudies  have invest igated some of these non-metallic minerals, namely, coa l ,  
phosphate rock, and asbestos.  The 1 7  non-metallic minerals selected f o r  
t h i s  study are :  

Previous EPA 

Crushed and Broken Stone 
Sand and Gravel 
Rock S a l t  
Gi lsoni te 
Boron 
Fluorspar 
Diatomite 
Vermi cul i t e  
Kyanite 

Clay 
Gypsum 
Pumice 
Talc 
Barite 
Feldspar 
Per1 i t e  
Mica 

These 1 7  categories  are based upon Bureau of Mines c l a s s i f i ca t ions  a n d  are  the 
highest mined production segments o f  the non-metallic minerals industry which 
have crushing and grinding operat ions,  excluding coa l ,  phosphate rock, and 
asbestos. 

To ta l  domestic production of these non-metallic minerals f o r  1980 was 
about 1,686 mill ion megagrams (1,859 mill ion short t ons ) .  
domestic production level of these minerals in 1985 has been projected t o  be 
1,960 million megagrams (2,160 million short tons ) .  
ranges from $3.20 per megagram (82.90'per ton)  fo r  sand and gravel ,  t o  $261 
per megagrani ( $ 2 3 7  per ton )  f o r  boron. 
minerals industry i s  highly dispersed,  with a l l  s t a t e s  reporting production of 
a t  least  one of these 1 7  non-metallic minerals. The industry i s  a l so  extremely 
diverse in terms of production capac i t ies  per f a c i l i t y  (from f ive  t o  several  
thousand megagrams ( tons per hour) and end product uses. 

The estimated 

The value of the minerals 

Geographically, the non-metallic 
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2 . 1 . 1  Industry Charac te r i s t ics  

Table 2 .1  presents industry cha rac t e r i s t i c s  f o r  each mineral under 
consideration. 
segments, accounting f o r  1,610 mill ion megagrams (1,775 mill ion tons)  of the 
1,686 million megagrams (1,860 mill ion tons)  produced by the 1 7  industr ies .  
There are about 6,100 processing plants in the sand and gravel industry and 
about 4,100 quarr ies  worked in  the crushed stone industry.  Each of the other  
indus t r ies  has l e s s  t h a n  100 processing p lan ts ,  except f o r  the clay industry 
which has about 120 plants .  

Crushed stone and sand and gravel are  by f a r  the l a rges t  

Sand and gravel plants are located in  every S ta te .  Crushed stone plants 
a r e  located in every S ta t e  except Delaware and North Dakota. 
plants a r e  located in every S ta t e  except Vermont, Rhode Island, Delaware, 
Hawaii, and Alaska. Processing plants  f o r  the other  i ndus t r i e s  are  
usually d i s t r ibu ted  among a few Sta tes  where those mineral deposits are  
located. One of the minerals i s  p r inc ipa l ly  mined and  processed in only 
one State:  boron in Cal i fornia .  

Clay 

Projected growth r a t e s  a r e  a l so  presented in Table 2 . 1 .  The growth ra tes  
a r e  projected t o  increase a t  compounded annual r a t e s  of up t o  5 .5  percent 
through the year  2000. 

2 .1 .2  End Uses 

End uses fo r  the non-metallic minerals a r e  many and diverse .  The 
minerals may be used e i t h e r  d i r e c t l y  in t h e i r  natural s t a t e  o r  processed in to  
a var ie ty  of manufactured products. 
e i t h e r  minerals f o r  the construction industry;  minerals fo r  the chemical and 
f e r t i l i z e r  i ndus t r i e s ;  o r  c lay,  ceramic, r e f r ac to ry ,  and miscellaneous minerals. 
Minerals generally used for  construction are  crushed and broken s tone,  sand 
and gravel,  gypsum, g i l s o n i t e ,  p e r l i t e ,  pumice, vermiculite,  and mica. Minerals 
generally used in the chemical and f e r t i l i z e r  indus t r ies  are b a r i t e ,  f luorspar ,  
boron, and rock s a l t .  Clay, fe ldspar ,  kyanite,  t a l c ,  and diatomite can 
be generally c l a s s i f i e d  as  c lay,  ceramic, re f rac tory ,  and miscellaneous 
minerals. 

Generally, they can be c l a s s i f i ed  as 

Table 2 . 2  l i s t s  the major uses of each individual mineral. 
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TABLE 2.2 MAJOR USES OF THE NON-METALLIC MINERALS 

- -- ______. - --__ 
Mineral Major uses 

Crushed and broken stone 
Sand and gravel 
Clay 
Rock salt 
Gypsum 
Pumice 
Gilsonite 
Talc 
Boron 
Barite 
Fluorspar 
Feldspar 
Diatomite 
Per1 i te 
Vermiculite 
Mica 
Kyanite 

Construction, cement inanufactur i ng 
Construction 
Bricks, cement, refractory, paper 

Wallboard, plaster, cement, agriculture 
Road construction, concrete 
Asphalt paving 
Ceramics, paint, toilet preparations 
Glass, soaps, fertilizer 
Drilling mud, chemicals 
Hydrofluoric acid, iron and steel, glass 
Glass, ceramics 
Filtration, filters 
Insulation, filter aid, plaster aggregate 
Concrete 
Paint, joint cement, roofing 
Refractories, ceramics 

. Highway use, chlorine 
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1 

Major rock types processed by the  crushed and broken stone i n d u s t r y  
l imestone and dolomi te (which accounted f o r  74 percent o f  the t o t a l  

i n  1980 and has the  widest  and most impor tan t  end use range);  g r a n i t e  

(12 percent) ,  t r a p  rock ( 8  percent)  and sandstone, quar tz  and q u a r t z i t e  

( 3  pe rcen t ) .  Rock types i n c l u d i n g  calcareous marl ,  marble, s h e l l ,  s l a t e  

and miscel laneous o the rs  accounted f o r  o n l y  3 percent .  C l a s s i f i c a t i o n s  used 

by t h e  i n d u s t r y  vary considerably  and i n  many cases do n o t  r e f l e c t  actua l  

geo log i ca l  d e f i n i t i o n s .  3 
Limestone and dolomi te a re  sedimentary rocks formed f r o m  accumulations o f  

animal remains o r  chemical p r e c i p i t a t i o n  o f  carbonates i n  water. I n  a pure 

s ta te ,  l imestone cons is t s  o f  c r y s t a l l i n e  o r  g ranu la r  ca lc ium carbonate 

( c a l c i t e ) ,  w h i l e  do lomi te cons is t s  o f  calcium-magnesium carbonate (do lomi te ) .  

Both a re  o f t e n  found together  i n  the same rock deposi t .  Depending on the 

p ropor t i ons  o f  each, t he  rock may be c l a s s i f i e d  as l imestone, d o l o m i t i c  

l imestone, calcareous dolomite o r  do lomi te.  Deposits are common and are 

d i s t r i b u t e d  throughout most p a r t s  o f  t h e  country ,  a1 though p r i m a r i l y  l o c a t e d  

i n  the  Centra l ,  Middle A t l a n t i c  and South A t l a n t i c  reg ions which combined 

accounted f o r  over 94 percent o f  t he  t o t a l  p roduc t i on  i n  1980. 

Commercially, g r a n i t e  cons is t s  o f  any l i g h t - c o l o r e d ,  coarse-grained 

It i s  composed c h i e f l y  o f  qua r t z ,  fe ldspar and, u s u a l l y  mica. igneous rock.  

Deposits a re  l oca ted  i n  the South A t l a n t i c ,  nor theastern,  North Centra l  and 

western reg ions o f  the country.  The South A t l a n t i c  reg ion  accounted f o r  more 

than 75 percent  o f  the t o t a l  tonnage o f  g r a n i t e  produced i n  1980. 

Trap rock inc ludes any dark co lo red ,  f i n e - g r a i n e d  igneous rock composed 

Deposits a re  most ly  
o f  t he  ferro-magnesium minera ls  and bas ic  fe ldspars  w i t h  l i t t l e  o r  no quar tz .  

Common v a r i e t i e s  i n c l u d e  basa l t s ,  biabases and gabbros. 

found i n  the  New England, Middle A t l a n t i c  and P a c i f i c  reg ions,  which combined 

accounted f o r  80 percent o f  a l l  t r a p  rock produced i n  1980. 

Sandstones and q u a r t z i t i c  rocks a r e  s c a t t e r e d  throughout the country .  

Sandstones a re  sedimentary rocks composed predominant ly o f  cemented quar t z  

gra ins.  The cementing m a t e r i a l  may be ca lc ium carbonate, i r o n  ox ide  o r  c lay .  
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Sand and gravel are products of the weathering of rocks and thus consist 
predominantly of silica. 
iron oxides, mica, and feldspar are present. 
distributed throughout the country. 

Often, varying amounts of other minerals such as 
Deposits are common and are 

Clays are a group of fine-grained non-metallic minerals which are mostly 
hydrous aluminum silicates that contain various amounts of organic and 
inorganic impurities. 
Mines: 
(common) clay. 

Clays are classified into six groups by the Bureau of 
kaolin, ball clay, fire clay, bentonite, fuller's earth, and miscellaneous 

Kaolin is a clay in which the predominant clay mineral is kaolinite. 
Ball clay Large quantities of high quality kaolin are found in Georgia. 

consists principally of kaolinite, but has a higher silica-to-alumina ratio 
than is found in most kaolin, as well as larger quantities of mineral impurities 
and much organic material. 
New Jersey. 

Ball clays are mined in Kentucky, Tennessee, and 

The terms "fire clay" and "stoneware clay" are based on refractoriness, 
or on intended usage (fire clay indicating potential use for refractories, 
and stoneware clay indicating uses for such items as crocks, jugs, and jars). 
Fire clays are basically kaolinitic but include other clay minerals and 
impurities. 
burley, and burley-flint clays. 
United States, with the greatest reserves being found in the Middle Atlantic 
region. 

Included under the general term fire clay are the disapore, 
Fire clay deposits are widespread in the 

Bentonites are composed essentially o f  minerals of the montmorillonite 
The swelling type has a high sodium iron concentration, whereas the group. 

nonswelling types are usually high in calcium. 
in Wyoming and Montana. 

Bentonite i s  presently produced 

Fuller's earths are essentially montmorillonite or attapulgite. 
area in Georgia and Florida contains the known reserve of attapulgite-type 
fuller's earth. 

A small 
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The term "miscel laneous (common) c l a y "  i s  a s t a t i s t i c a l  des ignat ion  used 

by t h e  Bureau o f  Mines t o  r e f e r  t o  c l a y s  and shales n o t  inc luded under the  

o t h e r  f i v e  c l a y  types. 
montmor i l lon i te ,  but  i l l i t e  u s u a l l y  predominates, p a r t i c u l a r l y  i n  the shales. 

Miscel laneous c l a y  i s  widespread throughout  the  Un i ted  States.  

Miscel laneous c l a y  may c o n t a i n  some k a o l i n i t e  and 

Rock s a l t  c o n s i s t s  o f  sodium c h l o r i d e  and i s  t he  c h i e f  source o f  a l l  

forms o f  sodium. Rock s a l t  i s  mined on a l a r g e  s c a l e  i n  Michigan, Texas, 

New York, Louis iana, Ohio, Utah, New Mexico, and Kansas. 

Gypsum i s  il hydrous ca lc ium s u l f a t e  normal ly  formed as a chemical 

p r e c i p i t a t e  from inarine waters o f  h i g h  s a l i n i t y .  Domestic reserves o f  

gypsum a r e  geograph ica l l y  d i s t r i b u t e d  i n  23 s t a t e s .  Areas d e f i c i e n t  i n  

gypsum reserves a r e  Minnesota, Wisconsin, t h e  P a c i f i c  Northwest, t h e  New 

England States,  t h e  deep South t o  t h e  e a s t  o f  Louis iana, and n o r t h e r n  

C a l i f o r n i a .  

Pumice i s  a rock  o f  igneous o r i g i n ,  rang ing  f rom a c i d i c  t o  b a s i c  i n  

composi t ion,  w i t h  a c e l l u l a r  s t r u c t u r e  formed by exp los ive  o r  e f f u s i v e  

volcanism. The commercial des ignat ion  i n c l u d e s  t h e  more p r e c i s e  pe t rograph ic  

d e s c r i p t i o n s  f o r  pumice, pumic i te  ( v o l c a n i c  ash), vo lcan ic  c inders ,  and 
scor ia .  Deposi ts a r e  most ly  found i n  the Western States.  

The minera l  g i l s o n i t e  i s  a v a r i e t y  o f  n a t i v e  a s p h a l t  which has many ' 

a p p l i c a t i o n s .  G i l s o n i t e  occurs i n  l a r g e  boulders,  severa l  inches across. I t  

i s  b lack,  l u s t r o u s  minera l  found i n  the  U i n t a h  b a s i n  

The rri ineral t a l c  i s  a s o f t  hydrous magnesium s i 1  

The t a l c  o f  h i g h e s t  p u r i t y  i s  d e r i v e d  from magnesium- 

rocks;  l e s s  pure t a l c  f rom metamorphosed u l t r a  b a s i c  

n Utah and Colorado. 

cate,  3 Mg0.4Si02.H20. 

i c h  metamorphic carbonate 

gneous rocks.  Soapstone 

i s  a term used f o r  a inassive form o f  r o c k  c o n t a i n i n g  the  minera l .  P y r o p h y l l i t e  

(A1,03.4Si0,.H,0) i s  a hydrous aluminum s i l i c a t e  s i m i l a r  t o  t a l c  i n  p r o p e r t i e s .  

It i s  p r i n c i p a l l y  found i n  Nor th Caro l ina .  Talc-group minera ls  a r e  p r i n c i p a l l y  

produced i n  New York, Texas, Vermont, C a l i f o r n i a ,  and Montana. 
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Boron i s  a v e r s a t i l e  and useful element used mainly i n  the form of i t s  
many compounds, of which borax and boric acid a re  the best  known. Many 
minerals contain boron, b u t  only a few a re  commercially valuable a s  sources 
O f  boron. The principal boron minerals a r e  borax, kern i te ,  and colemanite. 
Half o f  the commercial world reserves a re  i n  southern California a s  bedded 
deposits o f  borax (sodium borate) and colemanite (calcium borate) ,  o r  as 
solutions of boron minerals i n  Searles Lake brines.  

Barite i s  almost pure barium s u l f a t e  (BaSO,,), and i s  the  principal 
commercial mineral source of barium and barium compounds. The reserves a re  
pr incipal ly  i n  Missouri and the southern ADpalachian S ta t e s ,  with the remainder 
i n  Arkansas, Nevada, and California.  

Fluorine is  derived from the mineral f l u o r i t e  (CaF,), commonly known as 
fluorspar.  
and I l l i n o i s .  

Fluorspar i s  pr incipal ly  found i n  deposits located i n  Kentucky 

Feldspar i s  a general term used t o  designate a group of c losely related 
minerals, especial ly  abundant i n  igneous rocks and consisting e s s e n t i a l l y  of 
aluminum s i l i c a t e s  i n  combination w i t h  varying proportions of potassium, 
sodium, and calcium. The principal fe ldspar  species a re  or thc lase  o r  
microcline (both K20.Al2O3-6SiO2), a l b i t e  (Na20-A1,03.6Si02) and anor th i te  
(Ca0.A1203.2Si02). North Carolina i s  the foremost domestic producer, 
followed i n  order of output by California,  Connecticut, and  Georgia. 

Diatomite i s  a material of sedimentary or igin consisting mainly of an 
accumulation o f  skeletons o r  f rus tu l e s  formed a s  a protective covering by 
diatoms, single-celled microscopic plants.  The skeletons a r e  e s s e n t i a l l y  
amorphous hydrated o r  opaline s i l i c a  b u t  occassionally a re  par t ly  composed o f  
alumina. The terms "diatomaceous ea r th"  and "kieselguhr" a re  sometimes used 
interchangeably and a r e  synonymous w i t h  diatomite. Diatomite i s  found only 
i n  the Western States  w i t h  a substant ia l  p a r t  of the to ta l  reserve found i n  

the  Lompoc, California area. 

P e r l i t e  i s  chemically a metastable amorphous aluminum s i l i c a t e  w i t h  
minor impurit ies and inclusions of various other  metal oxides and minerals. 
P e r l i t e  i s  mostly found i n  the Western S ta t e s .  

2-9 



Vermiculite i s  a micaceous mineral with a ferromagnesium-aluminum 
s i l i c a t e  composition and  the property of exfo l ia t ing  t o  a low-density 
material when heated. Presently,  vermiculite i s  mined from deposits located 
in Montana and South Carolina. 

Mica i s  a group name for  a number of complex hydrous potassium aluminum 
s i l i c a t e  ininerals d i f f e r ing  in chemical composition and  physical properties 
b u t  characterized by excel lent  basal cleavage t h a t  f a c i l i t a t e s  s p l i t t i n g  
in to  th in ,  t o u g h ,  f l e x i b l e ,  e l a s t i c  sheets .  These minerals can be c l a s s i f i ed  
in to  four principal types named a f t e r  the most common mineral i n  each g r o u p  - 
muscovite (potassium mica),  phlogopite (magnesium mica), b i o t i t e  ( i ron  
mica), and  l e p i d o l i t e  ( l i thium mica). The major producing regions i n  the 
United S ta tes  are the Southeast a n d  West. 

Kyanite and the re la ted  minerals - andalus i te ,  s i l l iman i t e ,  dumortieri te,  
and topaz - a re  natural aluminum s i l i c a t e s  which can be converted t o  mull i te ,  
a s t a b l e  refractory raw material .  
minerals a r e  mostly found in  Virginia,  North and S o u t h  Carolina, Idaho, and  
Georgia. 

2 . 2  NON-METALLIC MINERALS PROCESSING OPERATIONS A N D  THEIR EMISSIONS 

2.2 .1  Process Description 

Reserves of kyanite and  the re la ted  

Non-metallic mineral processing involves the following sequence of 
s teps:  extract ing from the ground, loading, unloading and dumping, conveying, 
crushing, screening, grinding, and c lass i fy ing .  Some minerals processing 

operations performed depend on the rock type a n d  the desired product: ) 
a lso  includes washing, drying, calcining,  o r  f l o  c at ion  operations.  The 

The mining techniques used fo r  the ex t rac t ion  o f  non-metallic minerals c 
vary with the pa r t i cu la r  mineral, the nature o f  the deposi t ,  and the location 
of the 
Some minerals require  blasting while others  can be removed by bulldozer o r  
dredging operations a lone .  

Mining i s  carr ied o u t  both underground and in open p i t s .  
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The non-metallic minerals are  normally delivered to  the processing 
plan by truck, and  dumped into a hoppered feeder,  usually a vibrating 
gr izzly type, o r  onto screen 
separate o r  scalp the larger  oulders from the f i n e r  rocks tha t  do n o t  
require primary crushing, thus minimizing the load t o  the primary crusher. 
Jaw o r  gyratory crushers a re  usually used f o r  i n i t i a l  reduction, although 
impact crushers a re  gaining favor fo r  crushing low-abrasion rock such as 
t a l c ,  and where high reduction r a t io s  are desired.  The crusher product, 
normally 7.5 t o  30 centimeters ( 3  t o  1 2  inches) i n  s i ze ,  and the gr izz ly  
throughs (undersize mater ia l )  a r e  discharged onto a b e l t  conveyor and 
normally transported t o  e i the r  secondary screens and  crusher, o r  t o  a surge 

2 
I 

as i l l u s t r a t e d  in Figure 2 . 1 .  These screens 

p i l e  r s i l o  for  temporary 

The secondary screens separate  the process flow i n t o  e i the r  Q two o r  three f rac t ions  (oversize,  undersize, and  throughs) Drior t o  the 
secondary crusher. 
fu r the r  reduction. The undersize, which requires no fur ther  reduction a t  
t h i s  s tage,  normally by-passes the secondary crusher. A th i rd  f ract ion,  the 
throughs, i s  separated when processing some minerals. Throughs contain 
unwanted f ines  t h a t  a re  usually removed from the process flow and stockDiled 
a s  crusher-run material .  For secondary crushing, gyratory or cone crushers 
a r e  os t  commonly used, although impact crushers are  used a t  some ins t a l l a t ions .  e he product from the secondary crushing s tage ,  usually 2.5 centimeters 
( 1  inch) o r  less  in s i ze ,  i s  normally transported t o  a secondary screen 
for  fur ther  s iz ing.  Sized material from t h i s  screen i s  e i the r  discharged 
d i r ec t ly  to  a t e r t i a r y  crushing stage o r  conveyed t o  a f ine-ore bin which 
supplies the milling stage.  Cone crushers o r  hammermills are normally used 
for  t e r t i a r y  crushing. pod mi l l s ,  ball  mi l l s ,  and hammermills are  normally 
used in  the milling stage.  The product from the t e r t i a r y  crusher o r  the 
mill i s  usually conveyed to  a type of c l a s s i f i e r  such as a dry vibrating 

The  oversize i s  discharged to  the secondary crusher fo r  
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screen system, an a i r  separator,  o r  a wet rake  o r  s p i r a l  system ( i f  wet 

g r i n d i n g  was employed) which a l s o  dewaters the m a t e r i a l .  

re tu rned t o  the  t e r t i a r y  crusher  o r  m i l l  f o r  f u r t h e r  s i z e  reduc t ion .  A t  t h i s  
p o i n t ,  some minera l  end products o f  t h e  d e s i r e d  grade are  conveyed d i r e c t l y  t o  

f i n i s h e d  product  b ins,  o r  a r e  s t o c k p i l e d  i n  open areas by conveyors o r  t rucks .  

Other minera ls  such as t a l c  o r  b a r i t e  may r e q u i r e  a i r  c l a s s i f i c a t i o n  t o  o b t a i  

t h e  r e q u i r e d  mesh s ize,  and t reatment  by f l o t a t i o n  t o  o b t a i n  t h e  necessary 
chemical p u r i t y  and c o l o r .  

The overs ize  i s  

d 
Most non-meta l l i c  minera ls  r e q u i r e  a d d i t i o n a l  process ing depending on the  

rock  type  and consumer requirements. 

crushed stone and sand and grave l  i n d u s t r y ,  s tone washing may be r e q u i r e d  t o  

meet p a r t i c u l a r  end produc t  s p e c i f i c a t i o n s  o r  demands such as f o r  concrete 

aggregate. Some minera ls ,  e s p e c i a l l y  c e r t a i n  l i g h t w e i g h t  aggregates, a re  

washed and d r i e d ,  s in te red ,  o r  t r e a t e d  p r i o r  t o  p r imary  crushing.  Others a re  

d r i e d  f o l l o w i n g  secondary c rush ing  o r  m i l l i n g .  

broken stone, and most l i g h t w e i g h t  aggregates normal ly  a re  n o t  m i l l e d  and are  

screened and shipped t o  the consumer a f t e r  secondary o r  t e r t i a r y  crushing.  
Some sand and gravel  p l a n t s  a re  wet process opera t ions  and may r e q u i r e  l i t t l e ,  

i f  any, crushing operat ions.  

operat ions f o r  each i n d u s t r y .  F igures 2.1 and 2.2 show s i m p l i f i e d  diagrams o f  

t h e  t y p i c a l  process s teps r e q u i r e d  f o r  t he  non-meta l l i c  minera ls  i n v e s t i g a t e d  

i n  t h i s  r e p o r t .  

I n  c e r t a i n  cases, e s p e c i a l l y  i n  the  

Sand and gravel ,  crushed and 

Table 2.3 l i s t s  t h e  var ious  u n i t  process 

2.2.2 Sources o f  Emissions 

E s s e n t i a l l y  a l l  m in ing  and minera l  process ing opera t ions  a r e  p o t e n t i a l  

spurc.e.szpart i  cu l  a t e  emi s s i ons . 
f u g i t i v e  emissions o r  f u g i t i v e  dust.  

' a q c l i s t e d  i n  Table 2.4. 
which emissions a r e  amenable t o  capture  and subsequent c o n t r o l .  

sources are  n o t  amenable t o  c o n t r o l  us ing  convent ional  c o n t r o l  systems and 

g e n e r a l l y  i n v o l v e  the  reentra inment  o f  s e t t l e d  d u s t  by wind o r  machine movement. 

Emissions may_herate-ggpi-zed-a;s-e-i-tker 

Operat ions inc luded w i t h i n  each category 
F u g i t i v e  emission sources i n c l u d e  those sources f o r  

F u g i t i v e  dus t  
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F igure  2 . 2  General Scheniatic f o r  Non-Metal l ic  Minera ls  Processing 
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TABLE 2 . 4 .  EMISSION SOURCES AT NON-METALLIC M I N E R A L  FACILITIES  
-----.--==E _ ~ _  _=_. =:__= >=---=- _-== -=_ --_= =--.=_- - . - - 

Fugitive Dust Sources Fugitive Enii ssions _- 
Dri 11 ing Blasting 

Crushing 

Screening 

Grinding 

Conveyor Transfer Points 

Loading 

Hauling 

Haul Roads 

Stockpiles 

Plant yard 

Conveying 

2.2.3 Factors t h a t  Affect Emissions from Mining and Process Operations 

/In general ,  the factors  t h a t  a f f e c t  emissions from most mineral 
3 processing operations include: the type of ore processed.,---the type of 

equipment and operating pract ices  employed, the moisture content of the o re ,  
the  amount of ore processed, and-a var ie ty  of geographical and seasonal 
fac tors .  i These f ac to r s ,  discussed-in more- de t a i l  below, apply t o  b o t h  fug i t ive  
emission and fug i t ive  d u s t  sources associated with mining and processing p l a n t  
operat i  on. 

The type of equipment and operating pract ices  employed a l so  a f f ec t  
uncontrolled emissions. I n  general ,  emissions from process equipment such as 
crushers,  screens,  gr in  r s ,  and conveyors depend on the s i z e  d is t r ibu t ion  of 
the  material and  the velocity t h a t  i s  mechanically imparted t o  the material .  ' 
For crushers,  the par t icu lar  type of crushing mechanism employed (compression 
o r  impaction) a f f ec t s  emissions. T h e  e f f e c t  o f  equipment type on uncontrolled 
emissions from a l l  sources will  be more f u l l y  discussed in subsequent sections 
of t h i s  report  (see Sections 2 . 4  t o  2 . 1 1 ) .  

L -) 

Information i s  limited on the amount of emissions from non-metallic 
mineral processing operations.  
s i ze  of the par t icu la tes  measured in  the i n l e t s  t o  control devices a t  plants 
processing d i f f e ren t  non-metallic minerals. 

Table 2 . 5  presents information concerning the' 
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The inherent moisture content or  wetness of the rock processed can  have 
a sub i t a n t i a l  e f f e c t  on uncontrolled emissions. This i s  especial ly  evident 
d u r i n g  mining, i n i t i a l  material handling, and i n i t i a l  plant  process operations 
such as  primary crushing. 
o r  adhere t o  the faces o f  l a rger  stones with a r e su l t an t  d u s t  suppression 
e f f e c t .  However, as  new f ine  pa r t i c l e s  are created by crushing and a t t r i t i o n ,  
and  as  the moisture content i s  reduced by evaporation, t h i s  suppressive e f f ec t  
diminishes and  may even disappear. 
conditions,  the moisture content o f  the mined rock ranges from nearly zero t o  
several percent. 

Surface wetness causes f i n e  pa r t i c l e s  t o  agglomerate 

Depending on the geographic and  c l imat ic  

I geographical and  seasonal f ac to r s ,  the primary var iables  
a f fec t ing  uncontrolled par t icu la te  emissions a re  w i n d  parameters and  moisture 
content of the mater ia l .  Wind parameters wi l l  vary with geographical l oca t ion  
and  season. I t  can be expected tha t  the level o f  emissions from sources which 
a re  n o t  enclosed (pr inc ipa l ly  fug i t ive  d u s t  sources) will  be greater  d u r i n g  
periods of high winds t h a n  periods of low winds. 
material a l so  var ies  with geographical loca t ion  and season. Therefore, the 
level of uncontrolled emissions from both fug i t ive  emission sources and fugi t ive  
d u s t  sources will  be greater in a r i d  regions of the country than i n  temperate 
ones and  grea te r  during the summer months due t o  a higher evaporation r a t e .  

The moisture content  of the 

I 
2 . 3 .  .QUARRYIN% 

Sources of pa r t i cu la t e  emissions from quarrying operations include d r i l l i n g ,  
b las t ing ,  secondary breakage, and the loading and hauling of the mineral t o  
the processing plant .  Not a l l  non-metallic mineral deposits require d r i l l i n g  
and blast ing t o  fragment portions of the deposits in to  pieces of material of 
convenient s i z e  f o r  fur ther  processing. Some mineral deposits can be removed 
w i t h o u t  b las t ing by the use of power equipment such as front-end loaders,  d r a g  
l i n e s ,  and dredges. 

Par t icu la te  emissions from d r i l l i n g  operations are  primarily caused by 
the removal of cu t t ings  and d u s t  from the bottom of the hole by a i r  f lushing.  
Compressed a i r  i s  released down t h e  hollow d r i l l  center,  forcing cu t t ings  and  
d u s t  u p  and out the annular space formed between the hole wall and  d r i l l .  
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Blasting i s  used t o  displace sol id  rock from i t s  quarry deposit and t o  
fragment i t  in to  s izes  which require a minimum of secondary breakage a n d  which 
can be readily handled by loading and hauling equipment. 
blast ing ranges from several shots per day t o  one per week depending on the 
plant capacity and the s i z e  of individual shots .  
depends on the cha rac t e r i s t i c s  o f  the explosive and the  rock. 
blast ing a r e  evident from visual observations.  

The frequency of 

The effect iveness  o f  a shot 
Emissions from 

If secondary breakage i s  required,  drop-ball cranes a re  usually employed. 
Normally, a pear-shaped or spherical  drop-ball ,  weighing several  t o n s ,  i s  
suspended by a crane and  dropped on the oversize  rock a s  many times as  needed 
t o  break i t .  Emissions a re  s l i g h t .  

The excavation and loading of broken rock i s  normally performed by 
_c~ .~ - -- %_- ~ 

shovels and front-end 1Qaders. Whether the broken rock i s  dumped i n t o  a 
haulage vehicle f o r  t ransport  o r  d i r e c t l y  in to  the primary crusher,  
fug i t i ve  d u s t  emissions may r e s u l t .  
these emissions i s  the wetness of the rock. 

The most s ign i f i can t  fac tor  a f fec t ing  

A t  most quar r ies ,  large capacity "off-the-road' '  haulage vehicles a r e  used - 
t o  t ransport  broken rock from the quarry t o  the primary crusher over unpaved 
haul roads. The vehicle t r a f f i c  on unpaved roads i s  responsible for  a la rge  
portion of the fug i t ive  d u s t  generated by quarrying operations.  
a f fec t ing  fugi t ive  dust emissions from hauling operations include the composition 
of the road surface,  the wetness of the road, and the volume and speed of the 
vehicle t r a f f i c .  

2 . 4  CRUSHING 

Factors 

Crushing i s  the process by which coarse material i s  reduced by mechanical 
energy and a t t r i t i o n  t o  a desired s i ze  f o r  mechanical separation (screening) .  
The mechanical s t r e s s  applied t o  rock fragments during crushing may be accomplished 
by e i t h e r  compression or  impaction. 
the duration of time needed t o  apply the breaking force.  I n  impaction, the 
breaking force i s  applied very rapidly; i n  compression, the rock pa r t i c l e  
i s  slowly squeezed and forced t o  f rac ture .  All types of crushers a re  b o t h  

These two methods of crushing d i f f e r  in 
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compression and impaction t o  varying degrees. 
according t o  the predominant crushing mechanism used (from t o p  t o  bottom, 
compression t o  impaction). 
rubbing of stone on stone o r  on metal surfaces  ( a t t r i t i o n ) .  

Table 2.6 ranks crushers 

In a l l  cases ,  there  i s  some reduction by the 

TABLE 2 .6 .  RELATIVE CRUSHING MECHANISM UTILIZED 
BY VARIOUS CRUSHERS 

Compression Double ro l l  crusher 

Jaw crusher 

Gyratory crusher 

Single  ro l l  crusher 

Rod mill  (low speed) 

Ball mill 

Rod mill (high speed) 

Hammermill (low speed) 

Impact breaker 

Impaction Hammermill (high speed) 
___________. - 

The s i z e  of the product from compression type crushers i s  controlled by 
This t h e  space between the crushing surfaces  compressing the rock pa r t i c l e .  

type o f  crusher produces a r e l a t ive ly  closely graded product with a small 
proportion of f ines .  
produce a wide range o f  s izes  and  high proportion of f ines .  

Crushers t h a t  reduce by impact, on the other  hand, 

Because the s i z e  reduction achievable by one machine i s  l imited,  reduction 
in  stages i s  frequently required. 
include primary, secondary, and  perhaps t e r t i a r y  crushing. 
crushers used in  the non-metallic minerals industry are:  
and impact crushers.  

As noted previously, the various stages 
Basically,  the 

jaw, gyratory, r o l l ,  
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J a w  Crushers 

Jaw crushers cons is t  of a ver t ica l  f ixed jaw and a moving inclined jaw 
which  i s  operated by a s ing le  toggle or a p a i r  of toggles.  
compression as  a r e s u l t  of the opening and closing act ion of the moveable jaw 
against  the f ixed  jaw. 
pr i mary crush i ng . 

Rock i s  crushed by 

Their principal appl icat ion in the industry i s  f o r  

The most commonly used jaw crusher i s  the Balke o r  double-toggle type. 
As i l l u s t r a t e d  in Figure 2.3,  an  eccentr ic  s h a f t  dr ives  a Pitman arm t h a t  
r a i se s  and lowers a pa i r  of toggle p la tes  t o  open and c lose the moving jaw 
which i s  suspended from a f ixed sha f t .  
moving jaw i s  i t s e l f  suspended from an eccent r ic  s h a f t  and the lower par t  o f  
the jaw i s  supported by a ro l l i ng  toggle p l a t e  (Figure 2 . 4 ) .  Rotation of the 
eccentr ic  sha f t  produces a c i r cu la r  motion a t  the upper end of the jaw and an 
e l l i p t i c a l  motion a t  the lower end. 
overhead eccent r ic  a re  used on a l imited sca l e .  

In a single-toggle jaw crusher, the 

Other types,  such a s  the Dodge and 

The s i z e  of a jaw crusher i s  defined by i t s  feed opening dimensions and 
may range from about 15  x 30 centimeters t o  213 x 168 centimeters (6 x 12 inches 
t o  84 x 66 inches).  The s i z e  reduction obtainable may range from 3:l t o  1O:l 
depending on the  nature of the  rock. Capacit ies are  quite var iable  depending 
on the uni t  and i t s  discharge se t t i ng .  
for a number of jaw crusher s izes  a t  b o t h  minimum and maximum discharge 
se t t i ngs .  

Table 2 . 7  presents approximate capaci t ies  

Gyratory Crushers 

Simply, a gyratory crusher may be considered t o  be a jaw crusher with 
c i r cu la r  jaws between which the material flows and i s  crushed. As indicated 
in Table 2.8, however, a gyratory crusher has  a much greater  capacity t h a n  a 
jaw crusher with an equivalent feed opening. 

There a re  basical ly  three types o f  gyratory crushers: the pivoted 
spindle ,  f ixed spindle ,  and cone. The fixed and pivoted spindle gyrator ies  
are used for primary and secondary crushing, and cone crushers are used f o r  
secondary and t e r t i a r y  crushing. The l a rge r  gyratoriec are sized according t o  
feed opening and  the small un i t s  are sized by cone diameters. 
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F I X E D  JAW 

MOVEABLE JAW 

D I SC H ARG E TOGGLES 

Figure 2 . 3  Uouble-toggle Jaw Crusher 

F I X E D  
JAW 

\ 
TOGGLE DISCHARGE 

ARM 

Figure 2 . 4  Single-toggle Jaw Crusher 
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I TABLE 2 . 7  APPROXIMATE CAPACITIES OF JAW CRUSHERS (14)  

I (Discharge opening - c losed)  

S ize  Small e s t  Capacity* Largest  Capaci ty 
[cm. ( i n .  ) ] discharge [My/hr ( t o n s / h r ) ]  d ischarge [Mg/hr ( t o n s / h r ) l  

opening openi ng 
[an.  ( i n. ) ]  [cm. ( i n .  ) 3  

68 (75) 15.2 (6)  145 (160) 
107 x 152 (42 x 60) 10.2 (4) 118 (130) 20.3 (8)  181 (200) 
1 2 2  x 107 (48 x 42) 12.7 (5)  159 (175) 20.3 (8) 250 (275) 
152 x 122 (60 x 48) 12.7 (5)  218 (240) 22.9 (9 )  408 (450) 
213 x 168 (84 x 66) 20.3 (8)  363 (400) 30.5 ( 1 2 )  544 (600) 

91 x 61 (36 x 24) >6 (3)  

I 

*Based on r o c k  weighing 1600 kg/m3 (100 lb/cu f t . )  

TABLE 2.8 APPROXIMATE CAPACITIES OF GYRATORY CRUSHERS(15) 
(Oischarqe opening - open) 

S ize  Small e s t  Capacity* Largest  Capaci ty 

opening openi ny 
[cm. ( i n . ) ]  d ischarge [My/tir. ( t o n s / h r ) ]  d ischarge [Mg/hr. ( t o n s / h r ) ]  

[ cm. ( i n .  ) ]  [cm. ( in.  ) ] 

76 (30) 10.2 (4)  181 ( Z O O )  16.5 (6.5) 408 (450) 
91 (36) 11.4 (4.5) 336 (370) 17.8 ( 7 )  544 (600) 

107 (42) 12.7 (5)  381 (420) 19.1 (7.5) 635 (700) 
122 (48) 14.0 (5.5) G80 (750) 22.9 (9) 1088 (1,200) 
137 (54) 16.5 (6.5) 816 (900) 24.1 (9.5) 1451 (1,600) 
152 (60) 17.8 ( 7 )  1088 (1,200) 25.4 (10) 1814 (2,000) 
183 ( 7 2 )  22.9 (9)  1814 (2,000) 30.5 (12) 2721 (3,000) 

*Based on r o c k  weighing 1600 k g / d  (100 lb/cu f t . )  
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The pivoted spindle gyratory (Figure 2.5)  has the crushing head mounted 
on a shaf t  t h a t  i s  suspended from above and f r e e  t o  pivot.  
sha f t  i s  seated in an eccentr ic  sleeve which revolves, thus caus ing  the crusher 
head to gyrate in a c i r cu la r  p a t h  within a s ta t ionary  concave c i r cu la r  chamber. 
The crushing action i s  s imi la r  t o  t h a t  of a jaw crusher in t h a t  the crusher 
element reciprocates t o  and  from a f ixed  crushing p l a t e .  Because some part  of 
the crusher head i s  working a t  a l l  t imes,  the discharge from the gyratory i s  
continuous rather than in te rmi t ten t  as in  a jaw crusher. The crusher s e t t i ng  
i s  determined by the wide-side opening a t  the discharge end and i s  adjusted by 
ra i s ing  o r  lowering the crusher head .  

The bottom of the 

Unlike the pivoted spindle gyratory,  the fixed spindle gyratory has i t s  
crushing head mounted on a n  eccent r ic  s leeve f i t t e d  over a fixed sha f t .  This 
produces a uniform crushing stroke from the top t o  the bottom of the crushing 
chamber. 

For f i n e  crushing, the  gyratory i s  equipped with f l a t t e r  heads and 
converted t o  a cone crusher (Figure 2 . 6 ) .  Commonly, in the lower section a 
para l le l  zone e x i s t s .  This r e s u l t s  in a la rger  discharge-to-feed area r a t i o  
which makes i t  extremely su i tab le  f o r  f i n e  crushing a t  h i g h  capacity. Also, 
unlike regular gyra tor ies ,  the cone crusher s izes  a t  the closed side se t t i ng  
and n o t  the open s ide  (wide-side) s e t t i n g .  This assures t h a t  the material 
discharge wil l  have been crushed a t  l e a s t  once a t  the closed s ide se t t i ng .  
Cone crushers y i e ld  a cubical product and a h i g h  percentage of f ines  due t o  
i n t e r p a r t i c l e  crushing ( a t t r i t i o n ) .  
i n  the industry fo r  secondary and t e r t i a r y  reduction. 
performance data f o r  typical cone crushers.  

They a re  the most commonly used crusher 
Table 2.9 presents 
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CRUSHING 

DISCHARGE 

F igu re  2 .5  The P ivo ted  Sp ind le  Gyratory 

FEED 

F igure  2 . 6  Cone Crusher 
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TABLE 2.9. PERFORMANCE DATA FOR CONE C R U S H E R S ~ ~  

~ _. -- - . - ~ -  . . . -.._ -- ...= -.___ 

Capaci ty  (Mg/hr ( t o n s / h r ) )  
d ischarge s e t t i n g  (cm ( i n ) )  S ize o f  

crusher  
(m ( f t ) )  1 .0 (3/8) 1.3 (1/2) 1.9 (3/4)  2.5 (1 )  3.8 (1.5) 

0.6 (2 )  18 (20) 23 (25) 23 (25) - - 

0.9 (3 )  32 (35) 36 (40) 64 (70) - - 

1.2 (4 )  54 (60) 73 (80) 109 (120) 136 (150) - 
1.7 (5.5) - - 181 (200) 250 (275) 308 (340) 

2.1 (7 )  - - 229 (330) 408 (450) 544 (600) 
.~~ - ~ - - - _ _ - - - _ _ _ _  ___- __- 



Roll Crushers 

These machines are utilized primarily at intermediate or final reduction 
stages and are often used at portable plants. 
types, the single-roll and the double-roll. 
the double-roll crusher consists of two heavy parallel rolls which are 
turned toward each other at the came speed. 
300 rpm. Usually, one roll is fixed and the other set by springs. Typically, 
roll diameters range from 61 to 198 centimeters (24 to 78 inches) and have 
narrow face widths(about half the roll diameter). 
between the rolls and crushed almost totally by compression. 
ratios are limited and range from 3 or 4 to 1. 
fines and no oversize. 
a final product ranging from 1/4 inch t o  20 mesh. 

There are essentially two 
As illustrated in Figure 2.7, 

Roll speeds range from 50 to 

Rock particles are caught 
Reduction 

These units produce few 
They are used especially for reducing hard rock to 

FEE0 

DISCHARGE 'ADJUSTAOLE 
ROLLS 

Figure 2.7 Double-roll Crusher 
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The working elements o f  a single-roll crusher include a toothed or 
knobbed roll and a curved crushing plate which may be corrugated or smooth. 
The crushing plate is generally hinged at the top and its setting is held by 
a spring at the bottom. 
The feed caught between the roll and crushing plate is broker by a combination 
o f  compression, impact, and shear. These units may accept feed sizes up to 
51 centimeters (20 inches) and have capacities up to 454 mecagrams per hour 
(500 tons/hr). 
principally use+ f o r  reducing soft materials. 

A toothed-roll crusher i s  depicted in Figure 2.8. 

In contrast with the double-roll, the single-roll crusher is 

FEED 
TOOTtI \ 

\ - 

CRUSHING 
PLATE 

mu- 
!J 

DISCHARGE 

Figure 2.8 Single roll Crusher 



Impact Crushers 

Impact crushers,  including hammermills and impactors, use the force of 
f a s t  rotat ing massive impellers o r  hammers t o  s t r i k e  and sha t t e r  f r e e  f a l l i n g  
rock par t ic les .  
cubical product spread over a wide range of p a r t i c l e  s i zes  with a la rge  
proportion of fines. 

These un i t s  have ertremely high reduction and produce a 

A hammermill cons is t s  of a high-speed horizontal rotor with several 
ro tor  discs  t o  which s e t s  of swing hammers a r e  attached (Figure 2.9) .  
rock pa r t i c l e s  are fed in to  the crushing chamber, they a re  impacted and 
shat tered by the hamners which a t t a i n  tangent ia l  speeds as h i g h  as  76 meters 
(250 f e e t )  per second, 
p la te  and i s  fragmented even fu r the r .  
positioned a t  the discharge opening r e s t r a i n s  oversize material unt i l  i t  i s  
reduced t o  a s i z e  small erough t o  pass t h e  grate bars.  
from 250 t o  1800 rpm and capac i t ies  can reach over 907 megagrams per hour 
(1,000 tons/hr).  
between the gra te  bars ,  and by hammer length.  

AS 

The shat tered rock then co l l i des  with a s t ee l  breaker 
A cy l indr ica l  grating or screen 

Rotor speeds range 

Product s i z e  i s  control led by the ro to r  speed, the spacing 

F E E D .  

BREAKER 
PLATE 1 A ! !  HAMMERS SWING 

DISCHARGE 

Figure 2 .9  Hammermi 11 

An impact breaker (Figure 2.10) i s  s imi la r  t o  a hammermill except t h a t  
i t  has no gra te  o r  screen t o  a c t  as a res t ra in ing  member. 
impact alone. 
material back in to  the path of the impellers.  

Feed i s  broken by 
Adjustable breaker bars a re  used instead of p la tes  t o  r e f l e c t  

Primary-reduction uni t s  are  
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a v a i l a b l e  which can reduce quarry-run m a t e r i a l  a t  over 907 megagrams per 
hour (1,000 t o n s / h r )  c a p a c i t y  t o  about 2.5 cent imeters (1  i n c h ) .  

u n i t s  a re  n o t  app rop r ia te  f o r  hard ab ras i ve  m a t e r i a l s ,  b u t  a re  i d e a l  f o r  

s o f t  rocks.  

These 

BREAKER 
PLATE 

BREAKER 

HAMMER ROTOR 

DISCHARGE 

F igure 2.10 Impact Crusher 

Sources o f  Emissions 

The generat ion o f  p a r t i c u l a t e  emissions i s  i nhe ren t  i n  t h e  crushing 

process. 

Emissions a r e  i n f l u e n c e d  predominant ly by t h e  t ype  o f  rock processed, t h e  

mo is tu re  content  o f  t h e  rock,  and t h e  t ype  o f  crusher  used. 

Emissions a r e  most apparent a t  crusher  feed and discharge po in ts .  

The most impor tant  elements i n f l u e n c i n g  emissions from crushing equipment, 

as p r e v i o u s l y  mentioned, a r e  t h e  t ype  o f  r o c k  and t h e  mois ture content  o f  t h e  

minera l  be ing crushed. The crushing mechanism employed has a s u b s t a n t i a l  

a f f e c t  on t h e  s i z e  r e d u c t i o n  t h a t  a machine can achieve, t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  o f  t h e  product  ( e s p e c i a l l y  t h e  p r o p o r t i o n  o f  f i n e s  produced), 

and t h e  amount o f  mechanical ly induced energy which i s  imparted t o  f i n e s .  
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Crushing u n i t s  u t i l i z i n g  impact ion r a t h e r  than compression produce a 
l a r g e r  p r o p o r t i o n  o f  f i n e s  as noted above. 

f ines,  impact crushers a l s o  impar t  h igher  v e l o c i t y  t o  them as a r e s u l t  of 

t he  f a n - l i k e  a c t i o n  produced by the  f a s t ,  r o t a t i n g  hammers. 
and the  h igh  p r o p o r t i o n  o f  f i n e s  produced, impact crushers generate l a r g e r  

q u a n t i t i e s  o f  u n c o n t r o l l e d  p a r t i c u l a t e  emissions per  t o n  o f  materi .al processed 

than any o the r  crusher type. 

I n  a d d i t i o n  t o  generat ing more 

Because o f  t h i s  

The l e v e l  o f  u n c o n t r o l l e d  emissions f rom jaw, gyratory ,  cone, and r o l l  

crushers c l o s e l y  p a r a l l e l s  the  r e d u c t i o n  stage t o  which they a re  app l i ed .  

Emissions increase p rog ress i ve l y  from pr imary t o  secondary t o  t e r t i a r y  

crushing. Factors o t h e r  than the type o f  c rush ing  mechanism (compression, 

impact)  a l s o  a f f e c t  emissions. I n  a l l  l i k e l i h o o d ,  pr imary jaw crushers 

produce g rea te r  emissions than comparable g y r a t o r y  crushers because o f  t he  

bel lows e f f e c t  o f  t he  jaw, and because g y r a t o r y  crushers a re  u s u a l l y  choke-fed 

t o  minimize the  open spaces from which dus t  may be emi t ted.  For subsequent 

r e d u c t i o n  stages, cone crushers produce more f i n e s  as  a r e s u l t  o f  a t t r i t i o n  

and consequently generate more dust.  

2 .5 SCREENING OPERATIONS 

Screening i s  t he  process by which a m i x t u r e  o f  rocks i s  separated 

according t o  s i ze .  I n  screening, m a t e r i a l  i s  dropped i n t o  a mesh su r face  

w i t h  openings o f  des i red  s i z e  and separated i n t o  two f r a c t i o n :  

which passes through the screen opening, and overs ize,  which i s  r e t a i n e d  on 

the  screen sur face.  
screening surfaces, i t  i s  separated i n t o  f r a c t i o n s  o f  known p a r t i c l e  s i z e  

d i s t r i b u t i o n .  Screening sur faces may be con t ruc ted  o f  metal bars, p e r f o r a t e d  

o r  s l o t t e d  metal p la tes ,  o r  woven w i r e  c l o t h .  

undersize,  

When m a t e r i a l  i s  passed over and through m u l t i p l e  

The capac i t y  o f  a screen i s  p r i m a r i l y  determined by the open area o f  t he  

screening sur face and the  phys i ca l  c h a r a c t e r i s t i c s  o f  the feed. 
u s u a l l y  expressed i n  tons o f  m a t e r i a l  per hour  pe r  square f o o t  o f  screen 

area. 
more common. 

I t i s  

Al though screening may be performed wet o r  dry, d r y  screening i s  the 
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Screening equipment commonly used in t h e  non-metallic minerals industry 
includes g r i z z l i e s ,  shaking screens,  vibrat ing screens,  and  revolving screens. 

Grizzl ies  

Grizzl ies  cons is t  of a s e t  of uniformly-spaced bars ,  rods or  r a i l s .  
The bars may be horizontal o r  incl ined and a re  usually wider in cross 
section a t  the top than the bottom. 
of stone pa r t i c l e s  between bars. 
t o  20 centimeters ( 2  t o  8 inches) .  
s t ee l  o r  other  highly abrasion-resis tant  mater ia l .  

This prevents the clogging o r  wedging 
The spacing between the bars ranges from 5 

Bars a r e  usually constructed of manganese 

Grizzl ies  a r e  primarily used t o  remove f ines  pr ior  t o  primary crushing, 
thus reducing the load on the primary crusher.  Grizzl ies  may be s ta t ionary 
cantilevered ( f ixed  a t  one end with the discharge end f r ee  t o  v ibra te )  or 
mechanically vibrated.  Vibrating g r i z z l i e s  a re  simple bar g r i zz l i e s  mounted 
on eccentr ics  (Figure 2 -11) .  
backward a t  about 100 strokes a minute, r e su l t i ng  in b e t t e r  flow t h r o u g h  a n d  
across the gr izz ly  surface.  

Shaking Screens 

The e n t i r e  assembly i s  moved forward and 

The shaking screen cons is t s  of a rectangular frame with perforated 

The frame i s  driven with a 
p l a t e  or wire c lo th  screening sur faces ,  usually suspended by rods o r  cables 
and  inclined a t  an angle of 14  degrees. 
reciprocating motion. 
end and i s  advanced by the forward stroke of the screen while the f i n e r  
pa r t i c l e s  pass through the openings. Generally, they a re  used f o r  
screening coarse mater ia l ,  1.3 centimeters (1/2-inch) or la rger .  

The material t o  be screened i s  fed a t  the upper 
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F i g u r e  2.11 V i b r a t i n g  G r i z z l y  

F i g u r e  2.12 V i b r a t i n g  Screen 
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Vibrating Screens 

Where large capacity and high effic -ncy are desirei the vibrating 
screen has practically replaced all other screen types. 
commonly used screen type in the non-metallic minerals industry. 
screen (Figure 2.12) essentially consists of an inclined flat or slightly convex 
screening surface which is rapidly vibrated in a plane normal or nearly normal 
to the screen surface. The screening motion is of small amplitude but high 
frequency, normally in excess of 3,000 cycles per minute. The vibrations may 
be generated either mechanically by means of an eccentric shaft, unbalanced 
fly wheel, cam and tappet assembly, or electrically by means of an electromagnet. 

Mechanically-vibrated units are operated at about 1,200 to 1,800 rpm and 

It is by far the most 
A vibrating 

at amplitudes of about 0.3 to 1.3 centimeters (1/8 to 1/2 inch). 
vibrated screens are available in standard sizes from 30 to 180 centimeters 
(12 inches to 6 feet) wide a'nd 0.76 t o  6.1 meters (2-1/2 to 20 feet) long. A 
complete screening unit may have one, two or three decks. 

Revolving Screens 

Electrically 

This screen type consists of an inclined cylindrical frame around which 
is wrapped a screening surface of wire cloth or perforated plate. 
material 'is delivered at the upper end and, as the screen is rotated, undersized 
material passes through the screen openings while the oversized is discharged 
at the lower end. 
in diameter and usually run at 15 to 20 rpm. 

Source of Emissions 

Feed 

Revolving screens are available up to 1.2 meters (4 feet) 
17  

Oust is emitted from screening operations as a result of the agitation 
of dry material. 
of fine particles contained in the material, the moisture content of the 
material, and the type of screening equipment. Generally, the screening of 
fines produces higher emissions than the screening of coarse materials. 
Screens agitated at large amplitudes and high frequency emit more dust than 
those operated at small amplitudes and low frequencies. 

The level of uncontrolled emissions depends on the quantity 

Also, 
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2.6 MATERIAL HANDLING 

M a t e r i a l  handl ing devices a re  used t o  convey m a t e r i a l s  from one p o i n t  

t o  another. The most common i n c l u d e  feeders, b e l t  conveyors, bucket e leva to rs ,  

screw conveyors, and pneumatic systems. 

Feeders 

Feeders a re  r e l a t i v e l y  sho r t ,  heavy-duty conveyance devices used t o  

r e c e i v e  ma te r ia l  and d e l i v e r  i t  t o  process u n i t s ,  e s p e c i a l l y  crushers, a t  a 

u n i f o r m l y  regu la ted  r a t e .  

r e c i p r o c a t i n g  p l a t e ,  v i b r a t i n g ,  and wobbler feeders.  

Apron feeders a r e  composed o f  over lapping metal  pans o r  aprons which 

a re  hinged o r  l i n k e d  by chains t o  form an endless conveyor supported by 
r o l l e r s  and spaced between a head and t a i l  assembly. These feeders a re  

const ructed t o  w i ths tand  h igh  impact and abras ion and a re  a v a i l a b l e  i n  

var ious widths (18 t o  27 inches) and lengths.  

The va r ious  types used a re  the  apron, b e l t ,  

B e l t  feeders a re  e s s e n t i a l l y  shor t ,  heavy du ty  b e l t  conveyors equipped 

Adjustable gates a re  used t o  regu la te  w i t h  c l o s e l y  spaced support  r o l l e r s .  

feed ra tes .  
48 i nch )  widths and 0.9 t o  3.7 meter ( 3  t o  12 f o o t )  lengths and a re  operated 
a t  speeds o f  12.2 t o  30.5 meters (40 t o  100 f e e t )  per  minute. 

B e l t  feeders a re  a v a i l a b l e  i n  46 t o  122 cent imeter  (18 t o  

Reciprocat ing p l a t e  feeders c o n s i s t  o f  a heavy-duty h o r i z o n t a l  p l a t e  

which i s  d r i v e n  i n  a r e c i p r o c a t i n g  mot ion causing m a t e r i a l  t o  move forward 

a t  a un i form r a t e .  The feed r a t e  i s  c o n t r o l l e d  by a d j u s t i n g  the  frequency 

and l e n g t h  of t he  s t roke .  

V i b r a t i n g  feeders operate a t  a r e l a t i v e l y  h i g h  frequency and low 

ampli tude. 
the ampl i tude o f  the v i b r a t i o n s .  

o f  s izes,  capac i t i es ,  and d r i v e s .  

and feeding f u n c t i o n s  a re  performed. 

T h e i r  feed r a t e  i s  c o n t r o l l e d  by the  s lope  o f  the feeder  bed and 

These feeders a re  a v a i l a b l e  i n  a v a r i e t y  

When combined w i t h  a g r i z z l y ,  both sca lp ing  
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Wobbler feeders a l so  perform the dual task of scalping and feeding. 
These uni ts  cons is t  of a s e r i e s  o f  c losely spaced e l l i p t i c a l  bars which a re  

mechanically ro ta ted ,  causing oversize material t o  tumble forward t o  the 
discharge and undersize material t o  pass through the spaces. 
i s  controlled by the  bar spacing and the speed of ro ta t ion .  

Belt  Conveyors 

The feed r a t e  

Belt conveyors a r e  the most widely used means o f  transporting, elevating 
As i l l u s t r a t e d  and handling mater ia ls  in the non-metal1 i c  minerals industry. 

in Figure 2.13, b e l t  conveyors cons is t  of an endless b e l t  which i s  carr ied 
on a se r i e s  of i d l e r s  usually arranged so t h a t  the be l t  forms a t r o u g h .  
b e l t  i s  s t re tched between a dr ive or  head pulley and a t a i l  pulley. 
b e l t s  may be constructed of other  mater ia l ,  reinforced rubber i s  the most 
commonly used. 
60 inches), with 76 t o  91 centimeter (30 t o  36 inch) be l t s  the most common. 
Normal operating speeds may range from 60 t o  120 meters per minute (200 t o  
400 f e e t h i n U t e ) .  
load capaci t ies  may be in excess of 1360 megagrams (1,500 tons)  per hour. 

The 
Although 

Belt  widths may range from 36 t o  152 centimeters (14 t o  

Depending on the  b e l t  speed, be l t  w i d t h ,  and rock density,  

H EAO c-- 
PULLEY\ /  rt? , V V U 

0 
I D L E R  B E L T  \ I 

Figure 2.13 Conveyor Belt Transfer P o i n t  
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Elevators  

Bucket e l e v a t o r s  a r e  u t i l i z e d  where s u b s t a n t i a l  e l e v a t i o n  i s  requ i red  

w i t h i n  a l i m i t e d  space. They c o n s i s t  o f  a head and f o o t  assembly which 

supports and d r i v e s  an endless s i n g l e  o r  double s t r a n d  cha in  o r  b e l t  t o  

which buckets a r e  at tached. 

used: t h e  high-speed cen t r i f uga l -d i scha rge ,  t h e  s low speed p o s i t i v e  o r  

per fect -d ischarge,  and t h e  continuous-bucket e l e v a t o r .  

F igu re  2.14 d e p i c t s  t h e  t h r e e  types most commonly 

The c e n t r i f u g a l - d i s c h a r g e  e l e v a t o r  has a s i n g l e  s t r a n d  o f  cha in  o r  b e l t  

t o  which t h e  spaced buckets a r e  at tached. 

p u l l e y ,  which i s  housed w i t h i n  a s u i t a b l e  curved boot,  t h e  buckets scoop up 

t h e i r  load and e l e v a t e  i t  t o  t h e  p o i n t  o f  d ischarge. 

spaced so t h a t  a t  d ischarge, t h e  m a t e r i a l  i s  thrown o u t  by t h e  c e n t r i f u g a l  

a c t i o n  o f  t h e  bucket rounding t h e  head p u l l e y .  
a l s o  u t i l i z e s  spaced buckets b u t  d i f f e r s  f rom t h e  c e n t r i f u g a l  t ype  i n  t h a t  i t  

has a double-strand cha in  and a d i f f e r e n t  d ischarge mechanism. An a d d i t i o n a l  

sprocket,  s e t  below t h e  head p u l l e y ,  e f f e c t i v e l y  bends t h e  s t rands  back under 

t h e  p u l l e y  causing t h e  bucket t o  be t o t a l l y  i n v e r t e d  r e s u l t i n g  i n  a p o s i t i v e  

discharge. 

As t h e  buckets round t h e  t a i l  

The buckets a re  so 

The pos i t i ve -d i scha rge  t ype  

The continuous-bucket e l e v a t o r  u t i l i z e s  c losely-spaced buckets at tzched 

t o  a s i n g l e - o r  double-strand b e l t  o r  chain. 

t h e  buckets du r ing  ascent and i s  discharged g e n t l y  as a r e s u l t  o f  us ing t h e  

back o f  t he  p rec lud ing  bucket as a discharge chute. 

Screw Conveyors 

M a t e r i a l  i s  loaded d i r e c t l y  i n t o  

Screw conveyors a r e  comprised o f  a s t e e l  s h a f t  w i t h  a s p i r a l  o r  h e l i c a l  

f i n  which, when r o t a t e d ,  pushes m a t e r i a l  a long a t rough. 

conveyors a re  u s u a l l y  used w i t h  wet c l a s s i f i c a t i o n ,  no s i g n i f i c a n t  emission 

problem i s  experienced. 

Pneumatic Conveyors 

Since these 

Pneumatic conveyors a r e  comprised o f  tubes o r  ducts  through which m a t e r i a l  

Pneumatic conveyors a r e  d i v i d e d  i n t o  two classes termed by t h e i r  

pressure systems and vacuum ( s u c t i o n )  s y s t e m .  
i s  conveyed. 

ope ra t i ng  p r i n c i p l e s :  
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F i g u r e  2.14 

L E G E N D  

(a) centrifugal discharge 
ib) positive discharge 
( c )  continuous discharge 

Bucket E l e v a t o r  Types 
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Pressure systems a re  further c l a s s i f i e d  i n t o  low pressure and h i g h  pressure 
types,  and vacuum systems in to  low-, medium-, and high-vacuum types. Pressure 
and vacuum systems occasionally a r e  used i n  combination fo r  special  requirements. 

Pressure systems operate a t  pressure obtainable from a fan (low-pressure 
systems) o r  a compressed a i r  system (high-pressure systems). 
airstream functions in a 20 t o  31 centimeters (8 t o  12 inches) diameter pipe- 
l i n e .  
r a t e s .  The airstream immediately suspends t h i s  material and conveys i t  t o  a 
cyclone-type or f i l t e r - t y p e  co l l ec to r  f o r  deposi t .  
the  cyclone vent or  t h r o u g h  the f i l t e r .  

Normally, the 

Into t h i s  l i n e ,  material i s  fed from a hopper or  other  device a t  controlled 

Conveying a i r  escapes via 

Vacuum systems o f fe r  the advantage of c lean,  e f f i c i e n t  pickup from r a i l c a r s ,  
Cyclone receivers trucks or bins fo r  unloading o r  in-plant  conveying operations.  

o r  combination r ece ive r - f i l t e r s  a r e  used a t  the terminal of the system t o  
separate  the material be ing  conveyed from the  a i r .  Below the receiver ,  either 
a rotary feeder or  gatelock ( t r a p  door feeder)  i s  employed as  a discharge a i r  
lock. 
necessary conveying a i r  a t  the operating vacuum. Generally, the vacuum system 
is  most applicable where the feed-in point must be f l e x i b l e ,  such as  unloading 
rai l road c a r s ,  barges, ships ,  or reclaiming material from open warehouse 
s torage,  o r  where i t  i s  des i rab le  t o  pick u p  material from a mul t ip l ic i ty  of 
s t a t ions .  

Source of Emissions 

Posit ive displacement blowers a r e  used as exhausters t o  provide the 

Par t icu la tes  may be emitted from any of the material handling and 
t r ans fe r  operations.  As with screening, the level of uncontrolled emissions 
depends on the material being handled, the s i ze  of the material handled, the 
degree of ag i ta t ion  of the mater ia l ,  and the moisture content o f  the material .  
Perhaps the l a rges t  emissions occur a t  conveyor be l t  t r ans fe r  points.  
Depending on the conveyor be l t  speed and the free f a l l  distance between 
t r ans fe r  points ,  substant ia l  emissions may be generated. 
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2.7 GRINDING OPERATION 

Gririding i s  a fu r the r  step in the reduction o f  material t o  p a r t i c l e  s izes  
Because the material t o  be t reated smaller t h a n  those a t t a inab le  by crushers.  

has already been reduced t o  small s i z e s ,  and the force t o  be applied t o  each 
p a r t i c l e  i s  comparatively small, the machines used in grinding are of 
a d i f f e ren t  type, and may operate on a d i f f e r e n t  pr inc ip le ,  from those used 
in more coarse crushing. 

Many types o f  grinding mi l l s  are  manufactured f o r  use by various 
indus t r ies .  The principal types of mi l l s  used are:  ( 1 )  hammer, ( 2 )  r o l l e r ,  
(3 )  rod, ( 4 )  pebble and b a l l ,  and  ( 5 )  f l u id  energy. Each of these types of 
mi l l s  i s  discussed separately below. 

Hammermi 11 s 

A hammermill cons is t s  of a high-speed horizontal ro to r  w i t h  several 
ro to r  d i sc s ,  t o  which s e t s  of swing hammers a re  attached. 
are fed in to  the grinding chamber, they a re  impacted and shat tered by the 
hammers which a t t a i n  peripheral speeds g rea t e r  than 4 ,572  meters per minute 
(250 feet  per second). 
breaker p la te  and i s  fragmented even f u r t h e r .  
screen positioned a t  the discharge opening r e s t r a ins  oversize material unt i l  
i t  i s  reduced t o  a s i z e  small enough t o  pass between the gra te  bars. 
Product s i z e  i s  control led by the ro tor  speed, the spacing between the grate 
bars,  and  by hammer l e n g t h .  These mi l l s  are used f o r  nonabrasive materials 
and can accomplish a s i z e  reduction of u p  t o  12: l .  

As rock pa r t i c l e s  

The shat tered rock then co l l ides  w i t h  a s t ee l  
A cyl indrical  grat ing o r  

Roller Mill 

The r o l l e r  m i l l ,  a l s o  known as  a Raymond Roller Mill ,  with i t s  integral  
whizzer separator ,  can produce ground material ranging from 20 mesh t o  325 mesh 
or f ine r .  The material i s  ground by r o l l e r s  t h a t  travel along the inside of 
a horizontal s ta t ionary  ring. The r o l l e r s  swing outward by centr i fugal  
force,  and  t r ap  the material between them a n d  the ring. The material i s  
swept o u t  of the mill by a stream of a i r  t o  a whizzer separator ,  located 
d i r e c t l y  on top of the mi l l ,  where the oversize  i s  separated and dropped 

2-40 



back for further grinding while the desired fines pass up through the 
whizzer blades into the duct leading to the air separator (cyclone). 
typical roller mill is shown in Figure 2.15. 

Rod Mill 

A 

The rod mill is generally considered as a granular grinding unit, 
principally for handling a maximum feed size of 2 to 4 centimeters (1 to 
2 inches), and grinding to a maximum of 65 mesh. 
closed circuit with a sizing device, such as a classifier or screen, and for 
wet or dry grinding. 
such as 100 or 200 mesh, and will handle relatively high moisture material 
without packing. 

It i s  normally used in a 

It will grind with the minimum of the finer sizes, 

The mill in its general form consists of a horizontal, slow-speed 
The grinding media consists of a charge of rotating, cylindrical drum. 

steel rods, slightly shorter than the mill's inside length and from 5 to 
13 centimeters (2 inches to 5 inches) in diameter. The rods roll freely 
inside the drum during its rotation to give the grinding action desired. 

Pebble and Ball Mills 

The simplest form o f  a ball mill is a cylindrical, horizontal, slow-speed 
rotating drum containing a mass o f  balls as grinding media. 
types of grinding media such as a flint or various ceramic pebbles are used, 
it is known as a pebble mill. 
or cast iron balls. A typical ball mill is shown in Figure 2.16. 

When other 

The ball mill uses steel, flint, porcelain, 

The diameter of balls or pebbles as the initial charge in a mill is 
determined by the size of the feed material and the desired fineness of the 
product. 
and the smaller for final grinding. 
mostly by impact. 
per minute. If the shell rotates too fast, centrifugal force keeps the 
balls against the shell and minimal grinding occurs. 

Usually the larger diameter ranges are used for preliminary grinding 
Ball mills reduce the size of the feed 

These grinders normally have a speed of 10 to 40 revolutions 
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Fluid Energy Mills 

When the desired material size is in the range of 1 to 20 microns, an 
ultrafine grinder such as the fluid energy mill is required. 
fluid energy mill is shown in Figure 2.17. 
are suspended and conveyed by a high velocity gas stream in a circular or 
elliptical'path. Size reduction is caused by impaction and rubbing against 
mill walls, and by interparticle attrition. 
takes place at the upper bend of the loop shown in Figure 2.17. 
classification occurs because the smaller particles are carried through the 
outlet by the gas stream while the larger particles are thrown against the 
outer wall by centrifugal force. 
gas velocity through the grinder. 

A typical 
In this type of mill, the particles 

Classification of the particles 
Internal 

Product size can be varied by changing the 

Fluid energy mills can normally reduce up to 0.91 megagrams/hr (1 ton/hr) 
of solids from 0.149 mm (100 mesh) to particles averaging 1.2 to 10 microns 
in diameter. 
of steam or 2.7 to 4.1 kg (6 to 9 pounds) of air admitted at about 0.07 kPa 
(100 psig) per 0.45 kg (1 pound) of product. 
about 2.5 to 20 cm (1 t o  8 inches) in diameter and the equipment i s  1.2 to 
2.4 meters (4 to 8 feet) high. 

Source of Emissions 

Typical gas requirements are 0.45 and 1.8 kg (1 to 4 pounds) 

The grinding chambers are 

As with crushers, the most important element influencing emissions from 
grinding mills is the reduction mechanism employed, compression or impaction. 
Grinding mills generally utilize impaction rather than compression. 
by impaction will produce a larger proportion of fines. 
are generated from grinding mills at the grinder's inlet and outlet. 
type grinding mills accept feed from a conveyor and discharge product into a 
screen or classifier or onto a conveyor. 
suurce of particulate emissions. 
potential because o f  the finer material. 
conveying system and an air separator, a classifier, or both. 
separator and classifier are generally cyclone collectors. 
the air just conveys the material to a separator for deposit into a storage 

Reduction 
Particulate emissions 

Gravity 

These transfer points are the 

Air-swept mills include an air 
The outlet has the highest emissions 

The air 
In some systems, 
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bin with the conveying a i r  escaping v i a  the cyclone vent. In other grinding 
systems, the a i r  i s  continuously recirculated.  Maintaining this c i rcu la t ing  
a i r  system under suction keeps the mill dus t less  i n  operation, and any 
surplus a i r  drawn in to  the system due t o  the suction created by the  fan i s  
released t h r o u g h  a vent. 
amount of pa r t i cu la t e  matter. 

2.8 SEPARATING AN0 CLASSIFYING 

In both cases the vent gases will  contain a cer ta in  

Mechanical a i r  separators of the centr i fugal  type cover a d i s t i n c t  f i e l d  
and  f i n d  wide acceptance for the c l a s s i f i c a t i o n  of dry mater ia ls  i n  a r e l a t ive ly  
f i n e  s t a t e  of subdivision. 
t o  begin where the impact of v i b r a t i n g  screens leave off,18 extending from 
a b o u t  40 t o  60 mesh down. 

Briefly stated,  the se lec t ive  act ion of the centrifugal separator  i s  the  
r e s u l t  of an ascending a i r  current  generated within the machine by means of a 
fan,  which l i f t s  the f i n e r  pa r t i c l e s  aga ins t  the combined e f f e c t  of centrifugal 
force  and  gravity.  In operation the feed opening allows the material t o  drop 
on  the lower or  d i s t r ibu t ing  p l a t e  where i t  i s  spread and thrown off by 
centrifugal force,  the la rger  and  heavier p a r t i c l e s  being projected against  
an inner casing, while the smaller and l i g h t e r  pa r t i c l e s  are picked up  by the 
ascending a i r  current  created by the fan. 
a n  outer cone and deposited. Concurrently, the rejected coarse material  
drops in to  the inner cone, passes out t h r o u g h  a spout,  and i s  recycled back t o  
the grinding mi l l .  

In commercial p rac t i ce  the separator  may be said 

These f ines  are  car r ied  over i n to  

The a i r ,  a f t e r  dropping the major portion of i t s  burden, i s  e i t h e r  
recirculated back t o  the grinding mill o r  vented. In the case of the 
recirculated a i r ,  a small amount of extraneous a i r  i s  entrained i n  the feed 
and frequently builds up pressure in the separa tor ,  in which case the excess 
a i r  may be vented o f f .  Both vent gases a r e  a source of pa r t i cu la t e  matter. 

2.9 BAGGING AND BULK LOADING OPERATIONS 

In the non-metallic minerals industry,  the valve-type paper bag, e i t h e r  
sewn o r  pasted together,  i s  widely used f o r  shipping f i n e  mater ia ls .  
valve bag i s  "factory closed," t ha t  i s ,  the t o p  and bottom are closed e i t h e r  

The 
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by sewing or  by pasting, and a s ing le  small opening i s  l e f t  on one corner. 
Materials are discharged i n t o  the bag through the valve. The valve closes 
automatically due t o  the internal  pressure of  the contents of the bag as 
Soon as  i t  i s  f i l l e d .  

The valve type bag i s  f i l l e d  by means of a pack ing  machine designed 
spec i f i ca l ly  f o r  this purpose. The material  enters the bag t h r o u g h  a 
nozzle inser ted in the valve opening, and the valve closes automatically 
when the f i l l i n g  i s  completed. 

Bagging operations are a source of p a r t i c u l a t e  emissions. Dust i s  
emitted d u r i n g  the f ina l  stages of f i l l i n g  when dust-laden a i r  i s  forced 
o u t  of the bag. 
generally local ized in the area of the bagg ing  machine. 

The fug i t ive  emissions due to  bagging operation a re  

Fine product mater ia ls  t h a t  are not bagged f o r  shipment are e i t h e r  
bulk-loaded in  tank trucks or enclosed r a i l road  cars .  The usual method o f  

loading i s  gravi ty  feeding through p l a s t i c  or f ab r i c  sleeves.  Bulk loading 
of f i n e  material i s  a source of pa r t i cu la t e  because, as i n  the bagging 
operation, dust-laden a i r  i s  forced o u t  of the truck or ra i l road  ca r  during 
the loading operation. 

2.10 WASHING 

To meet spec i f ica t ions ,  some aggregate products, such as concrete 
aggregate, requi re  washing t o  remove f ines .  
i s  ava i lab le ,  washing screens a re  generally used. A washing screen i s  a 
s t a n d a r d ,  incl ined,  vibrat ing screen with high-pressure water-spray bars 
i n s t a l l e d  over the screening surface.  Rocks passing over the screen are 
washed and  c l a s s i f i e d .  
no pa r t i cu la t e  emissions. 

Although a var ie ty  of equipment 

Because i t  i s  a wet process, i t  e s sen t i a l ly  produces 

2.11 PORTABLE PLANTS l9 

A portable  p lan t  may consis t  of a s ing le  chassis on which one or 
several  processing uni t s  may be mounted; o r  i t  may cons is t  of a combination 
of chassis  on which  various types of un i t s  a r e  mounted t o  provide a sequence 
O f  operations such a s  feeding, crushing, screening, s iz ing ,  washing, and  
loading. The processing steps f o r  crushed and broken stone and sand and 
gravel are the same in  b o t h  f ixed and portable  plants.  
p lan t ,  however, the processing uni ts  a r e  squeezed in to  a very r e s t r i c t ed  
space. T h u s ,  the e n t i r e  p l a n t  can be readi ly  moved from one quarry s i t e  
t o  another. 

In a portable 
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Portable plants come in various designs and are adaptable to practically 
any process conditions and product specifications. 
three categories: simple, duplex, and combination. In the simple portable 
plant a single screen receives material from a feed conveyor. 
material is scalped to a jaw crusher, where it is reduced before it is 
returned to the feed conveyor. 
screen is the lone product that is collected in a truck or bin directly 
underneath the screen. 

They may be grouped into 

The oversized 

The material that passes through the scalping 

Additional product sizes may be produced by adding a secondary crusher 
and modifying the screening arrangement. 
mounted on a single chassis is known as a duplex plant. 
pit material is fed to the top of a triple-deck, inclined, vibrating screen 
capable of producing three product sizes and oversize which is reduced by a 
jaw crusher. 
to a double- or triple-roll crusher for secondary reduction. The output from 
both crushers is conveyed to a rotating drum-type elevator that returns the 
material to the feed conveyor. Material passing through the second screen to 
the third is classified by size, collected in bins, and conveyed to storage 
piles. Combination plants have two or more chassis with various combinations 
of processing units. 

This grouping that is commonly 
As shown in Figure 2:18, 

Material that is passed to the second screening deck is delivered 

Portable plants may be used as auxiliary units to large stationary 
primary crushers in quarries that produce pit material too large for the 
portable plant to handle alone. 
is too limited to accept the feed from the larger primary crushers. 
fore, a secondary or intermediate crusher, which may also be a portable unit, 
is required to take full advantage of the capability of the primary crusher. 

The ability of some portable plants, however, 
There- 

Conversely, some process conditions preclude the need for an intermediate 
crusher, and the flexibility of individual portable processing units allows 
the user to meet his product requirements simply by arranging the units in the 
most efficient combination. 

Emissions from each processing unit in a portable plant are the same as 
those from a unit o f  equivalent size in a stationary plant. 
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3.0 EMISSION CONTROL TECHNIQUES 

sources a t  non-metallic mineral processing p lan ts  a r e  discussed in t h i s  
chapter. 
mine loading, haul roads, conveyor systems, s tockpi les ,  and wastepiles.  
Sources of fug i t ive  process emissions include crushers,  screens,  gr inders ,  
s torage bins, conveyor t r ans fe r  p o i n t s ,  product loading, and  product 
bagging. 
f o r  the control of pa r t i cu la t e  emissions from both fixed mineral processing 
plants  and portable mineral processing p lan ts .  

Sources of fug i t ive  d u s t  emissions include d r i l l i n g ,  b las t ing ,  

The control techniques discussed i n  this chapter a r e  applicable 

The d ivers i ty  of the pa r t i cu la t e  emission sources involved in mining 
and processing non-metallic minerals requires use of a variety o f  emission 
control techniques. Dust suppression techniques, designed t o  prevent 
par t icu la te  matter from becoming airborne,  are applicable t o  b o t h  fug i t i ve  
dust and fugi t ive  process sources. 
usually used in the construction aggregate industry.  
emissions can be contained and captured, dry co l lec t ion  systems may be 
used. Emission sources and appl icable  emission control techniques are  
l i s t e d  in Table 3.1. 

Wet d u s t  suppression techniques are 
Where pa r t i cu la t e  

3.1 CONTROL OF FUGITIVE DUST S O U R C E S ~  

3.1.1 Dri l l ing Operations 

The two methods t h a t  are  generally appl icable  f o r  the  control of 
fug i t i ve  d u s t  emissions from d r i l l i n g  operations are water in jec t ion  and 
dry col lect ion systems. 
water plus a sur fac tan t  (wetting agent) i s  combined with the compressed a i r  
stream tha t  flushes the d r i l l  cu t t ings  from the d r i l l  hole. The in jec t ion  
of f lu id  i n t o  the a i r  stream produces a mist t h a t  dampens the d r i l l  cu t t ings  

and causes them t o  agglomerate. 

I 
Water in jec t ion  i s  a technique in which water or 

Most o f  the dampened d r i l l  cu t t ings  wil l  
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The a d d i t i o n  o f  a s u r f a c t a n t  increases t h e  w e t t i n g  a b i l i t y  o f  unt reated 

water by reducing i t s  su r face  tension.' Th is  reduces the  amount o f  water 

r e q u i r e d  f o r  e f f e c t i v e  c o n t r o l .  

upon the  s i z e  o f  t he  hole,  t h e  d r i l l i n g  r a t e ,  and the  type o f  m a t e r i a l  being 

d r i l l e d .  

ho le  i s  approximately 26.6 l i t e r s  ( 7  g a l l o n s )  per  hour. The e f f e c t i v e  

a p p l i c a t i o n  o f  water i n j e c t i o n  t o  a d r i l l i n g  ope ra t i on  should e l i m i n a t e  
v i s i b l e  emissions. 

The amount o f  s o l u t i o n  requ i red  i s  dependent 

A t y p i c a l  i n j e c t i o n  r a t e  f o r  an 8.9 cent imeters (3.5 inches)  diameter 

Dry c o l l e c t i o n  systems a re  a l s o  used t o  c o n t r o l  emissions 

from d r i l l i n g  operat ions.  

d r i l l  ho le  c o l l a r .  

f l e x i b l e  duc t  t o  a c o n t r o l  device f o r  c o l l e c t i o n .  The c o n t r o l  devices most 

commonly used are cyclones o r  baghouses preceded by a s e t t l i n g  chamber. 

Cyclone c o l l e c t i o n  e f f i c i e n c i e s  u s u a l l y  a re  n o t  h igh.  Although designed f o r  

t h e  c o l l e c t i o n  o f  coarse-to-medium-sized p a r t i c l e s  (15 t o  40 microns o r  

l a r g e r ) ,  cyclones are g e n e r a l l y  unsu i tab le  f o r  f i n e  p a r t i c u l a t e s  (10 microns 

and smal ler ) .  Cyclone c o l l e c t i o n  e f f i c i e n c i e s  seldom exceed 80 percent i n  

t h e  sma l le r  p a r t i c u l a t e  s i z e  range. However, baghouses e x h i b i t  c o l l e c t i o n  

e f f i c i e n c i e s  i n  excess o f  99 percent through t h e  submicron p a r t i c l e  range. 

A i r  volumes r e q u i r e d  f o r  e f f e c t i v e  c o n t r o l  may range from 15 t o  45 cubic  

meters (500 t o  1500 cubic  f e e t )  pe r  minute depending on the type o f  rock 

d r i l l e d ,  d r i l l  ho le  s i ze ,  and p e n e t r a t i o n  r a t e .  A r o t a r y  d r i l l  equipped w i t h  

a baghouse was t e s t e d  f o r  v i s i b l e  emissions from the  capture system and the  

baghouse o u t l e t .  
than 20 percent  a t  t he  capture p o i n t .  Readings a t  t h e  baghouse ranged from 

0 t o  5 percent.  

3.1.2 B l a s t i n g  Operations 

A shroud o r  hood e n c i r c l e s  the  d r i l l  r o d  a t  t he  

A vacuum captures emissions and vents them through a 

3 

For more than 75 percent o f  t h e  t ime,  the o p a c i t y  was l e s s  

No e f f e c t i v e  method i s  a v a i l a b l e  f o r  c o n t r o l l i n g  p a r t i c u l a t e  emissions 

from b l a s t i n g .  

a i r  shock. 
charges i n  m i l l i s e c o n d  t ime i n t e r v a l s ,  can reduce these e f f e c t s .  Scheduling 

b l a s t i n g  operat ions so t h a t  they occur o n l y  d u r i n g  cond i t i ons  o f  low wind and 
low i n v e r s i o n  p o t e n t i a l  can s u b s t a n t i a l l y  reduce the  impact o f  f u g i t i v e  dus t  

emissions from t h i s  source. 

Good b l a s t i n g  p r a c t i c e s  can min imize noise,  v i b r a t i o n ,  and 

M u l t i d e l a y  detonat ion devices, which detonate the  exp los i ve  
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3.1.3 Quarry Loading Operations __- 

Par t icu la te  emissions from the loading of broken rock by loaders o r  
shovels are  d i f f i c u l t  t o  control .  However, some control may be at ta ined 
by using water trucks equipped with hoses o r  portable watering systems 
t o  wet down the p i l e s  pr ior  to  loading. 

3.1.4 Haul Roads 

A large portion of the fugi t ive  d u s t  generated by quarrying operations 
r e s u l t s  from the transportation of material from the quarry t o  the 
processing p l a n t  over unpaved haul roads.4 
a re  a function of the condition of the road surface and  the volume and 
speed of vehicular t r a f f i c .  Consequently, control measures include methods 
t o  improve road surfaces o r  suppress f u g i t i v e  dust and operational changes 
t o  minimize the e f f e c t  of vehicular t r a f f i c .  

Emissions from hauling operations 

Various treatment methods applied t o  control fug i t ive  dust emissions 

I c from haul roads include watering, surface t eatment with chemical dust  
suppressants,  s o i l  s t a b i l i z a t i o n ,  and  paving. 
watering. 
o f  water trucks equipped with e i t h e r  gravity-fed spray bars  or pressure 
sprays. The amount of water required,  frequency of appl ica t ion ,  and 
effect iveness  are dependent on c l imat ic  condi t ions,  the conditions of the 
roadbed, and vehicular t r a f f i c .  

The most common method i s  
Water i s  applied t o  the road i n  a controlled manner by operators 

' 

Other haul road fugi t ive  d u s t  suppression treatnients include the 
application o f  hygroscopic chemicals (substances tha t  absorb moisture) 
such as organic sulfonates and calcium chlor ide.  When spread d i r ec t ly  
over unpaved road surfaces ,  these chemicals dissolve in the moisture 
they  adsorb and form a c l ea r  l iqu id  t h a t  i s  r e s i s t an t  t o  evaporation. 
Consequently, they a re  most e f f ec t ive  in areas of r e l a t ive ly  high 
humidity. Because the chemicals a r e  water soluble ,  however, they  may 
have t o  be applied repeatedly i n  a reas  with frequent r a i n f a l l .  
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An a l t e rna t ive  t o  surface treatment i s  s o i l  s t a b i l i z a t i o n .  S tab i l izers  
usually consis t  of a water d i lu t ab le  emulsion of e i t h e r  synthet ic  o r  petro- 
leum resins tha t  a c t  as  an  adhesive or binder.  Quarry operators in 
California and Arizona report substant ia l  success with one such agent. 
This product i s  a nonvolati le emulsion containing about 60 percent natural  
petroleum resins  and 40 percent wetting so lu t ion .  
treatment of new haul roads depends on the cha rac t e r i s t i c s  of the road bed 
and the penetration d e p t h  required. For most roads, a n  e f fec t ive  d i lu t ion  
i s  one p a r t  s t a b i l i z e r  t o  four par ts  of water (1 :4 )  applied a t  a r a t e  of 
about 9 .5  t o  23.8 l i t e r s  per square meter ( 2  t o  5 gallons per square yard) .  
Once the road has been s tab i l ized  by repeated appl icat ion and  compaction of 
vehicle t r a f f i c ,  the d i lu t ion  may be increased t o  1 :7  t o  1:20 fo r  dai ly  
maintenance. 
e f fec t ive  d u s t  control.  

6,7 

I ts  use in the i n i t i a l  

Usually, one pass per day i s  considered su f f i c i en t  f o r  

Paving i s  probably the most e f f ec t ive  means f o r  reducing fug i t ive  dust 
emissions from haul roads. I n i t i a l  paving costs  may exceed $23,400 per 
kilometer ($27,700 per niile) of h a u l  road f o r  a 7 .7  centimeters ( 3  inches) 
thick bituminous surface.  
due t o  the damage caused by heavy vehicle t r a f f i c . 8  I n  addi t ion,  the paved 
roads would have t o  be per iodical ly  vacuumed o r  cleaned due t o  accumulation 
of so i l  and d u s t  on the roadway. 

Maintenance and r epa i r  may be r e l a t ive ly  high 

Operational measures tha t  would reduce fug i t ive  d u s t  emissions include 
the reduction of t r a f f i c  volume and control of t r a f f i c  speed. Replacing 
smaller haul vehicles with larger  capacity un i t s  would minimize the  number 
of t r i p s  required and  should reduce the t o t a l  fug i t ive  d u s t  emissions 
generated per megagram ( t o n )  of material hauled. 
control t r a f f i c  speed would a l so  reduce dust  emissions. 
study of emissions from conventional vehicle t r a f f i c  on unpaved  roads, a 
reduction in the average vehicle speed from 48 kilometers (30 miles) per 
hour t o  40, 32, and 24 kilometers ( 2 5 ,  20, and 1 5  miles)  per hour reduced 
emissions by 25, 33, and 40 percent, respect ively.  A l t h o u g h  the s i tua t ions  

may not be completely analogous, i t  can be concluded t h a t  a n  enforced speed 
l imi t  of 8 t o  16 kilometers ( 5  t o  10 miles) per hour would reduce fugi t ive  
d u s t  emissions from quarry vehicle t r a f f i c .  

A s t r ingent  program t o  
According t o  a 
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3.1.5 Conveyor Systems 

Fugitive dust emissions are  generated by the wind blowing across the 
material being t ransfer red  from one process operation t o  another on 
nonenqlosed conveyor systems. The two methods avai lable  f o r  the control of 
fug i t ive  d u s t  emissions from conveyor systems a re  coverings o r  wet d u s t  
suppression Coverings can consis t  of enclosing the e n t i r e  conveyor system 
with sheet metal o r  the use of p l a s t i c  o r  canvas sheets which block the 
act ion of the wind across the conveyor system. The use of wet d u s t  

suppression would require the i n s t a l l a t i o n  of spray bars a t  various 
in te rva ls  along the conveyor systems. 

3.1.6 Stockpi 1 es  

1 

Fugitive d u s t  emissions, as  judged  by v i s ib l e  emissions, may r e su l t  

Wring the formation o f  s tockpi les  by stacking conveyors, 
during the formation of new aggregate p i l e s  and the erosion of previously 
formed p i l e s .  
pa r t i cu la t e  emissions are generated by wind blowing across the streams 
of f a l l i n g  stone and  segregating f ine  p a r t i c l e s  from coarse p a r t i c l e s .  
Emissions a r e  a l so  produced when the f a l l i n g  stone impacts on the p i l e s .  

minimize the f r ee - f a l l  distance t o  which the material i s  subjected,  t h u s  
lessening i t s  ex'posure t o  wind and reducing emissions generated upon 
impact. 

/Control methods include wet dus t  suppression and devices designed t o  
\ . . .  ! 

The wet dust-suppression e f f e c t  i s  car r ied  over a t  plants t h a t  spray 
the discharge from the f ina l  crushing o r  screening operat ions,  a f t e r  which 
no new surfaces a r e  created nor the material tumbled. Control devices t h a t  
a r e  .applied include stone ladders,  te lescopic  chutes,  and hinged-boom 
s tacker  conveyors. 

- -  - ./-- 
A sto;e ladder simply cons is t s  of a sect ion of ver t ica l  

pipe in to  which stone from the stacking conveyor i s  discharged. 
d i f f e ren t  leve ls  the pipe has square o r  rectangular openings through which 
the material may flow. This reduces the e f f ec t ive  f r ee - f a l l  distance and 
a f fo rds  wind protection. Another approach i s  the te lescopic  chute. Material 
i s  discharged t o  a re t rac tab le  chute and f a l l s  f ree ly  t o  the t o p  of the 
P i le .  

A t  

As the height of the s tockpi le  increases o r  decreases, the chute i s  
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gradua l l y  r a i s e d  o r  lowered accord ing ly .  A s i m i l a r  approach i s  provided by 

a s tacker  conveyor equipped w i t h  an a d j u s t a b l e  hinged boom t h a t  ra i ses  o r  

lowers the conveyor according t o  the  h e i g h t  o f  t he  s t o c k p i l e .  

Watering i s  t k m o s t .  conmon.ly-used-techni-que-for . c o n t r o l l  ijg,~wjJdubl 
e m i s s i o n s ~ m _ a c ~ . v e s t o c k p . i _ l . e s .  

o t h e r  spray device may be used. 

A water t r u c k  equipped w i t h  a hose o r  

J 
Locat ing s t o c k p i l e s  behind n a t u r a l  o r  manufactured windbreaks-. 

Also, t he  work ing area o f  a c t i v e  p i l e s  a ids  in- reducing windblown d u s t  

should be l oca ted  on t he  leeward s i d e  o f  the p i l e .  

ma te r ia l s  t h a t  must be s to red  d r y  can be c o n t r o l l e d  e f f e c t i v e l y  on ly  through 

the use o f  s u i t a b l e  s t o c k p i l e  enclosures o r  s i l o s ,  even though these may 

c rea te  load-out problems. 

Very f i n e  m a t e r i a l s  o r  

The a p p l i c a t i o n  o f  s o i l  s t a b - i l i z e r s . d h i c h  are primafily-~e.t.m.leum o r  

s y n t h e t i c  r e s i n s  i n  emulsion, has been reasonably e f f e c t i v e  _____._.--.--I_-. f o r  storage 

p i , l e s - t h a t 7 i F e - i E t - i T f o T l ~ e r i o d s  o f  t ime  and f o r  permanent waste - 
p i l e s  o r  s p o i l  banks. These chemical b inde rs  cause the sur face p a r t i c l e s  

t o  adhere t o  one another, forming a durable wind-and r a i n - r e s i s t a n t  c r u s t  

( r e l a t i v e l y  i n s o l u b l e  i n  wa te r ) .  

s t o c k p i l e ,  i s  p ro tec ted  from wind erosion. 
b inders app l i ed  t o  the  s t o c k p i l e s  may contaminate t h e  m a t e r i a l  be ing 

s tockp i l ed .  

3.2 CONTROL OF F U G I T I V E  PROCESS SOURCES 

As long as t h i s  c r u s t  remains i n t a c t ,  t he  

I t  should be noted t h a t  chemical 

A non-meta l l ic  minera l  processing p l a n t  can c o n s i s t  o f  crushers,  

gr inders,  screens, conveyor t r a n s f e r  po in ts ,  and storage, loading,  and bagging 

f a c i l i t i e s .  E f f e c t i v e  emission c o n t r o l  can present  a number of problems 
due t o  the m u l t i p l i c i t y  o f  dust-producing sources a t  the p l a n t .  Methods 

u t i l i z e d  t o  reduce f u g i t i v e  process emissions i nc lude  wet dus t  suppression, 

d r y  c o l l e c t i o n  systems, and a combinat ion o f  t he  two. Wet dust  suppression 

cons is t s  o f  i n t r o d u c i n g  mois ture i n t o  the  m a t e r i a l  f low,  causing f i n e  

p a r t i c u l a t e  ma t te r  t o  be con f ined  and remain w i t h  the  m a t e r i a l  f l ow  r a t h e r  

than becoming a i rborne.  

dust-producing p o i n t s  and exhaust ing emissions t o  a c o n t r o l  device.  Combi'nation 

Dry c o l l e c t i o n  systems i n v o l v e  hooding and enc los ing 
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systems u t i l i z e  bo th  methods a t  d i f f e r e n t  stages throughout the processing 

p l a n t .  

t o  house process equipment may a l s o  be e f f e c t i v e  i n  reducing f u g i t i v e  

process emissions. 

3.2.1 Wet Dust Suppression 

I n  a d d i t i o n  t o  these c o n t r o l  techniques, the use o f  enclosed s t r u c t u r e s  

I n  a wet dus t  suppression system, dus t  emissions are c o n t r o l l e d  by 

app ly ing  mois ture i n  the  form o f  water o r  water  p lus  a s u d a c t a n t  sprayed 
a t  c r i t i c a l  dus t  producing p o i n t s  i n  the  process f l o w .  This causes dus t  

p a r t i c l e s  t o  adhere t o  l a r g e r  minera l  p ieces o r  t o  form agglomerates too  

heavy t o  become o r  remain a i rborne.  

i s  n o t  t o  fog an emission source w i t h  a f i n e  m i s t  t o  capture and remove 
p a r t i c u l a t e s  emissions, b u t  r a t h e r  t o  keep the m a t e r i a l  mo is t  a t  a l l  process 

stages. 

i n  the form o f  water may be requ i red  t o  adequately suppress dust.’ 

inany i n s t a l l a t i o n s  t h i s  may n o t  be acceptable because excess mois ture 

may cause screening surfaces t o  b l i n d ,  thus reducing bo th  t h e i r  c a p a c i t y  
and e f fec t i veness ,  o r  r e s u l t  i n  the  c o a t i n g  o f  minera l  surfaces y i e l d i n g  

a marginal o r  n o n s p e c i f i c a t i o n  product .  To counteract  these d e f i c i e n c i e s ,  

sinal1 q u a n t i t i t i e s  o f  s p e c i a l l y  formulated su r fac tan ts  are blended w i t h  

t h e  water t o  reduce i t s  surface tens ion  and consequently improve i t s  

w e t t i n g  e f f i c i e n c y  so t h a t  dust p a r t i c l e s  may be suppressed w i t h  a 

minimum o f  added mois ture ( l e s s  than one p e r c e n t ) .  Although these 

agents may vary i n  composit ion, they a r e  c h a r a c t e r i s t i c a l l y  composed of 

a hydrophobic group ( u s u a l l y  a l o n g  cha in  hydrocarbon) and a hygroscopic 

group ( u s u a l l y  a s u l f a t e ,  su l fona te ,  hydrox ide,  o r  e thy lene o x i d e ) .  

When in t roduced i n t o  water, these agents cause an apprec iab le r e d u c t i o n  

i n  i t s  sur face tension.”  The d i l u t i o n  o f  such an agent i n  minute 

q u a n t i t i e s  i n  water ( 1 p a r t  w e t t i n g  agent t o  1,000 p a r t s  wa te r )  i s  

repo r ted  t o  make dust  c o n t r o l  pract . ica1 throughout an e n t i r e  non-meta l l ic  

m ine ra l  processing p l a n t .  l1 Furthermore, these w e t t i n g  agents r e p o r t e d l y  

improve the e f fec t i veness  o f  the suppression system s ince the a p p l i c a t i o n  

_. 

The o b j e c t i v e  o f  wet dus t  suppression 

The a d d i t i o n  o f  5.0 t o  8.0 percent  mo is tu re  (by we igh t ) ,  o r  greater ,  
I n  

of p l a i n  water w i l l  n o t  e f f e c t i v e l y  wet t h e  under 10 l ln i  p a r t i c l e s .  12 
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In adding moisture t o  the process mater ia l ,  several  appl icat ion points 
a r e  normally required. 
of the added moisture on the mineral i s  c r i t i c a l  t o  achieving e f f ec t ive  dust 
control ,  treatment normally begins as  soon a s  possible a f t e r  the material t o  
be processed i s  introduced i n t o  the plant .  As such, the i n i t i a l  appl icat ion 
point i s  commonly made a t  the primary crusher truck dump. I n  addition t o  
introducing moisture pr ior  t o  processing, t h i s  appl icat ion contr ibutes  t o  
reducing intermi t tent  d u s t  emissions generated d u r i n g  dumping operations.  
Spray bars a re  located e i t h e r  on the periphery of the dump hopper or above 

a t  a l l  secondary and t e r t i a r y  crushers where new dry surfaces and  d u s t  are  
generated by the fractur ing of minerals. 
screens, conveyor t r ans fe r  po in ts ,  conveyor and screen discharges t o  
bins,  and  conveyor discharges t o  stwmge--pi.les may-a.l.so-be..namry. 
The wetted material may exhib i t  a carryover d u s t  control e f f e c t  t h a t  may 
suppress the d u s t  through a number of material handling operations.  The 
amount of moisture required a t  each appl icat ion p o i n t  i s  dependent on a 
number of fac tors  including the wetting agent used, i t s  d i lu t ion  r a t i o  i n  
water, the type and  s i ze  of process equipment, and the cha rac t e r i s t i c s  of the 
material processed ( type ,  s i z e  d i s t r ibu t ion ,  feed rate,  and  moisture content) .  

Because the time required f o r  the proper d is t r ibu t ion  

Icha-pr-iw+-wu shw-a n d 

Fur therwet t ing  of- th_-rnaterial a t  

------ - 

--7---- 

A typical wet d u s t  suppression system, such a s  the system i l l u s t r a t e d  
in Figure 3.1, contains a number of basic components and fea tures  including 
a d u s t  control a g e n t ,  l i qu id  proportioning equipment, a d i s t r i b u t i o n  system, 
and control ac tua tors .  A proportioner and pump a re  necessary t o  proportion 
the sur fac tan t  and  water a t  the desired r a t i o  and  t o  provide moisture in 
su f f i c i en t  quant i ty  and adequate pressure t o  meet the demands of the overall  
system. 

Distr ibut ion of the l iqu id  i s  accomplished by spray headers f i t t e d  with 
pressure spray nozzles. 
suppressant mixture a t  each treatment point a t  the rate and  spray configuration 
required t o  e f f e c t  d u s t  cont ro l .  

One o r  more headers a re  used to  apply the d u s t  

A variety of nozzle types may be used 
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including hollow-cone, so l id  cone, o r  gas nozzles,  depending on the spray 
pattern desired.  
Figure 3.2 shows a typical arrangement fo r  the control of fug i t ive  process 
emissions a t  a crusher discharge. 

To prevent nozzle plugging, screen f i l t e r s  are  used. 

Spray actuation and control i s  inlportant t o  prevent waste and undesirable 
muddy conditions,  especial ly  when the material flow i s  in te rmi t ten t .  Spray 
headers a t  each appl icat ion point are  normally equipped with an on-off 
cont ro l le r  which i s  interlocked with a sensing mechanism so t h a t  sprays will  
be operative only when there i s  material ac tua l ly  flowing. 
systems are  sometimes designed t o  bperate under a l l  weather ,conditions.  
provide protection from f reez ing ,  exposed pipes a re  usually .traced with 
heating wire and insulated.  
drained t o  insure t h a t  no water remains in  the l i n e s .  During prolonged 
periods when the ambient temperature remains below O°C (3ZoF), wetted raw 
materials will  f reeze i n t o  large blocks and adhere t o  cold surfaces such as 
hopper wal l  s. 

I n  addi t ion,  
TO 

When the system i s  not i s  use, i t  should be 

13 

Recently, a d i f f e ren t  type of ,wet  spray system has been avai lable  
a s  an a l t e rna t ive  to  ' the  wet dust  suppression system discussed above. 
I n  t h i s  system, the emission source i s  ac tua l ly  enclosed and fogged with 
a f ine  mist t o  capture and remove pa r t i cu la t e  emissions. 
a lso.diffet-s  from the wet suppression system in t h a t  no chemical wetting 
agents are used. 
the water sprays contacting the dust pa r t i c l e s  while airborne.  

3.2.2 Dry Collection Systeiilr 

This system 

This fogging system performs l ike  a wet scrubber with 

Part iculate  emissions generated a t  plant process operations (crushers,  
1 

screens, gr inders ,  conveyor t r ans fe r  points ,  product loading operations,  
and bagging operat ions)  may be control led by capturing a n d  exhausting potential  
emissions t o  a control device. Depending on the physical layout of the 
p lan t ,  emission sources may be e i t h e r  nianifolded t o  a s ingle  cent ra l ly  
located control device or  ducted t o  a number of individual control devices. 
Control systems cons is t  of an  exhaust system u t i l i z i n g  hoods and  enclosures 

t o  capture and confine emissions, ducting and  fans t o  convey the captured 
emissions t o  a control device,  and the control device f o r  par t icu la te  
removal pr ior  t o  exhausting the a i r  stream t o  the atmosphere. 
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Figure 3.2 Dust suppression application a t  crusher discharge. 
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3.2.2.1 Exhaus t  Systems and Ducting 

If  a control system i s  t o  e f fec t ive ly  prevent pa r t i cu la t e  emissions 
from being discharged t o  the atmosphere a t  the locat ions where emissions are 
generated, local exhaust systems including hooding and ducting must be 
properly designed and balanced. (Balancing r e fe r s  t o  adjust ing the s t a t i c  
pressure balance, which e x i s t s  a t  the junction of two branches, t o  obtain the 
desired volume in each branch). Process equipment should be enclosed as  
completely as  pract icable ,  allowing f o r  access f o r  operation, routine maintenance, 
and  inspection requirements. For crushing f a c i l i t i e s ,  recommended hood 
capture ve loc i t ies  range from 60 t o  150 meters (200 t o  500 f e e t )  per minute. 
I n  general, a minimum ind ra f t  velocity of 61 meters (200 f e e t )  per minute 
should be maintained through a l l  open hood areas .  
enclosures will  minimize exhaust volumes required and, consequently, power 
consumption. 
d r a f t s  (wind) and  the eFfects  of induced a i r  ( i . e . ,  a i r  placed i n  motion as  
a r e su l t  of machine movement o r  f a l l i n g  mater ia l ) .  
can be defined as a housing which minimizes open areas between the operation 
and the hood and contains a l l  dust dispersion act ion.  

14,15 

Proper design of hood and 

In addi t ion,  proper hooding will  minimize the e f f e c t s  of cross 

A well-designed enclosure 

Good duct design d i c t a t e s  t h a t  adequate conveying ve loc i t ies  be maintained 
so t h a t  the transported d u s t  pa r t i c l e s  will  n o t  s e t t l e  in the ducts along the 
way t o  the col lect ion device. 
conveying ve loc i t ies  recornended f o r  mineral p a r t i c l e s  range from 1,050 t o  
1,350 meters (3,500 t o  4,500 f e e t )  per minute. 

Based on information f o r  crushed s tone,  

16,17 

Adequate design and construction spec i f ica t ions  a re  avai lable  and  have 
been u t i l i zed  t o  produce e f f i c i e n t ,  long-lasting systems. Various guidelines 
es tabl ishing minimum vent i la t ion  ra tes  required f o r  the control of  crushing 
p l a n t  operations,  and upon which the vent i la t ion  r a t e s  most comnonly u t i l i zed  
in the industry a r e  based, are discussed b r i e f l y  below. 

Crushers and  Grinders 

Hooding and a i r  volume requirements f o r  the control of fug i t ive  process 
emissions from crushers and  grinders a re  qui te  var iable  depending upon the 

s i z e  and shape of the emiss'ion source, the hood's posit ion r e l a t ive  t o  the 
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points of emission, and the ve loc i ty ,  na ture ,  and  quant i ty  of the released 
pa r t i c l e s .  The only establ ished c r i t e r i o n  i s  t h a t  a minimum indraf t  velocity 
of 61 meters (200 f e e t )  per minute be maintained through a l l  open hood areas .  
To achieve t h i s ,  capture ve loc i t ies  in excess of 150 meters (500 f e e t )  per 

minute may be necessary t o  overcome induced a i r  motion, resul t ing from the 
material feed and discharge ve loc i t ies  and the mechanically induced velocity 
( f a n  ac t ion )  of a pa r t i cu la r  equipment type.”  
cont ro l ,  vent i la t ion  should be applied a t  b o t h  the upper portion (feed end) 
of the equipment and the discharge point.  An exception t o  t h i s  would be a t  
primary jaw or gyratory crushers because of the necessity t o  have ready 
access t o  dislodge large rocks which may get stuck i n  the crusher feed 
opening. 
hood sections may be u t i l i zed .  

To achieve e f f ec t ive  emission 

Where access t o  a device i s  required f o r  maintenance, removable 

I n  general ,  the upper portion of the crusher or  grinder should be 
enclosed as  completely as  possible ,  and  exhausted according t o  the c r i t e r i a  
established f o r  t r ans fe r  points. The discharge t o  the conveyor should a l so  
be enclosed as  completely as  possible.  The exhaust r a t e  varies considerably 
depending on crusher type.  For impact crushers or  grinders,, exhaust volumes 
may range from 120 t o  240 cubic meters (4,000 t o  8,000 cubic f e e t )  per 
minute.” For compression type  crushers ,  an exhaust r a t e  of 50 cubic meters 
per minute per meter (500 cubic f e e t  per minute per f o o t )  of discharge 
opening should be su f f i c i en t . “  
approximate the width of the receiving conveyor. 
o r  compression type crushers,  pick-up should be applied downstream of the 
crusher f o r  a dis tance of a t  l e a s t  3.5 times the width of the receiving 
conveyor.21 
emissions from a cone crusher i s  depicted in Figure 3.3. 

The width of the discharge opening will  
For e i t h e r  impact crushers 

A typical hood configuration used t o  control par t icu la te  

Grinding or  mil l ing c i r c u i t s  which employ a i r  conveying systems operate 

Because the system i s  not a i r t i g h t ,  some a i r  i s  drawn i n t o  the 
a t  s l i g h t l y  negative pressure t o  prevent the escape of a i r  containing the 
ground rock. 
system and m u s t  be vented. 
i t  through a control device. 

This vent stream can be control led by discharging 
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Screens 

A number of exhaust points a re  usually required t o  achieve e f fec t ive  
control a t  screening operations.  A f u l l  coverage hood, a s  depicted in 
Figure 3.4, i s  generally used to  control emissions generated a t  actual 
screening surfaces.  
t h e  screen and the amount of open area around the periphery of the enclosure. 
A well-designed enclosure should have a space of no more t h a n  5 t o  10 centimeters 
(2 t o  4 inches) around the periphery of the screen. 
of 15 cubic ineters per minute per square ineter (50 cubic f e e t  per minute 
per square foot )  of screen area i s  cornonly used with no increase f o r  multiple 
decks." Additional vent i la t ion a i r  may be required a t  the discharge chute 
t o  conveyor or bin t ransfer  points. I f  vent i la t ion  i s  needed, these points 
a re  t reated as regular t ransfer  points and exhausted accordingly. 

Required exhaust volumes vary with the surface area of 

A minimum exhaust r a t e  

Conveyor Transfer Points 

A t  conveyor t o  conveyor t ransfer  points ,  hoods should be designed t o  
enclose b o t h  the head pulley of the upper conveyor and  the t a i l  pulley of 
the lower conveyor as completely a s  possible.  With careful design, the open 
area should be reduced to  about 0.15 square meter per meter (0 .5  square foot  
per foot)  of conveyor width.23 
include the conveyor speed and the f r ee - f a l l  distance to  which the material 
i s  subjected. Recommended exhaust ra tes  a re  35 cubic meters per minute 
per meter (350 cubic f e e t  per minute per f o o t )  of conveyor width for  conveyor 
speeds less  t h a n  60 meters (200 f e e t )  per minute and  50 cubic meters per 
minute per meter (500 cubic f ee t  per minute per foo t )  for  conveyor speeds 
exceeding 60 meters (200 f e e t )  per minute.24 For a conveyor-to-conveyor 
t ransfer  with less t h a n  0.91 meter ( 3  f e e t )  f a l l ,  the enclosure i l l u s t r a t ed  
in Figure 3.5 i s  commonly used. 

Factors a f fec t ing  the a i r  volume t o  be exhausted 

For conveyor-to-conveyor t r ans fe r s  with a f r ee - f a l l  distance greater  
than 0.91 ineter ( 3  f e e t )  and  fo r  chutei to-bel t  t r ans fe r s ,  an  arrangement 
s imilar  t o  t ha t  depicted in Figure 3.6 i s  commonly used. The exhaust 
connection should be made as f a r  downstreanr as possible to  maximize dust 
f a l l o u t  and thus minimize needless d u s t  entrainment. 
additional exhaust a i r  may be required a t  the  t a i l  pulley of the receiving 

For very dusty mater ia l ,  
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F i g u r e  3.4 Hood c o n f i g u r a t i o n  f o r  vibrating screen.  
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2" CLEARANCE FOR 
LOAD ON BELT 

DETAIL OF BELT OPENING 

CONVEYOR TRANSFER LESS THAN 
3' FALL. FOR GREATER FALL 
PROVIDE ADDITIONAL EXHAUST fiT 
LOWER BELT. SEE DETAIL AT RIGHT 

Figure 3 . 5  Hood configuration f o r  conveyor t ransfer  
l e s s  t h a n  0.91 meter ( 3  f e e t )  f a l l .  
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Figure 3.6 Hood configuration f o r  a chute t o  be l t  o r  
conveyor t r ans fe r  grea te r  than 0.91 meter 
( 3  f e e t )  f a l l .  
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conveyor. Recommended a i r  volumes are 21 cubic meters (700 cubic f e e t )  per 

lninute fo r  conveyors 0.91 meter ( 3  f e e t )  wide and l e s s ,  and  30 cubic meters 
(1,000 cubic f e e t )  per minute f o r  conveyors wider than 0.91 meter ( 3  f e e t ) .  

25 

Conveyor or chute-to-bin t r ans fe r  points d i f f e r  from the usual t ransfer  

operation in t h a t  there  i s  no open area downstream of the t r ans fe r  point. 
T h u s ,  emissions are generated only a t  the loading point.  As i l l u s t r a t e d  in 

Figure 3.7, the exhaust connection i s  normally located a t  some point remote 
from the loading point and exhausted a t  a minimum ra t e  of 67 cubic meters 
per minute per square meter (200 cubic f e e t  per minute per square foo t )  of 
open area. 26 

Product Loading and Baggin9 

Par t icu la te  emissions from truck and r a i l c a r  loading of coarse material 
can be minimized by reducing the  open h e i g h t  t h a t  the material must f a l l  
from the s i l o  o r  bin t o  the shipping vehicle.  Shrouds, telescoping feed 
tubes, and windbreaks can fur ther  reduce the fugi t ive  process emissions from 
t h i s  in te rmi t ten t  source. Par t icu la te  emissions from loading of f i n e  material 
i n t o  either trucks or  r a i l c a r  can be control led by a n  exhaust system vented 
t o  a baghouse. 
control l ing b i n  o r  hopper t r ans fe r  points (see Figure 3 .7 ) .  The material i s  
fed th rough  one of the vehic le ' s  openings and  the exhaust connection i s  
normally a t  another opening. The system should be designed with a minimum 
amount  of open area around the periphery of the feed chute and the exhaust 
duct. 

The system i s  s imi la r  t o  the system described above f o r  

Bagging operations are controlled by local exhaust systems and vented 

An automatic bag f i l l i n g  
t o  a baghouse fo r  product recovery. 
150 meters (500 feet)  per minute s h o u l d  be used. 
operation and vent system i s  shown in Figure 3.8. 

3.2.2.2 Control Devices. 

Hood face ve loc i t ies  on the order of 

Baghouses 

The most e f f i c i e n t  dry  co l lec t ion  devices used in the non-metal1 i c  
mineral i n d u s t r y  a r e  baghouses ( f ab r i c  f i l t e r s ) .  For most non-metallic 
mineral processing plant appl icat ions,  mechanical shaker type baghouses 
which require periodic shutdown f o r  cleaning a f t e r  four o r  f i ve  hours 
o f  operation are  usually used. These u n i t s  are  normally equipped with 
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Figure 3.7 Exhaust configuration at b i n  or hopper .  
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c o t t o n  sateen bags and operated a t  an a i r - t o - c l o t h  r a t i o  o f  2 : l  o r  3 : l .  
c l ean ing  c y c l e  u s u a l l y  requ i res  no more than two t o  th ree  minutes o f  bag 

shaking and i s  normal ly actuated au tomat i ca l l y  whep t h e  exhaust f an  i s  
t u rned  o f f .  A t y p i c a l  baghouse i s  i l l u s t r a t e d  i n  F igu re  3.9. 

A 

Another method o f  bag c leaning i s  t o  use reve rse  a i r f l o w  down the tubes 

a t  such a r a t e  t h a t  t he re  i s  no n e t  movement o f  a i r  through the bag. 

causes the bag t o  c o l l a p s e  which r e s u l t s  i n  the  f i l t e r  cake breaking-up and 

f a l l i n g  of f  the bag. 

r i n g  t r a v e l s  up and down each bag o r  s leeve. 

bag t o  co l lapse,  then reopen, breaking the f i l t e r  cake apar t .  These two 

methods are shown i n  F igu re  3.10. 

For a p p l i c a t i o n s  where i t  may be i m p r a c t i c a l  t o  t u r n  o f f  the c o n t r o l  

Th is  

A f i n a l  method i s  reverse a i r  p u l s i n g  where a p e r f o r a t e d  

A i r  j e t s  i n  the r i n g  f o r c e  the  

system, baghouses w i t h  cont inuous c leaning are employed. 
mented mechanical shaker types may be used, j e t  pu l se  u n i t s  a re  predominantly 

used by the i n d u s t r y .  

f o r  a f i l t e r i n g  media and may be operated a t  an a i r - t o - c l o t h  r a t i o  o f  as 

h igh  as 6 : l  t o  1O:l. Recardless o f  the baghouse type used, j e t  pu lse o r  
shaker, g rea te r  than 99 percent  e f f i c i e n c y  can be a t t a i n e d  even on submicron 

p a r t i c l e  s izes.28 Two baghouses t e s t e d  by EPA f o r  both i n l e t  and o u t l e t  

emission l e v e l s  had c o l l e c t i o n  e f f i c i e n c i e s  o f  99.8 percent .  

Although compart- 

These u n i t s  u s u a l l y  use wool o r  s y n t h e t i c  f e l t e d  bags 

29,30 

Another major parameter considered i n  des ign ing baghouses i s  t he  a i r -  

t o - c l o t h  r a t i o  o r  f i l t e r  r a t i o  de f i ned  as the  r a t i o  o f  gas f i l t e r e d  i n  cubic  

meters ( f e e t )  per  minute t o  the  area o f  the f i l t e r i n g  media i n  square meters 

( f e e t ) .  

and a r e s u l t a n t  decrease i n  the  baghouse c o l l e c t i o n  e f f i c i e n c y  and an increase 

i n  bag m a t e r i a l  wear. 

A h igh  r a t i o  r e s u l t s  i n  p o s s i b l e  b l i n d i n g  o r  c logy ing  o f  the bags 

The frequency o f  c lean ing  can be cont inuous i n  which a s e c t i o n  o f  the 

baghouse i s  removed from opera t i on  and cleaned be fo re  going on t o  another 

sec t i on .  

c leaning and opera t i on  i s  used. 

c leaning c y c l e  when some s p e c i f i e d  pressure drop across the system occurs 

because of t he  bu i l dup  o f  t he  f i l t e r  cake. 

A l t e r n a t i v e l y ,  i n t e r m i t t e n t  c lean ing  c o n s i s t i n g  o f  t imed cyc les  o f  

Sensors can be i n s t a l l e d  t h a t  s t a r t  t he  
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Figure 3 .9  T y p i c a l  baqhouse operation. 
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32 Figure 3.10 Baghouse c leaning  methods. 
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Materials used in  bag construction include cot ton,  Teflon, g l a s s ,  

Orlon, Nylon, Dacron, wool, Dynel, and o thers .  
parameters must be taken in to  account i n  the se lec t ion  of f ab r i c  mater ia l ,  
t h o u g h  most industry processes a r e  a t  ambient conditions. 
mater ia ls  in terms of wear and performance are the synthet ic  fabr ics  or 
cotton sateen. 
f ab r i c  se lec t ion  include frequency of cleaning, c loth resis tances  t o  corrosion, 
and ore  moisture. 

Temperature and  other operating 

The most p o p u l a r  

Other parameters considered in  t h e  design of baghouse and 

Other control devices used in the industry include cyclones a n d  low 
energy scrubbers. 
o f  95 t o  99 percent f o r  coarse pa r t i c l e s  (40 microns and l a r g e r ) ,  t h e i r  
e f f i c i enc ie s  are  l e s s  than 85 percent f o r  medium and f ine  pa r t i c l e s  (20 microns 
and smaller)  .31 A1 though high energy scrubbers and e l e c t r o s t a t i c  prec ip i ta tors  
could conceivably achieve r e su l t s  s imi l a r  t o  t h a t  of a baghouse, these 
methods are  n o t  commonly used t o  control par t icu la te  emissions in the industry. 

A l t h o u g h  thece control devices may demonstrate e f f ic ienc ies  

Wet Capture Devices 

The principal of col lect ion in  wet capture devices involves contacting 
d u s t  pa r t i c l e s  with l iqu id  droplets  i n  some way and then having the wetted 
pa r t i c l e s  impinge upon a co l lec t ing  surface where they can be f l u s h e d  away 
with water. The method of Contacting the dust  has many var ia t ions depending 
on the equipment manufacturer. 
mechanical scrubbers, mechanical-centrifugal scrubbers, and venturi scrubbers. 
These devices a re  more e f f i c i e n t  than i n e r t i a l  separators .  Wet capture 
devices can also handle high temperature gases o r  imist-containing gases. 
Costs and ef f ic ienc ies  a l so  vary with equipment se lec t ion  and operating 
conditions.  
dry  cyclones. 

The major types of wet co l lec tors  are cyclones, 
32 

Efficiencies  are  higher a t  lower p a r t i c l e  s i z e  ranges than with 

As with dry  cyclones, wet cyclones impart a centrifugal force t o  the 
incoming gas strearn causing i t  to  increase in velocity.  
difference here i s  t h a t  atomized l i qu ids  are introduced t o  contact and carry 

The principal 
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away dust p a r t i c l e s .  The dus t  impinges upon t h e  c o l l e c t o r  w a l l s  w i t h  c lean 

a i r  remaining i n  t h e  c e n t r a l  area o f  the device. E f f i c i e n c i e s  i n  t h i s  type 
of equipment average i n  the  v i c i n i t y  o f  98.2 percent.  

Mechanical scrubbers have a water spray created by a r o t a t i n g  d i s c  o r  

drum con tac t i ng  the  dus t  p a r t i c l e s .  

insures t h i s  r e q u i r e d  con tac t .  
cyclone scrubbers. 

Extreme turbulence i s  created which 

E f f i c i e n c i e s  a re  about the  same as wet 

Mechanica l -centr i fugal  scrubbers w i t h  water  sprays are s i m i l a r  t o  t h e i r  
d r y  counterpar ts  w i t h  t h e  except ion t h a t  a water  spray i s  l oca ted  a t  t he  gas 

i n l e t  so t h a t  t h e  p a r t i c u l a t e  ma t te r  i s  moistened be fo re  i t  reaches the  
blades. 

blades w h i l e  t h e  c lean a i r  i s  exhausted. Th is  i s  depic ted i n  F igure 3.11. 

I n  t h i s  case, t he  spray n o t  o n l y  keeps the  blades wet so t h a t  dust  w i l l  
impinge upon them, b u t  i t  a l s o  serves as a medium t o  c a r r y  away p a r t i c l e s .  

Some types o f  scrubbers use h i g h  pressure-sprays, consuming more energy and 

water, b u t  have h ighe r  e f f i c i e n c i e s  than o t h e r  wet capture devices. 

The water d r o p l e t s  c o n t a i n i n g  p a r t i c u l a t e  a re  impinged on the  

Ventur i  scrubbers r e l y  on an impact ion mechanism and extreme turbulence 

f o r  dust c o l l e c t i o n .  Gas v e l o c i t i e s  i n  the  t h r o a t  of t he  v e n t u r i  tube are 

4,500 t o  6,000 meters (15,000 t o  20,000 fee t )  per  minute. 

p o i n t  t h a t  low pressure water sprays are placed. 

causes e x c e l l e n t  c o n t a c t  o f  water and p a r t i c u l a t e .  

t r a v e l  through t h e  v e n t u r i  tube t o  a cyclone spray c o l l e c t o r .  E f f i c i e n c i e s  

a re  very h igh,  averaging 99.9 percent.33 

evidenced i n  t h e  smal l  p a r t i c l e  s i z e  ranges c o l l e c t e d  (<1 micron) .  

best  s u i t e d  t o  a p p l i c a t i o n s  i n v o l v i n g  removal o f  0.5 t o  5 micron s i zes .  

cons t ruc t i on  i s  s i m i l a r  t o  a v e n t u r i  meter w i t h  25' converging and 7' 
d ive rg ing  sec t i ons .  This  r e s u l t s  i n  a 4 : l  area reduc t i on  between the  i n l e t  

and t h r o a t .  

I t  i s  a t  t h i s  

The extreme turbulence 

The wetted p a r t i c u l e s  

These h i g h  e f f i c i e n c i e s  are a l s o  

This design i s  
The 
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Figure 3.11 Mechanical - centrifugal scrubber.  
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3.2.3 Combination Systems 

Wet d u s t  suppression and dry col lect ion systems are  often used in 
combination t o  control par t icu la te  emissions from crushing plant f a c i l i t i e s .  
As i l l u s t r a t ed  in Figure 3.12, wet dust suppression techniques are  generally 
used t o  prevent emissions a t  the primary crushing s tage and  a t  subsequent 
screens, t ransfer  points,  and crusher i n l e t s .  Dry col lect ion systems a r e  
generally used to  control emissions a t  the discharge of the secondary and 
t e r t i a r y  crushers where new dry surfaces and  f i ne  par t icu la tes  a re  formed. 
addition t o  controll ing emissions, dry col lect ion systems r e su l t  in the removal 
of a large portion of the f ine  par t icu la tes  generated with the r e su l t an t  
e f f e c t  of making subsequent d u s t  suppression appl icat ions more e f fec t ive  with a 
minimum of added moisture. 

3.3 FACTORS AFFECTING THE PERFORMANCE OF CONTROL METHODS 

3.3.1 Dust Suppression 

I n  

The effectiveness of wet suppression i s  dependent on the amount  of 
moisture added t o  the process flow. There are  a number of factors  which may 
a f f ec t  the performance of a wet dust suppression system. 
surfactant  used, the method of appl icat ion,  cha rac t e r i s t i c s  of  the mater ia l ,  
and the type and s i ze  of the process equipment serviced. 
location, and configuration of spray nozzles a t  an application poin t , . as  
well as the speed a t  which a material stream moves past a n  application 
p o i n t ,  may a f f ec t  b o t h  the eff ic iency and uniformity of wetting. 
addition, meteorological fac tors  such a s  wind, ambient temperature, and 
humidity (which a f f ec t  the evaporation ra te  of added moisture) a l so  
adversely a f f ec t  the overall  performance of a wet dust suppression 
system. Where the material processed contains a high percentage of 
f ines ,  such as the product from a hamnermill, d u s t  suppression may he 
inadequate because of the large surface areas to  be t rea ted .  

These include the 

The number, type, 

I n  

Dust suppression may o f fe r  a viable control a l t e rna t ive  t o  par t icu la te  
emission control systems a t  process f a c i l i t i e s  i f  su f f i c i en t  moisture i s  
added t o  the  material .  Generally, wet d u s t  suppression i s  only possible with 
crushing operations (crushers,  conveyor t ransfer  p o i n t s ,  and screens)  because 
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a coarser material is handled and plugging problems will not likely occur. 
In addition, wet suppression may not be possible in freezing weather or arid 
regions. Also, some industries (e.g., talc, rock salt) prefer not to handle 
material with high moisture (even in crushing operations). 

3.3.2 Dry Collection Systems 

For dry collection systems, factors affecting both capture efficiency 
and control efficiency are important. Wind blowing through hood openings can 
significantly reduce the effectiveness of a local exhaust system. This can 
be appreciated when one considers that an indraft velocity of 60 meters 
(200 feet) per minute is equivalent to less than 3.7 kilometers (2.3 miles) 
per hour. 
or the hood openings minimized. 

Consequently, the process equipment should be completely enclosed 

Installations located in areas of high precipitation have chosen to 
house process equipment in buildings or structures to increase their operating 
hours. An added effect of this is to reduce the impact that high winds may 
have on a local exhaust system which is not properly enclosed. Much of the 
processing in the industries investigated in this study occurs in buildings 
which enclose the equipment. 

An exhaust system must be properly maintained and balanced if it is to 
remain effective. 
and capture and conveying velocities checked against design specifications to 
assure that the system i s  indeed functioning properly. 
for systems becoming unbalanced are the presence of leaks resulting from wear 
due to abrasion or corrosion, and the settling of dust in poorly designed 
duct runs which effectively reduces the cross sectional area of the duct and 
increases pressure drop. 

3.3.3 Combined Suppression and Control Systems 

Good practice dictates that systems be inspected periodically 

The primary causes 

The factors affecting the performance of combination systems are the 
same as those encountered where dust suppression or dry collection systems 
are used alone. 

3-31 



3.4 

3.4.1 Pa r t i cu la t e  Emission Oata 

PERFORMANCE OF PARTICULATE EMISSION CONTROL TECHNIQUES 

Par t icu la te  emission measurements were conducted by the U.S. 
Environmental Protection Agency ( E P A )  on 16 baghouses used t o  control 
emissions generated a t  crushing, screening, and  conveying ( t r ans fe r  points)  
operations a t  f i v e  crushed stone p l an t s ,  one kaolin p l a n t ,  one f u l l e r ' s  ear th  
plant ,  and on one baghouse used t o  control emissions generated a t  grinding, 
c lass i fy ing ,  and f i n e  product loading operations a t  a fe ldspar  i n s t a l l a t ion .  
Table 3 . 2  br i e f ly  sumnarizes the  process operations control led by each 
baghouse t e s t ed ,  along with spec i f ica t ions  f o r  each baghouse. 

Of the e ight  plants t e s t ed ,  three processed limestone ( A ,  B, and C), two 
processed traprock ( D  and E ) ,  one processed feldspar  ( G ) ,  one processed kaolin 
( L ) ,  and one processed f u l l e r ' s  earth ( M ) .  Four of the f i v e  crushed stone 
plants  were commercial crushed stone operations producing a var ie ty  of end 
products including dense-graded road base s tone,  asphal t  aggregates, concrete 
aggregates, and non-specific construction aggregates. In addi t ion,  plant B 

produced about 54 megagrams (60 tons)  of agstone per hour. 
t h r o u g h  A4 cons is t  of process operations producing raw material f o r  the 
manufacture of portland cement. F a c i l i t i e s  A1 and B1 a re  both impact crushers 
used fo r  the primary crushing of run-of-quarry limestone rock. Fac i l i ty  A3 i s  
somewhat unique in t h a t  i t  cons is t s  of a s ingle  conveyor t r ans fe r  point a t  the 
t a i l  of an overland conveyor. 
f a c i l i t i e s  tes ted  consisted of multiple secondary and  t e r t i a r y  crushing and 
screening operations,  adjunct conveyor t r ans fe r  points ,  and grinding operations. 
These include one primary jaw crusher,  th ree  secondary cone crushers,  two 
hammer mi l l s ,  e ight  tertiary cone crushers ,  19 screens,  13 product bins,  over 
1 7  conveyor t r ans fe r  points,  one pebble m i l l ,  two r o l l e r  mi l l s ,  one f l u i d  
energy mi l l ,  one impact mi l l ,  one bucket e leva tor ,  and a f i n e  product loading 
system. 

F a c i l i t i e s  A1 

As indicated in  Table 3.2, the remaining 

A minimum of three t e s t  runs, using EPA Method 5 o r  1 7 ,  were conducted a t  
each process operation tes ted.  
a r e  acceptable par t icu la te  sampling methods). Sampling was performed only 

(For t h i s  industry,  b o t h  EPA Method 5 and 1 7  
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d u r i n g  periods of normal operation and was stopped and restar ted t o  allow fo r  
in te rmi t ten t  process shutdowns and upsets (feed t o  the process). 
process weight r a t e  was indeterminable a t  a spec i f i c  process operation, a s  in 
most instances,  the  process weight through the primary crushing stage was 
monitored t o  assure t h a t  the plant was operating a t  o r  near normal capacity. 
Moisture determinations on the material processed were a l so  performed a t  each 
plant  tes ted (except f o r  plants A ,  G ,  L, and M) t o  permit an assessment o f  
whether control was effected primarily by the dust col lect ion system or  by 
excessive moisture inherent in the material processed. 
valid i f  the material moisture was l e s s  than two percent. 

Where the 

The t e s t s  were considered 

The baghouses tes ted  included j e t  pulse, reverse a i r ,  and mechanical 
shaker type uni ts .  
sateen bags and were operated a t  a i r - to-cloth r a t i o s  of 2:l t o  3 : l .  
pulse units tes ted were f i t t e d  with wool or  synthet ic  f ibe r s  f e l t ed  bags. 
Air-to-cloth r a t io s  ranged from 5:l t o  7.5:l .  

34 A survey performed by the Industr ia l  Gas Cleaning I n s t i t u t e  CIGCI) 

The shaker type and reverse a i r  type baghouse used cotton 
The je t  

under contract  t o  EPA reported air- to-cloth r a t io s  typ ica l ly  used f o r  the various 
industry segments based upon the experience of t h e i r  member companies. 
Table 3 . 3  presents t h i s  information. 
following premises: 

These r a t i o s  are  based upon the 

1. Air from a dry crushing o r  grinding operation a t  o r  near ambient 
temperature. 

An i n l e t  par t icu la te  content of 25 g/dscm (10 gr /dscf)  for  a volume 
of a i r  equivalent to tha t  required f o r  a face velocity of 61 meters 
(200 f e e t )  per minute a t  crusher openings. 

An average pa r t i c l e  s i z e  of 20 microns and a range from 0.5 t o  
100 microns. 

No insulat ion o r  heating required. 

2 .  

3. 

4. 

The IGCI report  s t a t e s  t ha t  the segments considered the most troublesome are  
those with the lowest a i r - to-cloth r a t i o .  The lower r a t io s  employed fo r  
some segments a r e  premised upon such pa r t i cu la t e  properties as a high 

abrasiveness o r  a tendency t o  blind the f i l t e r i n g  medium. The study fur ther  
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s t a t e s  t ha t  no d i f f e ren t i a t ion  in the a i r - to-c lo th  r a t i o  i s  required for the 
source of emission, be i t  crushing or  grinding operation. 
be a micromill source emitt ing an average p a r t i c l e  s i z e  smaller than t h a t  
c i t ed  ( i . e .  20 microns). For such a source, a lower a i r - to-c lo th  r a t i o  
would be needed than t h a t  indicated i n  Table 3.3. 

An exception would 

The industry segment with the lowest a i r - to -c lo th  r a t i o  l i s t e d  in 
Table 3.3 is  feldspar.  
fe ldspar  plant on a baghouse control l ing emissions from a pebble mill system. 
The resu l t s  of these tests indicate  pa r t i cu la t e  emissions below 0.023 g/dscm 
(0.01 gr /dscf ) .  

EPA conducted t e s t s  f o r  pa r t i cu la t e  emissions a t  a 

The baghouse had a design a i r - to-c lo th  r a t i o  of 3.03:l. 

In addition, the IGCI report l i s t e d  tes t  r e s u l t s  (using EPA Method 5 )  
f o r  two f lu id  energy mi l l s  processing f u l l e r ' s  ear th .  
par t icu la te  emissions were controlled by a baghouse and  were below 0.023 g/dscm 
(0.01 gr /dscf) .  
below 10 microns i n  b o t h  cases. 
from a r o l l e r  mill and a f l u i d  energy mi l l ,  both used t o  grind f u l l e i ' s  
ear th .  
Emissions from the baghouse control l ing the r o l l e r  mill were l e s s  t h a n  
0.005 g/dscm (0.002 gr /dscf )  and those from the f l u i d  energy mill baghouse 
were l e s s  t h a n  0.015 g/dscm (0.006 g r /dsc f ) .  

In  b o t h  cases ,  the 

The average pa r t i c l e  s i z e  of the i n l e t  stream was reportedly 
EPA conducted t e s t s  f o r  pa r t i cu la t e  emissions 

In both cases pa r t i cu la t e  emissions were control led by baghouses. 

Tests were a l so  conducted a t  two t a l c  p lan ts  and a gypsum plant on 
baghouses control l ing pa r t i cu la t e  emissions from various process sources. 
Emissions from these baghouses (see Appendix A )  were grea te r  than the other  
measured sources. These higher emission leve ls  a r e  not considered represen- 
t a t i v e  of a well-maintained and operated baghouse because excessive 
v i s ib l e  emissions were observed e i t h e r  continuously o r  frequently during 
the t e s t s .  The excessive v i s i b l e  emissions may have been caused by the 
presence of torn bags. 
mill and a r o l l e r  mill resul ted in measured emission r a t e s  of 0.037 and 
0.016 g/dscm (0.016 and 0.007 gr /dscf)  respect ively,  f o r  the two process 
operations. 

Tests conducted a t  a kaolin plant on an impact 
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TABLE 3.3 AIR-TO-CLOTH RATIOS FOR FABRIC FILTERS USED FOR 
EXHAUST E M I S S I O N  CONTROL 

~ ____ _ _  ___ 
A i  r - t o - c l o t h  

I n d u s t r i a l  r a t i o  
segment a c f m / f t 2  

Sand and gravel  
C1 ay 
Gypsum 
L igh twe igh t  aggregate 

Per1 i t e  
V e r m i c u l i t e  

Pumice 
Feldspar 
Borate 
T a l c  and soapstone 

B a r i t e  
D ia tomi te  
Rock s a l t  

F1 uorspar 
Mica 
Kyani te  

G i  1 soni t e  
Crushed and broken stone 

7.0 
6.0 
6.0 
7.5 

4.5 
4.0 
5.0 
5.0 

5.0 
6.0 
4.5 

6.0 
6.0 
4.5 

N . R . ~  
7.0 

aNo r a t i o  repo r ted  f o r  t h i s  segment. 
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As p r e v i o u s l y  i nd i ca ted ,  t e s t  r e s u l t s  a r e  presented on t h r e e  o f  t he  

17 i n d u s t r i e s  being discussed. 

( f u l l e r ' s  e a r t h  and k a o l i n ) .  
and associated process equipment. The data f o r  f e ldspar ,  kao l i n ,  and f u l l e r ' s  

e a r t h  are f o r  g r i n d i n g  systems. A l l  the f a c i l i t i e s  t e s t e d  a re  c o n t r o l l e d  by 

baghouses. Since the  performance o f  baghouses i s  r e l a t i v e l y  una f fec ted  by the  

s i z e  d i s t r i b u t i o n  o f  p a r t i c u l a t e ,  t h e  emission l e v e l s  f rom p r o p e r l y  designed 

baghouses should be n e a r l y  the  same over the wide v a r i e t y  o f  non -meta l l i c  
minerals being covered. 35'36 Furthermore, t h e  IGCI r e p o r t  s t a t e d  t h a t  t h e r e  

i s  no d i f f e r e n c e  i n  performance o f  a baghouse whether i t  i s  i n s t a l l e d  on a 

crushing o r  g r i n d i n g  opera t i on  f o r  a p a r t i c u l a r  i n d u s t r y .  

design ( a i r - t o - c l o t h  r a t i o )  o f  a baghouse f o r  the var ious i n d u s t r i e s  a r e  

premised upon such p a r t i c u l a t e  p r o p e r t i e s  a s  h i g h  abrasiveness o r  a tendency 

t o  b l i n d  the  f i l t e r i n g  medium. The IGCI r e p o r t  a l s o  s t a t e s  t h a t  the wors t  

s i t u a t i o n  would be a source e m i t t i n g  an average p a r t i c l e  s i z e  sma l le r  than 

20 microns. 

used when an u l t r a f i n e  product  i s  requi red.  Therefore, t h e  data presented on 

the  c l a y  g r i n d i n g  m i l l s ,  which have an average p a r t i c l e  s i z e  o f  6 microns o r  
l e s s  (see Table 2 . 6 ) ,  would rep resen t  the  l e v e l s  achievable under worst  

condi t ions.  

concentrat ions o f  p a r t i c u l a t e  ma t te r .  

These are crushed stone, fe ldspar ,  and c l a y  

The crushed stone data a r e  on crushing operat ions 

The d i f f e r e n c e s  i n  

The c l a y  g r i n d i n g  m i l l s  t e s t e d  a r e  the  type o f  g r i nde rs  g e n e r a l l y  

Table 3.4 con ta ins  a sumnary o f  t h e  t e s t  data on i n l e t  

Test r e s u l t s  f o r  the var ious non-meta l l i c  minera l  i n d u s t r i e s  

us ing  p roper l y  operated baghouses a re  presented i n  F igu re  3.13. 

h ighest  average o u t l e t  c??cen t ra t i on  measured a t  these f a c i l i t i e s  was 

0.037 g/dscm (0.016 g r /dsc f ) .  

3.4.2 V i s i b l e  Emissions Data 

The 

( 8  

V i s i b l e  emission observat ions were a l s o  made du r ing  the  emission t e s t s  

descr ibed above. 
i n  accordance w i t h  EPA Method 9 procedures. 
t h e  baghouses a t  p l a n t s  A, C, 0, E, G, and M were e s s e n t i a l l y  zero. The 

h ighes t  s i x  minute average recorded a t  p l a n t  B was 1 percent opac i t y .  

P l a n t  L, a k a o l i n  p l a n t ,  e x h i b i t e d  cont inuous v i s i b l e  emissions o f  l e s s  than 

5 percent opac i t y .  Th is  was considered t o  be steam, s ince  o n l y  the  f i r s t  o f  

t h ree  t e s t s  (which was conducted i n  the  morning) had v i s i b l e  emissions. 
t he  temperature of t he  ambient a i r  rose, the v i s i b l e  emissions d iss ipated.  

The exhaust from each o f  t h e  baghouses t e s t e d  was observed 
V i s i b l e  emissions observed f rom 

As 
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TABLE 3.4 .SUMMARY OF INLET CONCENTRATIONS OF PARTICULATE MATTER 
D U R I N G  EPA TESTING 

__ ____ __ ___ -._______ 
~ 

Plant I n l e t  
( type of concentration 
mineral ) gr/dscf 

~ 

Plant B (limestone) 

Plant G ( fe ldspar )  

Plant H (gypsum) 

Plant J ( t a l c )  

Plant K ( t a l c )  

Plant L (c lay)  
I n l e t  1 
I n l e t  2 

Plant M (c lay)  
I n l e t  1 
I n l e t  2 

6.3 

6.03 

3.42 

7.75 

6.18 

4.53 
1.76 

5.24 
1.04 
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0.01 

0.c 

0.00 

Faci 1 i ty 
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0 EPA TEST METHOD I 
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Figure 3.13 Particulate emissions from non-metallic mineral 
processing operations. 
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Observations for  v i s i b l e  emissions were a l so  made a t  hoods and  enclosures 
t o  record the presence and opacity of emissions escaping capture. 

r e s u l t s  of these measurements a r e  s u n a r i z e d  in Table 3.5. I n  most instances ,  
e s sen t i a l ly  no v i s ib l e  emissions were observed a t  adequately hooded or  
enclosed process f a c i l i t i e s .  

The 

Of the 13 crushers f o r  which v i s i b l e  emission measurements are  reported,  
10 were cone crushers handling e i t h e r  limestone, traprock, fe ldspar ,  o r  t a l c .  
The other three crushers were an impact crusher handling limestone and  jaw 
crushers handling fe ldspar  and t a l c .  
crusher,  no v i s i b l e  emissions were observed from crushers f o r  a t  l e a s t  97 percent 
of the time. 
10 percent of the time, b u t  t h i s  crusher was ident ical  t o  two other cone 
crushers tested a t  the same plant which had no v i s ib l e  emissions f o r  100 percent 
of the time. 
of the time b u t  the percentage would have been lower i f  a cover p la te  had n o t  
been removed during p a r t  of the observation period. 

In  addi t ion,  the t e s t s  performed a t  plant B, which include the cone 

Except f o r  one jaw crusher and one cone 

The one cone crusher ( p l a n t  B)  had v i s ib l e  emissions f o r  

The jaw crusher (p lan t  J )  had v i s ib l e  emissions fo r  28 percent 

crusher exhibi t ing v i s i b l e  emissions f o r  10 percent of  the time, were carr ied 
ou t  while the plant was experiencing dry cl imat ic  conditions and problems 
with t h e i r  water suppression system's pump.  
a t  the primary crusher had been removed. 
f ac to r s  account f o r  the high readings of v i s ib l e  emissions a t  the cone 
crusher and screening operations.  

As w i t h  plant J ,  a cover p la te  
The combination of these 

Visible emissions were observed a t  s i x  grinding mi l l s .  All the mi l l s  
except the pebble mill exhibited no v i s i b l e  emissions 99 percent of the 
time. (The ver t ical  mill i s  a closed system a n d ,  therefore ,  would not  have 
a fug i t ive  discharge of d u s t  except t h r o u g h  leaks in the system). 
emissions were observed from the other  ball  mi l l s  f o r  0 percent of the time 
a n d  fo r  the pebble mill f o r  7 percent of the time. Three v i s ib l e  emissions 
t e s t s  were conducted a t  the r a i l c a r  bulk loading operation of a kaolin 
Plant.  

v i s ib l e  emissions were observed f o r  2 and 6 percent of the time. 
emissions were observed f o r  15 percent of the time during loading o f  a 

Visible 

For two t e s t s ,  during which rectangular hatch r a i l c a r s  were loaded, 
Visible 
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"rake-back" r a i l ca r .  
each Compartment and the subsequent reposit ioning of the feed hose in the 
next compartment. 

The primary source of emissions was the topping of 

Visible emissions measurements a re  a l so  reported f o r  e ight  screens, 
seven conveyor t ransfer  points,  one bucket e leva tor ,  one product bin, 
and two baggers. 
were observed from these process f a c i l i t i e s  f o r  periods ranging from 
0 percent t o  9 percent of the time. 
emissions fo r  15 and 72 percent of the time. 
located a t  plant E. 
discussion of the problems a t  p lant  B, above. 
one of the screens was mainly a t  the motor powering the screens. 

3.4.3 Wet Dust Suppression Emissions Data 

Except for  two screens a t  plant  6 ,  v i s ib l e  emissions 

The remaining screens had v i s ib le  
Both the screens were 

The reasons f o r  the high readings were given i n  the 
The main dust source a t  

Due t o  the unconfined nature of emissions from f a c i l i t i e s  cont ro l led  by 
wet suppression techniques, the quant i ta t ive  measurement of mass par t icu la te  
emissions i s  not possible. 
permit a quant i ta t ive comparison of the control capab i l i t i e s  of wet d u s t  
suppression versus par t icu la te  emission control techniques. 
observations were conducted a t  s i x  crushed stone and sand and gravel plants 
(p lan ts  F, P,  Q,  R, S ,  and T) using wet d u s t  suppression techniques t o  
control par t icu la te  emissions generated a t  plant  process f a c i l i t i e s .  Emissions 
generated by 13 crushers,  14 screens,  seven conveyor t r ans fe r  points ,  one 
impact mi l l ,  and one storage b i n  were visual ly  measured by EPA Methods 9 and 
22. 
and T process crushed limestone, while plant F processes crushed traprock, 
and plant S processes crushed grani te .  
processing plant.  

T h u s ,  no dass emission da ta  a re  avai lable  which 

Visible emission 

Plants R and T a re  portable crushing f a c i l i t i e s .  P l an t s  P ,  Q, 

Plant R i s  a sand and gravel 

The r e su l t s  of the t e s t s  f o r  non-crushing sources ( e . g . ,  screens, 
t ransfer  points,  and s torage .b ins)  a re  sumnarized in Tables 3.6 and 3.7. 
These results indicate  t h a t  v i s ib l e  emissions occur less  than 10 percent 
of the time, and were generally l e s s  t h a n  5 percent opacity when they did 
occur. 
controlled fixed (plant  S )  and portable (p lan t  R) plants are  sumnarized 

The r e su l t s  o f . t h e  t e s t s  f o r  crushing sources from the best 
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in Figures 3.14 t o  3.18. 
of Method 9 data. 
r e su l t s  of the two observers simultaneously measuring v i s i b l e  emissions, 
are indicated by a so l id  and a dashed l i ne .  I n  s p i t e  of the f a c t  t h a t  
P l a n t  R i s  designated the best  control led portable crushing p l a n t ,  the 
secondary crusher exceeded 15 percent opacity several times, according 
t o  one of the observers. This i s  a t t r i bu ted  t o  the f a c t  t h a t  d u r i n g  the 
t e s t ,  there was no spray b a r  located near the crusher o u t l e t .  
f e l t  t h a t  had the spray bar  f o r  the crusher been relocated c loser  t o  the 
crusher than i t s  present posit ion some 1 . 5  meters ( 5  f e e t )  from the 
crusher, emissions would have dropped below 15 percent opacity f o r  a l l  
observer readings. 

The data a re  reported i n  s i x  minute averaging 
For each testing s e t  (approximately one hour ) ,  the 

I t  i s  

The positioning and number of  spray bars i n  some o f  the tested p l a n t s  
Plant S ,  which may not  have been adequate f o r  e f f ec t ive  emission control .  

was judged as  the best-controlled p lan t  based on the design and operation 
of i t s  wet suppression system was a t  the time of the t e s t ing  a newly 
constructed plant w i t h  the wet suppression system designed i n t o  the plant.  
Existing plants may encounter d i f f i c u l t i e s  in r e t r o f i t t i n g  'the spray bars 
in the proper locat ions due t o  space l imi ta t ion  or other  fac tors .  
the r e su l t s  from Plant S may not  be representat ive of the effect iveness  of 
wet suppression systems r e t r o f i t t e d  t o  ex i s t ing  p lan ts .  

Therefore, 

During the periods of observation a t  plant  F,  no v i s i b l e  emissions were 
observed a t  two crushers,  four screens,  and one conveyor t r ans fe r  point.  The 
two crushers were observed simultaneously f o r  a period o f  65 minutes. 
four screens were observed simultaneously f o r  three hours .  
t ransfer  point was observed f o r  three hours. 

The 
The conveyor 

Visible emission observations were a l so  conducted a t  a fe ldspar  crushing 
in s t a l l a t ion  which had a wet dust suppression system t o  control pa r t i cu la t e  
emissions generated by crushers ,  screens,  and conveyor t ransfer  points.  
During the observations the suppression system was used only in te rmi t ten t ly ,  
presumably because the ore had su f f i c i en t  surface moisture from ra ins  the 
previous day. 
emissions were observed. Surface moisture contents of the ore were 1.6 t o  
1.8 percent a t  the primary crusher discharge; 1 . 4  t o  1 .5  percent a t  the 
secondary crusher feed; and 1.0 percent a t  the secondary crusher discharge 
conveyor. 

During the periods of observation, e s sen t i a l ly  no v i s i b l e  
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4.0 COSTS OF E M I S S I O N  CONTROL TECHNOLOGY 

This  chapter  presents est imates o f  t he  costs  o f  app ly ing  emission c o n t r o l  

technology i n  the  17 i n d u s t r i e s  s tud ied  i n  t h i s  document. 

c o n t r o l l i n g  process emission sources and f u g i t i v e  emission sources a re  

included. Process sources i n c l u d e :  crushers,  gr inders,  screens, t r a n s f e r  

p o i n t s ,  s torage b i n  loading operat ions,  and bagging machines. 

emission sources i nc lude  open conveyors, s to rage  p i l e s ,  and b l a s t i n g ,  loading,  

and hau l i ng  operat ions.  

wet suppression, and combination systems. 

4.1 MODEL PLANTS 

A model p l a n t  approach i s  used i n  t h i s  document t o  est imate and present  

The costs  of 

F u g i t i v e  

Costs are presented f o r  d r y  c o l l e c t i o n  (baghouses), 

t he  cos t  o f  app ly ing  emission c o n t r o l  technology t o  non-metal1 i c  minera l  

processing p lan ts .  Costs have been est imated and presented below f o r  n ine  

d i f f e r e n t  model p l a n t s .  These p l a n t s  d i f f e r  i n  the  operat ions used, the 

process capac i t i es ,  and whether the p l a n t  i s  f i x e d  o r  po r tab le .  The model 

p l a n t s  are parametr ic  d e s c r i p t i o n s  o f  the types o f  p l a n t s  t h a t  f o r  t he  purpose 

o f  subsequent a n a l y s i s  are considered r e p r e s e n t a t i v e  o f  p l a n t s  c u r r e n t l y  

ope ra t i ng  w i t h i n  t h e  i n d u s t r i e s .  

The n ine  model p l a n t s  can be c l a s s i f i e d  i n t o  t h r e e  major types o f  v a r y i n g  

capac i t y  accord ing t o  the type o f  ope ra t i on  and whether the p l a n t  i s  p o r t a b l e  

o r  f i x e d .  

The f i r s t  t ype  o f  model p l a n t  cons i s t s  o f  crushing operat ions on ly  and i s  

f i x e d .  

crushers, t h r e e  screens, several  t r a n s f e r  p o i n t s ,  conveyor b e l t s  and storage 

b i n  l oad ing  equipment. 

68, 135, 270 and 540 megagrams pe r  hour (75, 150, 300, and 600 tons per  hou r ) .  
Table 4.1 presents t h e  p l a n t  parameters f o r  each o f  t he  f o u r  model p l a n t  s i z e s  

o f  t h i s  type o f  p l a n t .  

The major pieces o f  process equipment i n  t h i s  type o f  p l a n t  are t h r e e  

Four model p l a n t s  were developed f o r  t h i s  type p l a n t :  
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The second type model p l an t  cons is t s  of crushing and grinding operations 
This type model plant  contains the same pieces of process and i s  a l s o  fixed. 

equipment as the f i r s t  type model plant plus a gr inder ,  another screen, 
addi t ional  t r ans fe r  points ,  and a bagging machine. Model plants were 
developed f o r  four  capacity s i zes :  
(10, 25, 15U, and 300 tons per h o u r ) .  
f o r  each s i z e  plant  of t h i s  type. 

9 ,  23, 135, and 270 megagrams per hour 
Table 4.2 l i s t s  the model p l a n t  parameters 

The th i rd  type inode1 plant i s  a po r t ab le  plant consisting of crushing 
operations only. 
crusher ,  a secondary crusher and associated screen, a f i n a l  screen and 
conveyor be l t s .  
135 megagrams per hour (150 tons per hour) ,  was developed. 
the  model p l a n t  parameters f o r  t h i s  s i z e  portable plant .  

The major pieces of process equipment are  a primary 

Only one s ize  portable model p lan t ,  with a capacity of 
Table 4.3 l i s t s  

The three model plant types and a l l  o f  the various plant s izes  are n o t  
appl icable  t o  each of the 17  indus t r ies  studied here. Table 4 . 4  shows which 
type model plant  should be used fo r  each industry,  and the range and typical 
plant  s izes  ac tua l ly  ex is t ing  in each industry.  

4 . 2  COST OF CONTROLLING PROCESS SOURCES 

4 .2 .1  Introduction 

This sect ion discusses the cos t  of control l ing emissions from process 
sources by dry co l lec t ion  ( f ab r i c  f i l t e r s ) ,  wet suppression methods, and a 
combination of t he  two methods. 
dust-producing points and exhausting emissions t o  a co l lec t ion  device. Wet 
dust  suppression cons is t s  of introducing moisture in to  the material flow t o  
prevent f i n e  pa r t i cu la t e  matter from becoming airborne.  
apply b o t h  methods a t  d i f f e ren t  stages t h r o u g h o u t  the process. 
costs  have been based on technical parameters associated with the control 
system used. These parameters are  l i s t e d  in Table 4.5. 

Dry co l lec t ion  involves hooding or enclosing 

Combination systems 
Al l  control 

The model plant  cos ts  do n o t  r e f l e c t  the costs  fo r  any spec i f i c  p lan t ,  
b u t  are  estimates which are  s u f f i c i e n t l y  accurate f o r  the purposes of t h i s  
type of a n a l j s i s .  
the i n s t a l l a t i o n  of control systems a t  new plants .  
there a r e  increased costs  associated with the r e t r o f i t  i n s t a l l a t i o n  of a 

The costs  of control presented in t h i s  chapter are  f o r  

As noted in Section 3.3.4, 
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TABLE 4.3 PARAMETERS FOR PORTABLE CRUSHING MODEL PLANT (PLANT TYPE 3) 
135 Mg/hour (150 tons/hour)  

I t e m  Sizea 
Energy b Gas 

requirement , volume, 

Pr imary crusher 

Secondary crusher  

Secondary screen 

F i n a l  screen 

91  - 363 
(100 - 400) 

181 - 272 
(200 - 300) 

45 - 181 
(50 - 200) 

45 - 181 
(50 - 200) 

74.6 
(1001 

14.9 
(20) 

14.9 
(20) 

99 
(3,500) 

99 
(3,500) 

aGiven i n  megagrams pe r  hour w i t h  tons pe r  hour i n  parenthes is .  

bGiven i n  k i l o w a t t s  per  hour w i t h  horsepower i n  parenthes is .  

‘Given i n  cubic  meters pe r  minute w i t h  a c t m l  cubic  f e e t  per  minute i n  
parenthesis.  
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TABLE 4.4 PLANT SIZES FOR NON-METALLIC MINERALS INDUSTRY 

(Metric units) 

Plant Typical Model plant sizes 
model Range size pertinent to the 

Industry used* (Mg/hr) ( W h y )  industry (Mg/hr) 

Crushed & Broken 

Crushed & Broken 

Sand & Gravel 
Sand & Gravel 
Clay 
Rock Salt 
Gypsum 
Pumice 
Gi lsonite 
Talc 
Boron 
Barite 
Fluorspar 
Feldspar 
Diatomite 
Per1 ite 
Vermiculite 
Mica 
Kyanite 

Stone 

Stone 

1 

3 
1 
3 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 

- 
- 

14 - 2,177 
- 

4 - 136 
- 753 
- 

5 - 30 
- 

5 - 18 
31 - 385 

9 - 45 
- 23 

5 - 23 
8 - 60 

15 - 54 
68 - 272 

- 
- 

272 

135 
2 72 
135 
23 
68 
23 

9 
9 
9 

272 
9 
9 
9 

23 
23 
68 
9 
9 

135 
68, 135, 270, 540 
135 
9.1, 23, 68, 135 
23, 68, 135, 270, 540 
9.1, 23, 68 
9.1, 23, 68 
9.1, 23, 68 
9.1, 23 
23, 68, 135, 270, 540 
9.1, 23, 68 
9.1, 23 
9.1, 23 
9.1, 23, 68 
9.1, 23, 68 
68, 135, 270 
9.1, 23 
9.1, 23, 68 

* 
Model Plant Type 1 - Fixed crushing plant. 
Model Plant Type 2 - Fixed crushing and grinding plant. 
Model Plant Type 3 - Portable crushing plant. 
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TABLE 4.4 PLANT SIZES FOR NON-METALLIC MINERALS INDUSTRY 
(English un i t s )  

__ 
Plant Typical Model plant s izes  
model Range s i ze  pertinent t o  the 

Industry used* (TPH) (TPH) industry (TPH) 

Crushed and Broken 

Crushed and Broken 

Sand & Gravel 
Sand & Gravel 
Clay 
Rock S a l t  
Gypsum 
Pumice 
Gilsonite 
Talc 
Boron 
Barite 
Fluorspar 
Feldspar 
Diatomite 
Per1 i te 
Vermiculite 
Mica 
Kyanite 

Stone 

Stone 

1 

3 

1 
3 

2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 

- 
15 - 2,400 

- 
4 - 150 

- 830 
- 

. .  
5 - 33 

6 - 20 
34 - 425 
10 - 50 

- 25 
5 - 25 
9 - 66 

16 - 60 

75 - 300 

300 

150 
300 

150 
25 
75 
25 
10 
10 
10 

300 

10 
10 
10 
25 
25 
75 
10 

10 

75, 150, 300, 600 

150 
75, 150, 300, 600 

150 
10, 25, 150 
75, 150, 300, 600 
10, 25 
10, 25 
10, 25 
10, 25 
25, 150, 300 
10, 25 
10, 25 
10, 25 
10, 25 
75 
75, 150, 300 
10, 25 
10, 25 

* 
Model Plant Type 1 - Fixed crushing plant .  
Model Plant Type 2 - Fixed crushing and grinding plant .  
Model Plant Type 3 - Portable crushing plant .  
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TABLE 4.5 TECHNICAL PARAMETERS USED I N  DEVELOPING 
CONTROL SYSTEMS COSTSa 

P - .~ 

Parameter Value 

1. Temperature 

2. Volumetr ic  f l o w r a t e  

3. Mois tu re  content  

4. P a r t i c u l a t e  l oad ings :  

I n l e t  
Out1 e t  

b 5. P l a n t  c a p a c i t i e s  

21°C (70°F) 

(see Tables 4.7 t o  4.15, 4.20) 

2 percent  (by volume) 

10.8 g/Nm3 (4.7 g r a i n s / s c f )  
0.046 g/Nm3 (0.02 g r a i n s / s c f )  

9.1, 23, 68, 135, 270, and 540 Mg/hr 
(IO, 25, 75, 150, 300, and 600 tons/hr) 

6. Operat ing f a c t o r s :  

a. F ixed p l a n t s  

Crushing operat ions 2,000 hours lyear  
Gr ind ing operat ions 8,400 hours l yea r  

b. Po r tab le  p l a n t s  

Crushing operat ions 1,250 hours lyear  

aReference 1. 
bThese c a p a c i t i e s  represent  t h e  s i zes  t y p i c a l  o f  genera l ized model p l a n t s .  

However, f o r  a p a r t i c u l a r  i n d u s t r y ,  only some o f  these s i zes  a r e  app l i cab le .  
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c o n t r o l  system a t  an e x i s t i n g  p l a n t .  
such i tems as increased engineer ing and design requirements, increased 

pumping requirements f o r  a wet suppression system, longer  duc t  runs f o r  
a d r y  c o l l e c t i o n  system, and a r e l a t e d  increase i n  u t i l i t y  costs .  Most 

o f  these costs  a re  associated w i t h  a r e s t r i c t i o n  o f  a v a i l a b l e  space f o r  

t he  r e t r o f i t  i n s t a l l a t i o n  a t  an e x i s t i n g  p l a n t .  Est imat ing ac tua l  costs  

f o r  a s p e c i f i c  p l a n t  requ i res  a d e t a i l e d  engineer ing study. 

These increased costs  may i nc lude  

The model p l a n t  costs  have been based p r i m a r i l y  on data a v a i l a b l e  from 

an EPA c o n t r a c t o r  ( I n d u s t r i a l  Gas Cleaning I n s t i t u t e ) ,  who had i n  t u r n  

obtained c o n t r o l  system costs  from vendors o f  a i r  p o l l u t i o n  c o n t r o l  equipment. 

These costs  have been supplemented by a compendium o f  costs  f o r  se lected a i r  

p o l l u t i o n  c o n t r o l   system^.^ The mon i to r i ng  costs  have been obta ined from an 

equipment vendor. 

2 

4 

Two c o s t  parameters have been developed: i n s t a l l e d  c a p i t a l  c o s t  and 

t o t a l  annual ized cost.  The i n s t a l l e d  c a p i t a l  costs  f o r  each emission c o n t r o l  

system inc lude  the  purcnased costs  o f  the major and a u x i l i a r y  equipment, 

costs  f o r  s i t e  p repara t i on  and equipment i n s t a l l a t i o n ,  and engineer ing design 

costs .  
poss ib le  l o s t  p roduc t i on  d u r i n g  equipment i n s t a l l a t i o n ,  o r  losses d u r i n g  

s t a r t u p .  All c a p i t a l  costs  i n  t h i s  sec t i on  r e f l e c t  J u l y  1980 p r i c e s  f o r  

equipment, i n s t a l l a t i o n  ma te r ia l s ,  and i n s t a l l a t i o n  labor .  These costs  were 

updated t o  J u l y  1980 us ing  the Chemical Eng ineer ing  p l a n t  c o s t  index. 

costs  which were updated were o r i g i n a l l y  dated between 1976 and 1979. 

The t o t a l  annual ized costs  c o n s i s t  o f  d i r e c t  ope ra t i ng  costs  and 

annual ized c a p i t a l  charges. D i r e c t  ope ra t i ng  costs  i nc lude  f i x e d  and 

v a r i a b l e  annual costs,  such as: 

No attempt has been made t o  i nc lude  costs  f o r  research and development, 

The 

Labor and m a t e r i a l s  needed t o  operate c o n t r o l  equipment; 

0 Maintenance l a b o r  and ma te r ia l s ;  

0 U t i l i t i e s ,  such as e l e c t r i c  power; 

0 Replacement pa r t s ;  

0 Dust d isposal  (where a p p l i c a b l e ) .  
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The d u s t  disposal costs  apply only t o  dry col lect ion systems ( fabr ic  

f i l t e r s )  used t o  control crushing operations when no grinding operations are  
employed. A un i t  cos t  o f  $6.04/Mg ($5.50/ton) i s  used t o  cover the costs of 
trucking the col lected par t icu la te  t o  a disposal point on-s i te  ( e . g . ,  the 
mine). 5 

In those plants  t ha t  have both crushing and grinding operations,  the d u s t  
col lected by the  crusher baghouses i s  conveyed t o  the gr inder ,  while the 

par t icu la te  captured by the grinder fabr ic  f i l t e r  i s  recycled as finished 
product. I n  t h i s  case,  i t  has been assumed tha t  the d u s t  recovery c red i t  
o f f s e t s  the cos t  of recycling. 
included in the d i r e c t  operating cos t .  

Therefore, nei ther  a d u s t  c r e d i t  nor a cost  i s  

The annualized capi ta l  charges account for depreciation, i n t e r e s t ,  
administrative overhead, property taxes,  and insurance. The depreciation and 
i n t e r e s t  have been computed by use of a capi ta l  recovery f ac to r ,  the value of 
which depends on the depreciable l i f e  o f  the control system and the i n t e r e s t  
r a t e .  An annual i n t e r e s t  r a t e  of 10 percent and a 20 year depreciable l i f e  
have been assumed. Administrative overhead, taxes,  and insurance have been 
fixed a t  an additional 4 percent of the in s t a l l ed  capi ta l  cost  per year.  The 
annual cost  fac tors  used in th i s  section a r e  l i s t e d  in Table 4.6. 

Final ly ,  t he  t o t a l  annualized cost  i s  obtained simply by adding the  
d i r e c t  operating cost  t o  the annualized capi ta l  charges. 

4 . 2 . 2  Cost of Dry Collection 

As discussed in section 4.1, three model plant types have been developed 
f o r  costing purposes: 
Plant l ) ,  another fixed plant with b o t h  crushing and grinding operations 
(Model Plant 2 ) ,  and a portable plant  with crushing operations only (Model 
Plant 3 ) .  

a fixed plant with crushing operations only (Model 

The s i ze  and number of fabr ic  f i l t e r  systems required t o  control the 
par t icu la te  emissions vary according to  the mineral plant  capacity and configuration. 
For example, only two moderately-sized baghouses a r e  required t o  control the 
crushing and grinding operations a t  the 9.1 Mg/hour (10 tons/hour) model 
p lan t ,  while three much larger  fabr ic  f i l t e r s  a re  needed a t  the 270 Mg/hour 
(300 tons/hour) model. 

I 
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TABLE 4.6 ANNUALIZED COST PARA METERS^ 
_ _ _  - - . __ __ 

Parameter Value 

1. Operating labor 

2. Maintenance labor 

3. Maintenance materials 

4. Utilities: 

Electric power 

5. Replacement parts: 

' Polypropylene bags 

6. Dust disposal 

7. Depreciation and interest 

8. Taxes, insurance, and 
administrative charges 

$14/man-hour b 

50 percent of operating labor (fabric filters) 
40 man-hourslyear (opacity monitors) 

2 percent of maintenance labor (fabric filters) 
1 percent of total installed cost (opacity 
monitors) 

$0.04/kw-hrb 

$9 .60/m2 ($0.90/ft7 )b  

$6.04/Mg ($5.50/t0n)~ 

11.75 percent of total installed cost 
(fabric filters) 

16.28 percent of total installed cost 
(opacity monitors) 

4.0 percent of total installed cost 

aReferences 2, 3 ,  4, and EPA estimates. 
bUpdated to July 1980 using Chemical Engineering cost index. 
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Each of these f ab r i c  f i l t e r  systems cons is t s  of a pulse- je t  baghouse with 
polypropylene bags, fan and fan motor, dust hopper ,  screw conveyor, ductwork, 
and stack. 

Tables 4 .7  t h r o u g h  4.10 l i s t  i n s t a l l ed  c a p i t a l ,  d i r e c t  operating, 
annualized c a p i t a l ,  and to t a l  annualized cos ts  f o r  each of the  fabr ic  f i l t e r  
systems ins ta l led  in Model Plant 1 .  
have been developed cover the range in capac i t ies  applicable t o  the various 
mineral indus t r ies .  

The four  plant s i zes  fo r  which costs  

I n  Table 4.7 and 4 .8 ,  the f i r s t  column l i s t s  the technical or cost  
parameter in question. 
in the second column. However, in each of Tables 4.9 and  4 .10 ,  more t h a n  one 
f ab r i c  f i l t e r  is  needed t o  control the crushing operation. 
these f ab r i c  f i l t e r s  appears in the middle columns while the right-hand 
column l i s t s  the t o t a l s  f o r  the model p lan t .  

The data per ta ining t o  the f ab r i c  f i l t e r  are  l i s t e d  

The data fo r  

Similar ly ,  Tables 4.11 t h r o u g h  4.14 contain cos t  d a t a  f o r  Model Plant 2.  

The costs  are itemized according t o  the f a b r i c  f i l t e r s  control l ing the 
crusher and grinder operat ions,  respect ively.  
l i s t s  data f o r  the t o t a l  model plant.  Note t h a t  the i n s t a l l e d  capi ta l  costs 
and annualized capi ta l  charges f o r  the crusher baghouse(s) are t h e  same as in 
the corresponding tab les  f o r  Model Plant 1 .  
cos t s  a r e  included with Model Plant 2 ,  the  d i r e c t  operating cos t s ,  and  the 
t o t a l  annualized cos t s ,  a r e  lower. 

Again, the right-hand column 

However, because no d u s t  disposal 

I n  these t a b l e s ,  the t o t a l  annualized cos t  has been expressed in two 
ways: do l la rs lyear  and  dollars/megagram of product. The l a t t e r  expression 
i s  the quotient of the t o t a l  annualized cos t  and the annual production r a t e ,  
based, i n  turn, on the operating fac tor .  
operations ( i . e . ,  Model Plant 1 )  a r e  assigned a n  operating fac tor  of 2,000 hours/ 
year ,  while with grinding operat ions,  8,400 hourslyear has been used. 
Model Plant 2, where both crushing and grinding operations are  employed, 
8,400 hours/year i s  used as the operating f a c t o r ,  so l e ly  f o r  the purpose of 
computing the uni t  annualized costs .  For Model Plant 3 ,  which i s  a 
Portable plant with crushing operations only,  1,250 hourslyear has been 
used a s  the operating f ac to r .  

As Table 4.5 indicates ,  crushing 

For 
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TABLE 4.7 FABRIC FILTER COSTS FOR PLANT TYPE 1: 68 Mg/hour 
(75  tons/hour) CAPACITYa 

-___ __-_ 
Parameter ValueC 

Gas flowrate, m3/min (ACFM) 

Installed capital cost, $ 

Direct operating cost, $/yr 

Annualized capital charges, $/yr 

Total annualized cost, $/yr 

Cost effectiveness, 

$/Mg product 

b $/Mg particulate removed 

504 
(17,800) 

130,000 

11,550 

20,600 

32,150 
0.24 

49.8 

aReferences 1, 2, 3 ,  5. 
bQuotients are based on 2,000 hours/year operating factor. 
‘Costs are updated to July 1980 using Chemical Engineering cost index. 
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TABLE 4.8 FABRIC FILTER COSTS FOR PLANT TYPE 1: 
135 Mg/hour (150 tons/hour) CAPACITYa 

Parameter Val ,ec 

Gas f l o w r a t e ,  m3/min (ACFM) 

I n s t a l l e d  c a p i t a l  cost ,  $ 

D i r e c t  ope ra t i ng  cost ,  $ / y r  

Annualized c a p i t a l  charges, $ / y r  

T o t a l  annual ized cost ,  $ / y r  

Cost e f f e c t i v e n e s s ,  

$/Mg product  

b $/Mg p a r t i c u l a t e  removed 

708 
(25,000) 

168,000 

16,300 

26,400 

42,700 
0.16 

46.7 

aReferences 1, 2, 3, 5. 
bQuo t ien ts  a re  based on 2,000 hours/year o p e r a t i n g  f a c t o r .  

‘Costs a re  updated t o  J u l y  1980 us ing  Chemical Engineer inq c o s t  index. 
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Table 4.15 conta ins c o s t  data f o r  Model P l a n t  3. The cos ts  a r e  i temized 

according t o  t h e  type o f  o p t i o n  used f o r  c o n t r o l .  Opt ion I represents the  

c o s t  o f  c o n t r o l l i n g  emissions w i t h  one baghouse. Opt ion I 1  represents the  

c o s t  o f  c o n t r o l l i n g  emissions f rom the  pr imary  crusher,  t he  secondary crusher ,  
and the  f i n a l  screen w i t h  a separate baghouse f o r  each p iece  o f  equipment. 

Each cos t -e f fec t i veness  r a t i o  appearing i n  the  t a b l e s  i s  s imply  t h e  

q u o t i e n t  o f  t h e  t o t a l  annual ized c o s t  and amount o f  p a r t i c u l a t e  c o l l e c t e d  

annua l ly  by t h e  f a b r i c  f i l t e r  s,ystem. 

t h e  2,000 and 8,400 hours lyear  o p e r a t i n g  f a c t o r s  a r e  appl ied,  r e s p e c t i v e l y ,  t o  
t h e  i n d i v i d u a l  crushing and g r i n d i n g  operat ions.  

crushing and g r i n d i n g  operat ions,  t h e  f o l l o w i n g  express ion has been used t o  

c a l c u l a t e  cos t -e f fec t i veness :  

Cost -ef fect iveness = 

($/Mg p a r t i c u l a t e  
removed) 

Where: TACC, TACG = t o t a l  annual ized cos ts  f o r  c rush ing  and 

To compute t h e  p a r t i c u l a t e  c o l l e c t e d ,  

However, f o r  combined 

TACc + TACG 

7.65 x (2000Qc + 8400QG) 

g r i n d i n g  baghouses, r e s p e c t i v e l y  (M$/year) 

g r i n d i n g  baghouses; r e s p e c t i v e l y  (m3/min) 
= t o t a l  v o l u m e t r i c  f l o w r a t e s  f o r  c rush ing  and Q C ’  ‘G 

The numerator i s  t h e  sum o f  the  annual ized cos ts  f o r  the  crushing and 

g r i n d i n g  operat ions,  w h i l e  t h e  denominator represents  t h e  t o t a l  amount of 

p a r t i c u l a t e  removed by t h e  f a b r i c  f i l t e r s  c o n t r o l l i n g  these operat ions.  

As the  t a b l e s  ind ica te ,  t h e  i n s t a l l e d  c o s t s  i n  t he  c rush ing  ( o n l y )  model 

p l a n t  (Model P l a n t  1 )  range f rom $130,000 t o  $461,000, as t h e  p l a n t  capac i ty  
goes f rom 68 Mg/hour t o  540 Mg/hour. However, g i v e n  the  e i g h t - f o l d  increase 
i n  t h e  p l a n t  capaci ty ,  t h e  i n s t a l l e d  c o s t s  i n c r e a s e  r e l a t i v e l y  l i t t l e .  This 

i s  because the  f a b r i c  f i l t e r  i n s t a l l e d  costs  a re  a f u n c t i o n  o f  t he  vo lumet r ic  
f lowra te ,  n o t  t he .  p l a n t  capaci ty .  Moreover, t h e  vo lumet r ic  f l o w r a t e ,  w h i l e  

dependent on t h e  capaci ty ,  does n o t  increase p r o p o r t i o n a t e l y  w i t h  the  p l a n t  

s i ze .  

Based on a 2,000 hour opera t ing  year ,  t h e  t o t a l  annual ized c o s t  increases 

from $32,150 t o  5119,100 p e r  year ,  corresponding t o  $0.23 t o  $O.ll/Mg product ,  

as t h e  p l a n t  capac i ty  goes f rom 68 t o  540 Mg/hour. O r d i n a r i l y ,  one would 
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expect a more substant ia l  increase in the to t a l  annualized cost  over such a 
large range in plant capac i t ies .  However, a s  Tables 4 . 7  t h r o u g h  4.10 show, 
the  annualized capi ta l  charges comprise the bulk of the to ta l  annualized 
costs. And since the annualized capi ta l  charges a re  d i r e c t l y  proportional t o  
the ins ta l led  cos t s ,  the t o t a l  annualized cos t  very nearly follows the change 
in the capi ta l  cost .  

There a re  several reasons why the d i r e c t  operating costs  a r e  so low. 
F i r s t ,  because the gas streams controlled a re  non-corrosive and low-temperature, 
t he  fabr ic  f i l t e r  maintenance i s  less than one percent of the in s t a l l ed  
cos t  annually. Then,  because there i s  a r e l a t ive ly  small pressure d rop  
through the baghouse system, the power cost  i s  r e l a t ive ly  low. 
f o r  replacement par t s  such as  bags are  proportional t o  the gas flowrate,  
b u t  a t  the same time amount t o  a small f rac t ion  of the d i r e c t  operating 
costs .  

Costs 

A similar  pat tern appears w i t h  the costs  f o r  Model Plant 2 ,  which contains 
both crushing and grinding operations.  
order of magnitude as  a re  those f o r  Model Plant 1 .  
the additional baghouse required t o  control the grinder and i t s  a u x i l i a r i e s .  
Here the ins ta l led  costs  range from $127,000 t o  $445,000, while the annualized 
costs  go from $29,000 t o  $111,800 per year ($0.38 t o  $O.O5/Mg product, respect ively)  

4.2.3 Cost of Wet Dust Suppression System 

The cos ts  here are  about the same 
The main difference i s  

I n  a wet dust  suppression system, dust emissions are  control led by applying 
moisture t o  the crushed material a t  c r i t i c a l  dust-producing points in the 
process flow. 
t o  form agglomerates too heavy t o  become or t o  remain airborne. 
discussion of wet. dust suppression systems can be found in Section 3.2.1. 

T h i s  causes d u s t  pa r t i c l e s  t o  adhere t o  large stone surfaces or  
A detai led 

Costs f o r  control of process emissions using wet dust suppression control 
systems are  presented in t h i s  section fo r  f i x e d  plants  with crushing operations 
only (Model Plant 1 )  and a portable plant w i t h  crushing operations only (Model 
Plant 3) .  Costs are  shown f o r  Model Plant 1 s izes  of 68, 135, 270, and  540 Mg/ 
hour (75, 150, 300, and 600 tons/hour, respec t ive ly) ,  and the Model P l a n t  3 
s i ze  of 135 Mg/hour (150 tons/hour).  
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The c a p i t a l  costs  f o r  wet dus t  suppression c o n t r o l  systems i n  crushing 
p l a n t s  a re  presented i n  Table 4.16. The costs  range from a t o t a l  c a p i t a l  cos t  

of $37,620 f o r  a 68 Mg/hour (75 tons/hour)  f i x e d  crushing p l a n t  t o  $81,975 f o r  

a 540 Mg/hour (600 tons/hour)  f i x e d  c rush ing  p l a n t .  

The t o t a l  c o s t  f o r  i n s t a l l i n g  a wet dus t  suppression c o n t r o l  system i s  

t h e  sum o f  t he  t o t a l  c a p i t a l  c o s t  ( d i r e c t  c o s t ) ,  t o t a l  i n d i r e c t  cost ,  and 

cont ingency cost .  The t o t a l  i n s t a l l e d  c o s t  i s  shown i n  Table 4.17. The 

components o f  t o t a l  i n d i r e c t  c o s t  a re  l i s t e d  i n  Table 4.18. The t o t a l  i n s t a l l e d  

c o s t  ranges from $60,945 f o r  a 68 Ng/hour (75 ton/hour)  f i x e d  c rush ing  p l a n t  
t o  $132,800 f o r  a 540 Mg/hour (600 t o n / h r )  f i x e d  crushing p l a n t .  

The t o t a l  annual ized costs  f o r  i n s t a l l i n g  and opera t i ng  a wet dus t  

suppression c o n t r o l  system are presented i n  Table 4.19. The t o t a l  annual ized 

c o s t  cons i s t s  o f  annual c a p i t a l  costs,  c o s t  o f  s u r f a c t a n t  used, u t i l i t i e s ,  

c o s t  o f  water, and annual ized opera t i ng  and maintenance costs.  To ta l  annual ized 

cos ts  range from $13,098 f o r  a 68 Mg/hour (75 ton/hour)  f i x e d  c rush ing  p l a n t  

t o  $29,728 f o r  a 540 :dg/hour (600 ton /hour )  f i x e d  crushing p l a n t .  

The c o s t  o f  c o n t r o l  pe r  megagram o f  product  can be c a l c u l a t e d .  Assuming 

an opera t i on  t ime o f  2000 hours/year, t he  cos t  per  megagram o f  product  ranges 

from $O.lO/Mg f o r  a 68 Mg/hour (75  ton/hour)  p l a n t  t o  $0.03/Ng f o r  a 540 Mg/hour 

(600 Ton/hour) p l a n t .  

4.2.4 Cost o f  Combination Systems 

Wet dust-suppression and d r y  c o l l e c t i o n  techniques a r e  o f t e n  used i n  

combinat ion t o  c o n t r o l  p a r t i c u l a t e  emissions from non-meta l l i c  minera l  f a c i l i t i e s .  

Wet dust-suppression techniques are g e n e r a l l y  used t o  c o n t r o l  emissions a t  

t h e  pr imary crushing stage and a t  subsequent screens, t r a n s f e r  p o i n t s ,  and 

crusher  feeds. Dry c o l l e c t i o n  i s  g e n e r a l l y  used t o  c o n t r o l  emissions a t  

secondary and t e r t i a r y  crusher  discharges, where new d r y  m ine ra l  sur faces and 

f i n e  p a r t i c l e s  a re  formed. 

by d r y  c o l l e c t i o n ,  b u t  subsequent dust-suppression a p p l i c a t i o n s  become more 

e f f e c t i v e  w i t h  a minimum o f  added mo is tu re .  
d r y  c o l t e c t i o n  may be the o n l y  method t h a t  can be used a t  the f i n i s h i n g  

screens. 

A l a r g e  p o r t i o n  o f  t he  f i n e  p a r t i c u l a t e  i s  removed 

Depending on p roduc t i on  requirements, 
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TABLE 4.18 BREAKDOWN OF INDIRECT COST FACTOR 

Component Value 

Contractor fee 
Engineering 
Freight 
Taxes 
Spares 
Allowance f o r  shakedown 

TOTAL, Indirect  cos ts  

15% of capi ta l  costs  
10% of capi ta l  cos ts  
2% of capi ta l  cos ts  
2% of capi ta l  costs  
1% of capi ta l  costs  
5% o f  capi ta l  costs  

35% o f  capi ta l  costs  
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The costs  of control l ing process emissions with combination systems are  
presented in Table 4.20. In costing the f ab r i c  f i l t e r  i t  i s  assumed tha t  one 
baghouse i s  used per crushing plant.  
system in combination with a baghouse i s  assumed t o  be 90 percent of the cost  
of control l ing a l l  emissions w i t h  wet suppression alone. 
costs  for  combination systems range from $25,200 per year fo r  a 68 Mg/hour 
(75 ton jhour)  crushing plant t o  $69,400 per year fo r  a 540 Mg/hour (600 ton/hour) 
crushing plant.  

The cost  for  the wet dust-suppression 

The t o t a l  annualized 

4.3 COST OF CONTROLLING FUGITIVE DUST SOURCES 

Table 2 . 4  l i s t s  the emission sources which a re  considered t o  be fugi t ive  

Emissions a r e  caused by load-in, load-out, 
d u s t  sources. Fugitive d u s t  sources are b las t ing ,  loading and hauling, haul 
roads,  conveyors, and stockpiles.  
ground disturbance, and wind. This section presents the cost  of controll ing 
fugi t ive  d u s t  sources where data are avai lable .  

4.3.1 Blast ing 

No ef fec t ive  method i s  avai lable  for  cont ro l l ing  par t icu la te  emissions 
from blasting operations. 
pract ices  may be employed to  reduce the emissions generated by blasting. 

As discussed in Section 3.1.2, good blasting 

4.3.2 Loading and Hauling 

Dust emissions generated from the loading of material by front-end 
loaders or  shovels are d i f f i c u l t  t o  control.  Sane control may be at ta ined by 
using water trucks with portable hoses t o  wet down p i les  p r io r  t o  loading. 
No cost information i s  presented fo r  control l ing loading operations. 

Material may be blown out of the back of trucks during hauling. These 
emissions can be reduced by watering the material in the trucks pr ior  t o  
hauling. No costs  a re  presented for  control l ing these emissions. 

4.3.3 Haul Roads 

Several methods a r e  avai lable  for  reducing o r  control l ing emissions from 
trucks t ravel ing on unpaved haul  roads between the quarry and the p l a n t .  
These methods include watering, o i l i ng ,  paving, l imit ing vehicle weight, and 
reducing vehicle speed. 
roads. 

Sweeping or  vacuuming reduces emissions on paved 
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Published truck speed data a re  not ava i lab le ,  b u t  the industry estimates 
tha t  the speed ranges from 16 t o  32 km/hr  (10 t o  20 mph).6 I f  t h i s  speed were 
reduced from an average of 24 km/hr (15 mph)  t o  an average of 16 k m / h r  (10 m p h ) ,  
t h i s  would r e su l t  in an  estimated emission reduction of 33 p e r ~ e n t . ~  For model 
plant s izes  of 135 Mg/hr (150 tons/hour) or l e s s ,  no additional vehicles 
would be required as the r e su l t  of speed reduction. 
plant would require one additional 31.8 Mg (35 ton )  truck and the 540 Mg/hour 
(600 ton /hour )  p l a n t  would require two additional trucks to  maintain production. 

The 270 Mg/hr (300 t o n / h o u r )  

The estimated costs  fo r  control l ing emissions by speed reduction a re  
presented in Table 4.21. 
from p l a n t  roads i s  presented in Table 4.22. 

The uni t  cost  data f o r  control l ing d u s t  emissions 

The estimated costs  for  controll ing emissions by paving, vacuuming, 
o i l i ng ,  and watering a re  a lso presented i n  Table 4.21. These cos ts  depend on 
the extent of plant  roads, which usually do not vary s igni f icant ly  w i t h  p lant  
capacity. 
s izes  of plants.  Also, the cost  per ton of capacity will be higher fo r  
smaller plants.  
t o  be 1.64 kilometer (1  mile).  
cost  of watering. 

, f ive  times a day. 

4.3.4 Conveyors 

Therefore, the cost  f o r  these methods will  be the same for  a l l  

The l e n g t h  of unpaved roads i n  a typical plant  i s  estimated 
Table 4.23 presents a breakdown of the annual 

The costs  a re  based on a watering frequency of four t o  

Emissions from conveyor t ransfer  points a re  considered to  be process 
emissions, whereas those due t o  wind are  regarded as fugi t ive .  The l a t t e r  
can be controlled or  suppressed by i n s t a l l i ng  covers over the conveyors o r  
i n s t a l l i ng  water sprayers along t h e i r  length. 
i s  sprayed a t  the conveyor i n l e t  (which may be a crusher/screen o u t l e t  o r  
t ransfer  po in t ) ,  the suppression e f f ec t  i s  usually carried over. 
i n s t a l l a t ion  of additional sprayers may only marginally increase the suppression 
eff ic iency.  For t h i s  reason, costs  of i n s t a l l i n g  sprayers a r e  n o t  estimated 
here. 
to $316 per meter ($47 to $95 per foo t )  of conveyor length, depending on the 
amount of work required and the type of covering. 

I f  the material being conveyed 

Hence, 

Costs of r e t r o f i t t i n g  covers on exis t ing conveyors may range from $157 

The lower f igure 
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d 
TABLE 4.23 ANNUAL COST OF WATERING ROADWAYS 

Cost i t em Q u a n t i t y  Unit c o s t  Cos t l y e a  r 

Operat ing costs  

Water 

Fuel 

Labor 

Maintenance 

Fixed charges 

C a p i t a l  recovery 

Insurance and taxes 

136 m3/day $0 .085/m3 $ 3,060 
(36,000 gal /day) ($0.34/1000 g a l )  

(2.5 gal /day) ($1.20/gal) 
9.5 1 i te rs /day  $0.13/1 i t e r  750 

2,000 hours $12.OO/man houra 24,000 

950 5 percent  o f  i n i t i a l  t ank - t ruck  c o s t  b 

26.4 percent  o f  i n i t i a l  tank- t ruck cos tC  

2 percent  o f  i n i t i a l  t ank - t ruck  c o s t  

4,990 

380 

T o t a l  annual c o s t  $34,130 

b 

a 

bEngineer ing est imate.  

‘Based on 5-year t r u c k  l i f e  and 10 percen t  i n t e r e s t .  

dCosts are updated t o  J u l y  1980 u s i n g  Chemical Eng ineer ing  cos t  index. 

I nc ludes  superv i s ion  @ 15 percent,  p a y r o l l  overhead (3 20 percent,  and p l a n t  
overhead @ 50 percent  of  d i r e c t  l a b o r .  
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appl ies  to  a "weather-tight' ' system which pro tec ts  the conveyed material 
from d i r ec t  winds and prec ip i ta t ion .  
usually vented t o  a bag f i l t e r ,  costs twice as  much .  Total conveyor 
lengths f o r  non-metallic mineral plants  vary s ign i f i can t ly ,  ranging from 
a hundred t o  several hundred meters (yards) .  Because maintenance cos ts  
o f  conveyor covers are  minimal, the annual cos t  will  depend mainly on 
the remaining plant  l i f e  and the cost of cap i ta l  ( i n t e r e s t ) .  

4.3.5 Storage 'Pi les  

A "dust- t ight ' '  system, which i s  

Fugitive emissions from storage p i l e s  a r e  due t o  load-in, wind 
erosion,  and load-out. 

Materials a t  non-metallic mineral p lan ts  a r e  usually taken t o  
storage p i l e s  via a conveyor system. 
f ree  f a l l  of material onto the p i l e .  As discussed in Chapter 3, control 
measures include wet d u s t  suppression, te lescopic  chutes, stone ladders, 
and movable stacking conveyors. 
control l ing load-in and windblown emissions. However, they a re  not 
considered economically pract ical  control measures. Table 4.24 presents 
capi ta l  investment costs  of stone ladders,  telescoping chutes,  movable 
s tackers ,  and enclosures. Because t h i s  equipment requires very l i t t l e  
maintenance, the  annual cos t  will  depend mainly on the remaining plant 
l i f e  and  the cos t  of cap i ta l  ( i n t e r e s t ) .  

Emissions r e s u l t  mainly from the 

Enclosures or  s i l o s  a re  very good fo r  

Spraying storage p i l e s  with water e f f ec t ive ly  reduces fug i t ive  
emissions from wind erosion, and the addition of dust-suppressant chemicals 
t o  the spray increases control e f f ic iency .  
roads can be equipped with a hose f o r  spraying storage p i l e s .  
an elevated spr inkler  system may be used to  spray the stock p i l e s .  
cos t  of elevated spr inkler  systems ranges from a few thousand dol la rs  t o  
$27,000, depending on the plant.  
in an ex is t ing  pump house, f o r  example, t h i s  would save the cost  of a 
new pump house.14 
wetting agent are  estimated t o  range from $0.01 t o  $0.07 15*16 per Mg 
($0.01 t o  $0.06 per t o n )  of product stockpiled,  depending on the type of 
chemical used, the number of storage p i l e s ,  and the frequency of spraying. 
The l a t t e r  depends on climate and operational a c t i v i t i e s  around the 
p i le .  

The truck t h a t  waters plant 
Alternat ively,  

The 

I f  the spr inkler  pump could be acconmodated 

Application costs  f o r  spraying storage p i l e s  with a 
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TABLE 4.24 CAPITAL INVESTMENT FOR REDUCING FUGITIVE DUST EMISSIONS 
FROM STORAGE PILES 

F ixed  c a p i t a l  investment' 
Con t ro l  measure U n i t  $ / u n i t  

Stone ladder  9.1 m (30 ft) p i l e  27,000a 

Telescoping chutes Chute 35,000 - 57,000b 

Moveable s tacke r  0.91 Mg (1.0 t o n )  per  hour 950a 
throughput 

Enclosures 0.76 m 3  (1.0 y d 3 )  110 - 270b 
_ _ _ _ ~  

aReference 8. 
bReference 13. 

'Costs are updated t o  J u l y  1980 us ing  Chemical Eng ineer ing  c o s t  index. 
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5.0 ENVIRONMENTAL IMPACT 

This  chapter presents an assessment o f  t h e  incremental  impacts t o  the  

environment associated w i t h  the  a p p l i c a t i o n  o f  the emission reduc t i on  techniques 
descr ibed i n  Chapter 3. Both b e n e f i c i a l  and adverse impacts t h a t  may be 

d i r e c t l y  o r  i n d i r e c t l y  a t t r i b u t a b l e  t o  t h e  a p p l i c a t i o n  o f  these emission 

c o n t r o l  techniques are assessed f o r  a i r ,  water, s o l i d  waste, energy, and 
noise.  

5.1. A I R  POLLUTION IMPACT 

Th is  s e c t i o n  presents a comparative assessment o f  the a i r  p o l l u t i o n  
impacts associated w i t h  the  a p p l i c a t i o n  o f  t h e  emission c o n t r o l  techniques 

descr ibed i n  Chapter 3 f o r  t he  c o n t r o l  o f  p a r t i . c u l a t e  emissions from both 

process and f u g i t i v e  dust  sources. 

sources are t y p i c a l l y  f rom l a r g e  areas and a r e  discharged d i r e c t l y  t o  the  

atmosphere i n  an unconstrained manner r a t h e r  than through a s tack,  such a 
q u a n t i t a t i v e  measurement o f  these emissions would be d i f f i c u l t ,  i f  n o t  

impossible.  

c a l c u l a t i o n  o f  the emission reduc t i on  achievable by the a p p l i c a t i o n  o f  

a l t e r n a t i v e  c o n t r o l  measures t o  f u g i t i v e  dust  sources. 

o f  t he  nature o f  wet dus t  suppression systems, no data are a v a i l a b l e  t h a t  
would pe rm i t  a q u a n t i t a t i v e  comparison o f  t he  c o n t r o l  c a p a b i l i t i e s  o f  wet 

dus t  suppression versus d r y  c o l l e c t i o n  systems on process sources. 

r e s u l t ,  the f o l l o w i n g  d iscuss ion o f  a i r  p o l l u t i o n  impact i s  l i m i t e d  t o  the  
a p p l i c a t i o n  o f  d r y  c o l l e c t i o n  systems on non-meta l l i c  mineral  processing 

p lan ts .  

Because emissions from f u g i t i v e  dust  

Consequently, few data are a v a i l a b l e  t h a t  would pe rm i t  the 

S i m i l a r l y ,  because 

As a 

Table 5.1 presents est imates o f  the emission reduct ions achievable by 

the a p p l i c a t i o n  o f  d r y  c o l l e c t i o n  systems on t h r e e  model p l a n t  types w i t h  

product ion c a p a c i t i e s  o f  9.1 t o  540 Mg/h (10 t o  600 tons/h) .  Model p l a n t  

type 1 i s  a f i x e d  crushing p l a n t ,  type 2 i s  a f i x e d  crushing and g r i n d i n g  
p l a n t ,  and type 3 i s  a p o r t a b l e  crushing p l a n t .  Estimates o f  i n l e t  
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emissions presented are  based on an i n l e t  loading o f  10.8 grams per dry  
standard cubic meter ( 4 . 7  grains  per dry standard cubic foo t )  and the 
gas volumes f o r  the model plants .  As indicated by the  performance data 
presented in Chapter 3, the use of f ab r i c  f i l t e r s  t o  c o l l e c t  par t icu la te  
emissions a t  non-metallic plants can achieve an  o u t l e t  concentration of 
0.046 g/dscm (0.02 g r /dsc f ) .  I f  adequate hooding and vent i la t ion  a re  
a lso applied,  e s sen t i a l ly  complete capture i s  assured. 
Table 5-1, i n l e t  emissions range from 259 t o  1,315 k g / h  (571 t o  2,896 
lb /h) .  
emissions t o  about 1 .21  t o  6.12 kg /h  (2.66 t o  13.5 l b / h ) .  This i s  an 
emission reduction o f  99.5 percent from i n l e t  eniission leve ls .  

5 .2  WATER POLLUTION IMPACT 

As shown in 

The application of d r y  co l lec t ion  systems would reduce these 

The u t i l i za t ion  of dry  col lect ion techniques (pa r t i cu la t e  capture 
combined w i t h  a dry emission control device) fo r  control generates no water 
e f f luent  discharge. 
t h e  water adheres t o  the  material processed un t i l  i t  evaporates.’ 
are avai lable  concerning the impact of d u s t  suppressants applied t o  roadways 
on water qual i ty .  Considering the amount of suppressants required,  however, 
the use o f  suppressants should not  cause any problem. 
application of a i r  pollution control technology t o  the non-metallic mineral 
industry should have l i t t l e  impact on water qua l i ty .  

5.3 SOLI0 WASTE DISPOSAL IMPACT 

I n  cases where wet dust  suppression techniques are used, 
No data 

Therefore, the 

The method of disposi t ion of quar ry ,  p l an t ,  and d u s t  co l l ec to r  so l id  
waste materials depends upon Sta te  and local government regulations and 
corporate pol ic ies .  
of sol id  waste are col lected f o r  every 227 Mg (250 t o n s )  of mineral 
processed.’ 
process, sold,  o r  used f o r  a var ie ty  of other purposes. 

When baghouses a re  used, about 0 .5  Mg (0.6 tons)  

In many cases t h i s  material can be recycled back i n t o  the 

Where no market e x i s t s  f o r  the col lected f i n e s ,  they a re  typ ica l ly  
disposed of i n  the mine o r  in an i so la ted  locat ion i n  the quarry. A plant 
producing 540 Mg/h (600 tons/h) and using dry co l lec t ion  fo r  control would 
generate about 11 Mg ( 1 2  tons) of waste over an 8-hour period, which i s  l e s s  
than 0.3 percent of the plant throughput. Generally, the col lected f i n e s  are  
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3 discharged t o  a haul truck and transported t o  the quarry f o r  disposal.  
No subsequent a i r  pol lut ion problems should develop, provided the waste 
p i l e  i s  control led by one of the methods discussed in Chapter 3. 

T h u s ,  the so l id  waste generated by the application of dry col lect ion 
methods in the non-metallic mineral industry can usually be disposed of 
without any adverse impact on the environment. 
plants  can experience problems in handling and disposing o f  the waste. 
When wet d u s t  suppression i s  used, no so l id  waste disposal problem 
re su l t s  over t h a t  resu l t ing  from normal operation. 

5.4 ENERGY IMPACT 

However, some processing 

Application o f  the a l t e rna t ive  control techniques f o r  non-metallic 
mineral processing f a c i l i t i e s  wil l  necessar i ly  r e s u l t  in an increase in 
energy consumption over t h a t  required t o  operate a plant without a i r  pollution 
controls.  Table 5.2 presents estimates o f  the energy requirements f o r  the 
three model plant types,  both with and without controls .  
analyses,  the a l t e r n a t i v e  control techniques evaluated include dry co l lec t ion ,  
wet d u s t  suppression, and the combination of dry and wet controls .  

As in the previous 

I t  i s  expected t h a t  the appl icat ion of d r y  co l lec t ion  controls  
would r e s u l t  i n  the highest increase in energy usage o f  the three a l t e rna t ive  
control techniques evaluated. B o t h  the wet dust suppression technique 
and the combination system of wet and dry controls  have been shown t o  
use l e s s  energy t h a n  f ab r i c  f i l t e r s  alone for  the case of the 540 Mg/h 
(600 tons /h )  fixed crushing plant.  
requirements f o r  the f ab r i c  f i l t e r  technique a re  reported i n  Table 5.2.  

For t h i s  reason, only the energy 

As indicated in  Table 5-2, the energy required t o  operate a 540 Mg/h 
plant of type  1 without controls  i s  about 1038 kW (1392 h p ) .  
of dry  cont ro ls  a t  t h i s  plant would require 194 kW (260 h p )  of additional 
energy t o  operate the fans,  a i r  compressors, and screw conveyors associated 
with i t s  appl icat ion.  
consumption over t h a t  required t o  operate the uncontrolled plant.  
cont ras t ,  the energy requirement associated with the appl icat ion of wet dust 
suppression systems i s  negligible.  
O f  wet dust suppression control would require  only 3.8 kW ( 5  h p )  of additional 

The application 

This represents a 19 percent increase in  energy 
In 

For the 540 Mg/h p l an t ,  the application 
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energy, o r  l e s s  than a 0.4 percent increase i n  energy c o n ~ u m p t i o n . ~  

a combinat ion o f  bo th  wet and d r y  c o n t r o l s  were a p p l i e d  t o  t h i s  model 

p l a n t ,  t h e  a d d i t i o n a l  energy requirement would be 75 kW (100 hp ) ,  or 
about 7 percent.  

5 .5  IMPACT ON NOISE 

Al lowable no i se  l e v e l s  and employee exposure t imes a r e  s p e c i f i e d  by the  

I f  

Mine Sa fe ty  and Hea l th  A d m i n i s t r a t i o n  i n  Par ts  55 and 56 o f  t h e  August 7, 1974, 
Federal Regis ter ,  Volume 39. No. 153. These l i m i t s  r e q u i r e  t h a t  p o t e n t i a l  

n o i s e  problems be assessed and sound-dampening equipment be i n s t a l l e d  as 

requ i red .  No no ise  data were developed d u r i n g  t h i s  study; however, 

compared w i t h  t h e  noise emanating from non-meta l l i c  minera l  process 

equipment, any a d d i t i o n a l  no ise from c o n t r o l  system exhaust fans i s  

l i k e l y  t o  be i n s i g n i f i c a n t .  

as a r e s u l t  of t h e  use o f  best demonstrated c o n t r o l  technology a t  non -meta l l i c  
m ine ra l  p lan ts .  

Thus, no s i g n i f i c a n t  no i se  impact i s  a n t i c i p a t e d  
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6.0 COMPLIANCE TEST METHODS AND MONITORING TECHNIQUES 

6.1 EMISSION MEASUREMENT METHODS 

EPA relies primarily on Methods 5 and 9 for particulate matter measurements 
and visible emission observations (opacity) on stacks. In addition, as the 
particulate concentrations are expected to be independent of temperature for 
this industry, Method 17 (in-stack filtration) is an acceptable particulate 
sampling method. These are established reference or compliance methods and 
were used by EPA in obtaining the emissions data presented in Appendix A on 
fabric filter collectors used in the non-metallic mineral industry. 

For fugitive emissions which are impractical to quantify, EPA has relied 

In this study, a 
historically on visual methods, specifically on Method 9,  to limit the opacity 
of visible emissions and force the application of controls. 
new method in addition to Method 9 was used, Method 22. 
specifically developed by EPA for the visual determination of fugitive emissions 
from material processing sources. 
emission, Method 22 determines the frequency at which a visible emission 
occurs during an observation period. 
limits the percent of time during which visible emissions from a fugitive 
emissions source would be allowed. Both methods were used in assessing the 
effectiveness of local exhaust hoods and wet dust suppression systems in 
reducing or preventing fugitive emissions from non-metallic mineral process 
facilities. 
of fugitive emissions while Method 9 is more applicable to continuous fugitive 
emission sources. 
large in area, EPA has no established procedures for either quantifying 
emissions from these sources or for assessing the visibility o f  emissions from 
these sources. 

This method was 

Rather than assess the opacity of a visible 

A standard can thus be established which 

Method 22 appears to be more applicable to intermittent sources 

In the case of fugitive dust sources which are typically 

During the test program on fabric filter collectors, it was necessary to 
consider the potential problems associated with low levels of controlled 
emissions from the sources. Data from an EPA report indicate that particulate 
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1 catches of about 50 mg are adequate to insure an error of no more than 10 percent. 
Sampling trains with higher sampling rates, which are allowed by Method 5 and 
are comnercially available, can be used to reduce the total sampling time and 
costs. Sampling costs of a test consisting of three particulate runs (the 
number normally specified by performance test regulations) is estimated to 
be about $5000 to $9000. 
such as ports, scaffolding, ladders, platforms all costing less than $2000 
and testing being conducted by contractors. 

This estimate is based on sampling site modifications 

Because the outlet gas stream from the control devices used in this 
industry is generally well contained, no special sampling problems are anticipated. 

Procedures for monitoring the process are discussed in Chapter 7 .  

6.2 MONITORING SYSTEMS AND DEVICES 

The effluent streams from sources within the non-metallic mineral industry 
are essentially at ambient conditions. 
instruments proven adequate for power plants are also applicable for this 
industry. 
in Appendix B of 40 CFR Part 60. 

Therefore, the visible-emission-monitoring 

These instruments are covered by EPA performance standards contained 

Equipment and installation costs are estimated to $20,000, and annual 
operating costs including data recording and reduction, $8000 to $9000 for 
each stack. 2 
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7.0 ENFORCEMENT ASPECTS 

When formulating an a i r  pol lut ion control regulat ion,  one must consider 
the aspects of enforcing t h a t  regulation. 
spec i f ic  operation, a combination of operations,  o r  the entire processing 
or  manufacturing f a c i l i t y .  From a compliance evaluation standpoint,  i t  i s  
desirable  t o  have separate standards f o r  each affected operation in the 
industry.  I n  p rac t ice ,  however, i t  of ten may be d i f f i c u l t  t o  do so. This 
section i d e n t i f i e s  a l t e rna t ive  a i r  pol lut ion control regulations and discusses 
enforcement aspects of these regulations.  

A regulation may be set f o r  a 

7.1 PROCESS CONSIDERATIONS 

The non-metallic mineral industry i s  characterized by a number of 
separate processing operations and emission sources,  a var ie ty  of equipment 
types and configurations,  and feed r a t e s  and composition var ia t ions.  
of the pa r t i cu la t e  emission sources such as quarrying, dumping, and storage 
are  open sources. 
frequently only p a r t i a l l y  enclosed, while crushing and screening can be more 
completely enclosed. 
a great  e f f e c t  on the pa r t i cu la t e  emissions. Process feed r a t e s  a re  not 
generally measured and some of the individual processes may operate on a 
very in te rmi t ten t  bas i s .  

Some 

Other operations such as  conveying and loading a re  

I n  addi t ion,  the moisture content of the material has 

Process parameters t h a t  should be monitored t o  ensure t h a t  f a c i l i t i e s  
a r e  operated normally during enforcement tests o r  inspections include: the 
process t h r o u g h p u t  r a t e ,  the moisture content of the feed material and the 
approximate s i z e  d i s t r ibu t ion  of the raw material and product. As previously 
mentioned non-metallic mineral p l a n t s  normally are not equipped with devices 
fo r  measuring process weight r a t e s .  Based on normal screen pass-through and 
recycle r a t e s ,  however, the amount of material entering a processing u n i t  can 
be estimated. Guidelines are  avai lable  f o r  making such estimates.’ An 
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analysis of the moisture content of the material processed is very important 
to ensure that dust control at the time of the test is effected by the 
control system and not the result of unusually high moisture levels that are 
not normal for the plant. When the addition of moisture is part of the 
control system (e.g., wet dust suppression), a record should be made of the 
amount of added moisture required to effectively control emissions under the 
worst operating and climatic conditions. 
by taking samples of the feed streams for subsequent analysis. 

7.2 FORMATS 

Moisture would have to be determined 

Air pollution regulations for this industry can be expressed in terms 
of 1) quantitative particulate emission limits in terms o f  concentration, 
mass rate, or process-weight type units, 2 )  limits on visible emissions, 
3)  ambient air concentrations at the plant property line; 4) equipment 
standards that include specifications on process and/or control equipment, 
operating conditions,and monitoring requirements, and 5) compatible combinations 
of such measures. 

7.2.1 Enforcement of Quantitative Emission Limits 

Quantitative emission limits in the form of measured concentrations or 
limits on the emission rate per unit of time or throughput could be applied 
to plant process facilities (crushers, grinders, screens, conveyor transfer 
points, etc.) where emissions are captured by hoods or enclosures and vented 
to a control device for collection. Determination of particulate emissions 
or concentrations where control devices are used requires a source test on 
the exhaust of each control device. This involves utilization of available 
test methods (EPA Methods 1, 2, 4, 5), an experienced 2 to 3 person test crew 
and equipment, and an expenditure on the order of $5,000 to $9,000 per sampling 
location for a series of three runs. At times, a stack may have to be modified 
to provide a suitable sampling site. The cost per sampling location will 
decrease when more than one is tested at a plant. 
concentration expected at the outlet of a fabric filter system, the sampling 
time may have to be extended to insure adequate sample. Results from source 
tests provide accurate data on particulate concentration and emission rates. 

Due to the low particulate 
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As mentioned p r e v i o u s l y ,  non -meta l l i c  m ine ra l  p l a n t s  normal ly are n o t  

equipped w i t h  devices f o r  measuring process-weight r a t e s .  

process-weight type standards i n  which emissions a r e  r e l a t e d  t o  throughput 

may be d i f f i c u l t  t o  enforce unless the p l a n t s  a re  r e q u i r e d  t o  i n s t a l l  

process-weight r a t e  moni tors .  

process may be vented t o  a comnon c o n t r o l  dev ice and on ly  the  t o t a l  emissions 

from the connected processes can be determined. 

Consequently, 

I n  a d d i t i o n ,  i n  some instances more than one 

No spec ia l  problems e x i s t  wi th the  enforcement o f  concen t ra t i on  o r  

p o l l u t a n t  mass r a t e  l i m i t s .  

are app l i cab le  t o  the  c o n t r o l  device only .  

(e.g., v i s i b l e  emission l i m i t s )  w i l l  be needed t o  assure t h a t  capture systems 

a re  p roper l y  designed and maintained. 

7.2.2 Enforcement o f  V i s i b l e  Emission L i m i t s  

It should be noted, however, t h a t  these l i m i t s  

As a r e s u l t ,  o the r  p r o v i s i o n s  

V i s i b l e  emission l i m i t s  a r e  e s p e c i a l l y  u s e f u l  f o r  l i m i t i n g  f u g i t i v e  

emissions from p l a n t  process f a c i l i t i e s .  Indeed, v i s i b l e  emission l i m i t s  and 

equipment standards o f f e r  t he  o n l y  v i a b l e  a l t e r n a t i v e s  f o r  l i m i t i n g  emissions 

from process f a c i  1 i t i e s  c o n t r o l  l e d  by suppression techniques o r  f o r  ensur ing 

the e f f e c t i v e  capture o f  emissions a t  process f a c i l i t i e s  c o n t r o l l e d  by l o c a l  

v e n t i l a t i o n .  
emission l i m i t  on a c o n t r o l  device, o p a c i t y  l i m i t s  can be used t o  ensure t h a t  

the c o n t r o l  device i s  p r o p e r l y  operated and maintained. 

I n  a d d i t i o n ,  when used i n  c o n j u n c t i o n  w i t h  a q u a n t i t a t i v e  

The enforcement o f  v i s i b l e  emission l i m i t s  i s  bo th  f e a s i b l e  and 

inexpensive.  

r e q u i r e  no spec ia l  equipment. For o p a c i t y  determinat ions us ing Method 9, 
o n l y  a s i n g l e  t r a i n e d  and c e r t i f i e d  observer i s  needed. 

Method 22, which assesses the  frequency o f  v i s i b l e  emissions from a source, 

no spec ia l  t r a i n i n g  or c e r t i f i c a t i o n  i s  r e q u i r e d  and the  equipment needs are 

l i m i t e d  t o  an accumulative type s top  watch. 

methods i s  t h a t  readings cannot u s u a l l y  be made a t  n i g h t ,  indoors under poor 

l i g h t i n g  cond i t i ons ,  o r  d u r i n g  per iods o f  very  inclement weather. 

Determinat ions can be made w i t h  a minimum o f  resources and 

I n  the  case o f  

The o n l y  c o n s t r a i n t  on these 
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2 
7.2.3 Enforcement of Equipment Standards 

Equipment standards r e l a t ing  t o  the design and i n s t a l l a t i o n  of both 
equipment and control devices a re  f eas ib l e  a l t e rna t ives  f o r  l imiting emissions 
from some of the non-metallic mineral industry processes. For example, the 
enclosure of conveyor b e l t s ,  the hooding of screens and crushers and venting 
th rough  a fabr ic  f i l t e r  system, o r  the u t i l i z a t i o n  of water spray systems 
have been found helpful in reducing emissions. 
i s  not quant i ta t ive  b u t  does insure t h a t  emissions will  be minimized 
t h r o u g h  proper se lec t ion  and u t i l i z a t i o n  of equipment. Due t o  the 
var ia t ions  in non-metallic mineral p lan ts ,  an  overall  generic-type 
equipment standard may not be su i t ab le  and therefore ,  should be t a i lo red  
t o  a par t icu lar  plant.  
w i t h  b o t h  quant i ta t ive  and v i s ib l e  emission l imi ta t ions .  Enforcement of 
equipment standards i s  accomplished t h r o u g h  plant  inspections and 
observation by an experienced and t ra ined person. An inspection can be 
completed i n  one day by a one or  two person team. 

This format f o r  regulation 

Such a regulation can be used in conjunction 

Proper operation and maintenance o f  specif ied equipment i s  a l so  
required t o  minimize emissions. 
maintenance records are required t o  ensure proper operation. 

7 . 2 . 4  Enforcement of Fence-line Standards 

Frequent plant inspections and review of 

Ambient a i r  pa r t i cu la t e  measurements made a t  a p l a n t ' s  boundary can be 
used as an enforcement tool t o  help assess  a p l a n t ' s  overal l  impact on 
par t icu la te  concentration. The feasi  b l i t y  of such an enforcement method i s  
dependent on the plant configuration, the operating schedule, and on other  
pa r t i cu la t e  emission sources i n  the  area.  A number o f  samplers u p  and 
down-wind of the property will  be required,  and these must be operated by 
t ra ined personnel. 
and documented include: 

Standard procedures which must be carefu l ly  followed 

( a )  Location of sampling s t a t i o n ( s ) ,  

( b )  Records of meteorological condi t ions,  

( c )  

( d )  

(e )  

( f )  

Use of recommended sampling equipment, 

Careful determination of gas flow r a t e  and sample time, 

Noting of any unusual conditions which may a f f e c t  sample, 

Proper handling of the col lected sample and recording on container 
and f i l t e r  numbers. 
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The presence of other  pa r t i cu la t e  sources in the area ,  espec ia l ly  fug i t ive  
sources such a s  d i r t  roads o r  construction a c t i v i t i e s ,  will  a l so  influence the 
usefulness of any measurements along a plant boundary. Wind speed and va r i ab i l i t y  
will a l so  a f f e c t  the usefulness of the r e s u l t s .  An e l e c t r i c a l  supply i s  required 
t o  operate the samplers and this  may present a problem a t  remote locat ions 
unless a portable e l e c t r i c  generator i s  avai lable .  
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8.0 REGULATORY OPTIONS 

Ava i l ab le  r e g u l a t o r y  opt ions f o r  t he  c o n t r o l  o f  p a r t i c u l a t e  emissions a t  

non-meta l l ic  minera l  processing p l a n t s  a re  discussed i n  t h i s  chapter.  The 

c o n t r o l  o f  b o t h  f u g i t i v e  dus t  and f u g i t i v e  process sources are considered. 
The r e g u l a t o r y  op t i ons  a re  based on t he  a l t e r n a t i v e  c o n t r o l  methods descr ibed 

i n  Chapter 3. 
emission reduct ion,  cost ,  environmental impacts, and enforcement. I n  a d d i t i o n ,  

app l i cab le  r e g u l a t o r y  formats are presented. 

8.1 REGULATORY OPTIOI iS FOk FUGITIVE DUST SOURCES 

Each o p t i o n  i s  discussed from t h e  s tandpoints  o f  a p p l i c a b i l i t y ,  

F u g i t i v e  dust  emissions a re  generated by d r i l l i n g ,  b l a s t i n g ,  loading,  

conveying, haul ing,  s t o c k p i l i n g ,  and the a c t i o n  o f  wind on haul road, p l a n t  

yards, and s t o c k p i l e s .  App l i cab le  c o n t r o l  techniques i nc lude  d ry  c o l l e c t i o n  

systems, water ing,  wet dus t  suppression, su r face  t reatment  w i t h  chemical dus t  

suppressants, s o i l  s t a b i l i z a t i o n ,  and paving. Table 3.1 sumnarizes the 

c o n t r o l  techniques f o r  f u g i t i v e  dus t  emission sources a t  non-meta l l ic  minera l  

processing p lan ts .  

8.1.1 D r i l l i n g  and B l a s t i n g  

Two methods a re  a p p l i c a b l e  f o r  c o n t r o l l i n g  f u g i t i v e  dust  emissions from 

d r i l l i n g  operat ions:  water i n j e c t i o n  and a s p i r a t i o n  t o  a c o n t r o l  device.  
Water i n j e c t i o n  i s  a technique i n  which water and a w e t t i n g  agent o r  s u r f a c t a n t  

i s  f o rced  i n t o  t h e  compressed a i r  stream t h a t  f l ushes  the  d r i l l  c u t t i n g s  f rom 

the  hole.  It produces a m i s t  t h a t  dampens the  p a r t i c l e s  and causes them t o  

agglomerate, and drop a t  t he  d r i l l  c o l l a r  r a t h e r  than becoming a i rborne.  The 

use o f  a w e t t i n g  agent a l lows the use o f  l e s s  water f o r  e f f e c t i v e  c o n t r o l ,  by 
reducing the sur face tens ion  o f  t he  unt reated water .  
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Dry col lec t ion  systems are a l s o  used t o  control d r i l l i n g  emissions. A 

shroud or hood enc i rc les  the d r i l l  rod a t  the hole c o l l a r .  
then capture the emissions and vent them through a f l e x i b l e  duct t o  a control 
device, usually a cyclone or baghouse preceded by a sett l ing chamber. 

A vacuum will  

No e f f ec t ive  method i s  ava i lab le  for control l ing fugi t ive  emissions from 
blast ing operations.  
b l a s t i n g  during periods of low winds and  low inversion potential  will  h e l p  
minimize the  impact of fug i t ive  emissions. 

However, as discussed in Section 3.1.2,  scheduling 

The environmental, energy, and cos t  impacts of applying any of the above 
mentioned control methods have not been assessed. 

8.1.2 Haul Roads 

Control techniques used t o  control pa r t i cu la t e  emissions from haul roads 
include the following: 
2 )  o i l i ng ;  3) appl icat ion o f  hydroscopic chemicals (substances t h a t  absorb  
moisture from the a i r ) ;  4 )  use of so i l  s t a b i l i z e r s  (water d i lu t ab le  emulsions 
of e i t h e r  synthet ic  or petroleum resins t h a t  a c t  a s  adhesives' o r  binders) ;  
5) paving; 6)  use.of  la rger  capacity haul vehicles t o  reduce the number of t r i p s  
required; and 7)  reduction in t r a f f i c  speed. 
ava i lab le  f o r  quantifying pa r t i cu la t e  emissions from h a u l  roads, the performance 
and effect iveness  of these methods cannot be accurately estimated. The 
effect iveness  of the f i r s t  four methods will  depend on such items a s  the  amount  
of water o r  chemical applied,  t he  frequency of appl icat ion,  weather conditions,  
and conditions of the  road being t r ea t ed .  
emissions from haul roads t h a t  have been paved. 
waste impacts a re  expected from the appl icat ion of these control methods. 

1 )  wetting with water or water plus a sur fac tan t ;  

Because minimal  data are 

Sweeping or  vacuuming will  reduce 
Negligible water o r  sol id  

Minimal data a r e  a l s o  ava i lab le  on increased energy use related t o  these 
control methods. However, the energy impact would be small compared t o  the 
energy requirements f o r  quarry and p lan t  operations.  

The capi ta l  and annualized cos t s  associated w i t h  a number of the control 
methods fo r  haul roads a re  presented i n  Tables 4.21 and 4.22.  
s i ze  plants ,  the capi ta l  investment f o r  o i l i ng  of $40,000 and a n n u a l i z e d  

A t  the small 
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costs  of $40,500 make i t  the most expensive of the applicable control methods. 
However, fo r  the plants  la rger  than 270 Mg/hr (300 TPH),  the capi ta l  and 
annualized cos ts  associated with speed reduction a r e  5 t o  20 times more 
expensive than the other methods. 

8.1.3 Conveyors 

The two methods avai lable  fo r  the control of fug i t ive  d u s t  emissions from 
conveyor systems are sheet metal, p l a s t i c  o r  canvas coverings and wet d u s t  
suppression. I f  the e n t i r e  conveyor i s  enclosed, par t icu la te  emissions should 
be completely eliminated. 
pa r t i a l ly  enclosing the conveyors or wet d u s t  suppression systems. 
or sol id  waste impacts a r e  expected from the appl icat ion of these control 
methods. 
unless the emissions a re  vented to  a baghouse. 
associated,with the use of wet d u s t  suppression systems would be small compared 
t o  the energy requirements of plant operations.  

Minimal data a r e  ava i lab le  on the effect iveness  of 
No water 

No increase in energy usage will  r e s u l t  from enclosing the conveyors 
The increase i n  energy usage 

As s t a t ed  in  Section 4.3.4, costs  of r e t r o f i t t i n g  covers on exis t ing 
conveyors may range from $157 t o  $316 per meter ($47 to  $95 per foo t )  of 
conveyor length, depending on the amount of work required and  the type of 
covering. 
i n  Section 8 .2 .  

8.1.4 Storage P i les  

The cos ts  associated w i t h  wet dust  suppression systems a r e  discussed 

The control methods avai lable  fo r  the  control of fug i t ive  d u s t  emissions 
from storage p i les  include stone ladders, s tacker  conveyors, p l a s t i c  or 
canvas coverings, the use of material or  man-made windbreaks, and wet d u s t  
suppression. 
minimal data a r e  avai lable  fo r  quantifying emissions from storage p i les  o r  
on the effectiveness of the control methods discussed. No water or  sol id  
waste impacts a r e  expected from the  use of these control methods. The increase 
in energy usage associated with these control methods would be small compared 
t o  the energy requirements of plant operations.  

Similar t o  the other sources of fugi t ive  dust emissions, 
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C a p i t a l  costs  o f  c o n t r o l  f o r  storage p i l e s  are est imated a t  $27,000 per 

te lescop ing  chute,  $1,050 per  Mg.(950 per t o n )  o f  throughput f o r  a movable 

stacker,  and $140 t o  $350 per in ($110 t o  $270 per y d  ) f o r  enclosures (see 

Table 4.24). A p p l i c a t i o n  costs f o r  sp ray ing  storage p i l e s  w i t h  a w e t t i n g  

agent a re  est imated t o  range from $0.01 t o  $0.07 per  Mg ($0.01 t o  $0.06 per  

t o n )  depending on the  type o f  chemical used, the number o f  storage p i l e s ,  

and the frequency o f  spraying. 
r,anges from a few thousand d o l l a r s  t o  $27,000 depending on the  p l a n t .  

8.1.5 A l t e r n a t i v e  Formats 

3 3 

The c o s t  o f  e levated s p r i n k l e r  systems 

P o t e n t i a l  r e g u l a t o r y  formats f o r  d r i l l i n g  emissions d i f f e r  from formats 

a p p l i c a b l e  f o r  o t h e r  f u g i t i v e  dus t  sources. 
by d r y  c o l l e c t i o n  systems, r e g u l a t o r y  formats i n c l u d e  equipment standards, 

v i s i b l e  emission l i m i t s ,  and q u a n t i t a t i v e  emission l i m i t s .  Equipment standard 

s p e c i f i c a t i o n s  could i n c l u d e  a i r -  t o - c l o t h  r a t i o ,  c lean ing  method, pressure 

drop, and a s p i r a t i o n  r a t e .  

For d r i l l i n g  operat ions c o n t r o l l e d  

A concen t ra t i on  l i m i t  f o r  a baghouse should be e q u i v a l e n t  t o  t h a t  
achievable by baghouses on o t h e r  non -meta l l i c  minera l  process ing f a c i l i t i e s .  

L i m i t a t i o n s  on v i s i b l e  emissions ensure proper  ope ra t i on  o f  the baghouse 

and maintenance o f  an adequate a s p i r a t i o n  r a t e  a t  the capture p o i n t .  

However, because d r i l l i n g  i s  an i n t e r m i t t e n t  ope ra t i on  and emissions can 

vary because o f  c l i m a t i c  condi t ions,  ca re  n u s t  be taken t o  o b t a i n  readings 

under r e p r e s e n t a t i v e  cond i t i ons .  

App l i cab le  r e g u l a t o r y  formats f o r  d r i l l i n g  operat ions c o n t r o l l e d  by 

water i n j e c t i o n  are a v i s i b l e  emissions l i m i t  and equipment s p e c i f i c a t i o n s .  

A v i s i b l e  emissions l i m i t  w i l l  ensure proper  design, operat ion,  and maintenance 

of water i n j e c t i o n  systems. 

the  r a t e  o f  water i n j e c t i o n  which ensures t h a t  s u f f i c i e n t  water  i s  used f o r  

e f f e c t i v e  c o n t r o l .  

P o t e n t i a l  r e g u l a t o r y  formats f o r  o t h e r  f u g i t i v e  dus t  sources are v i s i b l e  

emissions l i m i t s ,  equipment s p e c i f i c a t i o n s ,  and work p r a c t i c e  s p e c i f i c a t i o n s .  

Quan t ia t i ve  emission l i m i t s  a r e  n o t  a p p l i c a b l e  because no p r a c t i c a l  method of 

measurement i s  a v a i l a b l e .  The use o f  v i s i b l e  emissions l i m i t s  i n  terms o f  

The o n l y  impor tan t  equipment s p e c i f i c a t i o n  i s  
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o p a c i t y  o r  percent  o f  t ime when emissions a re  v i s i b l e  a re  u s e f u l  f o r  f u g i t i v e  

sources o f  p a r t i c u l a t e s .  

under rep resen ta t i ve  c o n d i t i o n s  because o f  t he  i n t e r m i t t e n t  ope ra t i on  o f  some 

of the processes and t h e  v a r i a t i o n  i n  emissions caused by c l i m a t i c  cond i t i ons .  

I n  order t o  s p e c i f y  v i s i b l e  emissions l i m i t s  f o r  f u g i t i v e  dus t  sources i n  the 

non-meta l l ic  minera l  processing i n d u s t r y ,  t e s t  programs would be r e q u i r e d  f o r  

mon i to r i ng  o p a c i t y  and the  percent  o f  t ime  o f  v i s i b l e  emissions f o r  t he  

d i f f e r e n t  c o n t r o l  techniques and weather c o n d i t i o n s .  

However, ca re  must be taken t o  o b t a i n  readings 

Because o f  t h e  absence o f  v i s i b l e  emissions data, equipment and work 

p r a c t i c e  standards may be t h e  most s u i t a b l e  formats.  

be s p e c i f i e d  f o r  some f u g i t i v e  dus t  sources, such as enclosures f o r  open 

conveyors. These standards a r e  n o t  q u a n t i t a t i v e  b u t  would ensure t h a t  

emissions w i l l  be minimized through proper s e l e c t i o n  and u t i l i z a t i o n  o f  

equipment. A work p r a c t i c e  standard cou ld  be used t o  s p e c i f y  the  number o f  

t imes a haul road i s  t o  be watered and how much water i s  t o  be used based on 

c l i m a t i c  v a r i a b l e s .  

Equipment standards can 

Possib le  r e g u l a t i o n s  may r e q u i r e  the  implementat ion o f  one o r  more o f  

t h e  c o n t r o l  a l t e r n a t i v e s .  The f o l l o w i n g  model performance standard r e g u l a t i o n  
f o r  f u g i t i v e  dus t  sources associated w i t h  non -meta l l i c  minera l  processing 

incorporates source s p e c i f i c  c o n t r o l  measures w i t h  a d i s c r e t i o n a r y  p r o v i s i o n :  

(a) No person s h a l l  operate o r  mainta in ,  o r  cause t o  be operated o r  
maintained, any premise, open area, r ight -of -way,  storage p i l e  of 
m a t e r i a l s ,  o r  any o t h e r  process t h a t  i nvo l ves  any handl ing,  
t ranspor t i ng ,  o r  d i s p o s i t i o n  o f  any m a t e r i a l  o r  substance l i k e l y  t o  
be sca t te red  by t h e  wind, w i t h o u t  t a k i n g  reasonable precaut ions,  a s  
approved by t h e  r e g u l a t i n g  agency, t o  prevent p a r t i c u l a t e  ma t te r  
from becoming a i rbo rne .  

r e g u l a t i n g  agency may impose one o r  more o f  t he  measures and any 
opera t i ng  c o n d i t i o n s  i t  deems necessary t o  a t t a i n  and ma in ta in  
compliance w i t h  the  p r o v i s i o n s  o f  t h i s  sect ion.  

(b )  I n  o b t a i n i n g  approval under subsect ion (a )  o f  t h i s  sect ion,  the 

8.2 REGULATORY OPTIONS FOR FUGITIVE PROCESS SOURCES 

Process sources i n  a non -meta l l i c  m ine ra l  processing p l a n t  i nc lude  

crushers, g r i n d i n g  m i l l s ,  screening operat ions,  bucket e leva to rs ,  conveyor 

b e l t  t r a n s f e r  p o i n t s ,  bagging operat ions,  storage b ins,  and t r u c k  and r a i l c a r  
l oad ing  s t a t i o n s .  Methods f o r  c o n t r o l  o f  p l a n t  process emissions i nc lude  wet 
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dust suppression, dry co l lec t ion ,  and  a combination of the two. 
sumnarizes the control techniques f o r  fug i t ive  process sources. Because of 
the cos t  involved, a control system i s  designed t o  control a l l  of the process 
sources a t  a plant.  I t  i s  not  possible t o  break the cos t  down on a per piece 
of equipment basis .  Therefore, a l l  of the discussion in t h i s  section will  
apply t o  the control of the e n t i r e  processing plant .  

8.2.1 Fugitive Process Sources and Control Metho& 

Table 3.1 

With the exception of bagging f a c i l i t i e s ,  a l l  pa r t i cu la t e  sources a t  a 
non-metallic mineral processing plant can be control led by using wet dust 
suppression systems, dry col lect ion systems, or  a combination of the two. 
Because i t  i s  necessary t o  keep the product dry a t  the bagging operation, 
only d r y  co l lec t ion  systems can be used t o  control emissions a t  these operations. 

Dry co l lec t ion  systems consis t  of an exhaust system with hoods and 
enclosures t o  capture emissions and ducting and fans t o  convey the captured 
emissions t o  a co l lec t ion  device where pa r t i cu la t e s  a r e  removed before the 
a i r  stream i s  exhausted t o  the atmosphere. 
of the plant ,  emission sources may be ducted t o  a s ing le  cen t r a l ly  located 
co l l ec to r  o r  t o  a number o f  s t r a t eg ica l ly  placed uni ts .  
i s  employed, the most common device f o r  non-metallic mineral processing 
f a c i l i t i e s  i s  the baghouse ( fabr ic  f i l t e r ) .  Although high energy scrubbers 
and e l e c t r o s t a t i c  prec ip i ta tors  could achieve r e su l t s  s imi la r  t o  those 
of a baghouse,  these methods are not cur ren t ly  used in the indus t r ies .  

Depending on the physical layout 

When dry  col lect ion 

As discussed in Chap te r  3, mechanical-shaker co l lec tors  which require 
periodic shutdown f o r  cleaning a f t e r  4 o r  5 hours of operation are used in 
most crushing plant appl icat ions.  
cotton sateen bags and operated a t  an  a i r - to-c lo th  r a t i o  of 2:l  t o  3 : l .  A 

cleaning cycle ,  normally actuated automatically when the exhaus t  fan i s  
turned o f f ,  usually requires only 2 t o  3 minutes of bag shaking. 

These un i t s  a r e  normally equipped w i t h  

For appl icat ions where i t  m y  be impractical t o  turn of f  the  exhaust 
fan, baghouses with continuous cleaning a r e  employed. Compartmented 
mechanical-shaker uni t s  o r  j e t  pulse un i t s  may be used in these cases.  J e t  
Pulse uni ts  usually use wool or  synthe t ic  f e l t ed  bags fo r  a f i l t e r i n g  media 
and may be operated a t  an air- to-cloth r a t i o  of as  h i g h  a s  6:l t o  l o : ] .  
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As discussed in Chapter 3, dry co l lec t ion  systems are  capable of achieving 
high levels of emission reduction. Figure 3.13 summarizes the t e s t  d a t a  from 
various non-netall i c  processing f a c i l i t i e s  using properly operated baghouses. 
Although impractical t o  quantify,  e s sen t i a l ly  complete capture can be 

achieved i f  adequate hooding and vent i la t ion  ra tes  are applied. 
sumnarizes the t e s t  data on v i s ib l e  emissions escaping capture a t  hoods 
and enclosures. 

Visual observations can be used t o  provide some indication of the 

Table 3.5 

effectiveness of wet d u s t  suppression techniques. 
measurements were iiiade by EPA a t  a var ie ty  of process sources a t  f i v e  
plants where par t icu la te  emissions are  control led by wet d u s t  suppression. 
The resu l t s  obtained ind ica te  tha t  emissions from crushers are  generally 
grea te r  t h a n  those from non-crusher sources. Visual observations made 
a t  twelve crushers including j a w ,  impact and cone type crushers showed 
t h a t  emissions were generally continuous ( v i s i b l e  over 70 percent of the 
time on the average) and typical ly  exceeded 10 percent opacity. 
cont ras t ,  emissions from non-crusher sources (screens and conveyor 
t r ans fe r  points)  were generally in te rmi t tan t  ( v i s i b l e  l e s s  than 10 percent 
of the time) and typ ica l ly  l e s s  than 5 percent opacity based on six-minute 
averaging. 

Visible emissions 

I n  

Performance levels  f o r  combination systems are assumed t o  be equivalent 
t o  performance demonstrated by wet d u s t  suppression systems o r  par t icu la te  
emission control systems alone. 

8.2.2 Environmental Impacts 

Ai r-- 

The appl icat ion of baghouses t o  non-metallic mineral process sources 
should r e su l t  in a substant ia l  reduction in pa r t i cu la t e  matter emissions. 
Based on the estimates developed in Section 5 .1 ,  g rea te r  t h a n  99 percent 
reduction over uncontrolled emissions i s  projected.  Since par t icu la te  
emissions from process sources controlled by wet dust suppression cannot be 
quantified,  no quant i ta t ive  data are  avai lable  on t h e i r  effect iveness .  I n  
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a d d i t i o n ,  f o r  t h e  same reason, i t  i s  n o t  p o s s i b l e  t o  q u a n t i f y  t h e  emission 

r e d u c t i o n  o b t a i n a b l e  through t h e  use o f  combinat ion systems which use baghouses 

and wet d u s t  suppression. 

Water-- 

The use o f  baghouses t o  c o n t r o l  p a r t i c u l a t e  m a t t e r  emissions w i l l  generate 

no water e f f l u e n t .  I n  cases wiiere wet dus t  suppression techniques cou ld  be 

used, t n e  water  adheres t o  t h e  m a t e r i a l  processed u n t i l  i t  evaporates. Wet 
suppression systems, therefore,  would n o t  r e s u l t  i n  a water discharge. 

S o l i d  Waste-- 

Where wet d u s t  suppression can be used, no s o l i d  waste d isposal  problem 

e x i s t s  over  t h a t  r e s u l t i n g  f rom normal opera t ion .  

about 1.4 megagrams (1 .6  tons)  o f  s o l i d  waste are  c o l l e c t e d  f o r  every 250 megagrams 

(278 tons )  processed. 

i n t o  t h e  process, so ld ,  o r  used f o r  a v a r i e t y  o f  purposes. 

e x i s t s  f o r  t h e  c o l l e c t e d  f i n e s ,  they are  t y p i c a l l y  disposed o f  i n  an i s o l a t e d  

l o c a t i o n  i n  t h e  quarry .  
prov ided the  waste p i l e  i s  p ro tec ted  f rom wind eros ion .  Therefore, wet 

suppression systems and baghouses have a n e g l i b l e  impact as f a r  as s o l i d  

waste d isposal  i s  concerned. 

Noise-- 

When baghouses a r e  used, 

I n  many cases t h i s  m a t e r i a l  can be recyc led  back 
blhere no market 

K O  subsequent a i r  p o l l u t i o n  problems should develop 

When compared t o  t h e  no ise  emanating f rom crushing and g r i n d i n g  process 

equipment, any a d d i t i o n a l  no ise  f rom p r o p e r l y  designed exhaust fans o r  pumps 

f o r  t h e  c o n t r o l  system w i l l  be i n s i g n i f i c a n t .  

11.2.3 Energy Impact 

The o n l y  s i g n i f i c a n t  increase i n  energy consumption over  an u n c o n t r o l l e d  

p l a n t  occurs when a baghouse i s  used f o r  p a r t i c u l a t e  c o l l e c t i o n .  

a d d i t i o n a l  energy i s  f o r  opera t ion  o f  fans, a i r  compressors, and screw 

conveyors associated w i t h  the  baghouse. The increase i n  energy i s  est imated 

t o  range from 5 t o  19 percent  h igher  than t h e  u n c o n t r o l l e d  p l a n t ,  as shown i n  
Table 5.2. 

systein i s  est imated t o  be l e s s  than one percent .  

The 

The a d d i t i o n a l  energy r e q u i r e d  t o  operate the wet d u s t  suppression 
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8.2.4 Cost Impact 

The overal l  costs  of the control methods f o r  non-metallic mineral processing 
p l a n t s  are presented in Chapter 4. 
emission control i s  the most expensive control technique (both in capi ta l  
investment and annualized cos ts )  followed by the combination systems. Wet 
suppression systems a re  the l e a s t  expensive of the three.  

The use of baghouses fo r  pa r t i cu la t e  

The cap i ta l  investment ( i n  1980 do l l a r s )  f o r  baghouses f o r  the d i f fe ren t  
model plant s izes  ranges from $127,000 t o  $461,000 compared t o  a range of 
$104,000 t o  $288,000 fo r  combination systems and $61,000 t o  $133,000 for  wet 
dust suppression systems. The annualized costs  fo r  baghouses ranges from 
$29,000 t o  $119,000 compared t o  a range of $25,000 t o  $69,000 f o r  combination 
systems and $13,000 t o  $30,000 fo r  wet d u s t  suppression systems. 

8.2.5 Alternative Formats 

Dry col lect ion systems-- 

Two d i f f e ren t  formats could be selected t o  l imi t  fug i t ive  emissions a t  
the points o f  capture: 
An equipment standard would require t h a t  emission points be enclosed or  
equipped with hoods so t h a t  emissions would be captured and passed t h r o u g h  a 
control device. 

a n  equipment standard o r  a v i s i b l e  emission standard. 

The second a l t e rna t ive  fo r  control l ing these emissions i s  a v i s ib l e  
eniissions standard. A v i s ib l e  emissions standard would e i t h e r  specify the 
maximum allowable opacity o r  l imi t  the amount of time tha t  v i s ib l e  emissions 
are  allowed. A v i s ib l e  emissions standard could be applied t o  any process 
operation regardless of whether o r  n o t  i t  i s  enclosed. 

Formats f o r  regulations f o r  the control device include equipment standards 
and quant i ta t ive  emission l imi t s  on the mass emissions per uni t  of production 
o r  the concentration of pa r t i cu la t e  matter in the  e f f luen t  gases. 
equipment standards on the normal control device (baghouse) the cleaning 
method, a i r - to-c lo th  r a t i o ,  pressure d r o p ,  configuration of capture hoods and 
enclosures, and  capture ve loc i t ies  would need t o  be specif ied.  Compliance 
with these spec i f ica t ions  would be deterniined by the control agency as par t  
of t h e i r  permit or l icensing program. 

For 
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A v i s ib l e  emissions standard tha t  e i t h e r  spec i f i e s  the maximum allowable 
opacity o r  l imi t s  the amount of time t h a t  v i s i b l e  emissions are  allowed i s  
most appropriate f o r  the o u t l e t  of the control device in addition t o  one of 
the standards discussed above. 

Concerning quant i ta t ive  emission l i m i t s ,  a mass emission standard may 
appear more meaningful in the sense t h a t  i t  r e l a t e s  d i r ec t ly  t o  the quantity 
of emissions discharged in to  the atmosphere. 
of a mass emission standard fo r  non-metallic mineral processing plants  i s  
t h a t ,  typ ica l ly ,  the production o r  feed r a t e  of a process operation i s  n o t  
measured over the shor t  term. Therefore, enforcement of a mass emission 
standard would require t h a t  devices which measure process weight r a t e s  be 
in s t a l l ed  on be l t s  feeding process equipment. 

However, a major disadvantage 

Concentration emission l imi t s  would be eas i e r  t o  implement than the mass 
emission l imi t s  per uni t  of production because they do not require the in s t a l l a t ion  
of a weight measuring device. 

Wet d u s t  suppression systems-- 

Two d i f f e ren t  formats a re  possible f o r  regulations fo r  wet d u s t  suppression 
systems: equipment standards and v i s ib l e  emissions standards. Because i t  i s  

not possible t o  quantify the emission reductions achievable by wet d u s t  
suppression systems, quant i ta t ive  emission l imi t s  a r e  not possible.  I f  
equipment standards were applied,  spec i f ica t ions  t h a t  could be t a i lo red  
t o  a par t icu lar  plant would include the quant i ty  of spray bars and 

nozzles, the configuration of nozzles, spray pressure,  and the amount  of 
moisture t o  be added. 

Visible emissions l imi t s  could be applied t o  sources controlled by wet 
d u s t  suppression. 
Sources control led by wet dust suppression were found t o  be in te rmi t ten t  
while those from crushers were generally continuous. 
a different  format fo r  l imiting v i s ib l e  emissions should be applied to  each 
c l a s s  of sources. 
emissions, a v i s ib l e  emissions l imitat ion on the amount of time emissions are  
v i s i b l e  i s  more appropriate.  

an opacity l imi t  i s  more appropriate.  

As discussed in Chapter 3,  v i s ib l e  emissions fo r  non-crusher 

Because of t h i s  d i s t i nc t ion ,  

For non-crusher sources characterized by in te rmi t ten t  

For crusher sources with continuous emissions, 
These v i s ib l e  emissions and  opacity 

8-10 



l imi t s  should insure t h a t  s u f f i c i e n t  water i s  used in the wet suppression 
system to provide e f f ec t ive  control of pa r t i cu la t e  matter emissions. 

8.3 SUMMARY 

Table 8-1 summarizes the environmental and cos t  impacts resu l t ing  from 
the application of a l t e rna t ive  emission control systems. Impacts are  rated 
as beneficial  or adverse; magnitudes a re  ranked as  negl ig ib le ,  small, moderate, 
or large; and durations a re  c l a s s i f i ed  as  shor t  term, long term, or  i r r eve r s ib l e .  
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APPENDIX A 

SUMMARY OF TEST DATA 

A t e s t  program was undertaken by EPA t o  evaluate the best  par t icu la te  

control techniques avai lable  fo r  control l ing par t icu la te  emissions from 

non-metallic mineral plant  process operations including crushers,  screens 

and material handling operations,  especial ly  conveyor t ransfer  points.  In 

addition, a control technique for grinding operations was a l so  evaluated. 

This appendix describes the process operations tes ted  ( t h e i r  operating con- 

d i t i ons ,  charac te r i s t ics  of exhaust gas streams and, where applicable,  de- 

viat ions from prescribed t e s t  procedures) and sumnarizes the r e su l t s  of the 

par t icu la te  emission t e s t s  and v i s ib l e  emission observations. 

Sixteen baghouse co l lec tors  control l ing process operations a t  f ive  

crushed stone in s t a l l a t ions  ( th ree  limestone and two t raprock) ,  one kaolin, 

and one f u l l e r ' s  earth plant were tes ted  u s i n g  EPA Reference Method 5 except 

as noted in the f a c i l i t y  descr ipt ions f o r  determination of  par t icu la te  matter 

from s ta t ionary  sources. Baghouse co l lec tors  u t i l i zed  t o  control par t icu la te  

emissions from grinding operations a t  a fe ldspar ,  gypsum, and two t a l c  plants 

were also tes ted ,  b u t  EPA Reference Method 17  was used for determination of 

par t icu la te  matter. 

from the par t icu la te  emission measurements conducted a re  shown in Figure A-1 

and the complete resu l t s  a re  summarized i n  the Tables herein. 

Results of the front-half  catches (probe and f i l t e r )  

Visible emission observations were made a t  the exhaust of each of the 

above control devices in accordance with procedures recomnended in EPA 
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Reference Method 9 f o r  visual determination of the opacity of emissions from 

s ta t ionary  sources. 

A t  the hoods and col lect ion points f o r  the process f a c i l i t i e s ,  the v i s ib l e  

emission opacity observations were made in accordance with procedures recomnen- 

ded in EPA Reference Methodc 9 and 22  and the data a r e  presented in terms of 

percent of time equal t o  or  grea te r  t h a n  a qiven opacity or  in percent of t o t a l  

time of v i s i b l e  emissions as in Table 3.5. Visible emission observations were 

a l so  made a t  four  crushed stone, one sand and gravel p lan ts  and a fe ldspar  

crushing plant where par t icu la te  emissions are control led by d u s t  suppression 

techniques. The r e s u l t s  of these tests are given in  Tables 97 t h r o u g h  111. 

DESCRIPTION OF FACILITIES 

Al. Primary crushing stage incorporating a pan feeder ,  vibrat ing gr izz ly ,  

impact breaker, T-bar  b e l t  feeder and a primary be l t  conveyor. 

i s  ra ted a t  1,000 TPH and used t o  reduce run-of-quarry limestone (cement rock) 

t o  2 1/2-inch minus. 

confined, captured and vented t o  a j e t  pulse type baghouse fo r  co l lec t ion .  

Tests were conducted only during periods when the process was operating 

normally. Pa r t i cu la t e  measurements were performed using €PA Method 5. Visible 

emission observations were made a t  the baghouse exhaust and a t  capture points 

in accordance with EPA Method 9. 

The impactor 

Par t icu la te  emissions generated a t  various points are  

A2. Primary scalping screen used f o r  scalping the primary crusher 

product of f a c i l i t y  Al. 

conveyor and returned t o  the primary f o r  recrushing. 

a r e  a l s o  discharged t o  a conveyor and  transported t o  a storage f a c i l i t y .  

Par t icu la te  emissions generated from the top of the screen, which i s  

t o t a l l y  enclosed, and from bo th  chute-to-belt  t r ans fe r  points are aspirated 

t o  a j e t  pulse baghouse f o r  col lect ion.  

The plus 2 1/2-inch oversize i s  chuted t o  a b e l t  

The screen throughs 

Tests,  using €PA Method 5, were 

A-2 



conducted simultaneously with those a t  f a c i l i t y  Al. 

three t e s t s  runs reported herein was overisokinet ic .  

observations were made a t  the baghouse exhaust using EPA Method 9. 

Sampling d u r i n g  a l l  

Visible emission 

A3. Conveyor t ransfer  point a t  the  t a i l  of an overland conveyor, a lso 

located a t  i n s t a l l a t ion  Al. 

capacity a t  a be l t  speed o f  700 FPM. 

emissions vented to  a small baghouse u n i t  f o r  col lect ion.  

samples were collected using €PA Method 5. 

were made a t  the baghouse o u t l e t  and a t  the t ransfer  point us ing  EPA 

Method 9. 

The 30-inch b e l t  conveyor has a 900 TPH 

The t r ans fe r  point i s  enclosed and 

Three par t icu la te  

Visible emission observations 

A4. The secondary crushing and screening stage a t  i n s t a l l a t ion  A1 

consis ts  of a vibrating screen and a cone crusher.  

material i s  fed t o  the screen a t  about 165 TPH where i t  i s  separated in two 

f rac t ions ,  plus 3/4-inch and 3/4-inch minus .  The oversize f ract ion i s  

discharged t o  the cone crusher and reduced t o  3/4-inch. 

and screen throughs a re  then conveyed t o  a mill ing c i r c u i t .  

i s  effected by capturing and venting emissions from the screen and crusher 

t o  a j e t  pulse baghouse fo r  col lect ion.  Both par t icu la te  measurements and 

v i s ib l e  emission observations were made a t  the co l lec tor  o u t l e t  using EPA 

Methods 5 and 9,  respectively.  

Minus 2 1/2-inch 

The crusher product 

Dust control 

61. Primary impact crusher used f o r  the i n i t i a l  reduction of run-of- 

The normal production r a t e  through quarry limestone rock t o  three inches. 

t h i s  primary crushing s tage i s  350 TPH. 

from the impact crusher a t  i t s  discharge hopper and from the discharge hopper 

t o  primary conveyor b e l t  t ransfer  point and then controlled by a fabr ic  f i l t e r  

Par t icu la te  emissions a re  collected 
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collector. 

cleaning. EPA Method 5 was used for particulate measurements and EPA 

Method 9 was used for visible emission readings at the collector exhaust and at 

the impact crusher. 

The fabric filter is mechanically shaken twice daily for 

82. Secondary and tertiary crushing and screening facilities at the 

same installation as B1. 

cone crusher, two 3-fOOt cone crushers, a hammermill used to produce 

agstone and two final sizing screens. 

capacity, crushing to 1 1/2-inch minus, including 60 TPH of agstone. Dust 

control throughout this plant is affected by enclosing or hooding dust 

producing points and venting captured emissions to a fabric filter for 

collection. 

Pickup points include the top of the scalping screen, both the feed and 

discharge of all three cone crushers, the discharge of the hammermill, the 

top o f  both finishing screens, five product bins and six conveyor transfer 

points. 

Method 5. 

baghouse exhaust and at the process facilities controlled using EPA 

Method 9. 

These consist of a scalping screen, a 4-foot 

The plant has a 300 TPH design 

The collector is mechanically shaken twice daily for cleaning. 

Three particulate measurements were made in accordance with EPA 

In addition, visible emission observations were made at the 

83. The same facility as 82, except that particulate emission 

measurements were made using an in-stack filter. 

simultaneously with that described in 82. 

Testing was conducted 

C1. Limestone crushing plant consisting of a primary jaw crusher, 

The rated capacity of the plant is 125 scalping screen and hamnermill. 

TPH. End products produced range from 1 1/2-inch ininus dense-graded road 

base stone to minus 1/8-inch screenings. 

controlled by a mechanical shaker type baghouse. Collection points include 

the primary crusher discharge, the scalping screen throughs to stacking 

Particulate emissions are 
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conveyor t r a n s f e r  p o i n t ,  and bo th  the  hammermill feed and discharge. 

Tests were conducted us ing  EPA Methods 5 and 9. 

C2. Two 3-deck v i b r a t i n g  screens used f o r  f i n a l  s i z i n g  a t  t he  same 

i n s t a l l a t i o n  as C1. 

emissions c o l l e c t e d  from t h e  top  o f  both screens, a t  t he  feed t o  bo th  

screens, and a t  bo th  the  head and t a i l  o f  a s h u t t l e  conveyor between the 

screens a r e  vented t o  a mechanical shaker t ype  baghouse. Again, t e s t s  were 

conducted i n  accordance w i t h  EPA Methods 5 and 9. 

Both screens a re  t o t a l l y  enclosed and p a r t i c u l a t e  

D1. 

f o r  processing t rap rock  a t  250 TPH. 

sca lp ing  screen, a 4-fOOt secondary cone crusher, two s i z i n g  screens and two 

& f o o t  t e r t i a r y  cone crushers. A l l  process f a c i l i t i e s  a re  enclosed and 

p a r t i c u l a t e  emissions a r e  vented t o  one o f  two baghouses f o r  c o l l e c t i o n .  

The baghouses a re  exhausted through a common stack.  

were conducted us ing  EPA Method 5. V i s i b l e  emission observat ions us ing 

EPA Method 9 were a l s o  made a t  t h e  c o l l e c t o r  exhaust and a t  t h e  process 

f a c i  1 i t i e s  c o n t r o l l e d .  

Secondary and t e r t i a r y  crushing and screening f a c i l i t i e s  used 

The process f a c i l i t i e s  i n c l u d e  a 

P a r t i c u l a t e  measurements 

D2. F i n i s h i n g  screen a t  t he  same i n s t a l l a t i o n  as f a c i l i t y  D1. The 

screen I s  t o t a l l y  enclosed and emissions c o l l e c t e d  from the  top  o f  t h e  

screen enclosure, a l l  screen discharge po in ts ,  and several  conveyor t r a n s f e r  

p o f n t s  a re  vented t o  a f a b r i c  f i l t e r .  Tests conducted were i d e n t i c a l  

t o  those a t  D1 and were performed simultaneously.  

E l .  T e r t i a r y  crushing and screening f a c i l i t i e s  a t  a 375 TPH t rap rock  

i n s t a l l a t i o n .  Process f a c i l i t i e s  i n c l u d e  two s i z i n g  screens, f o u r  4 1 /4 - foo t  
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cone crushers and several  conveyor t r ans fe r  points.  Both screens are 

enclosed and emissions a r e  col lected by the enclosures and a t  the throughs 

discharge. 

and discharge points.  Captured emissions a re  col lected by a j e t  pulse type 

baghouse. Tests using EPA Method 5 were conducted d u r i n g  periods of normal 

operation. Although des i rab le ,  the pressure drop across the baghouse could 

n o t  be monitored because the pressure gauge was Inoperative. 

observations were a l so  made of the baghouse exhaust uslng EPA Method 9 .  

The t e r t i a r y  cone crushers a r e  hooded and vented a t  both feed 

Visible emission 

E2. Five screens used f o r  f ina l  s i z i n g  and e ight  storage b i n s  a t  the 

same i n s t a l l a t i o n  as E l .  

emissions vented t o  a j e t  pulse type baghouse f o r  co l lec t ion .  

conducted were ident lca l  t o  and performed simultaneously w i t h  those a t  

f a c i l i t y  El. 

F1. 

All screens and bins are t o t a l l y  enclosed and 

Tests 

Ter t ia ry  crushing and screening f a c i l i t i e s  used t o  reduce run-of- 

Par t icu la te  emissions are control led by spraying quarry t r a p  rock. 

water a t  c r i t i c a l  d u s t  producing p o i n t s  in the process flow. Two t o  three 

percent moisture i s  added t o  the material t o  suppress dust. 

observations were made in accordance w i t h  EPA Method 9 procedures. 

Visible emission 

G 1 .  Grinding system incorporating a b e l t  feeder,  ball  mi l l ,  bucket 

e leva tor ,  separator  and a be l t  conveyor. The ball  mill i s  used t o  reduce 

feldspar  t o  minus 200 mesh. Pa r t i cu la t e  emissions generated a t  various 

points a r e  confined, captured and vented to  a reverse a i r  type baghouse 

for col lect ion.  

Visible emission observations were made a t  the baghouse exhaust and a l l  

capture points in accordance with EPA Method 9. 

Par t icu la te  measurements were performed using EPA Method 17 .  
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62. Crushing f a c i l i t i e s  (primary and secondary) used t o  reduce feldspar 

Dust control i s  affected by the  suppression techniques. t o  minus 1.5 inches. 

Surface moisture contents were 1.6 t o  1 .8  percent a t  the primary crusher 

discharge, 1 . 4  t o  1.5 percent a t  the secondary crusher feed, and 1.0 percent 

a t  the secondary crusher discharge conveyor. 

were made a t  a l l  process f a c i l i t i e s  in accordance with EPA Method 9 

procedures. 

Visible emission observations 

H1. Raymond r o l l e r  mill used t o  grind gypsum. The ground product from 

the mill i s  air-conveyed t o  a cyclone co l l ec to r  fo r  product recovery. 

a i r  i s  returned t o  the mil l .  

The 

Visible Excess a i r  i s  vented t o  a baghouse. 

emission observations were made t o  determine leaks from the system i n  

accordance with E P A  Method 9 procedures. 

H2. Same f a c i l i t y  as  H1. Pa r t i cu la t e  measurements and  v i s ib l e  emission 

observations were made a t  the baghouse exhaust in accordance w i t h  EPA 

Methods 5 and 9. 

I .  Bagging operation used t o  package ground mica.  Par t icu la te  

emissions a r e  controlled by a baqhouse. Visible emission observations 

were made a t  the capture point in accordance with EPA Method 9 procedures. 

J1. Crushing (primary and secondary), grinding (pebble mill and ver t ical  

mi l l )  and bagging operations a t  a t a l c  processing plant.  

sons a re  control led by a baghouse. Visible  emission observations were 

made a t  the capture points in accordance with EPA Method 9 procedures. 

Par t icu la te  emis- 

52. Same f a c i l i t y  as J1.  Pa r t i cu la t e  measurements and  v i s ib l e  emission 

observations were made a t  the baqhouse exhaust in accordance with EPA 

Methods 5 and 9. 
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K. Pebble mill used t o  grind t a l c .  Captured emissions are vented t o  a 

pulse type baghouse f o r  co l lec t ion .  

emission observations were made a t  the  baghouse exhaust in accordance with 

EPA Methods 5 and 9 .  

Pa r t i cu la t e  measurements and v i s ib l e  

1-1. Raymond Impact Mill used t o  g r ind  kaolin.  Captured emissions are  

exhausted t o  a baghouse f o r  co l lec t ion .  

pa r t i cu la t e  measurement and v i s i b l e  emission observation a t  the baghouse stack, 

respect ively.  

EPA Methods 5 and 9 were used f o r  

L2. Roller Mill used a t  same plant  as L1. Further grinding of kaolin 

i s  accomplished. Collection of  captured emissions takes place in a baghouse 

which was tes ted  f o r  the same parameters as L1, again by E P A  Methods 5 and 9 

M1. Roller mill used t o  grind f u l l e r ' s  ear th  c lay.  Captured 

emissions are  exhausted t o  a baghouse fo r  co l lec t ion .  Par t icu la te  measure- 

ments a n d  v i s ib l e  emission observations were made a t  the baghouse exhaust 

in accordance with EPA Methods 1 7  and  9 .  

M2. Fluid energy mill used t o  grind f u l l e r ' s  earth clay a t  same 

Captured emissions are  exhausted t o  a baghouse for co l lec t ion .  plant as  M1. 

EPA Methods 1 7  and 9 were used for  pa r t i cu la t e  measurement a n d  v i s ib l e  

emission observation a t  the baghouse s t ack ,  respect ively.  

N. Kaolin r a i l  ca r  loading operation. Three complete r a i l  car  

loadings were evaluated for  fug i t ive  emissions in  accordance with E P A  

Method 22 t e s t  procedures. A baghouse ( co l l ec t ion  system) i s  used t o  

co l l ec t  d u s t  t h a t  i s  captured in the loading area.  

P. F a c i l i t y  P produces crushed stone used primarily f o r  road construc- 

t ion  purposes. 

quarry. 

The processing operation i s  located in the bottom of a n  oper, 

The quarried materials are car r ied  by t w c k  t o  the upper rim of the 
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p i t  where they a re  dumped i n t o  hoppers which feed the processing equipment. 

The finished product i s  transported back out of the quarry by be l t  conveyor. 

Visible emission measurements were conducted a t  the primary ( j a w ) ,  

secondary ( impact) ,  and  t e r t i a r y  (cone) crushers ,  two process screens,  and  one 

conveyor t r ans fe r  point by means of EPA Reference Methods 9 and  22 .  All pro- 

cess sources of emissions a r e  d i r e c t l y  or i n d i r e c t l y  controlled by means of a 

wet suppression system. 

Q. This f a c i l i t y  produces two grades of rock fo r  road-base and decora- 

t i v e  stone,  respect ively.  The  ore i s  obtained from an open mining operation 

a t  the top of a mountain, and  the process equipment i s  permanently in s t a l l ed  

in a descending arrangement from the  mine s i t e  t o  the bottom of the  mountain. 

The processed rock i s  accumulated in bins a t  the lower level f o r  subsequent 

truck loading. 

Visible emission measurements using the same techniques as Fac i l i t y  

P were conducted a t  the primary ( j aw) ,  and  secondary (cone) crushers,  , t h ree  

process screens,  and one conveyor t r ans fe r  point a l l  controlled by means of a 

wet suppression system. 

R. A f u l l y  portable crushing plant processes b a n k - r u n  material f o r  road 

Ore i s  removed from a gravel bank and construction and as concrete component. 

trucked t o  the bank  t o p  f o r  dumping in to  the i n i t i a l  screens before the primary 

crushers.  

t ing from the processing of the  mater ia l .  

Wet suppression techniques a r e  used t o  control fug i t ive  dust emana- 

€PA Reference Methods 9 and  22 were used t o  measure v i s ib l e  emissions 

from primary ( j aw) ,  and secondary (cone) crushers ,  three process screens,  and 

two conveyor t r ans fe r  points .  

S. The f a c i l i t y  produces two grades o f  crushed limestone. The plant i s  
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r e l a t ive ly  new with 'a l l  process equipment located a t  g round  l eve l .  

crusher,  two cone crushers ,  two process screens and  two conveyor t r ans fe r  

points a r e  a l l  d i r ec t ly  o r  i nd i r ec t ly  control led by means of wet suppression 

systems. 

One jaw 

EPA Reference Methods 9 and  22 were employed t o  measure v i s i b l e  

emissions emanating from the  above named process sources.  

T.  A la rge  semi-portable rock crushing f a c i l i t y  processing large-s ize  

grades of crushed limestone was t e s t ed  f o r  v i s i b l e  emissions by means of EPA 

Reference Methods 9 and 22 .  

The sources tes ted  were the primary and secondary (cone) crushers,  

one process screen,  one conveyor t r a n s f e r  point,  and  one storage bin.  All 

sources tes ted  are  controlled by the same techniques as F a c i l i t i e s  P ,  'Q, R ,  

and S .  
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Figure A-1.  Par t i cu la t e  emissions fron non-metallic minerals 
processing operat ions.  
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T o t a l  Catch 

gr/DSCF ( 2 )  

gr/ACF 

-1 b / h r  

1 b /  ton 

1 

6/10/74 

400 

995 

26430 

22351 

81.0 

2.5 

0.00471 

0.00398 

0.90 

0.00091 

- 
- 
- 
- 

2 3 

6/.l1/74 6/12/74 
320 240 

1027 1010 

26653 27142 

22140 22502 

88.0 88.0 

3.0 3.3 

See Tables 2 and 3 

0.00504 

0.0041 9 

0.96 

0.00102 

0.00597 

0.00495 

1.13 

0.001 21 

(1)  Based on throughput th rough  primary crusher. 
( 2 )  Back-half sample f o r  run number 1 was l o s t .  

A-I2 

,.::I e r a g e 

- 
320 

1011 

26472 

22331 

85.7 

2.9 

0.00727 0.0356' 

0.00602 0.0047: 

1.40 1.07 

0.00139 0.0011 

0.00839 0.00711 

0.00695 0.0059 

1.62 .. 1.38 

0.00160 0.0014 

. ~ ., ... . .,_ . . . . . .I*-) .I '' .. . .  . .  . . . . ... . 
- .- .- .- . ~~ 



TABLE 2 
FACILITY A1 

Summary o f  V i s i b l e  Emissions ( 1  ) 

Date: 6/4/74 - 6/5/74 

Type o f  P lan t :  

Type o f  Discharge: Stack Distance f rom Observer t o  Discharge Po in t :  75 ft. 

Locat ion o f  Discharge: Baghouse Height  o f  Observation P o i n t :  Ground-level 

Height  o f  P o i n t  o f  Discharge: 14 ft. D i r e c t i o n  o f  Observer from Discharge P o i n t :  N.E. 

Desc r ip t i on  o f  Background: Grey b u i l d i n g  

Desc r ip t i on  o f  Sky: Clear  

Wind D i r e c t i o n :  East  Wind V e l o c i t y :  0 - 5 m i f h r .  

Color  o f  Plume: None Detached Plume: No 

Durat ion o f  Observation: 6/4/74 - 78 minutes 
6/5/74 - 210 minutes 

Crushed Stone - Pr imary  Crusher 

SUMMARY OF AVERAGE OPACITY(~) 
Time Opaci ty 

Set Number S t a r t  End S um Average 

1 through 6 8:50 9:26 0 0 

7 through 9 11 :23 11 :41 0 0 

10 through 13 12:12 12:36 0 0 

14 through 48 8:11 11:41 0 0 

Readings were 0 percent  o p a c i t y  d u r i n g  a l l  pe r iods  o f  observat ion.  

)Two observers made simultaneous readings. 
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TABLE 3 
FAC 1 L ITY A I  

SUNWRY QF V I S  I RLE E Y I  SSI W S  (1) 

. 
m t e :  1/8/75 - 7/9/75 

T V O ~  of  P lan t :  

TyDe o f  Discharge: F u g i t i v e  

l o c a t i o n  of Discharge: 

Heiglrt of  Po in t  of Discharge: Distance from Observer t o  ?ischarge Point :  15 feet 

Oesc r io t i on  o f  Background: Grey w a l l  Height o f  Observation Pa in t :  Ground l e v e l  

?:scriDtion o f  Sky: N.A. ( indoors)  D i r e c t i o n  of Observer from Discharge Po in t :  SE 

Wind D i r e c t i o n :  N.A. Wind V e l o c i t v :  No wind ( indoors)  

Color  o f  Plume: White Detached Plums: No 

Crushed stone (Cement rock )  - 
- 

Primary impact crusher d ischarge 

6 feet  

n u r a t i o n  o f  Observat ion:  7/8/75 - 2 hours 
7/9/75 - 2 hours 

Summary of  Data: 

Ooaci ty.  Tota l  Time Equal t o  or  noac i t v ,  Tota l  Time Equal t o  o r  
Percent Greater Than Given ODacity Percent Greater Than Given Ooaci t v  

Nin.  See . Yin. Sec . 
5 

17 
15 
21 
25 
31 
35 
4') 
4 5  
50 

30 
30 
15 
15 
0 

65 
7 1  

111 

Sketch Showing How Dpaci tv  Var ied With Time: 

TIME. hours 
- 71a175 - .  - 7/9/75 

(1 )  Two observers made simultaneous readings. t h e  g rea te r  of t h e i r  readings 
i s  reported. 
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TABLE 4 
FACILITY A2 

Sumnary o f  Slew1 t s  

Run Number 

Date 

Test Time - Minutes 

Product ion Rate - TPH 

Stack E f f l u e n t  

(1 1 

Flow r a t e  - ACFM 

Flow r a t e  - DSCFM 

Temperature - OF 

Water vapor - Vol. % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% 0paci ty 

P a r t i c u l a t e  Emissions ( 2 )  

Probe and f i l t e r  catch 

gr/DSC.F 

gr/ACF 

l b / h r  

l b / t o n  

To ta l  catch (3)  __ 
gr/DSCF 

gr/ACF 

l b / h r  

l b / t o n  

1 

6/10/74 

400 

965 

15797 

13368 

90.0 

1.4 

0.00176 

0.00149 

0.20 

0.00021 

- 
- 

- 
- 

2 

6/11/74 

320 

1023 

15771 

13246 

90.0 

2.1 

SEE TABLE 5 

3 

6/12/74 

240 

1056 

15866 

13196 

94.0 

2.5 

0.00188 0.00222 

0.00158 0.001 84 

0.21 0.25 

0.00024 0.00024 

0.00235 0.00314 

0.00197 0.00261 

0.27 0.36 

0.00030 0.00034 
(1) Throughput through pr imary crusher. 
( 2 )  A l l  t h ree  t e s t  runs were o v e r - i s o k i n e t i c .  
(3)  Back-hal f  sample f o r  r u n  number 1 was l o s t .  
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Average 

- 

320 

1015 

1581 1 

13270 

91.3 

2.0 

0.00 1 95 

0.00164 

0.22 

0.00023 

0.00275 

0.00224 

0.32 

0.00032 



TABLE 5 
FACILITY A2 

Sumnary of Visible Emissions (1) 

Date: 6/10/74 - 6/11/74 

Type o f  Plant: 

Type of Discharge: Stack Distance from Observer t o  Discharge Point: 60 f l  

Location o f  Discharge: Baghouse Height of Observation P o i n t :  Ground-level 

Height  of Point o f  Discharge: 10 f t .  Direction o f  Observer from Discharge Point: Easl 

Description o f  Background: Sky 

Description o f  Sky: Clear 

Wind Direction: Southwest Ilind Velocity: 0 - 2 mi/hr. 

Color of Plume: None Detached Plume: No 

Duration o f  Observation: 6/10/74 - 192 minutes 
6/11/74 - 36 minutes 

Crushed Stone - Primary Screen 

SUMMARY O F  AVERAGE O P A C I T Y ( ~ )  
T i  me Opacity 

Se t  Number S t a r t  End S um Average - -- 
1 through 11 10:35 11 :41 0 0 

12 through 32 12:30 2:36 0 0 

33 through 38 9:40 10:16 0 0 

Readings were 0 percent opacity during a l l  periods of observation. 

(')Two observers made simultaneous readings. 
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TABLE 6 
FACILITY A3 

Sumnary o f  Resu l ts  

Run Number 

Date 

Tes t  Time - Minutes 

Process Weight Rate - TPk 

Stack E f f l u e n t  

Flow r a t e  - ACFM 

Flow r a t e  - DSCFM 

Temperature - O F  

Water vapor - Vol. % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
F u g i t i v e  (% Opaci ty)  

P a r t i c u l a t e  Emissions 

Probe and f i l t e r  ca tch  

gr/DSC,F 

gr/ACF 

l b / h r  

1 b/ t o n  

Tota l  ca tch  - ( l )  

g r/ DS CF 

gr/ACF 

l b / h r  

1 b/  t on  

1 

6/10/74 

360 

91 0 

2303 

1900 

98.0 

2.4 

0.00095 

0.00078 

0.02 

0.00002 

- 

- 

- 

- 

2 

6/11/74 

288 

91 5 

231 3 

1902 

101.0 

2.4 

SEE TABLES 7 

3 

6/12/74 

288 

873 

2422 

2003 

97.0 

2.3 

0.00162 0.00207 

0.00134 0.00171 

0.03 0.04 

0.00003 0.00004 

0.00190 0.00259 

0.00156 0.00214 

0.03 0.04 

0.00003 0.00005 

Average 

- 

31 2 

899 

2346 

1935 

98.7 

2.4 

0.00155 

0.001 28 

0.03 

n .  00003 

0.00224 

0.00185 

0.035 

0.00004 

(1 )  Back-hal f  sample f o r  r u n  number 1 was l o s t .  
I 
I 
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TABLE 7 
FACILITY A3 

Sumnary o f  Visible Emissions (1 ) 

Date: 6/11/74 

Type of Plant :  

Type of Discharge: Stack Distance from Observer t o  Discharge Point: 60 f t  

Location of Discharge: Baghouse Height of Observation Point: Ground-level 

Height o f  P o i n t  o f  Discharge: 8 f t .  nirect.inn of Observer from Discharge Point: Nort 

Description o f  Background: Grey apparatus 

Description o f  Sky: Clear 

Wind Direction: Westerly Wind Velocity: 0 - 10 mi/hr. 

Color o f  Plume: None Detached Plume: No 

Duration of Observation: 240 minutes 

Crushed Stone - Conveyor Transfer Point 

___ SUMMARY O F  AVERAGE O P A C I T Y ( ~ )  
T i n l o  Ilnari  t v  ... . - - , --2 , I.IIC 

Set  Number S t a r t  End s urn Average 

1 t h r o u g h  30 10:40 1 :40 0 0 

31 t h r o u g h  40 1 :45 2:45 0 0 

Readings were 0 percent opacity during a l l  periods of observation. 

("Two observers made simultaneous readings.' 
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TABLE, 

FACILITY A4 
Sumnary o f  Resu l ts  

Run Number 1 2 3 Average 

Date 6/61 74 6/7/74 6/8/74 

Tes t  Time - Minutes 320 320 320 320 

Produc t ion  Rate - TPH 170 162 152 163 

Stack E f f l u e n t  

Flow r a t e  - ACFM 10579 9971 11 045 10532 

Flow r a t e  - USCFM 9277 871 1 9656 9214 

Temperature - "F 81 .O 77.0 80.0 79.3 

Water vapor - Vol .  % 2.3 2.2 2.1 2.2 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% Opaci ty 

P a r t i c u l a t e  Emissions 

Probe and f i l t e r  ca tch  

grl0SC.F 

gr/ACF 

l b / h r  

l b / t o n  

To ta l  ca tch  

gr/DSCF 

gr/ACF 

l b / h r  

1 b/ t o n  

0.00036 

0.00031 

0.03 

0.00017 

0.09047 

0.00041 

0.04 

0.00022 

. -. . . . - 
SEE TALLES ,'9 & -10" '  

0.00075 0.00074 0.00062 

0.00065 0.00065 0.00054 

0.06 0.06 0.05 

0.00034 0.00041 0.00031 

0.00104 - 0.00678 

0.00095 - 0.00068 

0.08 - 0.06 

0.00050 - 0.00034 
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TABLE 9 

FACILITY A4 
Summary o f  V i s i b l e  Emissions (1 1 

Date: 6/6/74 

Type of P l a n t :  

Type o f  Discharge: Stack Dis tance from Observer t o  Discharge Po in t :  100 

Locat ion o f  Discharge: Baghouse I l e i g h t  o f  Observation P o i n t :  Ground-level 

Height  o f  P o i n t  o f  Discharge: 15 f t .  D i r e c t i n n  nf Observer from Discharge Point :  Nor 

D e s c r i p t i o n  o f  Background: Sky 

Desc r ip t i on  o f  Sky: Clear  

Wind D i r e c t i o n :  Va r iab le  Wind V e l o c i t y :  0 t o  10 n i i /h r .  

Color  o f  Plume: None Detached Plume: No 

Durat ion o f  Observation: 240 minutes 

Crushed Stone - Secondary Crushing and Screening 

SUMMARY OF AVERAGE OPACITY(~) 
Time Opaci ty 

Set Number S t a r t  End Sum Average 

1 through 30 10:4D 1 :4D 0 0 

31 through 40 1 :45 2:45 0 0 

Readings were 0 pe rcen t  o p a c i t y  d u r i n g  a l l  per iods o f  observat ion.  

("Two observers made simultaneous readings. 
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TABLE 10 
F A T  I L I I Y A 4 

SI IMMRY 'IF VIS I RLE E ' I I S S I I Y S  0 )  

Date: 7/9/75 - 7/ i0/75 

T v w  o f  P lan t :  

Tvne of  Discharqe: F u g i t i v e  

l o c a t i o n  o f  Discharge: 

Heiq'rt  o f  P o i n t  o f  n ischarge: 

Oescr in t ion  o f  Background: Sky Heioht o f  Ohcervation Po in t :  6 f e e t  

l e s c r i p t i o n  o f  Sky: P a r t l y  cloudy D i r e c t i o n  o f  flhserver from Discharge P o i n t :  SE 

Crushed stone (celllent rock)  

Conveyor ( t r a n s f e r  p o i n t )  

8 fee t  Distance from Ohserver t n  9ischarge P o i n t :  50 fee t  

Wind n i r e c t i o n :  South 

Color o f  Plume: White 

I4ind V e l o c i t v :  3 - 5 mph 

Detached Plume: 110 

n u r a t i o n  o f  Observation: 7/9/75 - 106 minutes 
7/10/75 - 60 minutes 

Summarv o f  Data: 

Onacity. T o t a l  T i m e  Equal t o  o r  f lnac i tv .  Totc ime Equal t o  
Percent Greater Than Given Ooaci t v  Percent Tban Given I 

Yin.  - See . - M i n .  - 
5 3 0 

17 0 45 
15 D 30 
20 0 0 
25 
3 1  
35 
47 
45 
50 

- - 
- - 
- - 

- - 
Sketch Sho-.vinq How Doaci tv Varied k l i t h  Time: 

55 - 
61 
65 
7'1 - 
75 - 
8'1 
95 
1'1 
15 

1 1'1 

- 
I I /  I 

0 1 2 / I  0 

- 7/9/75 . ' . .  - 7/10/75 
TIME. hours 

- .  

( I  ) Two ohr:!rvers made simii l tancous rea l inqc .  t h e  grea ter  O f  t h e i r  readings 
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Run Nunber 

Date 

Test Time - Minutes 

Production Rate - TPH (1 1 

Stack Ef f luent  

Flow ra te  - ACFM 

Flow rate - OSCFM 

Tmperature - OF 

Water vapor - Vol. X 

Vis ib le  Emissions a t  
Col lector Discharge - 
X Opacity 

Par t icu la te Emissions 

Probe and f i l t e r  catch 

gr/OScF 

gr/ACF 

Ib /h r  

lb/ton 

Total catch 

gr/OSCF 

gr/ACF 

lb /h r  

lb t tor :  

TAOLE i l  
FACILITY 81 

S m a r y  of Results. * 

1 

10/29/74 

18C 

324 

51 54 

4998 

70 

1.80 

0.009 

0.012 

0.402 

0.0012 

0.009 

0.011 

0.496 

0.0015 
(1) Throughput through primary crusher. 

2 

10/30/74 

120 

359 

6121 

5896 

76 

1.87 

3 

10/30/74 

120 

375 

6078 

5753 

83 

2.06 

See Table  ~ 1 2  

0.001 

0.004 

0.072 

0.0002 

0.001 

0.003 

0.180 

0.0005 

0.010 

0:011 

0.500 

0.0013 

0.010 

0.011 

0.553 

0.0015 

Average 

- .  

140 

353 

5784 

5549 

76.3 

1.91 

0.007 

0.009 

0.325 

0.0007 

0.007 

0.008 

0.408 

0.0012 
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1AL)LE 12 
FAClClTY 81 

Sc-3ry cf '!izi*?c E-ilricns 0 1 
!"*'.?Y?? !! 

Date: 10/29/74 - 10/30/74 

Type o f  P lan t :  

Type of Discharge: Stack Distance from Ovserver t o  Oischarge P o i n t :  15 f t .  

Locat ion of Oischarge: Baghouse Height o f  Observation Po in t :  Ground l e v e l  

H d g h t  of P o i n t  o f  Oischarge: 25 ft. D i r e c t i o n  of Observer from Oischarge Po in t :  West 

Desc r ip t fon  o f  Background: 

Desc r ip t i on  of Sky: 

Ui nd D i r e c t i o n :  Nor thwester ly  Wind V e l o c i t y :  Not a v a i l a b l e  

Color of Plume: White 

Durat ion o f  Observatfon: 

Crushed Stone - Pr imary Crusher 

Grey quar ry  w a l l  

Clear t o  c loudy 

Detached Plume: No 
10/29/74 - 180 minutes 
10/30/74 - 234 minutes 

SWMRY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

Time ODaci t v  Time Opaci ty  
1 

End Sum Average Set  dumber S t a r t  End Sum Average Set  Nunher S t a r t  
I 

10/2Y/74 
I 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
14 
15 
Ib 
17  
18 
19 
20 
Z1 
22 
23 
24 
25 
26 
27 
2M 
29 - 
3u 

- 

10/30/74 
31 
Jd 
33 

IO: 30 
1U:36 
10:42 
10:48 
10:54 
11:oo 
l l : U 6  
11:12 
11:18 
11:24 
11:30 
11:36 
11:42 

l : l 5  
1:21 
1:27 
1:33 
1:39 
1:4S 
1 : j l  
1:s) 
2303 
2:09 
2:lS 
2:21 
2:27 
2:33 
2: 3Y 
2:45 
2:Sl 

9:05 
. ~ : l i  
9 : l 7  

10: 36 
10:42 
10:48 
10:54 
1l:JO 
11:oti 
11:12 

11:24 
11:30 
11:36 
11:42 
11:48 

1:21 
1:27 
1:33 
1:39 
1:45 
l : S l  
1:57 
2:03 
2:U9 
2: 15 
2:21 
2:27 
2:33 
2:3Y 
2:45 
2:  51 
2:57 

1 i : i n  

9: 11 
LJ: i i  
9:23 

IO 
20 
25 
1s 
15 

5 
l U  
25 
20 
15 
25 
30 
15 
0 

15 
5 
5 
0 
0 
0 
5 
5 
0 
0 
0 
5 
5 
0 
0 

10 

0 

0 
" 

0.4 
0.8 
1.0 
0.6 
0.6 
0.2 
0.4 
1.0 
0.8 
0.6 
1.0 
1.2 
0.6 
0 
0.6 
0.2 
0.2 
0 
0 
0 
0.2 
0.2 
0 
0 
0 
0.2 
0.2 
U 
0 
0.4 

0 

0 
" 

39 9:53 
40 9:59 
41 10:05 .. 
42 10: 11 
43 10:17 
44 10:28 
45 10:34 
46 i0:40 
47 1o:se 
46 ii:oS 
49 11:lO 
50 11:24 
51 l l : 3 0  
52  1:02 

58 1:38 
59 1:44 .. 
60 1:50 
61 1:56 
62 2:02 
63 2:08 
64 - 2:14 
65 2:20 ~~ 

66 2:26 
2:39 67 

69 2:51 

- .. _ _  
"0 L.., 

9:29 
9:35 
9:41 
9:47 
9:53 
9:59 

10:05 
10:11 
10:17 
10:23 
10:34 
10:40 
10:46 
11:04 
11:lO 
11:16 
11:30 
11:36 
1:08 
1:14 
1:20 
1:26 
1:32 
1:3M 
1:44 
1:50 
1:56 
2:02 
2:08 
2:14 
2:20 
2:26 
2:32 
2:45 
2::: 
2:57 

0 
5 

10 
0 
0 
5 
0 
0 
0 
0 
0 

10 
5 
0 
5 

10 
0 
0 
0 
0 
0 

10 
0 
5 
0 
0 
0 
5 
0 
5 
5 
0 
0 
0 
5 
0 

0 :  
0.2 
0.4 
0 

0.2 
0 
0 
0 
0 
0 
0.4 
11.2 
0 
0.2 
0.4 
0 
0 
0 
0 
0 
0.4 
0 
0.2 
0 
0 
0 
0.2 
0 
0.2 
0.2 
0 
0 
0 

0 

O !  

-.. 
I... 
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Run Number 

Date 

Test Time - Minutes 

Production Rate - TPH 

- Stack Eff luent  

Flow r a t e  - ACFM 

Flow r a t e  - OSCFM 

Temperature - "F 

Water vapor - Vol. % 

. Visible [missions a t  
Col lector  Discharge - 
% Opacity 

Pa r t i cu la t e  Cii i issions _ _ ~ -  
Probe and f i  1 ter  catch 

g r/ OSCJ 

gr/ACF 

1 b / h r  

lb / ton 

Total  c a t 3  

gr/OSCF 

gr/ACF 

lb /hr  

1 b/ton 

TABLE 13 
FACILITY 02 

Sumnary o f  Results 

1 2 3 Average 

10/31/74 10/31/74 11/11/74 - 

108 108 108 108 

270 270 270 270 

19684 18921 16487 18197 

18296 17638 15681 17205 

92.0 96.0 79.0 87.0 

1.95 1.92 2.01 1.96 

SEE TABLES 1 4  - 23 

0.003 

0.003 

0.427 

0.0016 

0.006 

0.005 

0.916 

0.0034 
i 
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0.005 0.003 

0.005 0.003 

0.753 0.457 

0.0028 0.0017 

0.006 0.007 

0.006 0.007 

0.978 0.955 

0.0036 0.0035 

0.0037 

0.0037 

0.546 

0.0020 

0.0063 

0.0060 

0.946 

0.0035 

. 



TABLE 14 
FAClLlTV 82 . 

(Ubserver 1) 
Summary o i  v i s i n l e  Emissions 

Date: 10/31/74 - 11/1/74 

Type of P lan t :  Crushed Stone - Secondary and T e r t i a r y  Crushing and Screening 

Type o f  Discharge: Stack Distance f rom Observer t o  Discharge P o i n t :  30 ft. 

.Location o f  Discharge: Baghouse Height  of Observation P o i n t :  5 ft. 

Height  of P o i n t  o f  Discharge: 8 ft. D i r e c t i o n  o f  Observer from Discharge Point :  East 

Desc r ip t i on  o f  Background: Sky 

Desc r ip t i on  of Sky: 

wind D i rec t i on :  Southeaster ly  Y ind V e l o c i t y :  Not ava i l ab le  

Co lo r  o f  Plume: White 

Dura t i on  o f  Observation: 10/31/74 - 

Clear  t o  p a r t l y  cloudy 

Detached Plume: No 

240 minutes 
11/1/74 - 
106 minutes 

S I M A R Y  OF AVERAGE OPRCITV 

Date Set  Number S t a r t  End S urn Averaqe 
Time Opaci t Y  

10131 I 7 4  

11/1/74 

9:33 
9:39 
9:45 
9:51 
9:57 

10:03 
10:09 
10:15 
10:21 
10:27 
10:33 
10:39 
10:45 
10 :S l  
10:57 
11:03 
11:09 
11:15 
11:21 
11:27 

3:09 

9:47 - 
Readings ranged from 0 t o  5 percent  opac i t y .  

5 
10 

5 
0 
5 
5 

10  
5 

20 
0 
0 
0 
5 
5 

10 
0 
5 
0 
0 

10 

0 

0 

0.2 
0.4 
0.2 
0 
0.2 
0.2 
0.4 
0.2 
0.8 
0 
0 
0 
0.2 
0.2 
0.4 
0 
0.2 
0 
0 
0.4 

0 

0. 
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Ta5le 15 

F A C I L I T Y  B2 

SUMIMRY OF VISIBLE EVISSIOVIS 

Date: 6/30/75 

Tvqe of  P lan t :  Crushed stone (limestone) 

Type of  Discharge: Fugitive 

Location of Discharge: Secondary Cone Crusher (#1)  

lieirj'lt of Point of Discharge: 25  f t .  

Descrintion of Background: Sky & Equipment 

qs sc r in t ion  o f  sky: Clear 

!JincI Direct ion:  East !dind Velocitv: 5-10 mph 

Color of 'Plume: White Detached Plume: No 

Duration of Observation: 231 minutes 

Distance from Observer t o  Oischarge Point:45 f t .  

Height o f  Observation Point: 2 f t .  

Direction of Observer from Discharge Point:Nortt 

( 

Summary of Data: 

Ooaci t y ,  Total Time Equal t o  o r  
Percent Greater Than Given Opacity 

Mi n . Sec. 

5 
19 
15  
29 
25 
30 
35 
49 
45 
50 

.noacitv,  
Percent Greater Than Given Onacitu 

Total Ti'he Equal  t o  o r  

Sec. - Vin. 

55 
6') 
65 
7') 
7s 
so 
85 
9') 
95 

109 
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Table 16 

FACILITY 82 

SUMtURY '3F V I S  I3LE E'IISS I?'lS i 

Date: 6/30/75 

T v w  of  Plant:  Crushed stone (limestone) 

Type of  Discharge: Fugitive 

Location of Discharge: Seconbary Cone Crusher ( # 2 )  

Heiq3t o f  Point of Discharge:25 f t .  

Oescriotion o f  Background: Sky & Equipment 

%sc r io t ion  o f  Sky: Clear 

!dind Oirect ion:  East 

Color o f  'Plume: White' 

Duration of Observation: 231 minutes 

Distance from Observer t o  Oischarge Point:45 f t .  

Height of Observation Point: 2 f t .  

Direction o f  nhsrirver from Discharge Point: North 

!.find Velocitv:  5-10 mph 

Detached Plum.: No 

Summary of Data: 

Ooacitv. ' Total Time Eaual t o  o r  ~ ~~ 

Percent. Greater Than 'Given Dpaci t v  
tli n . Sec. 

5 0 15 

15 - - 
29 
25 
3') 
35 
4') 
45 
50 

13 0 0 

Ttnacitv, 
Percent Greater Than Given Ooacitv 

Total Time Equal t o  o r  

Sec . - Yin. 

55 
59 
65 
7 1  

I 



Tahl e 1 7  

FACILITY B2 

SUMI4ARY 3 F  VISInLE E'IISSI!)hlS 

Date: 6130175 

T v w  of P lan t :  Crushed stone (limestone) 

Type of Discharge: Fugi t ive 

Location of Discharge: Secondary Cone Crusher ( # 3 )  

I{eiq+t of Point of Discharge:25 f t .  

Descriotion of Background: Sky & Equipment 

qescr io t ion  of Sky: Clear 

! d i d  Direction: East 

Color of 'Plume: White 

Duration of Observation: 231 minutes 

Distance . . 'om Observer t o  r).-charge Point:  45 f t .  

tleipht of nbservation Point: 2 ft .  

Direction o f  Observer from Discharge Point: North 

!Jind Velocitv:  5-10 mph 

Detached Plum?: No 

Summary of Data: 

Doaci t.y, Total Time Equal t o  o r  
Percent Greater Than Given Opacity 

M i  n . Sec. 

0 - 5 
13 
15 
29 
25 
30 
35 
4') 
45 
50 

0 - 

-0nacitv.  Total Time Eoual t o  o r  
Percent- Greater Than 'Given Onaci t v  

Sec . - Yin. - 
55 
VI 
65 
7') 
75 
8r) 
55 
90 
95 

1 r)r) 
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Tahle 18 

FACILITY B2 

SUMtWRY r)F VISIBLE E'IISSICIhlS 

Date: 6/30/75 - 7/1/75 

T v w  of Plant :  Crushed stone (limestone) 

Type of Discharge: Fugitive 

Location of Discharge: Surge 'sin 

Heiq'7t of Point of  Discharge: Distance from Observer t o  Oischarge Point:150 f t .  

bescr io t ion  of Background:Sky & Equipment 

qsscr in t ion  of  S tv :  Clear 

Uind Oirection: South !Jind Velocitv:  5 mph 

color  of .Plume: White 

Duration of Observation: 6/3O/J4 - 234 minutes 
7/1/75 - 53 minutes 

Summary o f  Data: 

Height of  Observation Point: 15 f t .  

Direction of Ohsrirver from Dischargc? Po in t :SE  

Detached Plume: NO 

" " C L C  I b.7 , ."*", ,,,,,.._ cy-"' 1- -.  
Percent Greater Than Given 0Pacit.Y 

Car M i  n .  

nnari F,, T n t a l  T i m o  Fntial t n  nr Jloacitv, Total Time Equal t o  o r  
Percent Greater Than Given Ooacitv 

M i  n 

5 2 
17 1 
15 
20 
25 
30 
35 
40 
45 
50 

- 
- 

0 
15 
30 - 

55 
60 
h5 
73 
75 
8'1 
85 
93 
05 

1 '1'1 
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T a h l ?  19 

FACILITY 82 

SUMWRY OF VIS ISLE €141 SS 1 “PIS 

Date: 6/30/75 - 7/1/75 

Tvqe of P lan t :  Crushed stone (limestone) 

Type of Discharge: Fugitive 

Location o f  Discharge: Scalding screen 

Heig’lt of Point of Discharge:50 f t .  

Descriotion of Background: Sky & Equipment 

qescr in t ion  of  sky: Clear 

Wind Direct ion:  South 

Color of ‘Plume: White Detached Plume: no 

Duration of Dbservat im:  6/30/75 - 234 minutes 
7/1/75 - 53 minutes 

Distance from Observer t o  Oischarge Point:150 f t .  

Height o f  Observation Point: 15  f t .  

Direction of nhserver from Discharge Point:  SE 

!Jind Velocitv:  5 MPH 

Summary o f  Data: 

Ooaci t.y , 
Percent 

5 
13 
15 
29 
25 
3’) 
35 
4’1 
45 
5’) 

44 45 55 
9 ’ 45 6’1 
3 0 65 
0 30 7 1  - - 75 

8‘) 
85 
91 
q5 

1 VI 

Total Time Equal t o  o r  
Greater Than Given Opacity Percent Greater Than Given Onacitv 

M i  n . Sec. Yin. Sec . 
JlDacitv, Total Time EqL 1 t 
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Tablp 20 

FACILITY 82 

SUMMARY 'IF VISIRLE E'IISSICPIS 

3te: 6130175 - 7/1/75 

yqe O f  Plant :  Crushed stone (limestone) 

voe of Discharge: Fug i t ive  

ocation of Discharge: Hammermi 11 

cig ' l t  of Point of Discharge: 

e sc r io t ion  o f  Background: Sky & Equipment 

e sc r in t ion  o f  S ~ V :  Clear 

ind Direction: South  

o l o r  Of 'Plume: White' 

Distance from Observer t o  Oischarge Point:150 f t .  

Heiqht of  Observation Point: 15  f t .  

Direction o f  ntisprver from Discbarge Point: SE 

!Jind Velocitv:  5 mph 

Detached Plum?: No 

urati.on of Observation: 6130175 - 234 minutes 
7/1/75 - 53 minutes 

ummary of Data: 

Doaci t.y, Total Time Equal t o  o r  
Percent Greater Than Given Opacitv 

M i  n . Sec. - 
5 

17 
15 
21) 
25 
30 
35 
49 
45 
50 

0 - 0 - 

nnaci tv ,  
Percent Greater T h a n  Given Oaacitv 

Total Time Equal t o  o r  

Sec. - Yin. 

55 
69 
65 
7Q 
75 
WI 
85 
99 
')5 

1 r)r) 
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FACILITY 82 

SUI.IfflRY OF VISIRLE E'IISSI!IYS 

Date: 7/1/75 

T y w  of  P lan t :  Crushed stone (limestone) 

Tyoe of  Discharge: Fugitive 

Location of Discharge: (3-Deik) Finishing Screen ( l e f t )  

Heiq'lt of Point of Discharge:40 ' 

Descriotion O f  Background: Hazy Sky 

Ysscrintion of Sky: Clear 

!lind Direct ion:  Southeast 

Color o f  'Plume: White 

Ouration of Observation: 107 minutes 

Distance from Observer t o  Oischarge Point:75 f t  

t le ipht  of  Oherva t ion  Point: Ground level 

Direct ion o f  nhswver from Discharib Point:wesi 

!dind Velocitv: 5-15 mph 

Detached Plume: NO 

Summary o f  Data : 

ODaci t.y, Total Time Equal t o  o r  -noaci tv ,  Total Time Equal t o  o r  
Percent Greater Than Given Opacity Percent Greater Than Given Ooacit 

Min. Sec. Yin. Sec. - 
30 55 

- - 6') 17 
15 65 
29 71 
25 75 
3') 8rl 
35 95 
49 3') 
45 OS 
50 100 

5 4 
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Table 2 2  

FACILITY 82 

SUMIUIRY OF VISInLE E'1ISSI')'IS 

m e :  7/1/75 

T v w  o f  P l a n t :  Crushed stone ( l imestone)  

TyDe of  Discharge: F u g i t i v e  

Loca t ion  Of Discharge: (3-Deek) F i n i s h i n g  screen ( r i g h t )  

Hziq ' l t  o f  P o i n t  o f  Discharge: 40 ft. 

9 e s c r i o t i o n  o f  Background: Hazy sky 

q e s c r i n t i o n  o f  Skv: Clear 

!dind O i r e c t i o n :  Southeast IJind V e l o c i t v :  5-15 mph 

Color  o f  'Plume: White . Detached Plume: No 

n u r a t i o n  o f  Observat ion:  107 minutes 

Dis tance from Observer t o  Oischarge P o i n t :  75 ft. 

He igh t  o f  O5servat ion P o i n t :  Ground l e v e l  

D i r e c t i o n  O F  ~ ~ i s r ? r v e r  f rom Discharge Po in t :  West 

Summary o f  Data: 

Ooaci t.y , T o t a l  Time Equal t o  o r  
Percent  Grea te r  Than Given Onaci tv  

Min. Sec. 

5 
17 
15 
29 
25 
30 
35 
4') 
45 
50 

0 - 15 
- 

A-33 

h a c i t v .  T o t a l  T i % ?  Eaual t o  o r  
Percent: Greater  Than 'civet) Ooaci tv  

Yin. Sec. 

55 
67 
65 
77 
75 
80 
8S 
97 
9s 

1 VI 
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Tab le 23 

FACILITY 62 

SUMItARY OF VISISLE E'IISSI9'lS 

Oate: 6/30/75 

T y w  o f  P lan t :  Crushed stone ( l imestone)  

Tyoe o f  Discharge: F u g i t i v e  

L o c a t i o n  of Discharge: Two (3-Deck) f i n i s h i n g  screens 

Hoig' l t  o f  P o i n t  o f  Discharge: 50 ft. 

D e s c r i o t i o n  o f  Background: Hazy sky 

q s s c r i o t i o n  o f  Sky: Clear  

D is tance  from Observer t o  Oischarge Po in t :  75 

He igh t  o f  Observat ion P o i n t :  Ground l e v e l  

D i r e c t i o n  o f  Observer f rom Discbargc?. Point:Wes 

! t in4 D i r e c t i o n :  Southeast 

Co lo r  o f  .Plume: White 

D u r a t i o n  o f  Observat ion:  120 ,,,inUtes 

Summary o f  Data: 

Ooaci t.y, T o t a l  Time Equal t o  or 
Percen t  Grea te r  Than Given Opac i t y  

M i  n . Sec. - 

! d i d  V e l o c i t v :  10-15 mph 

Detached P1ume:No 

5 
13 
15 
21) 
25 
30 
35 
4') 
45 
5O 

86 
28 

5 
0 
0 - 

15 
15 
30 
15 

0 

.nDaci t v ,  
Percent 

55 
67 
65 
77 
75 
8') 
95 
97 
95 

100 

T o t a l  T i 6 e  Equal t o  o r  
Greater  Than Given Ooaci 

Sec. - - V i  n . 
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Run Number 

Uate 

Test Time - Minutes 

Production Rate - TPH 

Stack Effluent 

Flow r a t e  - ACFM 

Flow r a t e  - OSCFM 

Temperature - "F  

. Water Vapor - Vol. % 

Visible Emissions a t  
Collector Discharge - 
% Opacity 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

T N l C E  24 
FACILITY 83 

Summary o f  Results 

1 2 3 Average 

1 O/ 31 174 11/1/74 11/1/74 - 

270 270 270 270 

18674 18405 16238 17772 

17335 17186 15466 16662 

92 90 79 87 

2.13 1.73 1.87 1.91 

0.002 0.004 0.003 0.003 

0.002 0.004 0.003 0.003 

0.355 0.614 0.411 0.460 

0.0013 0.0023 0.0015 0.001 7 

gr/DSCF 

gr/ACF 

l b / h r  

lb/ton 
Total catch 0) 

gr/DSCF 

gr/ACF 

l b / h r  

1 b/ ton 

(l)No analysis of bark-half on in-stack f i l t e r  tests. 

f ' " ' ;  . 
~ - ,  . .  

i 
A-35 
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Run Number 

Date 

Test Time - Minutes 

Production Rate - TPH (1 1 

Stack Effluent 

Flow ra te  - ACFM 

Flow ra te  - DSCFM 

Temperature - "F 
dater vapor - Vol. 4 

Vis ib le  Emissions a t  
Col lector Oischarge - 
X Opacity 

Par t icu la te Emissions 

Probe and f i l t e r  catch 

gr/DSC.F 

gr/ACF. 

l b /h r  

lb/ton 

Total catch 

gr/OSCF 

gr/ACF 

lb /h r  

1 b/ ton 

TABLE 25 
FACILITY C1 

Sumnary of Results 

1 2 3 Average 

11/19/74 11/21/74 11/22/74 - 

120 240 240 200 

7340 

7250 

66.0 

1.0 

0.003 

0.003 

0.18 

0.001 

0.007 

0.007 

0.43 

0.003 
(1) Throughput through primary crusher. 

7560 7520 

7720 7800 

38.0 44.0 

0.4 0.1 

Fee t a b l e  26 

0.0007 0.003 

0.0007 0.003 

0.05 0.17 

0.0004 0.001 

0.001 0.003 

0.001 0.003 

0.09 0.21 

0.0008 0.002 

7473 

7593 

49.3 

0.5 

,. .. 

0.0022 

0.0022 

0.10 

0.0008 

0.0037 

0.0037 

0.24 

0.0019 

. 1 - 
A-36 



TABLE 26 
FACILITY C1 

Sunmary of V i s i b l e  Emissions (1) 

Uate: 11/21/74 

Type of Plant :  

Type o f  Discharge: Stack Oistance from Observer t o  discharge Po in t :  100 ft. 

Locat ion o f  Uiscliarye: Baghouse He igh t  o f  Observation Po in t :  50 ft. 

Height of P o i n t  of  discharge: 40 ft. D i r e c t i o n  o f  Observer f r o m  Discharge Po in t :  N.U. 

Descr ip t i on  o f  Uackground: Dark Woods 

Uesc r ip t i on  o f  Sky: Overcast 

Wind D i rec t i on :  Eas te r l y  Wind Ve loc i t y :  10 t o  30 mi/hr. 

Co lor  o f  Plume: White Detached Plume: No 

Uura t ion  of Observation: 240 minutes 

Crushed Stone - Primary and Secondary Crushing and Screening 

SUMMARY 3 F  AVERAGE OPACITY(*’ 
Time Opac i ty  - 

Set Number S t a r t  End Sum Ave ra  qe 

1 througii 40 12: 10 4:.10 0 0 

Readings were 0 percent opac i t y  du r ing  t h e  observat ion per iod .  

Sketch Showing How Opacity Var ied With T i m :  

0 1 2 3 4 
Time, hours 

Two observers made simultaneous readings. 

Reference 5. 

A-37 
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Run Number 

Date 

Test Time-- Minutes 
Production Rate - TPH (1) 

Stack Effluent 

Flow ra te  - ACFM 

Flow ra te  - OSCFM 

Temperature - "F 
Water vapor - Vol. I 

Vlsible Emissions a t  
Collector Discharge - 
'z Opacity 

Par t iculate  Emissions 

Probe and f i l t e r  catch 

gr/DSC.F 

gr/ACF . 

l b l h r  

lb/ton 

Total '  catch 

gr/OSCF 

gr/ACF 

l b / h r  

1 bl  ton 

_. 

TABLE . 27 
FACILITY C2 

Sumnary of Results . 
' 1  2 

11/19/74 11/21/74 

120 

132 

6220 

6260 

62.0 

0.4 

0.006 

0.006 

0.31 

0.002 

0.008 

0.009 

0.46 

0.003 

240 

119 

6870 

6880 

50.0 

0.3 

3 '  

11/22/74 

240 

127 

6540 

6700 

51 .O 

0.1 

Average 

200 

126 

6543 

661 3 

54.3 

0.27 

See Table 28 

0.00003 

0.00003 

0.002 

0.00002 

0.0006 

0.0007 

0.04 

0.0003 

0.0004 0.0021 4 
0.004 0.00214 

0.02 0.111 

0.0002 0.00074 

0.0009 0.0032 

0.001 0.0057 

0.05 .0.18 

0.0004 0.0012 

(1) Throughput through primary crusher. 
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3te: 11/21/74 

fpe of P lan t :  

tpe o f  Oischarge: Stack Dis tance from Observer t o  Discharge Po in t :  200 ft. 

x a t i o n  o f  Discharge: Baghouse He igh t  o f  Observat ion P o i n t :  50 ft. 

l i g h t  o f  P o i n t  o f  Oischarge: 40 ft. D i r e c t i o n  of Observer from Discharge P o i n t :  N.W. 

: s c r i p t i o n  o f  Background: Dark woods 

e s c r i p t i o n  o f  Sky: Overcast 

i n d  D i r e c t i o n :  E a s t e r l y  

o l o r  o f  Plume: White 

Crushed Stone - F i n i s h i n g  Screens 

0 -  

Wind V e l o c i t y :  

Detached Plume: - 
10 t o  30 mi /hr .  

~ 

I I I . ,  

u r a t i o n  o f  Observation: 240 minutes 

SUMMARY OF AVERAGE OPACITY 
Time Opac i t y  

Set Number S t a r t  End Sum Averaqe 

1 through 40 12: 10 4:lO 0 0 

Readings were 0 percent  o p a c i t y  d u r i n g  the  observat ion pe r iod :  

ketch Showing How Opaci ty  Va r ied  Wi th Time: 

c, c 
al u 
L al a 

h CI 
u 
m 
n 
0 

I 

.r 

T i  me, hours 
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Run Number 

Oate 

Test Time -.Minutes 
Production Rate - TPH (1 1 

Stack Effluent 

Flow rate - ACFM 

Flow ra te  - OSCFM 

Temperature - "F 

Uater vapor - Vol. Z 

Visible Emissions a t  
Collector Discharge - 
X Opacity 

Par t iculate  Emissions 

Probe and f i l t e r  catch 

9dDSC.F 

gr/ACF. 

lb/hr 

lb/ton 

Total catch 
- 

gr/OSCF 

gr/ACF 

. l b / h r  

lb/ton 

T ~ L E  29 
FACILITY 01 

Sumnary of Results 

1 

9/17/74 

240 

225 

31830 

31370 

66.0 

1.2 

0.0095 

0.0094 

2.55 

0.0113 

0.0100 

0.0096 

2.69 

0.0120 
(1) Throughput  t h r o u g h  primary crusher. 

2 

9/18/74 

240 

230 

31810 

30650 

71 .O 

1.7 

3 

9/19/74 

240 

220 

31950 

31 230 

68.0 

1.6 

SEE TABLES 30-36 

0.0081 

0.0078 

2.13 

0.0093 

0.0085 

0.0082 

2.23 

0.0097 

0.0080 

0.0078 

2.13 

0.0097 

0.0086 

0.0084 

2.30 

o.oio5 

Average 

- 

240 

225 

31863 

31083 

68.3 

1.5 

- 

0.0085 

0.0083 

2.27 

0.0101 

0.0090 

0.0088 

2.41 

0.107 

A-40 
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TABLE 30 
FACILITY U1 

Sumnary of  V i s i b l e  Emissions 

Uate: 9/17/74 

Type o f  Plant:  

Type of  Uischarge: Stack Distance from Observer t o  Discharge Po in t :  300 ft. 

Locat ion  o f  Uischarge: Baghouse He igh t  o f  Observat ion Point :  90 ft. 

Heigh t  o f  Po in t  o f  Discharge: 55 ft. D i r e c t i o n  o f  Observer frm Discharge Po in t :  S . E .  

Descr ip t i on  of Background: Trees 

Desc r ip t i on  of Sky: par t l y  cloidy 

Hind  D i rec t i on :  Nor the r l y  Mind Ve loc i t y :  5 - 10 m i l h r .  

Color o f  Plume: None Detached Plume: No 

Dura t i on  o f  Observation: 240 minutes 

Crushed Stone - Secondary and T e r t i a r y  Crushing h Screening 

SUMMARY OF AVERAGE OPACITY 
Time Opaci ty 

Set Nunber S t a r t  End Sum Average 

1 through 40 9:lO 1:oo 0 0 

Readings were 0 percent  o p a c i t y  du r ing  the  p e r i o d  of  observation. 

Sketch Snowing Har Opacity Var ied With Time: 

I I I I I 
' 0  1 2 3- 4 

Time. hours 

- -. - - -  - 

- A-41 



T a h l ?  31 

FACILI- rY 01 

SIJMI4ARY OF VISISLE E'IISSI9VS 

Date: 7/8/75 

T v w  of P l a n t :  Crushed stone (traprock) 

Tyne o f  Disc%arge: Fugitive 

Location of Discharge: Terti'ary gyrasphere cone crusher ( S )  

Heig!lt of Point of Discharge: Distance from Ohserver t o  Oischarge Point: 30 f t  

Descrintion of Background: Machinery tleipkt of Observation Point: ground level 

voscr in t ion  o f  Skv: Overcast 

!.Jind Direct ion:  Southwest ! d i d  Velocitv: 0-10 mph 

Color of 'Plume: White Detached Plume: No 

Ouration of Observation: 170 minutes 

Direction of Ohserver from Discharge Point: West 

Summary of Data: 

Onaci t.y, 
Percent Greater Than Given Opacity 

Total Time Equal t o  o r  

Mi n .  Sec. __ 

5 0 
13 
15 

- 0 - 

f b a c i t v ,  
Percent Greater Than Given Onacitv 

Total Tikc! Equal t o  or  

M i  n 

55 
67 
h5 
77 
75 
8fl 
85 
97 
')5 

1 r)r) 

.~ 

29 
25 
30 
35 
49 
45 
50 

14-42 



Tahlr! 32 

FACILITY D l  

SUMIWRY 9F VISISLE EYISSI'.lhlS 

late: 7 / 8 / 7 5  

' v w  of P lan t  Crushed stone ( t raprock)  

'yoe of Discharge: Fugitive 

.ocation Of Discharge: Tert iary gyrashere cone crusher ( N )  

toin% of  Point o f  Discharge: Distance from Observer Point 30 f t .  

lescri Dtion of Background: Machinery 

k s c r i ~ t i o n  of Sky: Overcast 

l i nd  Oirection: Southwest !lind Velocitv:  0-10 mph 

:olor o f  'Plume: White Detached Plume: NO 

h r a t i o n  of Observation: 170 minutes 

Heiaht of  O5servation Point: ground level 

Direction o f  nhsr?rver from Discharge Point: West 

;ummary of Data: 

Ooaci t.y, Total Time Equal t o  Or 
Percent Greater Than Given Opacity 

Ili n . Sec . - 
0 - 5 

17 
15 
20 
25 
30 
35 
4'3 
45 
50 

0 
- 

h a c i t v ,  
Percent Greater Than Given Ooacitv 

Total Time Equal t o  o r  

Yi n . Sec. - 
55 
60 
65 
70 
15  
8q 
85 
I)? 
0.5 

1 VI 
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Tabl? 33 

FACILITY D1 

SUMMARY 'JF VISI!<LE E'IISSI9VS 

Date: 7/8/75 

T y w  of  P lan t :  Crushed stone ( t raprock)  

Type of Discharge: Fugitive 

Location of D i s c h a r e :  Seconbary standard cone crusher 

Heig'lt of Point o f  Discharge: 

Qescr i  ot ion o f  Background: Machinery 

t k s c r i n t i o n  o f  S b :  Overcast 

Wind Direct ion:  Southwest 

Color of 'Plume: White 

Ouration o f  Observation: 170 minutes 

Distance from Observer t o  bischarge Point:  30 

Heiaht of Observation Point: Ground level 

Direction of Oliserver from Discharge Point:Wes 

!Jinrl Velocibv: 0-10 mph 

Detached Plume: No 

Summary of Data: 

Doaci t.y, Total Time Equal t o  o r  
Percent Greater Than Given Opacity 

M i  n . Sec. 

5 
13 
15 
29 

0 - 0 - 

47 
45 
50 

A-44 
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f loac i tv ,  Total  Ti%? Equal t o  or  .~ 
Percent Greater Than Given Onaci 

Sec . Yin. ~ 

55 
69 
65 
77 
75 
80 
115 
I)? 
95 

100 



FACILI.TY D1 

SIJMf4ARY 'IF VISIRLE E'?ISSIO*IS , 

Date: 7/9/75 

T v w  of Plant :  Crushed stone ( t raprock)  

Tvoe of Discharge: Fugitive 

Location of Discharge: Scalp'ing screen 

Hgigl7t of Point of Discharge: Distance from Observer t o  Oischarge Point: 30 ft .  

Bescriotion Of Background: Equipment Height of Observation Point: 15 ft. 

9 i sc r io t ion  of Sky: Overcast 

!Jind Oirection: Southwest !Jind Velocitv: 0-10 mph 

Color of 'Plume: White Detached Plume: No 

Duration of Observation: 210 minutes 

n i r sc t ion  of Observer from Discharge Point: North 

Summary of Data: 

Ooacitv. Total Time Equal t o  o r  
Percent. Greater Than 'Given Opacitv 

I 
M i  n . Sec . - - 

5 
13 
15 
20 
25 
30 
35 
4') 
45 
50 

0 - 0 - 

-noaci tv ,  
Percent Greater Than  Given Onacitv 

Total T i k  Equal t o  or  

Sec. - Yin. 

55 
60 
65 
71 
75 
8') 
85 
90 
')5 

101 ! 

A-45 



Tablc 35 

FACILITY D1 

SUMt4ARY OF VIS ISLE E'II SSI V I S  

Date: 7/9/75 

T V W  of  Plant :  Crushed stone ( t raprock)  

Tyoe o f  Discharge: Fugitive 

Location of Discharge: Secondary (2-Deck) s i z i n g  screens 

Hcjq'lt of Point of Discharge: 

qescr io t ion  of Background: Equipment Height of Observation Point: 15 f t .  

9-scr iot ion of Sky: Overcast 

Wind Direction: Southwest ! d i d  Velocitv: 0-10 mph 

Color of .Plume: White 

Duration of Observation: 210 ,,,inUtes 

Distance from Obsprver t o  Oischarge Point: 30 f t .  

Direction 0-F nhsrirver from giscbarqe Point: North 

Detached Plume: No 

Summary of Data: 

Doaci t y ,  Total Time Equal t o  or 
Pprcent Greater Than Given Opacity 

--Kc Sec . 
5 

13 
15 

0 - 0 - 

30 
35 
47 
45 
50 

Jloacitv,  Total Ti'%? Equal t o  o r  
Percent Greater Than Given Ooacitv 

Yin. Sec. __ 

55 
6') 
65 
71 
75 
8r7 
95 
I)') 
q5 

100 
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Tabl. 36 

FACILITY D1 

SUIIttARY 'IF V I S  I RLE E'I1 SS I TIS 
! 

Date: 7/9/75 

TVW Of Plant :  Crushed stone ( t raprock)  

Tvoe of Discharge: Fugitive 

Location of Discharge: Secondary (3-Deck) s iz ing  screens 

tloiq3t of Point o f  Discharge: Distance frorii Observer t o  Oischarge Point: 30 f t  

Heipht of  Observation Point:  1 5  ft. 

Oirection of nhsrirver from Discharge Point: North 

!Jind Velocitv:  0-10 mph 

Detached Plume: No 

~ Sescr io t ion  Of Background: Equipment 

9escr io t ion  of Skv: Overcast 

!din4 Oirection: Southwest 

Color Of 'Plume: White 

Duration of Observation: 210 minutes 

Summary o f  Data: 

Ooaci t.y , Total Time Equal t o  or Ooacitv, Total Tihe Equal t o  or  
Percent Greater Than Given Opaci t v  Percent Greater T h a n  Given Ooacitv 

M i  n . Sec. Yin. Sec. 

0 55 
61 

5 
17 
15 65 
20 71 
25 75 
31 8fl 
35 85 
43 91  

05 
1 r)o 

45 
5') 

- 0 - 
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Run Number 

Oate 

Test Time - Minutes 

Production Rate - TPH (1) 

Stack E f f l u e n t  ' 

Flow r a t e  - ACFM 

Flow r a t e  - OSCFM 

Temperature - "F 
Water vapor - Val. X 

V i s i b l e  Emissions a t  
Col lector  Discharge - 
X Opacity 

P a r t i c u l a t e  Emissions 

Probe and f i l t e r  catch 

grl0SC.F 

gr/AC<. . 

l b / h r  

l b / ton  

Total catch 

gr/OSCF 

gr/ACF 

1 l b / h r  

l b l t o n  

TABLE 37 
FACILlTY 02 

Sumnary of Results 

. .  
' 1  2 

9/17/74 9/18/74 

240 

225 

26790 

26200 

69.0 

1.3 

0.0027 

0.0027 

0.61 

0.0027 

0.0041 

0.0040 

0.91 

0.0040 

(1) Throughput through primary crusher. 

240 

230 

26260 

25230 

74.0 

1.6 

3 

9/19/74 

240 

220 

24830 

24170 

72.0 

1.3 

See Table -38 

0.0038 

0.0036 

0.82 

0.0036 ... ._ 

0.0045 

0.0043 

0.98 

0.0043 

0.0023 

0.0022 

0.47 

0.0021 

0.0031 

0.0030 

0.64 

0.0029 

Average 

- 

240 

225 

25960 

25200 

71.7 

1.4 

0.0029 

0.0028 

0.63 

0.0028 

0.0039 

0.0038 

0.84 

0.0037 



TABLE 38 

FACILIPI 02 
S u m r y  o f  V i s i b l e  Emissions 

Late: 9/18/74 

Type of P lan t :  

Type of  Oischarge: Stack Uistance f rom Observer t o  Discharge Point :  300 ft. 

Locat ion  o f  Discharge: Baghouse He igh t  o f  Observat ion Point :  40 ft. 

Height of P o i n t  o f  Discharge: 55 ft. O i r e c t i o n  of  Observer from Discharge Po in t :  Nor th  

Uesc r ip t i on  o f  Background: Trees 

Desc r ip t i on  of Sky: C lear  

Wind D i rec t i on :  Hor the r l y  Wind Ve loc i t y :  5 t o  10 m i l h r .  

Co lor  o f  Plume: None Detached Plume: No 

Dura t ion  of  Observation: 240 minutes 

Crushed Stone - F i n i s h i n g  Screens 

SUMMARY OF AVERAGE OPACITY 

Set Number S t a r t  End Sum Average 
T i  me Opacity 

1 through 40 8: 30 1 2 3 0  0 0 

Readings were 0 percent opac i ty  du r ing  p e r i o d  o f  observat ion.  

Sketch Shaving Har  Opac i ty  Var ied w i t h  l ime :  

-6 .r 3 
" * 
D. 
3 

0 

J I I 1 I 
0 1 2 3 4 

Time. hours 

A-49 
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Run Number 

Date 

Test Time - Minutes 

Production Rate - TPH 

Stack E f f l u e n t  

(1 1 

Flow r a t e  - ACFM 

Flow r a t e  - DSCFM 

iemperature - O F  

Water vapor - Vol. X 

- 
V i s i b l e  Emissions a t  
Col lector Discharge - 
% Opacity 

Par t i cu la te  Emissions 

Probe and f i l t e r  catch 

gr/DSCF 

gr/ACF 

l b l h r  

lb / ton  

Total  catch 

gr/oSCF'. . 

gr1ACF 

l b l h r  

l b l t o n  . 

TABLE 39 
FACILITY El 

Sumnary o f  Results 

1 2 3 

11/18/74 11/18/74 11 /1 9/74 

120 120 120 

384 342 460 

15272 13997 14975 

16297 14796 15642 

33.1 40,4 41 .O 

0.5 0.0 0.5 

SEE TABLE 40 

!. 0.0134 0.0116 

.0.0143 0.0122 

1.87 1.47 

0.0049 0.0043 
. I. 

i0.0170, . . . 0.0137 

0.0181 0.0145 

j .2.37 1.74 

0.0067 0.0051 

(1) Throughput through primary crusher. 

Average 

120 

395 

14748 

15578 

38.2 

0.3 

0.0147 0.0132 

0.0154 0.0140 

1'.97 1.77 

0.0043 0.0045 

0.0164 0.0157 

-0.0171:. 0.0166 

. 2.20 ; ' 2.10 

0.0048 0.0055 

A-50 
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:7 
TABLE 40 / P 

4 FACILITY El 
S U Z X ? ~  :f ’!i:ibk ! % Z ~ ~ S i ~ S  

ate: 11/18/74 - 11/19/74 

ype o f  P lan t :  

ype o f  Discharge: Stack Oistance f rom Observer t o  Discharge P o i n t :  60 ft. 

ocat ion o f  Discharge: Bagliouse H e i g h t  o f  Observat ion P o i n t :  Ground l e v e l  

e i g h t  o f  P o i n t  o f  Discnarge: 1/2 ft. D i r e c t i o n  of Observer f rom Discharge P o i n t :  South 

e s c r i p t i o n  o f  Background: Grey L Ia l l  

e s c r i p t i o n  o f  Sky: Overcast 

i n d  D i r e c t i o n :  Westerly Wind V e l o c i t y :  2 - 10 mi /hr .  

o l o r  o f  Plume: itone Detached Plume: No 

u r a t i o n  o f  Observation: 11/18/74 - 120 minutes 
11/19/74 - 60 minutes 

Crushed Stone - T e r t i a r y  Crushing and Screening 

SUMMARY OF AVERAGE OPACITY 
T i  me Opaci ty  

Se t  Number S t a r t  End Sum Averaqe 

1 1 / 18/74 

1 through 10 9: 00 1o:oo 0 0 

11 through 20 10: 15 11 :15 0 0 

11/19/74 

21 through 30 10:07 11:07 0 0 

Readings were 0 pe rcen t  o p a c i t y  d u r i n g  a l l  pe r iods  o f  observat ion.  

, 
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Run Number 

Date 

Test Time - Minutes. 

Production Rate - TPH (1) 

Stack Ef f luent  

Flow r a t e  - ACFM 

Flow r a t e  - OSCFM 

Tmperature - O F  

Water vapor - Vol. X 

. V is ib le  Emissions a t  
Col lector  Discharge - 
% Opacity 

Pa r t i cu la te  Emissions 

Probe and f i l t e r  catch 

g r/ DSC,F 

gr1ACF . 

l b l h r  

1 b l t o n  

T o t a l  catch 

grIOSCF 

gr/ACF 

1 b l h r  

l b l t o n  

TABLE 41 
FACILITY E2 

Sumnary of Results 
. ,  

1 

11/18/ 74 

. 1 20 

384 

221 69 

23001 

I 44.5 

1.1 

0.0132 

0.0137 

2.60 

0.0068 

0.0205 

0.0213. 

4.05 

0.0105 
(1) Throughput through primary crusher. 

. .  

2 '  3 

11 / 18/74 11/ 19/74 

120 120 

342 460 
, 

19772 21426 

19930 21779 

59.2 55.0 

1.1 , 0.6 

SEE TABLE 42 

- 
0.0096 

0.0097 

1.65 

0.0048 

0.1378 

0.0139 

2.35 

0.0069 

0.0153 

0.0155 

2.85 

0.0062 

0.0170 

0.0173 

.,. 3.18 

0.13069 

Average 

- 
120 

395 

21 122 

21570 

52.9 

0.9 

0.0127 

0.0130 

2.37 

0.0059 

0.0171 

0.0175 

3.19 

0.0081 
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TABLE 42 
FACILITY E2 

Sumnary o f  V i s i b l e  Emissions 

I 

3 a L ~ :  .. .. .- 

Type of P lan t :  

Type o f  Discharge: Stack Uis tance from Observer t o  Oischarge P o i n t :  120 f t  

Locat ion o f  uischarge: Baghouse Height  o f  Observat ion Point :  Ground l e v e l  

He igh t  o f  P o i n t  o f  Uischarge: 112 ft. D i r e c t i o n  o f  Observer from Discharge P o i n t :  South 

k s c r i p t i o n  o f  Mackground: H i l l s i d e  

Desc r ip t i on  o f  Sky: Clear 

Wind U i r e c t i o n :  Wester ly Wind V e l o c i t y :  2 - 10 m i l h r .  

Color  of Plume: liane Oetached Plume: No 

d u r a t i o n  of  Observat ion:  11/18/74 - 120 minutes 
11/19/74 - 60 minutes 

, , / , 0 / , . 1  - , , , , , / , 4  

Crushed Stone - F i n i s h i n g  Screens and Bins 

SUMMARY OF AVERAGE OPACITY(~) 
T i  me Opaci tv 

Set  idumber S t a r t  End Sum Averaqe 

1 1 / 181 74 
1 through 10 12:SD 1:50 0 0 

11 through 20 1:5D 2:oo 0 0 

21 through 30 9:05 10:05 0 0 

11/19/74 

Readings were 0 percent  opac i t y  d u r i n g  a l l  per iods of observat ion.  
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T a h I ~  43 

FACII i r y  F 

SUfIf,lARY CIF VISIRLE E~IISSI1’15 

Date: 6/26/76 

T v v  o f  P l a n t :  Crushed stone ( t rap rock )  

Tyne o f  Discharge: F u g i t i v e  

L o c a t i o n  o f  Discharge: Two t ‘e r t ia ry  crushers ( # 4  and #5) 

+ i g + t  o f  P o i n t  o f  Discharge: #4-20 f t .  Uislanct!  from fll>sr!rver t o  Oischarqe P o i n t :  100 ft 

k s c r i o t i o n  Of Background: Gray equipment l l e i o h t  O f  %serva t ion  Po in t :  ground l e v e l  

7 s s c r i o t i o n  o f  Skv: Pa r t l y  cloudy 

‘din4 O i r e c t i o n :  Var iab le  

Co lo r  o f  .Plume: No v i s i b l e  plume 

Oura t i on  o f  Observa t ion :  6 5  minutes 

#5-10 ft. 

S t r i i c tu res  
D i r e c t i o n  of Ohssrver from Discbargci Po in t :  West 

# ind  V e l o c i t v :  0-5 mph 

netached I ’ l u m ~ :  

Summarv o f  Data: 

Ooac i ty ,  T o t a l  Time Equal t o  o r  .nnac i tv ,  T o t a l  T i % *  Equal t o  o r  
Percent  Greater  Than Given Onaci t v  P e r c w t  L r c a t e r  Than Giveti Onaci tv 

I 

t4i  n. Sec . Y i  t i .  sec . 
5 0 0 55 

‘1’) 17 
15 I55 
29 77 
25 75  
3’) 8Q 
35 85 
4’) 97 
4 5  15 
5q 1 vl 

- 

A-54 



Tat j l? 44 

FACl L l  TY F 

SlJlli(nRY 9F V I S I R L E  E'115511YS 

vate:  8/26/76 

T v l e  o f  P l a n t :  Crushed stone ( t rap rock )  

Tvoe o f  Discharge:  F u g i t i v e  

Loca t ion  of Discharge: Four 'processing screens 

ll:i+it o r  P o i n t  of Discharge: 50 f t. Uis tance r i m  Ohserver t o  r l ischarqc P o i i i t :  100 f t ,  

D c s c r i o t i o n  O F  Background: gray w a l l s  

q c s c r i n t i o n  o f  Sky: P a r t l y  c loudy 

! l i nd  O i r e c t i o n :  Va r iab le  

Co lo r  of .Plume: NO v i s i b l e  plume 

n u r a t i o n  o f  Observat ion:  180 minutes 

He igh t  o f  O'Js?rvation Po in t :  ground l e v e l  

g i r x t i o q  o f  n t x w v e r  from n i s c h e r g i  P o i n t :  NE 

! d i d  V e l o c i t v :  0-5 mph 

Detached Plum?: 

Summarv o f  Data: 

Ooaci ty ,  T o t a l  Time Equal t o  o r  
Percent  Greater  Than G i v m  O r m i t v  ~- 

X n .  See . 

0 

45 
50 

. n n a c i t v ,  T o t a l  Time Equal t o  o r  
P e r c m t  s a t e r  Than Given O n a c i k  

Min. SEC . __ 
55 
61 
65 
71 
75 
90 
45 .. 
71 
' )5 

10') 
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O a t ? :  8/27/76 

T v w  o f  P l a n t :  Crushed 

~ y o e  o f  Discharge:  F u g i t i v e  

L o c a t i o n  of  D i s c h a w :  

l l e i g ' i t  o f  P o i n t  of I)isc!iargr.: 75  ft. IDistancc from 0hsr:rvp.r t o  Oischiirgc P o i n t :  150 ft. 

r ) e s c r i o t i o n  of  I lackground: Gray equipinent 

l i s c r i n t i o n  o f  Skv: Overcast Direction of f lhcprvcr f rom Discharge P o i n t :  SE 

!din4 D i r e c t i o n :  Var iab le,  8-SE Wind V e l o c i t v :  0-10 mph 

Co lo r  of  'Plume: NO v i s i b l e  plume 

n u r a t i o n  o f  Observa t i on :  179 minutes 

stone ( t rap rock )  

Conveyor t rans fe r  p o i n t s  

l l e i g h t  o r  V,s?rvdtion Po in t :  50 f t .  
StrUctuPes 

Detached Plum?: 

Summarv o f  Data: 

Ooaci ty ,  T o t a l  Time Equal t o  o r  f loaci tv,  T o t a l  Ti'me Equal t o  o r  
P e r  cell t Greater  Than Given ODacity Percent Greater Than Giv-ii Dnaci t v  

7 I T  - See . M i  11. __ 5 Z C -  - 
5 

1 1  
0 0 55 

69 
fi5 15 

20 
25 
3 1  
35 
41 
1 5  
50 
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:s,-riotion o f  Background: Quarry wall & 

?scr io t ion  of  SkV: Part ly  cloudy 

Ileight of  Observation Point: Ground level 

n i rec t ioq  of Observer from Discharge Point:  s equipment structures 

in4  Direction: Northeast 

> l o r  o f  .Plume: 

uration of Observation: 60 minutes 

!blind Vclocitv:  0-10 mph 

Detached Plume: No 

ummary o f  Data: 

Ooaci t.y. 
Percent Greater T h a n  Given 0PaCit.Y 

Total Tim? Equal t o  O r  

Sec. - T i n .  -- ~ 

5 
1') 
15 
29 
25 
30 
35 
4') 

I 45 
50 

0 - 
45 

. -  

A-57 

.nnaci tv ,  
Percent 

Total  Ti%? Equal t o  o r  
Greater Than &vet1 Onaci t v  

Sec. V i  n .  - - 



Suinmarv o r  n a t a :  

5 0 
11 
15 
2!1 
25 

. 

50 

0 
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Tahlc 48 

FACIl.I.TY G I  

SIItIt.u\fIY O F  VIS I !<LE Et.11 SS I T I S  

Oate: 9/27/76 

TVr)? Of Plant:  Feld'spar 

Type of  Discharge: Fugitive 

Location of Discharge: Conveyor t r ans fe r  p o i n t  (#2)  

tleig'lt of Point of Disc'largc: 40 f t .  Distance from Ohserver t o  Pischarge P o i n t :  50 f t .  

Oescriotion o f  Background: Quarry Wall Height of  Oherva t ion  Point: ground level 

q i s c r i n t i o n  of  Sk,v: Par t ly  cloudy-Overcast Direction o f  nhserver from 9iscbarqe Point: SE 

!Jind oi r ec t ion :  North-northwest Wind Velocitv: 0-10 mph 

Color o f  .Plume: No plume Detached Plume:  N/A 

Duration of Observation: 87 minutes 

Summary of  Data : 

5 0 
19 
15 

- 

-nnacitv,  
Percent Greater Than Given Onacitv 

Total T i k  Equal t o  o r  
-__- 

hl i  n . See. __ ___ 

55 
67 
65  
77 
75 
8r) 
85 
91 
% 

1 r)r) 

~~ 

20 
25 
37' 
35 
49 
45 
50 

A-59 



Oate: 9/27/76 

T V ~ P  of Plant :  Feldspar 

Type of Discharge:Fugitive 

Location of Discharge: Secondary crusher 

H.iq$t of Point of D i s c b a r g e :  10-20 f t .  

qesc r io t ion  of Background: Equipment 
s t ruc tu re  

3csc r in t ion  of Sk,v: Par t ly  cloudy -cloudy 

!dintl Direct ion:  Northwest 

Color of .Plume: N O  v i s i b l e  plume 

nuration of Observation: 1 hour  

.. 

D i s t a n c e  froiii Obssrvor t o  Oischarge P o i n t :  75 

l le ight  o f  95sPrvation Point: 75 f t  

! l i r w t i o n  o f  Ohsr?rver from 9ischarge Point: S S ~  

!din(! Vclocitv: 0-7 mph 

Detached Plume: N/A 

Summary of Data: 

5 
17 
15 
29 
25 
30 
35 
4') 
45 
5'1 

-0nacitv.  Total Ti%e Eaual t o  o r  
Percent-  Grmter Than 'Given Ooaci 

M i  n 

AGO 

55 
50 
65 
71 
75 
WI 
85 
I)? 
')5 

1 r)r) 



Tahlc 50 

F A C I L I T Y  G1 

SIJMI4ARY 'IF VISISLE E'IISSICIYS t 

Date: 9/27/76 

T v w  of  Plant: Feldspar 

Type o f  Discharge: Fugitive 

Location of Discharge: Conve,Jr t r ans fe r  Point (#4) 

Heig3t of Point of  Disc5arge: 10 f t .  

Pescr iot ion of Background: c l i f f  or wall  

qescr int ion of Sk.v: cloudy 

!din4 Oirection: North !Jinrl Velocitvr 0-7 mph 

Color of 'Plume: No visible plume 

Duration of Observation: 84 minutes 

Distance from Observer t o  Oischarge Point: 84 ft .  

H e i g h t  o f  Okerva t ion  Point: 75 ft.  

n i r sc t ioq  of Observer from Discharge Point: SE 

Detached Plume: N/A 

Summary of Data: 

Ooacitv, Total Time Equal t o  o r  
Percen-t~ Greater T h a n  Given Opacity 

I , l i  n . Sec. 

5 
19 
15 
20 
25 
30 
35 
49 
45 
50 

0 - 0 - 

h a c i t v .  Total Ti& Equal t o  o r  
PFrcent. Greater Than 'civet1 Onaci t v  

hl i  n . Sec. 
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R u n  Number 

Date 

Test Time-minutes 

Production rate - TPH 

Stack Effluent 

Flow r a t e  - ACFI? 

Flow r a t e  - OSCFM 

Temperature - "F 

Water vapor  - Vol.% 

Visible Emissions a t  
Col 1 e c t o r  Discharge - 
Percent Opacity 

Pa r t i cu la t e  Emissions 

Probe and F i l t e r  Catch 

gr/DSCF 

gr/ACF 

l b / h r  

1 b/ton 

Total Catch 

gr/OSCF 

gr/ACF 

1 b / h r  

1 b/ton 

T z b l e  51 
F A C I L I T Y  G2 

Sumiary o f  Results 

1 2 3 Average 

9/28/76 9/28/76 9/29/76 

120 120 120 120 

5070 4830 4470 4790 

421 0 3940 3720 3960 

105 115 103 108 

See Tables 53 - 62 

0.005 0.005 0.004 0.005 

0.004 0.004 0.004 0.004 

0.17 0.18 0.14 0.16 

0.005 0.005 0.004 0.005 

0.004 0.004 0.004 0.004 

0.17 0.18 0.14 0.16 
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R u n  :!enher 

Cat? 

Tcs t  T i  ins-ini,niites 

Production r a t ?  - TPH 

Stack Effluent 

F l o t ~  rate - ACFM 

Flow r a t e  - DSCFI4 

i enperz ture  - OF 

i.!aier vapor  - V01.s 

V i s i b l e  Ercissions a t  
Col lector  Discharge - 
Percent Opacity 

p a r t i c u l a t e  Emissions 

prc's2 ;nd F i l t e r  Catch 

(jr/DSCF 

gr/ACF 

l b / h r  

lb / ton  

T o t a l  Catch 

gr/DSCF 

. gr/ACF 

1 b / h r  

l b / t o n  

North I n l e t  South I n l e t  Total 

9/28/76 9/28/76 

1,520 

1,260 

103 

12.9 

10.7 

140 

12.9 

10.7 

140 

2,070 

1,720 

103 

3,590 

2,980 

103 

' ,  

0.99 

0.82 

14.6 

0.99 

0.82 

14.6 

6.02 

5.00 

154.6 

6.02 

5.00 . '  

154.6 
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TABLI: 53 

FACILIIY 62 
Sumiiiary o f  Vis ib le  h i s s i o n s  

Date: 9/28/76 

Type o f  P i d n r :  Feldspar 

Type of Discharge: Outlet Stack 

Location of Discharge: No.2 Mill Baghouse Height o f  Observation Point:  

Height  of Point of Discharge: 100' 

Description o f  Background: t rees  on h i l l s i d e  

Description of Sky: Overcast 

Wind Direction: NW 

Color of  Plume: No v i s i b l e  plume 

Duration of Observation: 2-114 hours 

Distance from Observer t o  Discharge Point :  
Approx. 40' 

Approx. 100' 
Direction of  Observer from Discharge Point: I 

Wind Velocity: 0-10 mi/hr 

Detached Plume: N/A 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

Time Opacity T i  me Opacity 
Se t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 09 : 48 
2 09 : 54 

4 10:06 
3 1o:oo 

. ~ .. 

5 10:12 
6 10:18 
7 10:24 
8 10:30 
.9 10:36 
10 10:42 
11 10:48 
12 10:54 
13 11 :oo 

15 11:12  

17  11:24 

14 11 :06 

16 11:18 

18 11 :30 
19 11 :36 
20 11 :42 

09:54 
1o:oo 
10:06 
10:12 
10:18 
10:24 
10:30 
10:36 
10:42 
10:48 
10:54 
1.1 :oo 
11:06 
11:12 
11 :18 
11:24 
11 :30 
11 :36 
11:42 
11:48 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 

21 11:48 11:54 N N 
22 11:54 12:OO N N 
23 12:OO 12:06 N N 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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TABLr  54 
FACILITY 62 

Suinmary of  Vi si  I, I e Eni i  ss i ons 

Date: 9/29/76 

Type of F i d n t :  Feldspar 

Type of  Discharge: Outlet  Stack 

Location of Discharge: No-2 Mill Baghouse 

Height of P o i n t  of Discharge: 100' 

Description o f  Background: h i l l s ide  w i t h  t r e e s  

Description of Sky: Cloudy 

Wind Direction: N E  Wind Velocity: 0-5 mi/hr 

Color of  Plume: No vis ible  plume 

Duration of Observation: 2 hrs. 

Distance from Observer t o  Discharge Point: 

Height of Observation P o i n t :  

Direction o f  Observer from Discharge Poin t :  

approx. 50' 

same level as discharge 

Detached Plume: N/A 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 
Ti  me Opacity T i  iiie Opacity 

Set  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

4 08:53 
5 08 : 59 
6 09:05 

8 09:17 
'9 09 : 23 
10 09:29 
11 09:35 
12 09 : 41 
13 09 : 47 
14 09 : 53 
15  09 : 59 
16 10:05 

7 09:ll  

~ ~. ._ 
17 1O:ll 
18 10:17 
19 10:23 
20 10:29 

08 : 40 
08:46 
08:52 
08:58 
09 : 04 
09:lO 
09:16 
09 : 22 
09 : 28 
09 : 34 
09:40 
09:46 
09 : 52 
09 : 58 
10:04 
1O:lO 
10:16 
10:22 
10:28 
10:34 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
FI 
N 
N 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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TABLE 55 

FACILUY 62 
Sulimary o f  V i  si  1~1'1 e Enii s s  i ons 

Date: 9/28/76 

Type o f  Fidnc: Feldspar 

Type of  Discharge: O u t l e t  Stack 

L o c a t i o n  of Discharge: b . 2  M i l l  Baghouse 

He igh t  o f  P o i n t  o f  Discharge: 100' 

D e s c r i p t i o n  o f  Background: grassy h i 1  l s i d e  

D e s c r i p t i o n  of Sky: p a r t l y  c loudy 

Wind D i r e c t i o n :  NW 

C o l o r  of Plume: No v i s i b l e  plume 

Dura t i on  o f  Observat ion:  approx. 2-114 hrs .  

SUMMARY OF AVERAGE OPACITY 

D is tance from Observer t o  Discharge Po in t :  

He igh t  o f  Observat ion Po in t :  Approx. 100' 

D i r e c t i o n  o f  Observer f rom Discharge Point :  SE 

Approx. 40' SE 

Wind V e l o c i t y :  0-15 m i /h r  

Detached Plume: N/A 

SUblMARY OF AVERAGE OPACITY 

Time Opaci ty  T i  me Opaci ty 
Se t  Number S t a r t  End Sun1 Average Set  Number S t a r t  End Sum Average 

1 14:48 
2 14:54 
3 15:OO 
4 15:06 
5 15:12 
6 15:18 
7 15:24 

15:30 
15:36 

8 
'9 
10 15:42 
11 15:48 
12 15:54 
13 16:OO 
14 16:06 
15 16:12 

16:18 
16:24 

16 

16:30 
17 
18 
19 16:36 
20 16:42 

14:54 
15:OO 
15:06 
15:12 
15:18 
15:24 
15:30 
15:36 
15:42 
15:48 
15:54 
16:OO 
16:06 
16:12 
16:18 
16:24 
16:30 
16:36 
16:42 
L6:43 

N 
P i  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

21 16:48 16:54 N N 
22 16:54 17:60 N N 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

N 36 
N 37 
N 38 
N 39 
N 40 
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Tab le  56 

FACILITY 62 

SUFINARY C)F VISI3l.E E'1ISSIWS 

late:  9/28/76 

rvqe o f  Plant:  Feldspar 

TVDe o f  DiSCharCJe: Fugitive 

Location O f  Discharge: Ball mi11 (feed end) 

Hoiq3t of Point of Discharge: 20 f t .  

qescr iot ion of Background: Building & 
Equipment 

' k sc r in t ion  of  Sk.v: N/A 

! l int l  Oirection: N/A !.lid Velocitv: N/A 

Color of 'Plume: NO v i s ib l e  plume 

h r a t i o n  o f  Observation: 1 hour  

Distance froirl Ohserver t o  Oischarge P o i n t :  35 f t .  

Height o f  Observation Point:  

Direct-ion o f  flbssrver from Discharge Point: N/A 

Detached Plume: N/A 

Summary o f  Data: 

0 - 5 0 
17 - 
15 
21) 
25 
39 ' 
35 
4'1 
45 
5') 

55 
67 
65  
77 
75 
!VI 
85 
97 
OS 

1 r)r) 

A-67 



b t e :  9/28/76 

Tvqe of P l a n t :  Feldspar 

Type of Oischarw: F u g i t i v e  

Location of Discharge: Ball ; i l l  (discharge end) 

& i # t  o f  Point of  fliSC!iarge: 20 ft .  

Descriotion o f  Backgrovnd: Building and 

qesc r in t ion  of  '%V: N/A 

!.lind Oirect ion:  N / A  !slind Velocitv:  N / A  

Color Of 'Plume: No v i s i b l e  plume 

Ourat ion of Observation: 1 hour 

Distance from Observer t o  Oischarge P o i n t :  35 . 

l l e i i l h t  o f  Observation Point:  

Direction of ni)servc?r from Discharge Point:N/A 
equipment 

netached Plume: N / A  

Summary o f  Data:  

Ooa c i t y  , Total Tim? Equal t o  o r  
P9rcent 

f lnac i tv ,  
___-- Percent 

Total T i % ?  Equal t o  or  
- Greater T h a n  G i v F n  Ooaci 

Sec . Greater Than Givcn Opacitv 
I4 i 11 . S Z 7 -  Y i  n . 

5 0 
11 - 0 

- . ,  
15  
21) 
25 
39 
35 
49 
45 
50 
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55 
61 
65  
71 
75 
89 
85 
99 
9s 
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Table 58 

FACILITY 62 

SIJFII4ARY 'IF VISISLE E'IISSI9'IS t 

Date: 9/28/76 

TVW? O f  P l a n t :  Feldspar 

Tvoe of Discharge: Fugi t ive  

Location of Discharge: Indoor t r ans fe r  point ( # l )  

HEiqht o f  Point of Discharge: 

3escr iot ion o f  Background: Building wall 

qsscr in t ion  of &v:. N / A  

! l i d  Direction: N / A  

Color Of 'Plume: No v i s i b l e  plume 

Ouration of Observation: 1 h o u r  

Distance froin Observer t o  Qischarge Point: 

k i o h t  o f  Observation P o i n t :  

Direction of Observer from !)ischarge Point: N / A  

!.li n d  Veloci t v :  N /A 

Detached Plum?:N/A 

i Summarv o f  Data: 

h a c  i t.y , Total Time Equal t o  o r  
Percent Greater Than Given Opacity 

bl i  n . Sec. 

h a c  i t.y , Total Time Equal t o  o r  nnaci tv ,  Total Time Equal t o  o r  
Percent Greater Than Given Opacity Percent - Greater Tban Given Ooacitv 

Hi n . Sec. Y i  n . Sec. __ __ - 

5 
17 
15 
21) 
25 
30 
35 
47 
45 
5'1 

0 
- 

0 - 
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-nnaci tv ,  
Percent - 

Total Time Equal t o  o r  
Greater Than Given Ooacitv 

Y i  n . See. __ - 

55 
61 
65 
71 
75 
9') 
95 
3 1  
15 

1 VI 



Date: 9/28/76 

T y w  of P l a n t :  Feldspar 

Type of Discharw: Fugitive 

Location of Discharge: Indoo; 

Hzight o f  Point o f  nischargn: 

~- 
T a h l n  59 

FACILITY GZ 

S l l l l l t A R Y  'IF VISI3l.C C ' l I S S I W S  

-ansfer point (#2 )  

Distance froio Observer t o  Oisciiarge Point:  

Qesc r io t ion  o f  Background: Building wall 

qoscr io t ion  o f  Sky: N/A 

Vind Direc t ion :  N / A  

Color of Plume: No v i s i b l e  plume 

Ouration o f  Observation: 1 hour 

tleillht of  Observation Point: 

Directiorl o f  nbswver  from nischarqe Point: N / A  

Wind Vcloci t v :  N / A  

Octacheri  plum^: N/A 

Summary of Data: 

Doaci t y  , Total Time Equal t o  o r  
Percent Greater T h a n  Given Opacity 

M i  ri . Sec . __ 

5 0 0 
- 19 

15 
21) 
25 
39 
35 
47 
45 
59 

- 

-nnaci tv ,  
Percent Greater Than Given D n a c i t b  

Total T i k  Equal t o  o r  

Sec. - h l i  n .  -_ 
55 
57 
65 
77 
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Date: 9 / 2 8 / 7 6  

T v e  O f  Plant: Feldspar 

Type of Discharge: Fugitive 

Location of Discharge: Indooi Bucket Elevator 

Heig'lt o f  Point o f  Disc'large: 

bescr int ion o f  Background: B u i l d i n g  walls 

9escr iot ion of  Sky: N / A  

! l i nd  Direction: N/A !dind Velocitv: N/A 

Color. of.Plume: No vis ib le  plume 

Ouration of Observation: 1 hour 

Distance frorn Observer t o  Pischarge Point: 

t leiaht o f  Observation Point: 

Dirsctiorl of Observer from Discharge Point: N/A 

Detached Plume: N / A  

Summary o f  Data: 

Doaci t.y, 
Percent 

5 
13  
15 
20 
25 
30 ' 
35 
40 
45 
59 

Total Time Equal t o  o r  
Greater Than Given Opacity Percent Greater Than Given O n a c i t v  

nnacitv,  Total Ti%e Equal t o  o r  
- 7.h n .  Sec. Yi  n . See . 

0 - 0 - 

I 
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F A C I L I T Y 6 2  

S ~ I I I t t A l ~ Y  OF v I s I !\LE E'II ss 19'1s 

Date: 9/28/76 

Tvoe O f  Plant :  Feldspar 

Type o'f Discharge: Fugitive 

Location of Discharge: Truck'loading 

&iq3t  o f  Point 0.f r).isc!iarge: 

Descriotion o f  Background: Building wall 

k i c r i o t i o n  of S k y :  N/A 

!din4 I l i rec t ion :  N/A 

Color of 'Plume: N/A Detached Plumo: N / A  

r)uratioti of Observation: 13 minutes 

15 f t .  Distance from Observer t o  Oischarge Point: 30 f j  

Height of Oherva t ion  P o i n t :  ground level 

Direction o f  Ohserver from nischarq i  Point: E 

!Jind Veloci t v :  N / A  

Summary o f  Data: 

Doaci t.y, Total Time Equal t o  o r  
Percent- Greater Than Given 0nacit.v 

M i  n . Sec. 

0 - 5 
17 
15 

0 - 

30 
35 
4') 
45 
50 

-nnaci tv ,  
PTrcent- Greater Than Giveti Ooaci' 

Total Time Equal t o  o r  

sec . - - Vi n . 
-nnaci tv ,  Total Time Equal t o  o r  
PTrcent- Greater Than Giveti Ooaci' 

sec . - - Vi n . 
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Tabl? 62 

FACILITY G2 

SlJIII&'ARY OF VISIRLE E'IISSI~YS c 

Date: 9/28/76 

T y w  of Plan t :  Feldspar 

Type of Discharge: Fugitive 

Location of Discharge: Railroad car  loading 

Heig'lt of P o i n t  o f  OiscAarge: 15 f t .  

Oescriotion o f  Background: Building wall 

k c r i o t i o n  of Sk.v: Cloudy 

!din4 Oirection: N/A 

Color of 'Plume: N/A 

Duration o f  Observation: 32 minutes 

Distance from Observer t o  Oischarge Point:  25 f t .  

H e i g h t  of Observation Point:  ground level 

Direction of Ohserver from Discbarge Point: E 

Wind Yelocitv:  N/A 

Detached Plume: N/A 

Summary o f  Data: 

Ooaci t y ,  Total Time Equal t o  o r  noacitv,  Total Time Equal  t o  o r  
Percent Greater Than Given Omcity Percent Grcater Than Given Ooacitv 

M i  n .  Sec. Yin. Sec . __ 

5 
17 
15 
29 
25 
30 
35 
43 
45 
50 

5 
0 
- 

15 '  
' 0  - 
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Date: 10/27 - 28/76 

T v w  o f  P l a n t :  Gypsum 

Type of DischarW: F u g i t i v e  ( l eaks )  

Location of Discharge: Hammethill 

Heirfit of P o i n t  of  Oisc'large: Leaks 

gescr io t ion  o f  Background: Inside 

9Rscrintion of  Sky: N/A 

! d i d  Direct ion:  N/A  

Color of 'PI  ume : White Detached Plum?: N/A 

Ouration of  Observation: 298 minutes 

Distance from Qhserver t o  qischarge P o i n t :  25 f t  

tk?iflht o f  Observation Point: ground level 

Direction o f  nhswver  from Discharge Point: sw 
Wind Vel oci t v  : N/A 

Summary o f  Data: 

Ooacity, Total Tim? Equal t o  o r  nnac i tv ,  Total Ti.%e Equal t o  o r  
Percent  Greater T h a n  Given  Owci t y  Percent. Greater Than Given Onacit! 

Sec. __ - l 4 i n .  Sec. Y i n .  __ 

5 
17 
15 
29 
25 
39 
35 
4') 
4 5  
59 

1 45 55 
0 ' 15 69 
0 0 65 - - 71 

75 
89 
Rti 
31 
T5 

1 vl 
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1 2 

10/27/76 10/27/76 

aa 88 

4,548 4,364 

3,542 3,486 

145.4 147;O 

4.6 1.8 

See Table 66 

0.071 0.063 

0.055 0.050 

2.16 1.87 

- - 

0.073 0.064 

0.057 0.051 

2.53 2.40 

- - 

10/28/76 

a8 aa 

4,306 4,406 

3,423 3,484 

145.3 145.9 

2.6 3.0 

0.066 

0.053 

1.94 

- 

0.068 

0.054 

2.65 

- 

0.067 

0.053 

1.99 

- 

0.068 

0.054 

2.53 

- 
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Eur i  ;!:;:her 

C 2 t 2  

Test T i  i:;e-l!li flutes 

Production r a t e  - TPH 

s tack Ef f lmnt  

i lo i i  r a t e  - ACFM 

Flovi r a t e  - DSCFI4 

Temperature - O F  

!.!ater vapor - Vol .% 

Visible Emissions a t  
Collector ijiscliarge - 
Percent Opacity 

Particil l  a te  Emissions 

P r G k ?  a d  F i l t e r  Catc!i 

gr/USCF 

g r / A C F  

lh/hr  

lb/ton 

Total Catch 

gr/DSCF 

gr/ACT 

1 b / h r  

lb / ton 

1 2 

10/28/76 

2,729 

2,148 

167.5 

3.42 

2.69 

63 .O 

3.42 

2.69 

63.0 

3 



TABLE 66 

FACILITY ~2 
Summary o f  Visib'le Emissions 

Date: 10/27/76 

TYPe of Fiani: Gypsum board manufacturer 

Type of  Discharge: Stack 

Location of  Discharge: Above plant  roof 

Height of  Point of Discharge: 6 '  above roof 

Description of  Background: Sky 

Description of Sky: Clear 

Wind Direction: 0' (N) 

Color o f  Plume: White 

Duration of Observation: 87 Min 

SUMMARY OF AVERAGE OPACITY 

Distance from Observer t o  Discharge Point: 25 f t  

Height of  Observation Point: roof level 

Direct ion o f  Observer from Discharge Point: 
225' (S.W.) 

Wind Velocity: - 10 mph 

Detached Plume: No 

SUMMARY O F  AVERAGE OPACITY 

Time Opacity T i  me Opacity 
S e t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 
2 
3 
4 
5 
6 
7 
8 

'9  
10 
11 
12 
1 3  
14 
15 
16 
1 7  
18  
19 
20 

131 2 ;OO. 
1 357 : 00 
1403:OO 
1409 :00 
1415:OO 
1421 :00 
1427 :00 
1433:OO 
1439:OO 
1445:OO 
1451 :00 
1457 :00 
1503:OO 
1509:OO 
1515:OO 

1316:45 
1402 : 45 

1414:45 
1420:45 
1426:45 
1432:45 
1438:45 
1444:45 
1450:45 
1456:45 
1502:45 
1508:45 
1514:45 
1519:05 

i408:a5 

125 6.25 
155 6.46 
135 5.62 
150 6.25 
140 5.83 
125 5.21 
135 5.62 
130 5.42 
125 5.21 
115 4.79 
95 3,96 
70 2.92 
80 3.33 
85 3.54 
60 3.53 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

I 
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TABLE 66 (con'  t )  

FACILI-rY H2 
Summary o f  V i s i l l ' l e  Emis'sions 

Date: 10/27/76 

Type o f  P ian t :  Gypsum board manufacturer 

Type of  Discharge: Stack 

L o c a t i o n  o f  Discharge: Above p l a n t  roof  

H e i g h t  o f  P o i n t  o f  Discharge: 6 '  above roo f  

D e s c r i p t i o n  o f  Background: Sky 

D e s c r i p t i o n  o f  Sky: Clear  

Wind D i r e c t i o n :  45" (N.E.) 

Color o f  Plume: White 

D u r a t i o n  o f  Observat ion:  92 min. 

SUMMARY OF AVERAGE OPACITY 

D is tance  f rom Observer t o  Discharge Point :  25 

He igh t .  o f  Observat ion Po in t :  roo f  level 

D i r e c t i o n  o f  Observer f rom Discharge Po in t :  
225" ( S . W . )  

Wind V e l o c i t y :  : 10-15 mph 

Detached Plume: NO 

SUMMARY OF AVERAGE OPACITY 

Time Opac i t y  T i  me Opac i t y  
S e t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 083a : QQ 
2 0836:QO 
3 Q842: OQ 
4 0848 ; OQ 
5 0957 : 00 
6 1003 : 00 
7 1009:oo 
8 101 5 : 00 

Q835:45 45 
0841:45 65 
0847:45 70 
0849:OO 5 
1002:45 125 
1008:45 60 
1014:45 80 
1020:45 85 

'9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

.. 

021:OO 1026:45 75 
027:OO 1032:45 70 
033:OO 1038:45 85 
039:OO 1044:45 95 
045:OO 1050:45 90 
051:OO 1056:45 90 
057:OO 1102:45 70 
103:OO 1108:45 55 
109:OO 1110:45 25 

1.87 
2.71 
2.92 
1.00 
5.21 
2.50 
3.33 
3.54 
3.12 
2.92 
3.54 
3.96 
3.75 
3.75 
2.92 
2.29 
3.12 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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TABLE 66 (can't) 
FACILITY H2 

Summary o f  V i  s i  b1 e Emissions 

late: iof28f76 

ype o f  F i d n i :  Gypsum board manufacturer 

ype o f  Discharge: Stack D is tance  f rom Observer t o  Discharge Po in t :  

o c a t i o n  o f  Discharge: Above p l a n t  r o o f  

25 ft. 

H e i g h t  o f  Observat ion P o i n t :  r o o f  l e v e l  

e i g h t  of P o i n t  of Discharge:6 '  above r o o f  D i r e c t i o n  o f  Observer f rom Discharge Po in t :  
225" (S.W.) 

e s c r i p t i o n  o f  Background: Sky 

e s c r i p t i o n  o f  Sky: Clear 

i n d  D i r e c t i o n :  180" ( S )  Wind V e l o c i t y :  10 mPh 

o l o r  o f  Plume: White Detached Plume: No 

u r a t i o n  o f  Observat ion:  87 min 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

Time Opac i t y  T i  me Opaci ty  

k t  Number S t a r t  End Sum Average Se t  Number S t a r t  End Sum Average 

1 0830:OO 0835:45 40 1.67 21 
2 0930:OO 0935:45 95 3.96 22 
3 0936:OO 0941 :45 85 3.54 23 
4 0942:OO 0947:45 65 2.71 24 
5 0948:OO 0953:45 70 2.92 25 
6 0945:OO 0959:45 60 2.50 26 
7 
8 

' 9  
10 
11 
12 
13 
14  
15 
16 
17  . .  

18  ! 19 
20 

1OOO:OO 1005:45 90 3.75 27 . ~~ ~. ~~~ ~~ ~~~~~ ~~ ~~ 

1006:OO 1011:45 40 2.50 28 
1012:OO 1017:45 30 1.25 29 
1018:DO 1023:45 25 1.04 30 .. 

1024:OO 1029:45 40 1.67 31 
1030:OO 1035:45 60 2.50 32 
1036:OO 1041:45 25 1.04 33 
1042:OO 1047:45 70 2.92 34 
1048:OO 1050:45 10 0.83 35 

36 
37 
38 
39 
40 

A-79 



FACILITY I 

SUMNARY OF VISIRLE E‘IISSIO‘IS 

Date: 9/30/76 

Tvqe o f  Plant :  Mica 

Tyoe o f  Discharge: Fugitive 

Location of Discharge: Bagging Operation 

Hzig’lt o f  P o i n t  o f  Disc+arg?: 3 f t .  

Qescr io t ion  of Backgrairnd: Indoors 

qescr io t ion  of Sky: N/A 

!din4 Direction: N / A  

Color of Plume: N/A.  

nuration of Observation: 1 hour 

Summary of Data: 

Ooaci t.y, 
Percent Greater Than Given Opacity 

Total Time Equal t o  o r  

M i  n .  Sec. - 

Distance from Observer t o  Qischarge Point: 7 ft.  

t leiaht o f  Observation Point: 

Direction o f  nbsprver from Discharge Point: N/A 

Wind Veloci t v :  N/A 

Detached Plume: N / A  

ground level 

5 
17 
15 
29 
25 
39 
35 
4’) 
45 
50 

0 - 0 - 

A-80 

.nnacitv. Total Ti.%? Equal t o  o r  .~~ . 

Percent’ Greater Than ’Given Onacitv 
Sec . - Y i n .  

55 
69 
65 
71 
75 
8‘) 
85 
91 
’)5 

10’) 



Table 68 

FACILITY J1 

SUMtklRY OF VISIBLE E'I ISSI9' lS , 

Date: 10/20 - 21/76 

TVW of P l a n t :  Tale 

Tyoe Of  Discharge: Fugitive ( leaks)  

Location o f  Discharge: Vertical mill 

HEiq'lt of Point o f  Discharge: In room Distance from Observer t o  Oischarge Point: 10 f t .  

Height of  Observation P o i n t :  Floor ' Descriotion of Backgro?rnd: ce i l i ng  

qescr io t ion  of Skv: N/A 

!Jind Direct ion:  N / A  Wind Velocitv:  N/A 

Color of .Plume: White Detached Plume: N/A 

Duration o f  Observation: 90 minutes 

Direction of Observer from Discbarge Point: W 

Summary o f  Data: 

Ooaci t v .  Total Time Eaual t o  o r  
Percen't* Greater Than 'Given Opacity 

flin. Sec. - 
5 

19 
15 
20 
25 
3') 
35 
47 
45 
5') 

0 - 0 - 

.nnacitv,  
Percent Greater Than Given Onacitv 

Total Time Equal t o  o r  

Sec . - - V i  n . 
55 
69 
65 
71 
75 
8') 
8S 
91 
')5 

1 r)') 

A-a1 



Table 69 

FACILITY J1 

SIJMIUIRY OF V I S I R L E  E'IISSI!l'lS 

Date: 10/20/76 

T y w  of P lan t :  Talc' 

Type of Discharge: Fugitive 

Location of Discharge: Primary crusher 

Heiq'lt of Point o f  Discharge: I n  room 

gescr io t ion  of Background: wall 

9oscr. intion of SkV: N/A 

U i n d  Direct ion:  N/A 

Color of 'Plume: White 

Duration of Observation: 90 minutes 

Distance from Observer t o  Oischarge Point: 5 f t  

Heiaht of  Observation Point:  Floor 

Direction of Observer from Discharge Point:w 

Wind Velocitv:  N/A 

Detached Plum?: N/A 

Summary of Data: 

Ooaci t y ,  Total Tim? Equal t o  o r  
Percent Greater Than Given Opacity 

M i  n .  

20 15 
0 8 

1 15 
0 0 

Sec. - - 
5 

19 
15 
21) 
25 
33 
35 
4') 
45 
50 

-0nacitv.  Total TiGe Equal t o  o r  
Percent-  Greater Than -civen Ooacitv 

Yin. Sec. 



Table 70 

FACILITY J1 

SUMWIRY 'IF VISIBLE E'IISSI9'IS 

Date: 10/20 - 21/76 

T v w  of Plant :  Talc 

Type of Discharge: Fugitive 

Location of Discharge: Seconiary crusher 

Height of Point of Discharge: 

Bescriotion of Backgrovnd: wall 

G x r i n t i o n  of sky: N/A 

! l i d  Direct ion:  N/A 

Color of 'Plume: White 

Duration of Observation: 150 minutes 

In room 

Summary of Data: 

Ooaci t.y. Total Time Equal t o  o r  
Percent Greater Than  Given Opacity 

M i  n . Sec. - 

Distance from Observer t o  Oischarge Point: 5 ft. 

tleipht of  Observation Point:  f loor  

Direction of Observer from Discharge  point:^ 

! l i d  Veloci t v :  N/A 

Detached Plume: N/A 

5 
19 
15 
29 
25 
30 
35 
47 
45 
50 

3 
0 
0 - 

45 
15 
0 - 

A-83 

-nnaci tv ,  
Percent Greater Than Given Ooacitv 

Total  Tifk Equal t o  or 

Sec. - Yin. 



FACILITY J1 

SIJMI@IRY 9F VISISLE E'IISSI9'IS 

Date: 10/19 - 21/76 

TVW of  P lan t :  Talc 

Type o f  Discharge: Fugitive 

Location of Discharge: Bagger 

&iq!lt o f  Point O f  Discharge: I n  room 

Qesc r io t ion  o f  Background: wall Height of  Observation P o i n t :  f l oo r  

qe i c r in t ion  o f  S ~ V :  N/A 

!din4 Oirect ion:  N/A 

Color of .Plume: White Detached Plume: N/A 

Duration of Observation: 150 minutes 

Distance from r)bssrvw t o  Oischarge Point: 10 f 

Direction o f  fibserver from Discharge Point: w 
Wind Velocitv: N/A  

Summary o f  Data: 

OD a c i t.y , 
Percent 

5 
17 
15 

39 
35 
4') 
45 
50 

Total Time Eaual t o  or 
Greater Than Given Opacity 

fli n . Sec. 

12 
5 

45 
15 

3 0 
2 15 
2 0 
2 0 
1 30 
1 30 

Jlnacitv, 
Percent Greater Than Given Ooacit 

Total Time Equal t o  or 

Sec. - Y i n .  

55 0 45 
61 0 45 
65 0 15 
71 0 . ' 15 
75 0 0 
8'1 - - 
85 
71 
95 

19'1 

A - a 4  



Table 72 

FACILITY J1 

SUMINRY OF VISIRLE E'IISSI9'IS 

Date: 10/19/76 

TVQO o f  Plant:  

Tyoe O f  Discharge: Fugitive 

Location o f  Discharge: Pebble Mill N ~ .  2 

Hoiq'lt o f  Point o f  Discharge: In room 

Oescri ot ion o f  Background: wall 

9 s sc r in t ion  o f  Sk.v: N/A 

!din4 Direction: N/A 

Color Of 'PlUme: White 

Duration o f  Observation: 90 minutes 

Distance from Observer t o  Vischarge Point:  10 f t .  

tleipht o f  Ohorvat ion Point: f l oo r  

Oirection o f  Observer from Discharge Point: w 

!Jind Velocitv:  N/A 

Detached Plume: N/A 

Summary of Data: 

5 5 
19 a 
15 
29 
25 
39 
35 
4') 
45 
59 

0 - 
0 

45 
0 - 

, 

~-85 



Rtr r l  ;!c:,iber 

C ? t ?  

T e s t  I 1r:;e-mirluteS 

?rodtiction r ~ t 2  - TPH 

stat:.: Effluent 

- .  

ilo\.i r a t e  - ACFI.1 

Flo!., r a t e  - ilSCF4 

Tenperzture - "F 

!.!atcr 'vapor - Vol .% 

Visible  Eriissions a t  
Collector 'irisciidrge - 
Perceat Opacity 

P a r t i c u l a t e  Eniissions 

probe ;;id F i l t e r  Catc!i  

gr/DSCF 

gr/ACF 

1 h / h r  

1 b/ton 

Total Catch 

gr/DSCF 

gr/ACF 

1 h / l i r  

l b / t o n  

1 2 3 

10/20/76 10/20/76 10/21/76 

120 120 120 

21,200 21,300 21,300 

20,200 20,200 19,500 

80 83 82 

0.3 0.3 1.0 

See Table 75 

0.047 0.068 0.067 

0 .045-  0.065 0.061. 

8.17 11.8 11.2 

0.065 0.071 0.068 

0.062 0.067 0.062 

11.2 12.2 11.3 

- - - 

120 

- 

21,200 

20,000 

82 

0.5 

0.061 

0.057 

10.4 

- 

0.068 

0.064 

11.6 

- 

A-86 



Table 74 

( I n l e t )  
F A C I L I T Y  52 

SunmaI-y of  Results 

I n l e t  Number 1 

Dat2 10/20/76 

Test Tine-minutes 

Production r a t e  - TPH 

Stack i f f  1 uent 

Flow r a t e  - ACFM ,5 

Flow r a t e  - DSCFt.1 11,300 

Temperature - "F 60 

\,later vapor - Vol .7: 

Visible Emissions a t  
Col 1 e c t o r  ijiscliarge - 
Percent Opacity 

P a r t i c u l a t e  Emissions 

pro52 acd Fi l ter  Catch 

gr/DSCF 8.80 

gr/ACF 8.64 

l b / h r  852 

1 b/ton 

Total Catch 

gr/DSCF 

gr/ACF 

1 b/lir 

1 b/ton 

2 

10/20/76 

3,570 

2,940 

160 

1.26 

1.04 

31.7 

3 1 A  

10/20/76, 10/21/76 

3, 0 

3,410 

45 

3.08 

2.99 

90.1 

396 

393 

48 

64.6 

63.7 

218 

16 . Total 

10/21/76 
- 

,614 . . 9,600 

603 18,646 

52 74 

.. 

9.06 7.75' 

8.76 7.36 

46.8 1,239 

. . . . ,  . A-87 
1 .  



TABLE 75 

FACILITY J2 
Summary o f  V i  s i  !)'I e Eini ss i ons 

Date: 10/21/76 

Type o f  F i d n i :  Talc  

Type of Discharge: Stack D is tance  f rom Observer t o  Discharge Point :  

L o c a t i o n  o f  Discharge: Baghouse O u t l e t  H e i g h t  o f  Observat ion P o i n t :  

H e i g h t  o f  P o i n t  o f  Discharge:30 '  

D e s c r i p t i o n  o f  Background: H i l l s  and t rees  

D e s c r i p t i o n  o f  Sky: Overcast - r a i n  

Wind D i r e c t i o n :  60" NE 

C o l o r  o f  Plume: White Detached Plume: N/A 

D u r a t i o n  o f  Observat ion:  Approx. 2 h rs .  

approx. 100' 

approx. 36'  

160" SE 
D i r e c t i o n  o f  Observer f rom Discharge Point :  

Wind V e l o c i t y :  8-12 m i / h r  - Gust up t o  20 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY - - 
Time X p a c i  t y  T i  me Opaci ty  

S e t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 08:OO 

3 08:12 
4 08:18 
5 08:24 
6 08 : 30 
7 08:36 
8 08:42 

' 9  08:48 
10  08: 54 
11 09 : 00 
12 09 : 06 
13 09:12 
14  09:18 
1 5  09 : 24 
16 09 : 30 
17 09 : 36 
18 09:42 
19 09 : 48 
20 09 : 54 

2 oa:o6 
08:06 10 0.4 
08:12 0 0 
08:18 0 0 
08:24 5 0.2 
08:30 0 0 
08:36 5 0.2 
08:42 5 0.2 
08:48 0 0 
08 : 54 0 0 
09 : 00 0 0 
09:06 5 0.2 
09:12 10 0.4 
09:18 1 5 s  0.6 
09 : 24 5 0.2 
09 : 30 5 0.2 
09 : 36 5 0.2 
09:42 5 0.2 
09 : 48 0 0 
09 : 54 5 0.2 
1o:oo 5 0.2 

21 1O:OO 10:05 0 0 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

A-88 



late:  10/20/76 

rype o f  F i a n i :  Talc 

rype of Discharge: Stack 

.ocation o f  Discharge: Baghou 

TABLt 75 ( c o n ' t )  

FACILITY 52 
Summary o f  Visible Emissions 

OL 

{eight  o f  Poin t  of Discharge: 30' 

l e t  

Distance from Observer t o  Discharge Point: 100' 

Height. o f  Observation Point: approx. 36' 

Direction o f  Observer from Discharge Point: 
160" SE 

Iescription o f  Background: Hi l l s  and t rees  

) e x r i p t i o n  o f  Sky: Overcast - Rain 

lind Direction: 290" NW Wind Velocity: 4-7 mi/hr 

:olor o f  Plume: White Detached Plume: N/A 

Iuration o f  Observation: 2:05 m i n .  

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 
Time Opacity 11 me Opacity 

j e t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 12:54 
2 13:QO 
3 13:06 
4 13:12 
5 i3: ia  ~ 

6 13:24 
7 13:30 
8 13:36 
9 13:42 

10 13 :'48 
11 1 3 ~ 5 4  
12 14:OO 
13 1 4 ~ 0 6  
14 14:12 
15 14:18 
16 14:24 
17 14:30 
18  14:36 
19 14:42 
20 14:48 

13:OO 
13:06 
13:12 
13:18 
13:24 
13:30 
13:36 
13:42 
13:48 
13:54 
14:oo 
14:06 
14:12 
14:18 
14:24 
14:30 
14:36 
14:42 

14:54 
i4:4a 

0 
' 0  
0 
5 
5 

10 
5 
5 

15 
15 

5 
0 
5 
0 
5 
0 
5 
5 
0 
0 

0 . 21 14:54 14:59 0 0 
0 22 
0 23 

0.2 24 
0.2 25 
0.4 26 
0.2 27 
0.2 28 
0.6 29 
0.6 30 
0.2 31 

0 32 
0.2 33 

0 34 
0.2 35 

0 36 
0.2 37 

~~ 

38 
39 

0.2 
0 
0 40 

A-89 



TABLC 75 (con' t )  
FACILIrY J2 

Summary of Vi s i  b l  e Emissi ons 

Date: 10/20/76 

Type of Fiant:  Talc 

Type of Discharge: Stack 

Location of Discharge: Baghouse Outlet  

Height of Point of Discharge: 30' 

Description of Background: Hi l l s  and t r ees  

Description of Sky: Overcast 

Wind Direction: 290' NW Wind Velocity: 4-7 mi/hr 

Color of Plume: White 

Duration of Observation: 2:22 min. 

Distance from Observer t o  Discharge Point: 

Height of ObservaFion Point:  

Direct ion o f  Observer from Discharge Point: 

approx. 100' 

approx. 36 

160" SE 

Detached Plume: N/A 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPPCITY 
Time Opacity T i  me Opacity 

S e t  Number S t a r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 Q8r35 
2 08:41 
3 08:47 
4 08 : 53 
5 08:49 
6 09 : 05 
7 09:ll 
8 09:17 
'9 09 : 23 
10 09:29 
11  09 : 35 
12 09:41 
13 09 : 47 

08:41 0 0 
08:47 5 0.2 
08:53 5 0.2 
08:59 5 0.2 
09:05 5 0.2 
09:ll 5 0.2 
09:17 10 0.4 
09:23 5 0.2 
09:29 5 0.2 
09:35 5 0.2 
09:41 0 0 
09:47 10 0.4 
09:53 0 0 

14 09:53 09:59 0 0 
15 09:59 10:05 5 0.2 
16 10:05 1O:ll 5 0.2 
17 1O:ll 
18 10:17 
19 10:23 
20 10:29 

10:17 10 0.4 
10:23 5 0.2 
10:29 0 D 
10:35 10 0.4 

21 
77 

10:35 10:41 5 0.2 
10~41 . 10:47 5 0.2 _ _  
10:47 10:53 10 0.4 

0.25 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

24 10:53 10:58 5 

- 
A-90 



Eur i  i!u:ilber . , 

0 i: t.2 

Test Ti i:le-I:l i n u t  e s 

Prciduction r J t e  - TPH 

Stack Effluent 

F1 ow r a t e  - ACFM 

F low r a t e  - DSCFH 

Temperature - O F  

\,later v a p o r  - Vol .% 
Visible Enissions a t  
Col1 ector Discharge - 
Pcrcpnt Opacity 

Particill a t e  Emissions 

Probe ;:id F i l t e r  Catch 

gr/DSCF 

gr/ACF 

lh/hr  

1 b/ton 

T o t a l  Catch 

gr/DSCF 

gr/ACF 

1 h / h r  

lb/ton 

1 

6/21/77 

120 

- 

4,567 

3,637 

135.3 

1.69 

2 

6/21/77 

120 

- 

4,113 

3,196 

152.3 

1.36 

3 

6 I 2  2 / 7 7 

120 

- 

4,579 

3,646 

136.8 

1.63 

/,vera ge 

120 

- 

4,420 

3,493 

141.5 

1.56 

See Table 77 

0.024 0.027 

0.020 0.022 

0.75 0.75 

0.041 0.031 

0.034 0.025 

1.29 0.93 

- - 
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TABLE 77 

FACILITY K 
Summary of  Visible Emissions 

Date: 6/20 - 6/21/71 

Type of Fidni;: Talc 

Type of Discharge: Stack 

Location of  Discharge: Pebble mill 

Distance from Observer t o  Discharge Point: 125 

Height of  Observation Point:25 f t .  

Height o f  Point  o f  Discharge:40 f t .  

Dzscri ption of Background: Equipment  and Mountain 

Description of  Sky: Clear 

Direct ion o f  Observer from Discharge Point: W 

Wind Direction: North 

Color o f  Plume: White 

Wind Velocity: 5 mph 

Detached Plume: N/A 

Duration of Observation: 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 
Time Opacity Time Opacity 

S e t  Number S t z r t  End Sum Average S e t  Number S t a r t  End Sum Average 

1 
2 
3 
4 
5 
6 
7 
8 

'9 
10 . 
11 
12 
1 3  
14 
15  
16 
17 
18  
19 
24) -. . . 

1314 
1320 
1326 
1332 
1338 
1344 
1350 
1356 
1402 
1408 
1417 
1423 
1429 
1435 
1441 
1447 
1453 
1459 
1505 
1511 

1320 
1326 
1332 
1338 
1344 
350 
356 
402 
408 
414 
423 
429 
435 
441 
447 
453 
459 
505 
51 1 
517 

80 3.33 
10 0.42 
5 0.21 

10 0.42 
10 0.42 
0 0.0 
5 0.21 
0 0.0 
5 0.21 
5 0.21 
5 0.21 
5 0.21 
5 0.21 

10 0.42 
5 0.21 
0 0.0 
0 0.0 . 

5 0.21 
0 0.0 

10 0.42 

21 802 
22 808 
23 81 4 
24 820 
25 826 
26 832 
27 838 
28 844 
29 850 
30 856 
31 903 

33 91 5 
34 921 
35 927 
36 933 
37 939 
38 945 
39 951 
40 957 

32 909 

808 
81 4 
820 
826 
832 
838 
844 
850 
856 
902 
909 
91 5 
921 
927 
933 
939 
945 
951 
957 

1003 

10 0.42 
5 0.21 
5 0.21 

30 1.25 
0 0.0 
0 0.0 . 

40 1.67 
75 3.13 
50 2.08 
65 2.32 . 
35 1.46 
20 0.83 
55 2.29 .. ~ 

25 1.04 
55 2.29 
55 2.29 
30 1.24 
55 2.29 
70 2.92 
40 1.67 

A-92 



TABLE 77 ( con ' t )  
FACILITY K 

Summary of  Vi si bl e Emi s s  i ons 

Date: 6/20 - 6/21/71 

Type o f  F i a n i :  Talc '  

Type of Discharge: Stack 

Location of  Discharge: Pebble Mill 

Height o f  Point of  Discharge: 40 f t .  

Description of Background: Equipment and Mountain 

Description of Sky: Clear 

Wind Direction: North 

Color o f  Plume: White Detached Plume: N/A 

Duration of  Observation: 

Distance from Observer t o  Discharge Point:125 ft.  

Height, of  Observation Point: 25 f t-  

Direction o f  Observer from Discharge Point: w 

Wind Velocity: 5 mph 

SUMMARY OF AVERAGE OPACITY SUMMARY O F  AVERAGE OPACITY 
Time Opacity T i  me Opacity 

et Number S t a r t  End Sum Average Se t  Number S t a r t  . End Sum Average 

1 1004 
2 1208 
3 1218 
4 1220 
5 1226 ~~~ 

6 1232 
7 1238 
8 1244 

'9  1250 
10 . 1256 
11 1302 
12 1313 
13 1319 

1325 
1331 

14 

1337 
15 

1343 16 
1349 

17 

1355 18 
1401 19 

24) .. . - 

~~~ 

6 1232 
7 1238 
8 1244 

'9  1250 
10 . 1256 
11 1302 
12 1313 
13 1319 

1325 
1331 

14 

1337 
15 

1343 16 
1349 

17 

1355 18 
1401 19 

24) .. . - 

1009 
1214 
1220 
1226 
1232 
1238 
1244 
1250 
1256 
1302 
1308 
1319 
1325 
1331 
1337 
1343 
1349 
1355 
1401 
1407 

30 
105 
110 
85 
90 

125 
85 

105 
95 
25 
65 
95 

105 
40 
30 
60 
55 
35 

5 
75 

1.25 
4.38 
4.58 
3.54 
3.75 
5.21 
3.54 

3.96 
1.32 
2.95 
3.96 
4.38 
1 .67  
1.30 
2.61 
2.29 
1.94 
0.36 
3.13 

4.38 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

1407 1413 125 , ,  5.21 
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TABLE 78 

Run Number 

Date 

Test  Time - Minutes 

Product ion Rate - TPH 

Stack E f f l u e n t  
Flow r a t e  - ACFM 

Flow r a t e -  DSCFM 

Temperature - OF 

Water vapor - Vol. % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% Opaci ty  

P a r t i c u l a t e  Emissions 

Probe and F i l t e r  ca tch  

gr/DSCF 

gr/ACF 

l t / h r  

l b / t o n  

T o t a l  ca tch  (1) - 
gr/DSCF 

gr/ACF 

l b / h r  

1 b / ton  

FACILITY L 1  
( I n l e t )  

Sumnary o f  Resu l t s  

1" 

12/6/78 

60 

- 

17180 

14040 

136 

7.4 

4.53 

3.70 

545 

- 

r i t h  Run 2, TE * Test  conducted concur ren t l y  l e  79. 

(1) No a n a l y s i s  o f  back-hal f  on i n - s t a c k  f i l t e r  t e s t s .  
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Run Number 

Date 

Test. Time - Minutes 

Production Rate - TPH 

Stack Effluent 
Flow rate - ACFM 

Flow ra te -  DSCFM 

Temperature - OF 

Water vapor - Vol. % 

Visible Emissions a t  
Collector Discharge - 
% Opacity 

TABLE 79 

FACILITY L1 

Summary o f  Results 

1 

12/6/78 

96 

- 

17690 

14790 

131. 

7.0 

see 
Table 

80 

Particulate Emissions 

Probe and Filter catch 

gr/DSCF 0.020 

gr/ACF 0.017 

l b / h r  2.49 

1 b/ton - 

Total catch(') 

2* 

12/6/78 

96 

- 

17960 

14650 

141. 

7.8 

- 

0.012 

0.010 

1.54 

- 

gr/DSCF 

gr/ACF 

l b / h r  

lb/ton 

*Test conducted concurrently w i t h  Run 1, Table 78. 

(1) No analysis of back-half on in-stack f i l ter  tests. 

3 

12/6/68 

96 

- 

18060 

15080 

141. 

5.4 

- 

0.016 

0.013 

2.01 

- 

Average 

- 
96 

- 

17903 

14840 

138 

6.7 

- 

0.016 

0.013 

2.01 

- 
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TABLE 80 

FACILITY L1 

Summary o f  V i s i b l e  Emissions 

Date: 12/6/78 

Type o f  P lan t :  Clay Processing 

Type o f  Discharge: Stack D is tance from Observer t o  Discharge Po in t :  7 ft. 

Loca t ion  o f  Discharge: Baghouse He igh t  o f  Observat ion Po in t :  80 ft. 

He igh t  o f  P o i n t  o f  Discharge: 

D e s c r i p t i o n  o f  Background: Green P ine  F o r e s t  

D e s c r i p t i o n  o f  Sky: B lue  

Wind D i r e c t i o n :  Northwest Wind V e l o c i t y :  5 mi/hr. 

Co lo r  o f  Plume: White Detached Plume: No 

Dura t i on  o f  Observat ion:  90 minutes 

80 ft. D i r e c t i o n  o f  Observer f rom Discharge Point :  Soul 

SUMMARY OF AVERAGE OPACITY 

Set Time Opaci ty  
Number S t a r t  End Sum Average 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

400 
406 
41 2 
41 8 
424 
430 
436 
442 
448 

1454 
1500 
1506 
1512 
1518 

1406 0 
1412 0 
1418 0 
1424 0 
1430 0 

436 0 0 
442 0 0 
448 0 0 
454 0 0 
500 0 0 
506 0 0 
51 2 0 0 
51 8 0 0 
524 0 ,  0 

L 

15 1524 1530 0 0 
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TABLE 81 

FACILITY L2 
(In1 et) 

Summary of Results 

1 

12/6/78 

56 

Run Ncmber 

Date 

Test Time - Minutes 
Production Rate - TPH 
Stack Effluent 

Flow rate - ACFM 
Flow rate- DSCFM 

Temperature - OF 
Water vapor - Vol. % 

Visible Emissions at 
Collector Discharge - 
% Opacity 

Particulate Emissions 

Probe and Filter catch 

gr/DSCF 

gr/ACF 

1 b/ hr 

lb/ton 

Total catch'l') 

gr/DSCF 

gr/ACF 

lb/hr 

lb/ton 

8550 

6960 

134 

7.9 

1.70 

1.43 

105. 

- 

(1) No analysis of back-half on in-stack filter tests. 
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Run Number 

Date 

Tes t  Time - Minutes 

Product ion Rate - TPH.  

Stack E f f l u e n t  
Flow r a t e  - ACFM 

Flow r a t e -  DSCFM 

Temperature - OF 
Water vapor - Vol. % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% Opaci ty 

P a r t i c u l a t e  hi ssions 

Probe and F i l t e r  ca tch  

gr/DSCF 

gr/ACF 

l b / h r  

l b / t o n  

TABLE 82 

FACILITY L2 

Summary o f  Resul ts  

1 2 3 Average 

12/5/78 12/5/78 12/6/78 - 
120 120 120 120 

9780 9830 10340 9983 

8120 81 50 8560 8277 

125, 123 136 129 

8.4 9.4 6.7 8.2 

see see see 

83 84 85 
Table Table Table - 

0.010 0.005 0.007 0.007 

0.008 0.004 0.006 0.006 

0.73 0.38 0.48 0.53 

To ta l  catch(') 

gr/DSCF 

gr/ACF 

l b / h r  

l b / t o n  

(1) No ana lys i s  o f  back-hal f  on i n -s tack  f i l t e r  t es ts .  
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TABLE 83 

FAC I L  I T Y  L2 

Summary o f  V i s i b l e  Emissions 

Date: 12 f 5/78 

Type o f  P lant :  Clay 

Type o f  Discharge: Stack Distance from Observer t o  Discharge Po in t :  25 ft. 

Locat ion  o f  Discharge: Baghouse Height  o f  Observation Po in t :  100 ft. 

Height  o f  P o i n t  o f  Discharge: 100 F t .  D i r e c t i o n  o f  Observers from Discharge Point :  Southeast 

Descr ip t ion  o f  Background: Clear  B lue 

Desc r ip t i on  o f  Sky: Clear  Blue 

Wind D i rec t ion :  East Wind V e l o c i t y :  5-10 mi /hr .  

Color  o f  Plume: White Detached Plume: Yes 

Durat ion o f  Observation: approx. 120 minutes 

SUMMARY OF AVERAGE OPACITY 

Set Time 0 pac i t y  Set  Time Opacity 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0953:OO 
0959: 15 
1005: 45 
1011:45 
1018: 15 
1024: 15 
1030:15 
1037:OO 
1044:OO 
1048: 00 
1054:15 
1100: 15 
1106:15 
1112:15 
11 18:30 
1124:30 
1131:OO 
11 37: 00 
1143: 15 
1149: 30 
11 56: 30 

0959: 15 
1005: 45 
1011:45 
1018:15 
1024:15 
1030:45 
1037:OO 
1039:OO 
1048 : 00 
1054:15 
1100: 15 
1106:15 
1112:15 
1118:30 
1124:30 
1131:OO 
1137:OO 
1143:15 
1149: 30 
1156:30 
1202: 30 

120 5 21 1202:30 1203:OO 10 5 
120 5 
120 5 
120 5 
120 5 
120 5 
100 4.2 

80 3.3 
120 5 
120 5 
120 5 
120 5 
120 5 
120 5 
120 5 ~~ 

120 5 
120 5 
120 5 
115 4.8 
110 4.6 
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TABLE 84 

FACILITY L2 

Summary o f  V i s i b l e  Emissions 

Date: 12/78 

Type o f  P lan t :  Clay 

Type o f  Discharge: Stack Dis tance f r o m  --;erver t o  Discharge Point :  25 ft. 

Locat ion  o f  Discharge: Baghouse He igh t  o f  Observation Po in t :  100 ft. 

He igh t  o f  P o i n t  o f  Discharge: 100 f t . D i r e c t i o n  o f  Observer f rom Discharge Point :  Sout 
east 

Desc r ip t i on  o f  Background: C l e a r  Blue 

Desc r ip t i on  o f  Sky: Clear  Blue 

Wind D i r e c t i o n :  E a s t  Wind V e l o c i t y :  5-10 mi /h r .  

Color  o f  Plume: White Detached Plume: Yes 

Dura t ion  o f  Observation: 128 minutes 

~ 

SUMMARY OF AVERAGE OPACITY 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Set Time Opaci ty  Set Time Opacity 
Number S t a r t  End Sum Average Number S t a r t  End Sum Averag 

1 1357 1403 0 0 21 1557 1603 0 0 
1403 1409 0 0 22 1603 1605 0 0 
1409 1415 0 
1415 1421 0 . . 

1421 1427 0 
1427 1433 0 
1433 1439 0 
1439 1445 0 
1445 1451 0 
1451 1457 0 
1457 1503 0 
1503 1509 0 
1509 1515 0 
1515 1521 0 
1521 1527 0 
1527 1533 0 
1533 1539 0 
1539 1545 0 

~ .. .. .. 

1545 1551 0 
1551 1557 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 85 

FACILITY L2 

Summary o f  V i s i b l e  Emissions 

Date: 12/5/78 

Type of P lant :  Clay 

Type o f  Discharge: Stack Distance from Observer t o  Discharge Point :  25 ft. 

Locat ion  o f  Discharge: Baghouse Height  o f  Observat ion Po in t :  100 ft. 

Height  o f  Po in t  o f  Discharge: 100 f t . D i r e c t i o n  o f  Observer f rom Discharge Po in t :  South 

Desc r ip t i on  o f  Background: Clear  B lue 

Desc r ip t i on  o f  Sky: Clear  B lue 

Wind D i rec t i on :  East  Wind Ve loc i t y :  5-10 mi /hr .  

Color  o f  Plume: White Detached Plume: Yes 

Durat ion o f  Observation: . approx. 120 minutes 

east  

SUMMARY OF AVERAGE OPACITY 

Set  Time Opaci ty  Set  Time Opaci ty 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 
1 1050 1056 0 0 
2 1056 1102 0 0 
3 1102 1108 0 0 . . . .- . 

4 1108 1114 a a 
5 1114 1120 0 0 
6 1120 1126 0 0 
7 1126 
8 1132 
9 1138 

10 1144 
11 1152 
12 1158 
13 1204 ._  
14 1210 
15 1216 
16 1222 
17 1228 
18 1234 
i e  1240 
20 1246 

132 0 0 
138 0 0 
144 0 0 
150 0 0 
158 0 0 
204 0 0 
21 0 0 0 ~~~ 

21 6 0 0 
222 0 0 
228 0 0 
234 0 0 
240 0 0 
246 0 0 
251 0 0 
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Run Number 

Oate 

Test  Time - Minutes 

Product ion Rate - TPH 

Stack E f f l u e n t  
Flow r a t e  - ACFM 

Flow r a t e -  DSCFM 

Temperature - OF 
Water vapor - Vol .  % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% Opaci ty 

P a r t i c u l a t e  Emissions 

TABLE 86 I 

FACILITY M 1  
I 

Summary o f  Resul ts  

1 

6/14/78 

120 

- 

1840 

1620 

124 

2.8 

see 
Table 

88 

Probe and F i l t e r  catch 

gr/DSCF 0.001 

gr/ACF 0.001 

l b / h r  0.01 

l b / t o n  - 

2 3 Average 

6/15/78' 611 5/78 - 
120 , 120 120 

1490 1560 1630 

1300 1360 1427 

121 124 123 

4.1 4.2 3.7 

see see - 
Table Table 

89 90 

0.001 C .007 0.003 

0.001 I 0.006 0.003 

0.02 0.09 0.04 

- - - 

Tota l  catch(') 

gr/DSCF 

gr/ACF 

1 b/hr  

1 b/ ton  

(1 )  No ana lys i s  o f  back-half on i n -s tack  f i l t e r  t e s t s .  
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Table 87  
F P L I L I T Y  M I  

Run :!ur;iber 

C a t 2  

Test Tiine-minutes 

Production r a t e  - TPH 

Stack Effluent 

Flow rate - ACFM 

Flov rate - DSCFFI 

Temperature - "F 

\.later yapor - V01.s 

Visible Emissions a t  
Collector Discliarge - 
Percent Opacity 

Par t icu la te  Emissions 

prcbe 2nd F i l t e r  Catch 

gr/DSCF 

gr/ACF 

lb/hr  

1 b/ton 

Total Catch 
I 

gr/DSCF 

gr/ACF 

1 b / h r  

lb / ton 

( I n l e t )  
Suirtnisry o f  I ? e s ~ i l  t s  

1 2 

6/15/78 

3 

2,060 

1,740 

123 

6.0 

1.04 

15.6 

Average 

A-103 
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TABLE 88 

FACILITY M1 

Summary o f  V i s i b l e  Emissions 

Dis tance f rom Observer t o  Discharge Po in t :  

He igh t  o f  Observat ion Po in t :  35 ft. 

D i r e c t i o n  o f  Observer f rom Discharge Point :  East 

90 ft. 

Date: 6/14/78 

Type o f  P lan t :  Clay 

Type o f  Discharge: Stack 

Loca t ion  o f  Discharge: Baghouse 

Height  o f  P o i n t  o f  Discharge: 

D e s c r i p t i o n  o f  Background: Sky 

D e s c r i p t i o n  o f  Sky: P a r t l y  c loudy 

Wind D i r e c t i o n :  NNE Wind V e l o c i t y :  10 mi/hr. 

Color  o f  P1 ume: 

Dura t i on  o f  Observation: 151 minutes 

Detached P1 ume: 

SUMMARY OF AVERAGE OPACITY 

Se t  Time Opaci ty  Set Time Opacity 
Number S t a r t  End Sum Average Number S t a r t  End Sum Averagc 

1 1538 1544 0 0 21 1738 1744 0 0 
2 1544 
3 1550 
4 1556 
5 1602 
6 1608 
7 1614 
8 1620 
9 1626 
10 1632 
11 1638 
12 1644 
13 1650 
14 1656 
15 1 z02 
16 1708 
17 1714 
18 1720 
19 1726 
20 1732 

1550 
1556 
1602 
1608 
1614 
1620 
1626 
1632 
1638 
1644 
1650 
1656 
1702 
1708 
1714 
1720 
1726 
1732 
1738 

0 0 
0 0 
0 0 
0 0 
0 0 
0. 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

22 1744 1750 0 0 
23 1750 1756 0 0 
24 1756 1802 0 0 
25 1802 1808 0 0 
26 1808 1809 0 0 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

I 
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TABLE 89 

FACILITY M1 

Sumnary o f  V i s i b l e  Emissions 

Date: 6/15/78 

Type o f  P lant :  Clay 

Type o f  Discharge: Stack Dis tance from Observer t o  Discharge Po in t :  90 ft. 

Locat ion  o f  Discharge: Baghouse He igh t  of Observat ion Point :  35 ft. 

Height  o f  Po in t  o f  Discharge: D i r e c t i o n  o f  Observer f rom Discharge Po in t :  East 

Descr ip t ion  o f  Background: Sky 

Desc r ip t i on  o f  Sky: c loudy 

Wind D i rec t i on :  NNE Wind Ve loc i t y :  10 mi/hr.  

Color  o f  Plume: Detached P1 ume: 

Dura t ion  o f  Observation: 134 minutes 

SUMMARY OF AVERAGE OPACITY 

Set Time Opaci ty  Set  Time Opaci ty 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 
I 1 91 3 91 9 0 3 19 0 0 

2 91 9 925 0 0 22 1119 1125 0 0 
3 925 93 1 0 0 23 1125 1127 0 0 
4 931 937 0 0 24 
5 937 943 0 0 25 
6 943 949 0 0 26 
7 949 955 0 0 27 
8 955 1001 0 0 28 
9 1001 1007 0 0 29 

10 1007 1013 0 0 30 
11 1013 1019 0 0 31 
12 1019 1025 0 0 32 
13 1025 1031 0 0 33 
14 1031 1037 0 0 34 
15 1037 1043 0 0 35 .. .. .- 
16 1043 1049 0 0 36 
17 1049 1055 0 0 37 
18 1055 1101 0 0 38 
19 1101 1107 0 0 39 
20 1107 1113 0 0 40 
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TABLE 90 

FACILITY M 1  

Summary o f  V i s i b l e  Emissions 

Date: 6/15/78 

Type o f  P lan t :  Clay 

Type o f  Discharge: Stack Distance from Observer t o  Discharge Po in t :  90 ft. 

Locat ion  o f  Discharge: Baghouse He igh t  o f  Observat ion Po in t :  35 ft. 

Height  o f  P o i n t  o f  Discharge: 

Desc r ip t i on  o f  Background: Sky 

Desc r ip t i on  o f  Sky: c loudy 

Wind D i r e c t i o n :  NNE Wind V e l o c i t y :  10 mi/hr.  

Color  o f  Plume: Detached Plume: 

Dura t ion  o f  Observation: 183 minutes 

D i r e c t i o n  o f  Observers f rom Discharge Po in t :  East 

SUMMARY OF AVERAGE OPACITY 

Set Time Opaci ty Set  Time Opacity 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 

1 1332 1338 0 0 21 1606 1608 
2 1338 1344 0 0 1625 1629 0 0 
3 1344 1350 0 0 22 1629 1634 0 0 
4 1350 1356 0 0 24 
5 1356 1402 0 0 25 
6 1402 1408 0 0 26 
7 1442 1448 0 0 27 
8 1448 1454 0 0 28 
9 1454 1500 0 0 29 

10 1500 1506 0 0 30 
11 1506 1512 0 0 31 
12 1512 1518 0 0 32 
13 1518 1524 0 0 33 
14 1524 1530 0 0 34 
15 1530 1536 0 0 35 
16 1536 1542 0 0 36 ~~ 

17 1542 1548 0 0 37 
18 1548 1554 0 0 38 
19 1554 1660 0 0 39 
20 1600 1606 0 0 40 
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Run Number 

Date 

Tes t  Time - Minutes 

Product ion Rate - TPH 

Stack E f f l u e n t  

Flow r a t e  - ACFM 

Flow r a t e -  DSCFM 

Temperature - OF 

Water vapor - Vol. % 

V i s i b l e  Emissions a t  
C o l l e c t o r  Discharge - 
% Opaci ty 

P a r t i c u l a t e  Erniss i ons 

Probe and F i l t e r  ca tch  

gr/DSCF 

gr/ACF 

l b / h r  

1 b/ ton 

To ta l  ca tch  (1) 

gr/DSCF 

gr/ACF 

1 b /h r  

1 b / ton  

TABLE 91 

FACILITY M2 

Summary o f  Resu l ts  

1 2 

6/14/78 6/15/78 

120 120 

- - 

2580 2460 

21 00 2090 

183 151 

1.1 1.7 

see see 
Table Table 

93 94 

3 Average 

6/15/78 - 
120 120 

2450 2497 

2100 2097 

150 161 

1.6 1.5 

- see 
Table 

95 

0.002 0.002 0.001 0.002 

0.002 0 * 002 0.001 0.002 

0.03 0.04 0.02 0.03 

- - - - 

(1)  No ana lys i s  o f  back-hal f  on i n - s tack  f i l t e r  t e s t s .  
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k ~ i n  r!c:ilbPr 

C z t 2  

Test T i  ne-m i  ntites 

production r a t e  - TPH 

Stack Effluent 

Floi./ r a t e  - ACFI4 

Flow r a t e  - DSCFI.1 

Temperature - "F 

!,!ater vapor - Vol .% 
Visible  Emissions a t  
Collector Gisciisrge - 
Percent Opacity 

P z r t i c u l a t e  Emissions 

pro52 3rd F i l t e r  Catch 

gr /DSCF 

gr/ACF 

l b / h r  

l b / t o n  

Total C a t c h  

gr/DSCF 

gr/ACF 

1 b / l i r  

1 b / t o n  

.Tiii,lc 92 
F A C I L I T Y  M2 
(Inlet 1 

1 

6/15/78 

130 

2 3 

2,560 

2,170 

170 

2 .o 

5.24 

97.4 
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TABLE 93 

FACILITY M2 

Summary o f  V i s i b l e  Emissions 

Date: 6/14/78 

Type o f  P lant :  Clay 

Type o f  Discharge: Stack Distance f rom Observer t o  Discharge Po in t :  90 ft. 

Loca t ion  o f  Discharge: Baghouse Height  o f  Observat ion Po in t :  85 ft. 

Height  o f  P o i n t  o f  Discharge: D i r e c t i o n  o f  Observer f rom Discharge Po in t :  East 

D e s c r i p t i o n  o f  Background: Sky 

D e s c r i p t i o n  o f  Sky: P a r t l y  c loudy 

Wind D i r e c t i o n :  NNE Wind V e l o c i t y :  10 mi /hr .  

Color  o f  Plume: Detached Plume: 

Dura t i on  o f  Observation: 30 minutes 

SUMMARY OF AVERAGE OPACITY 

Set Time Opaci ty  Se t  Time Opaci ty 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 

1 1528 1534 0 0 21 
2 1534 1540 0 0 22 
3 1540 1546 0 0 23 
4 1546 1552 0 0 24 
5 1552 1558 0 0 25 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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TABLE 94 

FACILITY M2 

Summary o f  V i s i b l e  Emissions 

Date: 611 5/78 

Type o f  P lant :  Clay 

Type o f  Discharge: Stack Dis tance from Observer t o  Discharge Point :  90 ft. 

Locat ion  o f  Discharge: Baghouse He igh t  o f  Observation Po in t :  85 ft. 

Height  o f  P o i n t  o f  Discharge: D i r e c t i o n  o f  Observer from Discharge Point :  East 

D e s c r i p t i o n  o f  Background: Sky 

Descr ip t ion  o f  Sky: c loudy 

Wind D i r e c t i o n :  NNE Wind Ve loc i ty :  10 mi/hr.  

Color  o f  P1 ume: Detached Plume: 

Dura t ion  o f  Observation: 128 minutes 

SUMMARY OF AVERAGE OPACITY 

Set  Time Opaci ty Set Time Opacity 
Number S t a r t  End Sum Average Number S t a r t  End Sum Averas 

1 850 856 0 0 21 1050 1056 0 0 
2 856 902 0 0 22 1056 1058 0 0 
3 902 908 0 0 23 
4 908 91 4 0 0 24 
5 914 920 0 0 25 
6 920 926 0 0 26 
7 926 932 0 0 27 
8 932 938 0 0 28 
9 938 944 0 0 29 

10 944 950 0 0 30 ~. ~~. .~ 

11 950 956 0 0 31 
12 956 1002 0 0 32 
13 1002 1008 0 0 33 
14 1008 1014 0 0 34 
15 1014 1020 0 0 35 
16 1020 1026 0 0 36 
17 1026 1032 0 0 37 
18 1032 1038 0 0 38 
19 1038 1044 0 0 39 
20 1044 1050 0 0 40 
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TABLE 95 

FACILITY M2 

Summary o f  V i s i b l e  Emissions 

Date: 6/15/78 

Type o f  P lan t :  Clay 

Type o f  Discharge: Stack Distance from Observer t o  Discharge Po in t :  90 ft. 

Locat ion o f  Discharge: Baghouse He igh t  o f  Observat ion Po in t :  85 ft. 

Height  o f  P o i n t  o f  Discharge: 

Desc r ip t i on  o f  Background: Sky 

D e s c r i p t i o n  o f  Sky: P a r t l y  c loudy 

Wind D i r e c t i o n :  NNE Wind V e l o c i t y :  10 m i /h r .  

Color o f  P1 ume: Detached P1 ume: 

Durat ion o f  Observation: 139 minutes 

D i r e c t i o n  o f  Observers f rom Discharge Point :  East 

SUMMARY OF AVERAGE OPACITY 

Set Time Opaci ty  Se t  Time Opaci ty 
Number S t a r t  End Sum Average Number S t a r t  End Sum Average 

1 1359 1405 0 0 21 1559 1605 0 0 
2 1405 1411 0 0 22 1605 1611 0 0 
3 1411 1417 0 0 23 1611 1617 0 0 
4 1417 1423 0 0 24 1617 1618 0 0 
5 1423 1429 0 0 25 
6 1429 1435 0 0 26 
7 1435 1441 0 0 27 
8 1441 
9 1447 

10 1453 
11 1459 

1447 0 0 28 . . . .  - _ _  
1453 0 0 29 
1459 0 0 30 
1505 0 0 31 

12 1505 1511 0 0 32 
13 1511 1517 0 0 33 ~~ .. 

14 1517 1523 0 0 34 
15 1523 1529 0 0 35 
16 1529 1535 0 0 36 
17 1535 1541 0 0 37 
18 1541 1547 0 0 38 
19 1547 1553 0 0 39 
20 1553 1559 0 0 40 
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TABLE 96 

FACILITY N 

Summary o f  Resul ts  o f  F u g i t i v e  Emission Tests performed 
on th ree  separate r a i l  ca r  loadings 

Accumulated Accumulated 
Observation observat ion emission % Emission 

area pe r iod  t ime (AET/AOP x 100) 
(min: sec) (mi n : sec) 

Test  #1 

A 144:32 22:42 15.7 

B 144:32 17:30 1 2 . 1  

C 144:32 0:oo 0 

Test  # 2  

A 99 : 45 18: 50 18.9 

B 99:45 2:06 2.1 

C 99:45 0.00 0 

Test  #3 

A 154:ZO 63 : 42 41.3 

B 154:20 0:20 0.2 

C 154:ZO 9:21 6.1 

- -  

1. Designat ion o f  observat ion p o s i t i o n s  

A. Loading hose 
B. West end o f  shed 
C. East end o f  shed 
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TABLE 97 

SUMMARY OF METHOD 22 RESULTS - FACILITY P 

Time Observed t ime  
p e r i o d  (minutes) 

Percent o f  t ime 
w i t h  v i s i b l e  emissions 

Ob se rve r  

1 2 
~ ~~ ~~ 

Test p o i n t  5, F i n a l  screens, 10/3/79 

1035-1055 20 

1105-1 125 20 

1 130-1 150 20 

Test p o i n t  7, Trans fe r  p o i n t ,  10/3/79 

1 324- 1424 60 

0 <1 

< 1  0 

<1 0 

1 1 

A-113 



TABLE 98 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY P 

TP-5 TP-7 
Final Screens Transfer Point 

Observer Observer 
Run 

3 4  3 

1 0 0  3 
2 0 0  0 
3 0 0  0 
4 0 0  0 
5 0 0  0 
6 0 0  0 
7 0 0  0 
8 0 0  0 
9 0 0  0 

10 0 0  0 

Values reported in percent opacity a 
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TABLE 99 

METHOD 9 - 6-MINUTE AVERAGESa 

FACILITY P 

TP-1 TP-4 TP-6 
Primary Impact Cone 
Crusher Crusher Crusher 

Observer Observer Observer 
3 4  3 4  3 4  

Run 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

20 

9 13 
7 11 

14 15 
14 17 
13 11 
11 11 
12b 11 
7= 10 
- 13 
9 10 

11 15 
10 18 
13 10 

8 8  
10 10 
10 11 
8 5  

15 10 4 11 
11 7 5 18 
11 7 9 22 

11 10 11 25 

11 10 9 23 
10 8 . 10 17 
10 13 9 16 

11 13 7 15 

13 10 10 15 
11 9 8 16 

8 15 
13 21 

7 13 
8 13 
8 15 
1 4  
0 2  

0 1  
0 1  
1 4  

aVal ues r e p o r t e d  i n  percent  o p a c i t y  . 
b4-mi nute average 
‘5-minute average 

A-115 



TABLE 100 
SUMMARY OF METHOD 22  RESULTS - FACILITY Q 

Percent o f  time 
w i t h  v i s ib l e  emissions 

Time Observed time 
period (minutes ) Observer 

1 2 

Test 

Test 

Test 

Test 

point 2 ,  I n i t i a l  screens, 10/10/79 - 10/11/79 
1010-1040a 30 
0820-0856 30 

point 3, Transfer point, 10/10/79 
0851 -0921a 30 
0931-1001a 30 

point 5 ,  Secondary screens, 10/8/79 
0848-0918 30 
0940-1010 30 
101 5-1045 30 
1057-1 127 30 

point 7, Final screens,  10/8/79 
1250-1 320 30 
1330-1400 30 
1407-1437 30 
1451 -1 521 30 

34 65 
4 7  

27 31 
64 67 

D O  

0 0  
0 0  

<1 0 

0 0  
0 0  
0 0  

0 0  

a''Red Rock" material .  Not processed under representative conditions. Data 
omitted. 
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TABLE 101 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY Q 

TP-2 TP-3 TP-5 TP-7 
Run , Initial Screens Transfer Pointb Secondary Screens Final Screens 

Observer Observer Observer Observer 
3 4  3 4  3 4  3 4  

1 1 3  0 0  0 0  0 0  
2 0 3  1 1  0 0  0 0  

3 0 2  1 1  0 0  0 0  
4 0 3  2 2  0 <1 0 0  
5 1 5  1 1  0 1  0 0  
6 0 10 10 12 0 1* 0 <1 
7 2 8  9 10 0 2  0 0  
8 0 4  8 8  0 2  0 0  
9 1 9  8 9  0 <1 0 0  

10 2 7  8 9  0 1  0 0  

11 1 5  10 7 0 2  0 0  
12 1 3  9 7  0 3  0 0  
13 1 4  14 10  0 1  0 0  

14 1 2  13 8 0 1  0 0  

15 0 1  12 9 0 0  0 0  

16 0 1  11 9 0 1  0 0  

17 0 1  12 10 0 1  0 0  

18 0 2  12 9 0 0  0 0  

19 0 2  14 10 0 0  0 0  
20 0 2  13 10 0 0  0 0  

*Five minute average 
a 

b"Red Rock" material. .Not processed under representative conditions. 
Values reported in percent opacity 

Data omitted 
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TABLE 102 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY Q 

TP-1 TP-6 
Pr imary crusher  Cone crusher  

Run Observer Observer 

3 4  3 4  

1 

2 

3 

4 

5 

6 

7 
8 
9 

10 
11 
12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

11 11 

11 14 

6 8  
12 18 

12 17 

3 5  

2 9  

1 4 

2 8  
1 6  

1 6  

1 7 
2 8  

3 12 

3 10 

3 6  

2 6  
2 5  

1 2  

1 3 

15 12 

18 17 

18 19 

1 7 .  19 

10 12 

15 18 
19 19 

20 21 

23 23 

24 23 

28 24 

26 26 
2Eb 28b 

25 23 

28 28 
29 26 

27' 26c 

27 29 

29 34 

26 38 

25c 3gC 

aValues r e p o r t e d  i n  percent  o p a c i t y .  

b4-minute average. 

'5-minute average. 
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TABLE 103 
SUMMARY OF METHOD 22 RESULTS - FACILITY R 

Time 
per iod  

Observed t ime  
(minutes ) 

Percent  o f  t ime 
w i t h  v i s i b l e  emissions 

Observer 

1 2 

Test  p o i n t  1, I n i t i a l  screens 10/12/79, 10/15/79 
0720-0750 30 2 1 
0800-0830 30 1 <1 
0840-091 0 30 2 1 

30 2 4 
0722-0732 0920-0941 I 

Test  p o i n t  3, Transfer  p o i n t ,  10/16/79 
0731 -0801 30 

Test  p o i n t  4, Secondary screens, 10/16/79 
0907-0937 30 
0945-1015 30 
1035-1 105 ' 30 
1310-1340 30 

Test  p o i n t  6. F i n a l  screens, 10/15/79 
1020-1050 30 
1055-1 125 30 
1 1  30-1 200 30 
1303-1 333 30 

Test  p o i n t  7A, T r a n s f e r  p o i n t ,  10/15/79 
161 0-1640 30 
1646-1716 30 

T e s t  p o i n t  78, T r a n s f e r  p o i n t ,  10/16/79 
141 5-1445 30 
1455-1 525 30 

6 12 

5 15 
1 1 
4Za 4a 
5 10 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
4 4 

aOata omi t ted  - wind i n t e r f e r e n c e .  
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TABLE 104 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY R 

TP-1 TP-3 TP-4 TP-6 TP-7 
Run I n i t i a l  Screens T rans fe r  P o i n t  Secondary Screens F i n a l  Screens T rans fe r  Po in t  

Observer Observer Observer Observer Observer 

3 4  3 4  3 4  3 4  3 4  

1 c l  0 0 0  0 <1 0 0  0 0  
2 0 0  0 1  <1 3 0 0  0 0  
3 2 0  2 1  <1 1 <1 0 0 0  
4 1 1  <1 <1 0 0  1 <1 0 0  
5 3 1  0 0  0 0  0 0  0 0  
6 1 (1 1 4  0 0  0 0  0 0  
7 1 0  2 4  0 0  0 0  0 0  
8 1 0  <1 3 0 0  0 0  0 0  
9 1 c l  3 4  0 0  0 0  0 0  

10 1 1  4 5  0 0  0 0  0 0  
11 3 <1 ob ob 0 0  0 0  
12 1 0  <Ib ob 4 0 0 0  
13 c 1  c1  4b ob 0 0  0 0  
14 <1 1 5b ob 0 0  0 0  
15 <1 <1 5b ob <1 0 0 0  

16 0 0  0 0  0 0  <1 0 
17 0 0  0 0  0 0  <1 1 
18 0 0  0 0  0 0  0 0  
19 2 0  0 0  0 0  0 0  
20 2 0  0 0  0 0  2 3  

a 

bData omi t ted  - wind i n t e r f e r e n c e  
Values repo r ted  i n  percent  o p a c i t y  
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TABLE 105 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY R 

TP-2 TP-5 
Pr imary crusher  Cone crusher  

Observer Observer 

3 4  3 4  

Run 

1 
2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

18 

19 

20 

14 

16 

16 

16 

12 

9 
13 

9 

13 

12 

17 

9 
14 

13 

15 
8 
6 

7 
10 

9 

13 8 
14 9 

14 9 
9 .12 

13 13 

15 

14 

14 

15 
13 

3 

2 

2 

16 12 

13 10 
11 9 
12 7 

13 8 
9 12 

6 13 

9 11 

11 11 

12 12 

12 

14 

17 

15 

15 

15 

16 

.1 4 

16 

14 

17 

17 
17 

10 

15 

10 

11 

11 

11 

11 

aData repo r ted  i n  percent  o p a c i t y .  
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TABLE 106. 

SUMMARY OF METHOD 22 RESULTS - FACILITY S 

Percent o f  t ime  
w i t h  v i s i b l e  emissions 

Time Observed t i m e  
p e r i o d  (minutes) Observer 

1 2  

Test p o i n t  2, I n i t i a l  Screens, 10/24/79 
1516-1 546 30 
1558-1628 30 
1100-1 130 30 
1302-1 332 30 

0 0  
0 0  
0 0  
0 0  

Test  p o i n t  4, Secondary screens, 10/22/79, 10/23/79 

11 08-1 138 30 1 10 
1143-11 58 15 1 13 

0745-0805 15 1 5 
0810-1 840 30 1 6  

0845-091 5 30 1 7 

Test p o i n t  6, T rans fe r  p o i n t ,  10/23/79, 10/24/79 
1257-1327 30 0 0  
1335-1 350 15 0 1  
1338-1 353 15 0 0  

1355-1 425 30 0 0  
1433-1503 30 0 0  

Test  p o l n t  7, T rans fe r  po in t ,  10/25/79 

0750-0820 30 0 0  

0826-0856 30 0 0  

091 5-0945 30 0 0  
0955-1025 30 0 0  
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TABLE 107 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY S 

TP-2 TP-4 TP-6 TP-7 
Run I n i t i a l  Screens Secondary Screens Trans fer  Po in t  Trans fer  F o i n t  

Observer Observer Observer Observer 

3 4  3 4  3 4  3 4  

1 0 
2 0 
3 0 
4 0 

5 0 
6 0 
7 0 
8 0 
9 0 

10 0 
11 0 
12 0 
13 0 

14 0 
15 0 
16 0 
17  0 
18 0 
19 0 
20 0 

0 4 
0 3 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

2 0 
0 0 

0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

Values repo r ted  i n  percent  o p a c i t y  a 
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TABLE 108 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY S 

TP-3 TP-5 
TP-1 4-112 in. 5-1/2 i n .  

Pr imary crusher  Cone crusher  Cone crusher  

Observer Observer Observer 

3 4  3 4  3 4  

Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 

2 
1 
1 
1 
1 
1 
1 

<1 

0 
1 
1 
0 
0 
0 

2 
1 
3 
3 
2 

0 

1 3 

2 4 
1 4 
0 2 
1 4 
3 6 
2 6 
1 3 
2 2 
1 5 
1 4 
0 5 
0 3 
1 5 
2 5 
0 4 

2 3 
3 3 
1 3 
1 1 

3 0 
4 0 
5 3 
3 5 
3 4 

4 10 
4 11 
2 14 
2 11 
3 13 
3 11 
5 11 
2 12 
4 8 

3 10 
2 12 
0 9 
2 6 
1 7 
2 5 

0 
2 
5 
5 
4 
9 
9 

10 
10 
10 
11 

10 
15 

9 
12 
12 

10 
9 

11 
9 

aData repo r ted  i n  percent  opac i ty .  
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TABLE 109 

SUMMARY OF METHOD 22 RESULTS - FACILITY T 
~ ~~~ 

Percent o f  t ime 
w i t h  v i s i b l e  emissions 

Time Observed t ime  
pe r iod  (minutes) Observer 

1 2 

Test p o i n t  2, T rans fe r  po in t ,  10/26/79, 10/29/79 
1353-1427 30 
1428-1 458 30 
1533-1603 30 
1125-1 155 30 

Test  p o i n t  3, I n i t i a l  screens, 10/29/79, 10/30/79 
1300-1 330 30 
1336-1406 30 
1412-1542 30 
1450-1520 30 

Test  p o i n t  5, Storage b in ,  10/29/79, 10/30/79 
0755-0825 30 
1023-1 053 30 
0908-0938 30 
0947-1017 30 

0 

4 
3 
2 

0 
0 
0 
0 

0 
0 

0 

0 

1 

2 
1 
0 

0 

0 
0 
0 

0 

0 
0 
0 
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TABLE 110 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY T 

TP-2 TP-3 TP-5 
Run Trans fer  P o i n t  I n i t i a l  Screens Storage B i n  

Observer Observer Observer 

3 4  3 4  3 4  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0 0  

0 0  
0 0  
0 0  
0 0  
0 0  
4 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  

0 0  

0 0  

0 0  

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 <1 
0 0  
0 <1 
0 0  
0 0  
0 0  
0 <1 
0 0  

aValues repo r ted  i n  percent  opac i t y  
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TABLE 111 

METHOD 9 - 6-MINUTE AVERAGESa 
FACILITY T 

TP-1 TP-4 
Pr imary crusher  Cone crusher  

Run Observer Observer 

3 4  3 4  

1 

2 
3 

4 
5 

6 

7 
8 

9 

10 
11 

12 

13  
14 

15 

16 
17 

18 

19 
20 

4 

6 

9 

3 

5 

10 
4 

9 

8 

7 
8 
8 

8 
13 

10 
13 

10 

9 

10 
6 

8 18 

7 21 
8 22 

3 23 

5 19 

8 17 

3 20 
5 15 

7 15 

7 15 

8 16 

8 6 

6 10 

8 17 

6 19 

8 18 
5 15 

4 16 

6 18 

5 13 

15 
14 

14 

15 

13 

11 

13 

8 
8 
9 

6 
7 

11 

16 

16 
15 

15 

13 

16 
14 

aData repo r ted  i n  percent  opac i t y .  
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