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This pro jec t  was i n i t i a t e d  a s  a cooperative e f f o r t  between the 

Construction Aggreqate Industr ies  Steer ing Committee and the U S .  Envi- 

ronmental Protect ion Agency. Zhe Canmittee which consisted of represent- 

a t i v e s  of the National Indus t r i a l  Sand Association, the National Sand 

and Gravel Association, the National Crushed Stone Association, and the 

National L i m e  I n s t i t u t e  provided f inanc ia l  support  f o r  Phase I of the 

t o t a l  e f f o r t  which general ly  covered review of , the  emission data base, 

s e l ec t ion  of and emission f a c t o r  matrix according t o  operat ional  and 

mineral c l a s s i f i c a t i o n s ,  and recommendations f o r  emission f ac to r s .  .The 

U S .  Environmental Protection Agency, under the  coordination of M r .  

Jane8 8 .  Southerland, Air Management Technology Branch, U.S.  E P A ,  RTP, 

NC, provided many reference documents and offered valuable comments on 

d r a f t  mater ia ls .  Chairman of the Construction Aggregate Industr ies  

Steer ing Committee, Hr. John H. Bennett, Director ,  Environmental Matters, 

C a l M a t  Co., acted a s  pro jec t  o f f i c e r  f o r  the Committee. Mr. Robert J. 

Bryan, Engineering-Science, Inc., was projec t  manager. 

Phase .I1 of the ove ra l l  e f f o r t  i s  being supported by the U.S. 

Environmental Protect ion Agency under contract  with Engineering-Science 

and covers the preparation of a revised Section 8.19 CONSTRUCTION AGGRE- 

GATE PROCESSING i n  "Compilation of Emission Factors ,"  AP-42. Recommend- 

a t ions  a r e  a l s o  being prepared for  source t e s t i n g  needed t o  f i l l  the 

ex is t ing  data  gaps. 
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P M  ite matter &ss ins frcm construction aqqzeqate operations 

bte ganerally c la s s i f i ed  aa f ag i t i va  emissions; t ha t  is, unless controlled 

they are not e m l t t e d  f rau a stack o r  a duct. I n  the case of fugi t ive 

eddalons it is Lrppor tan t  to ident i fy  and understand the  influencing 

factors  which result in t he  guneration of pa r t i cu la t e  matter to  the at- 

masphere. For example, there  mas t  be some force exerted t o  make any 

given pa r t i c l e  becane airborne. (Note: Once p a d c l e s  becaue airborne, 

they are conaidared t o  be part of t h e  atmospheric emissions althouqh 

recant pract ice  has bean to  include only par t i c l e s  under 30 micrometers 

in diameter a s  p a r t  of those emissions c la s s i f i ed  a s  t o t a l  suspended 

particulate matter.)  This force can cane from impact, centr i fugal  accel- 

erat lon,  shock, vibrat ion,  o r  exposure of the pa r t i c l e  t o  an aerodynamic 

force such as wind. 

Par t ic les  r e s i s t  becaning airborne by t h e i r  i n e r t i a ,  cohesion with 

other paFcicles (which can be aided by aqqlomerating agents such as  water 

or various chemicals), o r  by being protected frau the influence of wind 

fotCas. Once atrborne, soma p a r t i c l e s  a r e  redeposited very quic.Uy de- 

pending u p n  s e t t l i n q  speed. This speed is determined by the  p a r t i c l e ' s  

aerodynamic diaamter and its density. Thus, it is h m r t a n t  t o  define 

just what is meant by the term fugft ive p a r t i d a t e  matter. In ambient 

e n d i e s  designed t o  develop emission f ac to r s  f o r  sources of fugi t ive  

par t icu la te  matter, measured values f o r  suspended pa r t i cu la t e  matter 

using open a i r  samplers can be s ign i f i can t ly  influenced by pa r t i c l e  

size dis t r ibu t ion  and density of d t t e d  materzds  depending on the 

distance from the source. When sampling mathods do not provide any s i r e  

d i s t r ibu t ion  irdonuation, subsequent use of euussion data based u p n  

these s tudies  to  predict a i r  quality h p a a  u s i n g  dispersion models, can 

produce data biased on the h iqh  side.  

..- 
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If consideration i s  given to the aiozamsntioned forces which a f fec t  

p a r t i c l e  ganaration, suspension and subsequent deposition, sama imprwe- 

mant should be possible in evaluatinq emissions t e s t  data and in cateqor- 

izinq sources. In the case of construction aqgreqate processes, such 

factors might include nature and st-en@ of partlcle generating o r  

3uspand.i.nq forcar such as impct r e su l t i nq  fzom drop, crushing forces,  

wind forces, etc.  Material props-as such as size, density, moisture 
content, hardness, and f r i a b i l i t y  also influence pa r t i c l e  production and 

must be considered. 

The ac tua l  developmant of emission fac tors  has involved a variety of 

appruafhes. Sama single valued fac tnrs  have been developed by tec.hniques 

as simple a s  estimating emis8ions using engineering judgment and dividing 

by a tbrouqhput value. Others aze based upon actual  t e s t  data and a r e  

also presented as s inqle  valued factors. Nore recently,  a number of fuqi- 

t i v e  par t icu la te  matter ed.ssion fac tors  have been developed using empiri- 

cal predict ive equations derived from raqzassion analysis  techniques. 

Such factors may d e w d i n g  upon the values chosen fo r  the variables used 

in the equation. 

Au of the techniques basad upon actual t e s t  d a t a  are  dependent upon 

the va l id i ty  of the modal used t o  develop the fac tor ,  the accuracy of 

input parameters  such aa fines and moisture content, meteoroloqicd 

paramstars (if used], and the range of conditions experienced during 

tes t ing .  

Unfortunately, in  the case of f u g i t i v e  emissions, it is d i f f i c u l t  t o  

obtain accnrate laformation on at1 parameters possibly influencing the 

generation of emissions. M e r ,  there  is subs tan t ia l  inherent varia- 

b i l i t y  in many of the t e s t  methods used. Also, the  model assumptions 

used in such procedures as t h e  "upwmd-dovnwind", "plume profiLmq" and 

t racer  techniques are  d i f f i c u l t  to  ver i fy .  

Thus, it is ' ?en important to examine the t e s t  data and t!!e Litera- 

t u re  repores used in developing emassion factors  against  a set of c r i -  

t e r i a  t o  dete-e t!!e a c c e p t a b i u t y  of approach, t!e soundness of t!!e 

t e s t  procedures, the ranqe of conditions experzenced, t h e  number of t e s t  

repl icat ions,  the possibility of interferences,  and the consrstency of 

resu l t s .  

1-2 
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The most recent emission fac tors  r e l a t ing  t o  the construction aggre- 

gate fndustry a r e  pubushad in Supplenmnt 14 of BP4Z1) =der sect ion 

8.19, CONSTFSCXON AGGZEGXCE PRCCESSINC. Tha only fac tors  given in this 

supplansnt are fo r  SAND AND GRAVEL PRCCESSING, Section 8.19.1, and are  

classified M opan sources, including Continuous Drop, Batch Drop, Active 

Storage Piles ,  and Vehicle T r a f f i c  and Unpaved &ads. Table 8.19.1-1 

listing these lmconttolled aminsion fac tors  is reaoduced as  Tabla 1. No 

factors  for crushing or ScreoEing a r e  given. Reference is made in Section 

8.19.1 t o  the empirically derived emission fac tors  for general fug i t ive  

emissions in Chapter 1 1  of Supplement 14. A d r a f t  narrativa for proposed 

Section 8.19.2 has bean prapared, but it was not included in Supplement 14 

a s  revised emission factors  fo r  stone crushing opatations ware not avaU- 

able a t  the tims of publication. Section 8.19, including tha draft nar- 
ra t ive  for subiaction 8.19.2, is reproduced in this report as AppandFx A. 

Radous edi t ions of A?-42 covured cer ta in  rock handling processes 

under Saction 8.20 STONE QWRRIINC AND PRCCESSING. Table 2 reproduces 

Table 8.20-1 PILILTICULATE ENISSION FACTORS mR ROCX BANDLING PRCCESSES. 

KhmLle all of the emission factors given in these two tables  are  defined 

as  bainq rmcontrollad, the text of Section 8.19.1 s t a t e s  that the d s -  

sions frcm handling v a t  or nuis+ matar ia ls  a re  often neqUgible and that 

use of w e t  suppression t e c h n i p s  a t  t ransfer  points and material hand- 

Unq aparations for dry materials can reduce emissions from 70 t o  95%. 

(NoTe: Emission Factors given in h e 4 2  are  generally lzs ted a s  

"rmcontrolled." In the cas0 of a confined process type p i n t  source, 

the bast source of information for  such a fac tor  vould be conwn- 

t iona l  stack t e s t  data. In t h e  casa of open fugi t ive  emission 

sources, the a c t  of c o d l d n q  and vent i la t ing the source can cfianqe 

the r a t e  of emfssion. Various techniques have been used t o  estimate 

Frmssions from sources falling within the "open fugi t ive source" 

category. These include open a x  sampling, stack sampling on such 

sources which have baen confined and ventilated,  and estimatrons 

usznq engineering judgmant. The emission factors given in Table 1 

are  from own a i r  t es t ing .  T h e  sources of t!e data for Table 2 are  

nu t  readily avarlable. I 

'a. 
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TABLE2 

 abl le 8.20-1. P ~ C D L B T E  EMISSION FACTORS mR ROCS-BANDLING 
PROCZSSES 
EMLSSION FACMR RATING: C 

.- 
i 

I 

i 

a .  

Uncontrolled S e t t l e d  Out Suspsnded 

lb/ton kq/MT 3 lb/ton kq/ER: 
T y p  of process Total' in Plant Emission 

on crastxinq operation&eC 

P r b a r y  crushing 0.5 0.25 EO 0 . 1  0.05 

Secondary crushing and 
screening 1.5 0.75 60 0.6 0.3 

Tertiary -hinq and 
screening ( i f  used) 6 3 40 3.6 1 .a 

Recrushinq and screening 5 2.5 50 2.5 1.25 

Fines m i l l  6 3 25 4.5 2.25 

Miscellaneous o p r a t i o n s d  

Scr~aninq, conveying, 

storaga p ~ e  lossesf 

and handUnqa 2 1 

a m i c a t  col lect ion eff ic iencies:  cyclone, 70 t o  85 percent: fabr ic  

b 
f u t e r ,  99 percent. 
A l l  values are based on raw material entering primary crusher, except 
those for r e n t s h i n g  and screening, which a re  based on throughput f o r  t h a t  
operation. 
Reference 3. 

d Based on wits of stored p r h c t .  
e Reference 4 .  
f See section 11.2.3. 
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The 0.S.  EPA spoasored source tests a t  a number of stone crashinq 

plants  as p a r t  of a h r g r  t a s t i n g  program conductad to support prepara- 

t i on  02 a proposed Na* Scurce Parlonuance standard f o r  the Nan-metallic 

,Ninetala industry. M o s t  of the crushed stone operations t e s t ed  were 

U s t o n e  operations and t a s t i n g  was limited t o  plants where f ab r i c  

f i l t e r  control  devices -re ia9zal ld  on v a r i w  operations including 

crushing, viading, screaaiaq, and t ransfer .  The draft EIS2) for  t he  

pmposed standard s-rites these tests but only repor t s  on the control  

equipment dischargs. In g n a r a l ,  most of the  t e s t s  shoved par t icu la te  

discharge concentrations b a l m  0.01 g z k F n / S c T  with only one being as 

high as 0.02 sra.trrs/ScP. The document states, t h a t  this is equivalent 

t o  a 99 percent cont ro l  efficiency. It is d i f f i c u l t  to  use this iaforna- 

t ion to develop rmcontrollad cmission f ac to r s  beaause of the assuuptions 

~ ~ e a s a r g  on flow r a t e s  through eaptme devices, spec i f i c  equLpmant 

emtzolled, etc.  

Sane of the t e s t s  used in preparation of t he  draft EIS plus others 

conducted in conjunction with development of a proposed NSPS for t he  

matal l ic  minerals industry vera rwiePred and reported upon to  the U.S. 

EPA as part of an effort t o  develop informatton fo r  revis ing AP-42.* 

I n  W s  repart, both extractive source tests and armospheric profFlinq 

t e m  ware reviswed. In the case of the extract ive somce t e s t s ,  both 

uncontrolled ( con t ro l  device i n l e t )  emissions and controlled emissions 

were reported. These t e s t s  cons t i t u t e  a major p r t i o n  of the available 

data relating t o  construction aqqreqate industry emission factors  and are  

considered in this repot t .  

The or ig ina l  do-nts are  for the most par t  t e s t  reports peeorned 
under cont rac t  t o  the U.S. EPA, or repcr t s  prepared for industrf  
groups. I n  the case of Lbe N S P S  t e s t i n q ,  o ther  documents such as  t r i g  
reports and t e s t  observer repor t s  a r e  in the relevant EPA docket. 
D a t a  f=cm selected t e s t s  a r e  contained i n  a repor, prepared by t5e E X  
Corporation for the  U . S .  EPA t i t l e d  V a r t i c u l a t e  Zmission Factors for 
the  ConstnIction Aqqreqate Industry," GCX-TR-CI-83-02 (Febmary 19831. 
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SECPION 2 

CzNERAt DEScxrppSON OF mOSTRTEs INVOLVED 

The construction agqregate industry covers a range of sub-classifi- 

cations w h i c h  have bean included by the O.S. EPA in the  broader classiti- 

cation of the Non-Metallic Minerals industry.  Many operations and pro- 

cesaes Conducted by the various subgroupiags are shared in common. These 

include miaeral -action from the earth,  loading, unloading, conveying, 

crushing. screening, and load-out. Other operations a re  r e s t r i c t e d  to 

specif ic  -categories. These inclwia vet  and dry t i ne  a l i n q  or 
grinding, air c laas i f ica t ion ,  drying, calciaing, mixing, and bagging. 

These latter oparations are not in m e t a l  associated with the c o n s v u c  

tion aggregate industry but can be conducted in sequence with the same 

raw material used also t o  produce aggregate. Pdo eOmmOn examples involve 
the prOCeSsing of b s t o n a  and sandstone. Both can be w e d  as  a source 

of c o n s t r a d o n  matarials and be fur ther  processed f o r  other uses a t  the 

sanm location. Li.meatone, tor example, is a camon source of construc- 

t ion aggregate but L also fur ther  milled and c l a s s i f i ed  at some location 

t o  produce agr icu l tura l  limn. Sandstone can be processed t o  produce 

construction sand but also w e t  and dry milled, dried,  and a i r  c lass i f ied  

t o  produce indus t r ia l  sand. 

The construceion aggregates category generally includes the sub- 

categories of crushed s t o n e ,  sand and gravel,  and Uqht re ight  agqregates 

suoh as  pumice. The crnshad stone sub-category, in descending order of 

production, covers limestone and dolomite, granite,  traprock, sandstone, 

quartz, and quartzi te .  Limestone and dolomite a re  sedimentary rocks 

composed of c rys ta l l ine  o r  granular calcium carbonate (Umestone) and 

calcium-maqnesium carbonate (dolomite).  Granite consis ts  of any 1.iqht- 

colored coarse grained iqnaous rock. Trap rock includes any f ine grained 

iqneous rock composed of fer=o-maqnesium minerals and feldspar with l i t t l e  

or no quartz. Sandstones are  sedimentary rocks composed predominantly of 

1. 
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cenantd quartz grains. The canenting raterials can be calcium carbonate, 

i ron oxide, o r  clay.  Quar tz i tes  are  umtamarphosed s i l i c a m a  sandstones. 

Essentially all of the materials i n  the crushed stone category are ex- - 
tracted f r o m  depasi ts  by blasting. Consequently the materials enter ing 

the process can range in size  from granular material  t o  law boulders. 

Sand and gravel are products of the weathering of rocks and are  un- 

consolidated o r  ~ o r l y  ConsoUdated rock particles consistfng af sil ici-  

forma and calcareorrs mteridh. Most of ten these materials a r e  rermved 

wing bulldozers, draglines,  and dredqas. In  rar8 instances, l i q h t  

char- blasting may be used t o  dislodge materials.  In soma areas  much of 
the s a d  and gravel is recovered while s t i l l  w e t .  

In the case of cons t rue ion  aggregates. the crushing operations a r e  

designed to minimtza production of f i n e  s i l t l i k e  ldaterial which often m u s t  
be resuved by washing. Thersfore, crasher select ion,  site reduction 

ra t icn ,  tbrarghput, among other fac tors ,  a r e  selected so as  to optimize 

’ the Qstred final size distribution uf product. 

The processing operations conducted in the broad construction agqre- 

qat8 category are  slnvllar threuqhout the industry up to the p i n t  that 

specialized grades of material  .are produced. Those operations which a re  

c-n include initial size c l&si f ica t ions  of raw materials (usually 

w i t h  a vibrating grizzly 1 ,  sur- p i l e  formation, primary crushing, crusher 

plant  screening, secondary and t e r t i a r y  c m s h h q ,  product scresnrng, and 

d is t r ibu t ion  t o  bin or ground storaqe. Plant configurations can vary 

considerably depending u p n  the  o r iq ina l  material  and product mix. 

A simplified now chart showing these operations LS shown i n  F i v e  

No. 1 .  

In the case of many sand and gravel plants  a substant ia l  portion of 

the i n i t i a l  feed b y p a s s e s  any crushing operations. Sone do no crushzng 

a t  all. After i n i t i a l  screelung, t h u  m a t e r i a l  i s  conveyed t o  a p c r t i o n  

of the plant which can be described as  the sand and gravel section o r  tihe 

w e t  processing section. In this section of the plant  w e t  screening and 

s i l t  reuuval is  conducted t o  produce washed sand and gravel. I n  t h i s  

2- 2 
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usage, gravel is distinquished rrcmi crushed rack which may have similar 

size classifications. Naqligible aFt d s s i o n s  are axpscted t r a m  the w e t  

portion of a sand and gravel p lant .  
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SECTION 3 

wss- SOURCES OP EMISSIONS ANIY FACTORS 
AFPECPING T92IR VXRIA3ILITY 

The possible sources of fugitive emissions in a construction aggre- 

gate procassing p lan t  can be broadly divided in to  plant  process re la ted  

emissions and opan dus t  sources. These are  l i s t a d  in Table 3. In this 

report w e  deal only w i t h  the process tug i t ive  emission sources. 

In ganaral the  factors  t h a t  influence emissions from the  process 

fugitive sources i n c h & :  t y p  of material processed, the type of equip- 

m n t  and operating pract ices  employed, t h e  moisture content of the  mater- 

ial procsssed, and v - 0 ~  ueather and terrain factors.  The preceding 

factors  a m  h p o r t a n t  because they a f f e c t  the introduction and suspansion 

of pa r t i c l e s  in the atmosphere. Thus, in the case of materials, the 

softer roc- produce a higher parcentage of fine par t ic les  than do harder 

rocks because of t h e i r  greater  f r i a b i l i t y  and lower resistance t o  frac- 

ture. Surfacs moisture enhance8 the  a q g l m r a t i o n  of s m a l l  pa r t i c l e s  

to Larger rock faces. The design of s i z e  reduction equipment influences 

both the r e l a t ive  quantity of f i n e  material produced, and the k ine t ic  

energy imparted t o  any par t i c l e  formed. Screening equipment design and 

select ion influencas screen loading and efficiency and thus the degree 

of exposure to  wind forces. Transfer poin t  design a f fec ts  the kine t ic  

energy imparted to the pa r t i c l e  and the degree of exposure t o  wind forces. 

The important weather factors  include windspeed and the amnunt and 

frequency of precipitation. For these f ac to r s  t o  be useful in select inq 

appropriate source categories fo r  development of emission factors  they 

must be expressed in terms of peramsters which can eas i ly  be ident i f ied  

o r  measured. A listLng of possible factors is given in  Table 4.  
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TABLE3 

rnsszzm MISSION s o m s  AT 
CONSPROCTION AGGi?ZG&TE FACILITIES 

Process  mqitive Emission Sources 

-9 
S a e a n i n q  
C r i n d i a q / ~ u g  
Katatlal Bandllng 

haasfer P o b t s  
Conveyors 
chute3 

Onen Puqitive mst Sources 

MLrLng O p S S a t i O M  
OPerbPrden m v a l ,  Excavation, jading and Hau 
B u t  Bole O r U l b q  
B h - 9  

Bulk Loading (Products)  
S t o d c p f l e s  
P l a n t  Y a r d  haf f i c  
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I " m G  PRCCZSS FUGITIVE EMISSIONS 

Haterial Parameters 

Elaterial hardness and fracture characteristics 
E l a t e r i a l  feed s i z e  distribution 
HooisMe content 
oansity Of material 

E d U D  ent Parameters 

Size Fnduction Euuiument 

TyFa - Jaw crnsher 
Gyratory crusher 
Double rol l  crusher 
cone c?nshsr 

Impact breaker 
EammermFIl 

Other mills and grinders 

size Reduction Ratio 
P e a l  Rate ( a  of capacity) 

Size Classification Faufument ' 

Compression 

SCraOIlS 
' p y p  - G r k z L y  - Single or multiple de& - h o m m a l  
Size gradations - Percent passinq each deck 
Eff icienq/Leading 

Material Eandlinq 

Bulk Tra.asfer 
Conthuous Transfer 

B e l t  to b e l t  
Feeders 
chutes 

Drog height 
Velocity 

Miscellaneous Uesiqn Factors 

Transfer p i n t  enclosures 
B e l t  scrapers 
Chutes/covers 
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CUmato1oqica.l Parameters 

Wind sped 
Precipitation - amaunt and freqwncy  
Temperature 
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mom the  prwious section it is obvious that there  are a lugs numbar 

of potent ia l  combinations of material, equipment types, material condi- 

tions, operating parameters, and climatological conditions which could 

be idantifled and. used M the  bas i s  f o r  developing and categorizing 

emisaion factors. W i t h i n  the broad crusher category alone, it is possible 

fo r  many canbinations of material  feed hardness and f r i a b i l i t y ,  feed 

umisture content, feed size  dis t r ibu t ion ,  and crusher type to exf s t  in 
the  industry. The n d a r  of combinations possiBle, in fac t ,  is large 

enough that sann consolidation is needed to reduce the emission fac tor  

cateqories to a reasonabla number. Data a re  necessary, therefore,  t o  

provide an estimate of the ran- and var iab iUty  of emissions frem 

cmashing operations. The c l a s s i c  aproach to designing an experimental 

program to devalop such data would be to s e l e c t  the pr inciple  parameters 

to  be examined and set several  l eve ls  f o r  each parameter which would 

c w a r  the ran- of axpscted conditions. From these,  a matrFx would be 

prepared w i t h  each c e l l  representing a unique combination of equipment 

ami material  parameters. As an axample, w e  could construct a tes t  matxFx 

fo r  crushers usinq three types of crushers,  each operating a t  two differ-  , 

en t  conditions of feed size (e.g. primary and secondary, or secondary 

and te?=tiary). Three material cateqorles ,  possFbly b e s t o n e ,  grani te ,  

and sand and gravel, each a t  two  di f fe ren t  mnisture contents, would 

some as eke material  parameters. The t o t a l  number of c e l l s  i n  such a 

matrix w o u l d  be: 3 x 2 x 3 x 2 = 36. If tests were scheduled for each 

c e l l  the approach would be descrFbed as a f u l l  f ac to r i a l  design. In 

order t o  dotexmine the inherent v a r i & i l i t y  for  each combination of 

fac tors ,  several  rep l ica tes  of each t e s t  condition vould have t o  be 

run. The cos t  affectioeness of such a program is very questLonable. 

While there  a re  s t a t i s t i c a l  tec.hniques for  reducinq the number of W e r -  

Fmsntal conditions while s t i l l  preserr ing much of the pewer to  analyze 
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the source of VktlabUty ia the r e s u l t s ,  a discnasion of such techniques 

i s  bayond the scopa of this report. 
- 

T e s t  data now available f r o m  construction aqgreqate operations a r e  

from hro broad cateqories of tes t inq.  The f k s t  category covers t e s t s  

conducted by conventional -active samplhg  procedures a t  the i n l e t  

and/or o u t l e t  of permanant physical air pollution con-1 equipment 

s r r p l n q  the source equipment o r  operation of i n t e re s t .  Such tests have 

. 

the advantaqa of using conventional established t e s t i a q  procedures for 

which estimates of precision are  available.  Disadvantages are t h a t  the 

+sst points  oftan serve more than one piece of equipment or operation 

and t h a t  in the case of uncontrolled emissions, the hoodinq and exhaust 

oystam can perturb the process. The other class of t e s t a  involve upwind- 

& m ~ d  o r  pl- pr0f-q tacbniques where par t icu la te  matter samples 

are col lected ia the open anbient atmosphere and the resu l t ing  measured 

concentrations used ta in fe r  a source strenq-ch usinq s o w  tm of d i s p r  

sion m o d e l .  This approach does not perturb the system and can be used 

where capture of d a i o r u  i s  not prac t iced  o r  difflcult  t o  perfom. 

H o w e v e r ,  it can be difficult  to  i s o l a t e  the influance of nearby sources 

from the source of i n t e re s t ;  fu r the r ,  and the axpacted inherent t e s t  

v a r i a b i l i t y  is gzaatar than with c o n v e n t i o d  testing. 

Faqardless of the type of t e s t ing ,  certain supplementary process 

related information 1s nacesaary t o  evaluate emission data for  use in 

develophg emission factors. S u c h  information c l a s s i f i ed  as  t o  type 

includes: 

EQuipment Infomation 

%e 
Size 
S e t t i n g ,  0.9. crusher discharge opening 

Transfer and Convevhu Oesiqn Information 

. 

B e l t  s ize  and s p e d  
Transfer chute design f a c m r s  
Conveyor skirtinq and covers (where used) 
RDck boxes 
Use of enclosures 
Drop height 
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Uaterial Information 

Minerd classif icat ion 
Feed size  disfribution 
Moisture content 

Rocass Information 

Feed rate (by cqutpmsnt unit)  
Use of w e t  suppression 

Location 
Type 
Water rate 
Use of surfactants 
Use of bmt processing 
Separation 
Washinq 
Eydraulic c lassif icat ion 

Meteoroloslcal Data 

wind sped 
Precipitation history 
Temparaturs 
W a t i v e  humidity 

&at Ccntrol Systems (where used) 

Hood &sign and location 
Capture velocities 
Exhaust t l c u  rates 
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DISCUSSION AND CXTIQUE OF AtrAaxBLE DATA 

5.1 AVAIIABLZ DATA 

The data base used fo r  this projec t  consisted of formal t e s t  reports,  

data summaxiea, c-nt -ran& and letters, flow sheets,  technoloqy 

related reports ,  and eurrironmentat assessment documents. These matarials 
weze suppUed frmn both O.S. =A and industry sources. m. Jim Souther- 

Land, Chief, Source Analysis Section, AMTB, O.S.EPA, cwrdina ted  the 

acquisition of the  EPA supplied materials, while Kr. John H. Bannett, 

C b i r m a n  - Construction Aqgreqate Industries Steering Committee, arranged 

f o r  the s u h i t t a l  of industry suppUed materials. mer 70 separate 

doclrmanu ware reviewed and annotated in the f i r s t  phase of the pro]ect. 

A t  a later date, the docket f o r  the U.S.  EPA Non-Xatallic Werals 

Industry NSPS w a s  reviewed by ES staff and copies of a t r i p  repor+ and 

two test reports  w a r e  obtained t o  supplament summary data Fn the or ig ina l ly  

supplied U.S .  -A data base. While many of the do-nts revaewed had 

been published and incorporated some sort of identifying numbar, some 

(e.9. letters) did not.  The complete list of documents reviewed is given 

in the Appendix. 

During the course of the project, ES vas engaged by CONROCIC, Co., Los 

Anqeles, California,  t o  conduct t e s t s  of emissions from crushed rock 

screening operat iom a t  two seperate sand and gravel plants in southern 

California. These t e s t s  vere conducted by extractive source t e s t ing  

procedues a t  t e s t  points i n  axhaust ducts vent i la t ing  temporary screen 

enclosures constructed spec i f ica l ly  f o r  these t e s t s .  Tests were condueed 

on screens handling a f a i r l y  vide range of feed sizes. Host t e s t s  were 

conducted with the ve t  suppression system a t  the crushers 20 use. One 

se r i e s  of t e s t s  vas conducted vath the  w e t  suppression sprays o f f .  Tests 

vere conducted usang a w e t  impingement tram* w i t h  back-up f i l t e r  for  

South Coast xir pual i ty  Management Di s t r i c t  method 
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- total p a r t i c u l a t e  matter and w i t h  a cascade impactor f o r  s i z e  select ive 

data. Process data, including pmcess  m i g h t ,  size c l a s s i f i ca t ion  of 

fd, and rmisture content ware also obtained. ES has received pennfssion 

t o  report these data as an attachment t o  the  main tady of the repor.. 

mis procedure is  be- used because the test  reports  have not received 

independant paor review. 

0th- than the  data OriqinsLly supplied by the  U.S. S A ,  t h e  con- 

struct ion aggregate indnstrles cemmittae, and the ES screen emissions 
teat data, no other  data re la t inq  to  rmcontrolled emissions frcm con- 

semetion aqqreqate pmcess sources vare discovered. O f  the  above data 

sources, 16 do-nts were u t i l i z e d  by GCA i n  t h e i r  report  t i t l e d  

' P a r t i c d a t e  Emission P a a o r s  for the Construcedon Aqgregate Industry," 

GCA-TX-CX-63-02, Pebraary 19XIa3)  Because of the  i q o r t a n c e  of t h e  

scurces in the GCA report, Tables 3-2, 3-3, 3-4, and 3-5 coverinq primary 

cwhinq,  secondary crushing, t e r t i a r y  crushinq, and dry grinding and 

fines crashinq a r e  reproduced i n  the Appandix. Three categories of 

tw ware conaidared in the GCP report .  These were ( 1 )  extract ive t e s t s  

of i n l e t s  t o  par t icu la te  matter control  devices seming variaus crushing, 

grbdinq, screeninq, and transfer operations,  ( 2 1 updad-downwlnd sampling 

conducted in the open atzmsphere vith emission r a t e s  calculated using dis- 

persion =deb,  and ( 3 )  plums dispersion techniques based upon use of a 

tracer gas t o  ueasIpe dilution. m s s i o n  r a t e s  i n  the l a t t e r  case were 

calculated by applying the r a t i o  of t r a c e r  source s t renqth versus down- 

uind t r ace r  Concentrations by t h e  downwind measured concentration of 

par t icu la te  matter. 

Another plume profuinq study not incorporated in the  Gcx repcr t  '-as 

conducted by Pacif ic  Environmental Serpices a t  several  sand and gravel 

p lan t  i n  southern Calif~rnia.~) I n  t h i s  study, the  mass of par t icu la te  

matter passing throuqh a ver t ica l  plane dovnwind of a sowce  vas defined 

by prof i l inq  the par t icu la te  matter concentrations i n  the plume by using 

direct ional  samplers arranged i n  horizontal  and vertical array in  the 

plume. The man concentration v l th in  the plume boundaries multiplied by 

the vind speed and the cross-sectional area of the plume provides tke 

estimate of source strenqth.  



Each  OC the  s.rraral source strengeh evaluation procedure3 referred 
t o  above have adm3ntag.s and disadvantages for w e  with open fug l t ive  

emission sourcee in bvelcpinq emission factors. In general, as capa red  

t o  ambient s s a i p U q  approaches, the ext rac t ive  t e s t  approach i a  simpler, 

=re straightforward in t h a t  no model assumptions a r e  necessarp, and 

tan& t o  provide b e t t e r  r a p e a t a b i u t y  in the test r e su l t s .  Of courae, 

this t es t  apwoach cannot be wad unless emissions are  captured by sow 

hoodnq and air evacuation procedure and ducted t o  som point where the 

sample c a ~ ~  be uxtractad % conventional source sampling e q u i p a n t .  Where 

such exhaust systems are not i n c o r p r a t e d  as  p a r t  of the  aggregate pro- 

cessiaq in s t a l l a t ion ,  it is sometimes passfile to install a tanporary 

aptme and exhaust system. The principal potent ia l  problem w i t h  t i e  

extractive testing a w o a c k  ia t h a t  in soma caaes, par t icu la te  matter can 

be indrrced i n t o  the exhaust system by excessive elihaust ve loc i t ies  a t  the 

p W r a p  pints. This nonaally trould not be a problem as hood capture 

ve loc i t ies  do not often exceed 200 ft/nrtn (about 2 m i l e s  psr hour).  

However, branch duct ve loc i t i e s  a r e  much higher, typ ica l ly  3500 f t /min.  
Therefore, in smaller enclosures or in cases h e r e  the point of emissaon 

goneration is very close t o  the  branch duct en-, a i r  ve loc i t ies  can be 

equivalent to a wind sped of about 40 miles per hour. 

The various ambient techdques  f o r  testanq emissions have the prm- 
c i p l  advantage of not perturbing the operation of i n t e re s t .  For the 

three ambiant tedmiquns mentioned, the  main advantages and disadvantages 

a re  l i s t e d  below: 

Technique 

Plume Prof i l ing  1 )  

2 )  

Advantages 

More eas i ly  iso- 1 )  
l a t e s  source of 
interest 

Model concept 
simpler than 

approac! 

2 )  

upvind-dmwind 3 )  

5-3 

Disadvantages 

bast sample close 
enough to  define plume 

DOes not vork well 
with wry l i g h t  winds 

Sampling equipment 
must be spec ia l ly  
fabricated and arrayed 
i n  ve r t i ca l  as  w e l l  as 
horirontal  direct ion 



A l l  

Advantasea Disadvantaaes 

1 )  M o s t  e a s i ly  p a r  1 )  Subject t o  interference 
foxmed of ambient fran other sources 
t e ~ q u e s  

2 )  M o d e l  a s s q t i o n s  must 
be carefu l ly  considered 

11  SLmple concept 1 )  Must ascer ta in  &ether 
re lease of t r ace r  prop- 
a r l y  s-tes emission 
d is t r fbut ion  

2 )  Assunmi t r a c e r  beharms 
aa suspended particu- 
late matter 

1)  Must detenuine and sub- 
t r a c t  backgrmnd 

2 )  Poor in variable  wind 
conditions 

No s ingle  t e s t  procedure is c l e a r l y  bes t  for measuring emissions 

frPn open fug i t ive  pa r t i cu la t e  matter sources in construction aggregate 

processing plants.  mere the  e%haust vent i la t ion  system is designed not 

t o  induce p a r t i c u l a t e  matter i n t o  t h e  exhuast s y s t m  which othervise 

would not becow airborne or would s e t t l e  immediately, the extract ive 

-cs tes t  techniqua ia the mast straghtforvard.  Sane large wen sources 

such as storago pFles are not suscept ible  of being sampled in this way, 

howaver. O f  the ambient procedures, t he  plume profiling technique would 

seem t o  offer t h e  most advantaqes if sampling p i n t s  immediately down- 

wind of the source can be established. 

5 . 2  OF TEST ReSlJLTS E'ROM DATA SOURCES 

For p q s e s  of summriring the available t e s t  data for constmction 

aggregate process fug i t ive  emissions (uncontrolled) w e  categorize the 

t e s t ing  ap-poaches as follows. Abbreviations used axe i n  garentheses. 

o Extractive samphg  from vented sources (Ex) 

0 Ambient sampling using t r a c e r  technique (Tr) 
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o Ambient upwiad-dcnnviad sampling applied t o  disparsion model 
(U-0) 

o Plume prof i l ing  technique w i t h  calculat ion of plums mass flux 
(PPI 

m s s i o n  fac tors  f o r  two source categories - crushing and screening - 
are summarized by source for  t o t a l  pa r t i cu la t e  mattar i n  Table 5. Par t i -  

cle s i t e  data, where available,  a r e  given in parentheses imumdiately 

following the emission f ac to r  f o r  the particular source. In the case of 

the -active tests on screens, cascade impactors vere  u t i l i z e d  t o  

obtain p a r t i c l e  si te data. Individual d a t i v e  size dis t r ibu t ion  

pots a re  included in t he  Appendix. In ganeral, 60-90% of the p a r t i d a t e  

m a t t a r  collected in these screening t e s t s  was below 10 micrometers in 
diameter (based on u n i t  density spheres).  

5.3 RATING CIIITEXIB FUR EPIISSION FACTORS 

-salon fac tors  are most representative and r e l i ab le  when the source 

category is f a i r l y  homqsneous and the emissions data obtained are appro- 

p r i a t e ly  determined, representat ive of the spurce category, and exhibi t  

low varbbility amDng individual t e s t  r e su l t s .  The current guidelines 

f o r  emission factor development published by the U.S. =A5)  include cri- 

t e r i a  for ra t ing  emission factors .  The par t inent  section of t h i s  document 

is repduced in t h e  Appendix. In ganeral, however, the r a t ing  fac tors  

a r e  based upon two broad categories of c r i t e r i a :  ( 1 )  t e s t  re la ted and 

( 2 )  sample papulation related.  The s a l i e n t  features  o f . each  a re  shovn 

below: 

Test Cr i t e r i a  

Consistency of operations during t e s t  
Appropriateness of t e s t  methodology 
Avai labi l i ty  of s o c e s s  data  
Completeness of t e s t  documentation 
Consistency of t e s t  r e su l t s  

Samole Pouulation Cr i te r ia  

Smple size . .  
Variab i l i ty  of emissions wit!!in industry 
Var iab i l i ty  of emissions within source 
Representativeness of sources tes ted as COnparEd t o  t o t a l  

population 
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TA&E 5 

AVPIAGE UNCONTROLLED EMISSION FACIURS EOR 
CON-CTION -ATE PRCCZSS SOURCES 

AVg. EF for 
source catequry T e s t  Type Avg E.F.* EF Units S o t ~ c a  - Test 

(mek Tvue) (No. R w )  Tme Cateqorv 

PRIXARY QLUSHING 

m y  (linustone) . &c ( 2 )  0.017 =/ton ) 
( l ~ s t o n e  ) E x  ( 3 )  0 .686  lb/ton > 0.508 
(coppar ore) Ex ( 3 )  0 .658 ( 4 . 6 )  Ib / ton 

( traprock 1 T r  ( 6 )  0.0015 ( 5 3 )  lb/ton 0 .0015 

( limestone 1 U-D ( 1 )  0.0011 (27) W t o n  0.0011 

W e t  (ora) E x  ( 3 )  0 .041 ( 4 6 )  lb / ton  ) 

( sandstone 1 Ex ( 3 )  0 .0014 ( 8 5 )  lb/ton > 0.0264 
( q u a r t z i t i c  ore) E x  ( 3 1  0 .034  ( 4 3 )  l b / t o n  1 

SECONDAKY CmSHING 

W e t  ( l i m e s t o n e )  

D r g  ( l ~ s t o n e l  
(qua*- 

monzonite I 

( traprod ) 
( l imestone  1 
(limestone 1 

( l imes tone)  
( traprock 1 
( traprock 1 
( granite 

TZRTIARP CXUSEIXG 

(zinc ore) 

( traprock)  
( limestone) 

(traprod) 

0.0006 lb / ton 

1.2 lb / ton  ) 

0.088 (23) lb/ton 1 
> 

0.0006 

0.366 

0.0006 (17)  >/ton 
0.0002 ( 5 0 )  lb/ton ' >  0 . 0 2 9 6  
0.088 (731 lb/ton 

0 .0003  ( 6 7 )  lb / ton  1 
0.0014 (431 &/ton > 0.0157 
0.0011 ( 6 4 )  lb / ton  ) 
0.045 lb / ton  1 

2 .76  l b / t o n  2.76 

0.0016 ( 5 0 )  l b / t o n  ) 0.0043 
0.0070 ( 8 6 )  l b / t o n  1 

0.0007 ( 1 4 )  lb / ton  0 . 0 0 0 7  

% <10 um shown in ( ) 

5-6 



TAHLE 5--Contirmed 

.& 

c 
... 

,- 

I 

,. ..- 

Avg. EF f o r  
Source Category T e s t  Type Avg E.F.* EF U n i t s  source - T e s t  

(Rock "me) (No. Runs) ( %  <10 urn) "we Cateoorv 

CRUSHING (Undnsignatsd) 

Dry (sand 6 gravel) PP (rmk) 0.258 lb/ton 

W e t  (sand 6 gravel) PP (upk) 0.0243 lb/ton 

SCREENING 

Dry (sand 6 gravel) PP (lalk) 0 . 3 6 0  Lb/ton 

I- 

!- 
L -  

? .. 

8 .  

EX (9) 0.118 ' lb / ton 

0.0165 lb/ton 

E% ( 1 2 )  0.0071 l b / t o n  
Ex (9) 0.00161 lb / ton  
EX ( 3 )  0 .0066 lb / ton  

, sand 6 gravel) PP 

\ 

sand 6 gravel 
.dust" ) ** Ex ( 3 )  0.0411 &/ton 

0.258 

0.0254 

0.360 

0.118 

0.0165 

) 
> 0.0051 
) 

0.0411 

3 < T O  urn shown in ( 

** "Oustg i s  d e f i n e d  a s  1/4" x 8 H  and is the t a m  used by -de plant .  
According to ASTM 0448, the material is also k r o m  a s  pea q r a v e l . e r  
N o .  8 c o m e  aggreqate 
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The w n u d  procedure in rating emission factors  using the &ope 

approach is t o  f i r s t  rate the t e s t s  forminq the data base. In the EPA 

a c h e  these -qe fram A t o  D. Secondly the sanpla papulation c r i t e r i a  

are used t o  evaluate the data base against  c r i t e r i a  t h a t  in esaence a r e  

used to jags c ~ n i i d e n ~ e  limits and representativeness of the data. ~n 

e s s i o n  fac tor  r a t lng  is then assigned. As an axample, the following 

statement describes an "A" rated factor :  

*A - Excallant. Developed o d y  frrom A-rated tes t  data talten from 
many randDmly chosen f a c i l i t i e s  i n  the industry ppulac ion .  The 
source category is spec i f ic  enouqh t o  minimize var i ab i l i t y  w i t h  the  
source category papulation." 

The ratinq fac tor  approach b r i e f l y  described above (and in d e t a i l  in the 

ApgsnaLx) is appropriate f o r  evaluatinq the datq base and resu l t ing  

emission f ac to r s  for  the construction aqqreqate industry source cate- 

gories when properly applied. The data base current ly  a v a u a b l e  a r e  

reviewed in the next  sect ion in accordance w i t h  these procedures. 

5.4 CXTIQVE OF DATA BASE 

The data presented in Section 5 .2  as  augnanted by individual t e s t  

smmazy data i n  M e  Appendix comprises the data currently avaflable for  

consideration in  preparation of uncontrolled emission factors  fo r  con- 

m i o n  aqqreqate industry processes.. The following general observa- 

triolu are  made rcgardinq the  data base taking in to  accmnt  the ra t ing  

c r i t e r i a  discursed in Sect ion  5.3 .  

1. The t e s t  mathads used t o  develop the data vary i n  approach. 

AT1 of the ambient based procedures provide some oppartunity 

fo r  material  t o  s e t t l e  out between the source and the samples. 

W l t h i n  the ambient methods three  d i f f e ren t  procedures a re  used 

t o  ca lcu la te  emission r a t e  from the  mass concentration a t  the 

sampling point. 

2. Operatinq conditions and influencing envirowental  conditions 

varied from t e s t  t o  t e s t  a t  some locations.  In one case wi th  

t e s t s  i n  the ser ies ,  t e s t i n g  was conducted on m o  di f fe ren t  

days w i t h  r a in fa l l  occurring on one of the days. 
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3 .  

4. 

5. 

6. 

... 

1' 
1. 

Process da ta  reported were incauplete in some tests. It was 

nut possible t o  determine whether the process weights used were 

spc i i i c  t o  the overall p lan t  or t o  the source being tes ted.  

In the case of crasher t e s t s  using extract ive source sampling 

n u t  all were Ute3 to a single source of missions. I n  some 

cases, d s i o n s  a t t r ibu ted  t o  crushing included material  trans- 
fers and even screen emissions. 

In a f e w  cases,  t e s t a  a t  the same location of sorrrce varied 

aver a wide range (more than an order of' maqnitude) . 
The terms "wet" and .dry' refernxng to material  condition are 

nu t  c l ea r ly  defined because there  is no continuity of data 

olhich show a c lea r  dist inct ion a t  some at point for imisture 

that datezmtnes "mt. vs. *dry" in t a m  of emissions. In  

Section 8.14 of AP-42 covering Metallic Kinerals, uais ture  

content a t  4% and above is described as  being "%at". I n  the 

data available there is a gap between 4% and 1 .5% with materi- 

als having less than 1.5% moisture being  defined a s  dry. Actu- 

ally the surface m i s t u r e  i n  terms of mass of water per  un i t  

area va r i e s  w i t h  p a r t i c l e  size f o r  any given moisture content 

expressed as  omrall percent by weight. Therefore, on a con- 

ceptual basis ,  a t  l ea s t ,  t h e  def in i t ion  of "wet" w t e r i a l  should 

be based on a s l i d i n g  sca le  depending upon p a r t i c l e  s ize .  

Since the surface area per u n i t  volume of any given agqreqate 

m a t e r i a l  varies inversely as  the diameter of consti tuent pieces ,  

the mass (or volume) of water per nit area decreases l inear ly  

w i t h  a decrease i n  screen s i z e  for a given m i s t u r e  content 

expressed in psrcent by weight. As an example, 1/4" agqre- 

gate would require 4% water by weight  t o  give the same amount 

of water p e r  u n i t  of surface area as  1" aqqreqate a t  10 water 

by weight. 

The terms "wet"  and .dry" defia+ng s a t e r i a l  should be d i s t in -  

guished fraa wet operations as  the texm is used i n  the sand and 

gravel Fndustry where water is used t o  wash, c l a s s i f y ,  and 

fransprt  the  material  f rm one stage t o  another i n  such a way 

t h a t  there  is a v i r t u a l  absence of emissions. 

1. 

a. 
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7. m s s i o n  r a t e s  f r a  t e s t i n q  using ax t rac t ive  t e s t i n g  fran 
vent i la t ion  s y s t e m  are much higher in general than those from 

ambient semplfnq basad techntqaes. 

8 .  Not a l l  aggregate types are equally represented in the data 

bas.. There are no data f o r  crushing operations in the sand 

and gravel category and no data using extractive t e s t i n g  pro- 

cedures f o r  t r ap  r o d  o r  granite. 

S p c i f i c  can!nene h a m  bean prspared f o r  soam data sources t o  i l l u s -  

The s&ce of the data is identi-  t r a t e  the qoneral problew l i s t e d  above. 

f i e & b y  publication number or  by psdorminq organization. 

5.5 EmxAcrIvE so[IRcz Tzsps 

PliSIaYV Crashins Sources 

1. -on Highland Typs of Rock: Tert iary Fluvial 
(79-MeT-1) Sandstone 

A t  this source, ore  is loaded onto a gr izzly which separates 15" and 

larger pieces. The l a rger  s i t e s  a r e  set aside and intermit tant ly  re- 

crushed by a portable crusher. Undersize material  from Mis crusher is 

conveyed to a vibra t ing  qr izzly vith greater than 3-  material  being fed 

to an impact type crnaher. After being moved by tw convepr  belts in 

series, a vibraefng screen separates o r e  in to  >l-VZ' which is  returned 

t o  the crusher and undersize wflich is conveyed t o  f i n e  ore  bins. A 

prbary crusher scrubber is described by the report  as controlling emis- 

sions from the oibratinq g r k r l y ,  primary crusher,  screens,  and conveyor 

t ranafer  mints. Material had an average moisture content of 5.6%. 

Three locat ions were tes ted.  These were described as  the crusher 

t ranafer  mint  exhaust duct, crusher-gri2rly exhaust duct, and crusher 

scrubber i n l e t .  ( N e e :  The scrubber o u t l e t  was a l so  tes ted  but we a re  

concerned with uncontrolled emissions.) 

C-nts: The crusher scrubber i n l e t  t e s t  r e s u l t s  were used I n  

calculatinq the  uncontrolled emission f ac to r  f o r  this smrce.  It cannot 

be deterPined from the t e s t  report  whether the crusher t ransfer  point 

exhaust duct and the crusher-grizzly exhaust duct a r e  the only  Cxo ducts 

feeding in to  the scrubber i n l e t .  However, the sum of the nass loading 
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(1bA.r) fraa the tu0 exhaust ducb was about oneha l f  the loading Fn the  

scrubber k t l e t  duct. This apparent discrepancy could possibly be due t o  

apo+hez wurca fesdfng the  scrubber inlet  which was not reported or to 

Variabillfp. ia d s s i o n s  as a function of time (Note: A l l  t e s t s  ware not 

run simultaneously). 'This test series L l lus t r a t s s  the varying r e s u l t s  

which could have been obtained depending upon the sources which were 

considered to be part of the  primary crushing operation. 

2 .  Anaconda 
(7-T-3 

T y p e  of Rock: Chalcocite, CSalco- 
pyrite, enarqi te ,  
borxi te  

In this plant ,  g r i zz l i e s  separate oversize (>4" )  from undersize and 

the w e r s i z e  is -shed in a gyratory typa crusher.  The average moisture 

content of matsrial handled MS 1.5%. Emissions qre col lected a t  each of 

the +wo q r k z l i e s ,  t h e  primary crusher,  and the conveyor removing materi- 

a l  f rom the  crusher. W e t  suppression is used in addition t o  bag-houses 

f o r  control. 

Three pobts ware tes ted  - (1) crusher grizzly wast, ( 2 )  crusher 

hood duct, and ( 3 ) '  crusher bag-housa in le t .  Emission r a t e s  f o r  the 

three sources above ware a s  follova: (1) U.5 l b h r ,  ( 2 )  220 l b h r ,  and 

( 3 )  1372 Ib/hr. Pre-bly there  was a p i c k u p  point a t  the crusher 

gr izzly enat ,  evan though it was not tes ted.  Even so, there is a great  

discrepancy beween the sum of the pa r t i cu la t e  matter loadings in the 

tnu exhaust ducts t e s t ed  and the bag-house i n l e t .  The brief descr ipt ion 

of the process in t he  report  s ta ted  t h a t  there  was a w e t  suppression 

system w i t h  sprays located near the g r i z s l l e s ,  a t  the enL-ance under the 

feeder be l t s  t o  the crusher, and near the conveyor b e l t  leaving the 

crusher. 

3. climax co. 
(79-nrP-2 1 

Type of Rock: Quartz/fluorite/mlybden- 
.&te, q u a r u / s e r i c i t e /  
pyr i te ,  quartz/ f luo r i t e /  
sphalerite/galena/rhodo- 
chros i t e  

The primary crusher complex includes a c m h e r  p i t  ( including r a i l -  

car ore dump, crasher ,  surqe bin, apron feeder, and conveyor tzansfer 

points. There is a w e t  

scrubber. 

The average material moisture content was 4.0%. 
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The tmcontrolled emissions ware tested while sprays w r e  o f t .  The 

emission r a t e  reported in the GZB report  represents the  sum of the t e s t s  

on the primary crusher  P - 1  transfer points exhaust duct and the  primary 

crusher P - 2  crusher p i t  axhaust duct. 

The principal  cwmants on t h i s  test series are  t h a t  a ra i l  car dum0 

vas included w i t h i n  the  ~ i m a r y  crushinq system and that the prcduction 

r a t e  uaed for calculat ion of the  estission fac tor  was an average r a t e  

rsported in a raport filed w i t h  the S s w i t y  Exchange Canmission. 

secondarr Crashinu 

1. J.M. Bremer Type of Rock: Limestone 
(7  s-sm-7) 

Pick-up points for a baqhmsa s e d n q  the  sec,ondary crashing activi- 

ty are listed as “scalpirq screen, harmPsnnil1, etc.“ Tests were conducted 

a t  the i n l e t  to the  baghouse. 

Two t e s t  r m ~ ~  ware made a t  t h i s  t e s t  point.  The r e su l t s  are summar- 
ized below: 

Par t icu la te  Emission Emission 
Test NO. Peed Rate Concentration Rate Factor 

1 119 T h  . O O l  g r / d s d  .Q? l b k  .0006 lb/T 
2 U 7  T h  2.48 V / ~ S C ~  158 Ib/hr 1 . 2  W T  

These d s s i o n  r a t e s  difZer by a f ac to r  of about 2500 t o  1 even thouqh 

the  b o  production r a t e s  given differed by less than 7%. Tests were on 

tpro asparate days with moderate t o  heavy rain f a l u n g  during Test No. 1. 

T e s t  No. 2 kas conducted under dry weather conditions. Feed moisture 

content was qimn as under 0.5% for Test No. 2.  No data on moisture a r e  

available for Test N o .  1.  

TertiarV Crushinq 

1.  New Jersey Zinc Type of Rock: Frankl ini te ,  Willemite, 
( 8 O-HET-6 1 Zincite 

This test was parformed on a baqhouse i n l e t  servinq d t e r t i a r y  

c-Ysher. In  this case, however, t h e  feed had been processed t.hrough d 

d r i e r .  This is not comparable t o  crushing operations in the aggregate 

industzz i t s e l f .  

..- 

- 
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1. Union Carbide oi ~ o c k :  ~ i x t u r e  of ignecus rock 
(80-MET-8) complexes with sedimentary 

( c l ay )  intrusions - 

In T a b l e  3-5 of the M report  t h i s  t e s t  is erroneously referred t o  

a3 8O-MET-5. In  Table 3-1 Listing all t e s t  reports there  is no 80-T-5 

but there i3 an 80-MET-8 for W o n  Carbide. The test r e p r t  slnnmary has 
a c m e r  page using the mrmber EO-MET-8. A l s o ,  Table 3-5 in the  CCA report 

show a baqhotwe a s  the control  equiptunnt. In the report  the control  

device f o r  the d r y  grinding operation is given a s  a scrubber. 

The t e s t  point fs t he  scrubber inlet. aovemr,  the f l o w  t o  t h i s  

scrubber is fron cyclone vents. The cyclones are actual ly  pa r t  of an a i r  

c i rcui t  which fs used to  t ransport  o r e  fines. .Air evacuated from the 

grinder i 3  also picked up w i t h  t h i s  flow. Therefore, the t e s t  pint used 

cannot be considered to represent uncontrolled grinder emissions only. 

Sereanins Tests 

1. OIpIRcSx - Irwindale TyFe Material:  Sand and Gravel 
(ES Test) 

W e t  suppression on the  crushers is used as  a control  masure  i n  t h i s  

plane. Tests were conducted under n o m 1  conditions ( w e t  suppression 

system a t  crusham in use) on product screens folloving secondary crush- 

ing and vlth the w e t  suppression system turned off. The sample p i n t  in 
each case was i n  a duct exhausting a tenperary full enclosure erected 

around each screen tested.  Feed material  was sand and gravel mined fzom 
a l luv ia l  deposits in a river wash. Moisture content of feed with w e t  

suppression on was 1.5%. Moisture content with the w e t  suppression sys-  

t a n  off was essent ia l ly  zero. The w e t  emission fac tor  w a 5  .0063 l b / ton  

as  compared t o  the d q  fac tor  of 0.118 lb/tnn. In t h i s  case a nuisture 

content wall below the 4% cutoff for w e t  materials used fo r  metalUc 

minerals resulted in an emission r a t e  of about 5% of the dry ra te .  

2. Q3NROCX - S u n  Valley rype of Pa ter ia l :  Sand and Gravel 
(ES Test) 

These t e s t s  were conducted under normal conditions only ( w e t  s u p  

pression system a t  crushers on). Screens tes ted  were categorized as 

primary rec i rcu la t ion ,  secondary product, and dust  screens. Sand and 
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gravel w a s  mined from alluvial deposits. The dust  screens ( 1 / 4  x 8 

had an amission rate 25 t h s  a s  high a s  the secondarp product screens 

(0 .041  =/ton a s  centpared to  0.0016 =/ton).  

5.6 hUBIEHT SAKZLING ASSZSSMENT PRCCEDURES 

No spac i f ic  c-nts have been prepared f o r  any of the th ree  d i e n t  

sampling procedures fo r  developing inferred emission factors .  Only one 

of the procedures, t h e  plume profFliaq mathod, which measures the  mass 
f lux  through a ve.rt.t.ca.L plane dounwind of the source has been used t o  

develop emission fac tors  f o r  use in AP-42. The most recant use has been 

for  preparation of f ac to r s  for son!n of the open source categories covered 

ia Seeifon 11.2 FUGITIVE DIET SOURCES, RB-42 SuppLenent 14. A l l  of the 

procedures, hooravsr, sample only those par t i c l e s  yhich a r e  suspanded a t  

the ssmplinq point. Therefore, these  data a r e  most useful when p a r t i c l e  

size data are obtained.  
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SECPION 6 

EPISSSION FACXOR MA- DISCUSSION 

In paparing a proposed matrix f o r  cons tnx t ion  agqrraqate plant  

emission f a t o r s  it fs impOrtaa t  t o  understand t h a t  there  a r e  overlaps 

i n  end use ot f e d  materials to soma plants and t h a t  t he  process objective 

can be quits d i f f e ren t  depending upon end use of the product. Examples 

uould include Ltmestone operations that  produce both aqgreqate and agri- 

cu l tu ra l  lime9cons and industrial sand plants  d i c h  produce sonm construc- 

t i on  (building) sand. In other cases, ore-bearing rocks may be similar 

in physical ctraractar is t ics  to rack used f o r  aqgregate, but t he  s ize  
reduction objectives can be su f f i c i en t ly  d i f f e ren t  so t h a t  d i f f e ren t  

crasher types and reduction r a t i o s  are used. I t  is w a l l  )mown t h a t  t l e s e  

equipnent and operating differences can s igni f icant ly  a f f ec t  the qenera- 

t i o n  ot fine p a r t i c l e s  and the veloci ty  imparted to these par t ic les .  

Emission Factor Hatr ix  

There a re  poten t ia l ly  a larqe number of mater ia l ,  e q u i p a n t ,  and 

operating parameter fac tors  which could be used in developing an emission 

fac tor  matrlx. Sams of those re la ted t o  cnashinq and qrinding which are 

camonly mentioned in the  l i t e r a t u r e  and other documents bearing u p n  

the  subject are:  

Rock typa 
Haximum feed s i z e  

Feed s h e  d i s t r ibu t ion  

Feed moisture content 

Thtoughput r a t e  

-her type 

Reduction r a t i o  

Crushing s tage 

Process water use 

1. 
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The f i r a t  f i ve  of these should be relevant  to  screening operations hS 

wall. Screen loading par wait area would a l s o  b e  important as w e l l  a s  

t he  screen typa and sLe gradation. 
- 

The use of t b i a  many parameters in a matrix would make a wry l a rge  

number of caubinationar so LiIrgs t h a t  it is unlikely t h a t  su f f i c i en t  t e s t  

data could be accrmmlated over a reasonable amount of tima so t h a t  very 

many slots  in the matrix would be fFlled. 

The various poasible parameters were assessed for importance based 

upon discassions vith indiViduals and upon cur in te rpre ta t ion  of opinions 

vuiced a t  the tvm Construction Aggregate Steer ing Committee msetinqs. 

As a r e s u l t ,  the fo l lmdng parameters and paramatar subdivisions have 

been selected for t he  rsc-nded emission fac tor  &tzk for crushing. 

Raeommanded Parameters 

Material Drpless 

W e t  (>1.5% nuisture). 
Dry (<1.5% moisture) 

Material class 

General Stone . (qrani te ,  t raprodc,  and other consolidated 

Lhestone 
Sand and Gravel 
Miscellaneous other minerals 

i g n e w  or m e t m r p h i c  rock) 

Cruaher C l a s s i f  i ca t ion  

Jaw 
Gyratory 
Impact 

Gyratory 
-act 

Secondary 

Ter t ia ry  

The 1.5% figure is used based upon the r e s u l t s  f r e m  sand and gravel 
screening t e s t s  which showed a subs tan t ia l  reduction i n  emissions a s  
canpared t o  absolutely d r y  m a t e r i d .  Here t e s t  data are needed to. 
suppcrt this value. A s l id ing  sca le  based upon aggregate size could 
prwide  a more accurate d i s d n c t l o n  betaeen v e t  and dry material .  
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Using this m a t r i x  there  are 48 possible emission factors  for c w h -  

inq. These factors  Mold  apply only t o  the emissions a r i s ing  from the 

a c t u d  crushing operation. This would be defined as  emissions discharged 

from the crruher feed and discharqe points. A separate category fo r  

scrwnbg operations is proposed and another for  material t ransfer .  I t  

is suggested that t ransfer  emission f ac to r s  be based upon the W i r i c a l  

formulas given in AP-42, Supplement 14, Section 11.2.3. 

Classif icat ion of T e s t  Data 

Test d a t a  from the GCA report  t o  9 A  on 'Particulate Emission Factors 

fo r  the b r u t a u c t i o n  Aggregate Industry", February 1983, GCA-TX-CE-63-02 
were classified according t o  the matrix proposed i n , t h e  previous section. 

Both the ex&active test data and the t r ace r  gas-receptor sampling data 

a re  shown. m s s i o n  factors  f o r  total par t icu la te  matter fo r  the various 

sub-cldssificatioma a r e  shown ia Figures 2 and 3. T a b l e  6 summarizes 
salient features  of the sources used f o r  the factors  in Figure 2 (Extract- 

ive Test D a t a ) .  Where available,  d a t a  f o r  N c u l a t e  matter <10 micro- 

maters is presented in Figures 4 and 5 .  

Rom these tab les  it can te seen that there is no extract ive somce 

t e s t  data f o r  either the Stone or Sand and Gravel material categories,  

w e t  or dry. The only extract ive tes t  data for net materials comes from 

ora processing f a c i l i t l e s .  The hiqhest emission factors  developed from 

extract ive t e s t i n g  on dry materials involved impact type crushers which 

are kaovm to  produce a higher percentage of  f ines  than do compressive 

type c w h e r s  (includes jaw and gyratory types).  There is only one 

extract ive t e s t  knovn t o  involve a m a t o r y  crusher which is one of the 

predominant types of crushers used in the  aggregate i n d u s t q .  This t e s t  

was ruu a t  a copper ore  processing. f a c i l i t y .  (Note: Data for screening 

a r e  presented in the Appendix a s  previously discussed.) 

Discussion 

I t  seems obvious from the data presented i n  the previous section 

tha t  there is insuf f ic ien t  data t o  prepare a s e t  of reconmended emission 

fac tors  using the propcsed m a c i x .  'tibile such a mat-ix of emission 

fac tors  is desirable as  a longer range object ive,  a short-term a l te rna t ive  

.I 
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TABtE 6 

SljHMAKi OF 
OPERATIONU, PARAMETERS - P I T W I V E  SOIJRCZ C S T S  

Eolnes take  Mininq 

Rock Type: ~ n q t o n i t e ,  qua-, other ore 
P r u d e :  Cold ore refiatnq feed 
T y p  of Crusher: Jav - Primary 
pick-up Point: Ri. Crusher feed 
Rednet Moisture: W a f  (a 870) 
T e a t  Range: 

Exxon Hiahland 

Rock T y p :  
Product: 
Peed misfrP.et 
Type of Crusher: 
Peed S L e  t o  

P r i .  Crusher: 
Pick-up points: 

T e s t  Ran-: 

Rock T y p e :  
Product: 
Feed Moisture: 
Typa of C r u s h e r :  
Pick-up points: 

Test Conditions: 
Test  Range: 

Cwress  Baudad 

Rock Type: 
€zoduct 2 

Typs of Crusher :  

.029 - .Os6 lb/ ton ( . 0 4 1 )  
.- 

Tertiary Fluvial Sandstone 
Uraai-re ref ia ing  feed 
W e t  (5 .6% 820) 
Impact type - Rima- 

+3" - 19" f i r s t  reduced by p r t a b l e  jaw crusher 
Scrubber inlet - probably includes vibrat ing g r i z z l y ,  
primary crasher,  screens and t ransfer  paints  
,0008 - ,0022 lb/ ton (.0014) 

Quartz-fluorite-molybdenite, e tc .  
Molybbdsnwm ore process feed 

primary (uuknown) 
Crusher  t ransfer  p i n t s  and crusher p i t  exhaust 
(includes railcar dump, crnsher, surge bin ,  apron feeder 
Sprays normally used vera off 
,031 - .036 lb/ ton ( . 034 )  

4.51 E20 ( w e t )  

Quartz-uonzonite 
Coppar ore processing feed 
Unknown type - Secondary c l a s s  

- 
r 

.. 

Pmdurt LHaisture: D r y  
Pick-up Points: Scrubber i n l e t  
Test  Range: .061 - .139 lb/ ton C.088) 
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TABLE 6-Continued 

J. M. Brurner 

Rmdc T y p :  Umerrone (low grade) 
Product: Aqqreqate 
Peed Moisture: D r y  
Type of Crusher: 
Plck-up Point:  Cmsher discharge 
T e s t  Range: .015 - .018 lb/ ton uncontrolled (.017) 

Jav - Primary 

1 

I' 

Sec. Crusher: 
pick-up points: 

T e s t  Range: 

Kentuclcl Stone 

Rmdc Tgpa:  
Product: 
Peed Moistuce: 
Tgpa ai Crushar: 
pick- mints: 

T e s t  Ran-: 

Anaconda 

Rmck l ype :  
Product: 
Peed Mois-e: 
Type of Crusher: 
P i c k u p  Fuint: 

T e s t  Range: 

E - d l  
Scaiping screen t o  stacking conveyor t ransfer  point 
aboth hainmennil1 feed and discharga 
.0006 - 1.2 lb/ton 

Umerrone (high C a )  
Agqreqata, aqstone (-1/16*), stone sand 
Dry 
Sinqle rotor impac+or - Primary 
Beneath crusher a t  discharge point and a t  feader t o  
pri. b d t  t ransfer  point 
.558 - .793 -/ton (.686) 

Chdcoci te ,  chalcopyrite, other  Cu ore 
Metal r e f h i n g  
Dry 
G p a t Q n  - Primary 
Baghouse i n l e t  including pickup a t  two grizzl ies ,  
crusher in le t ,  crusher discharge and t ransfer  point 
frcm crusher  t o  b e l t  
.489 - ,841 lb/ton C.658) 
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a p p m  to be necessary. In examining both the ax t rac t ive  t e s t  and re- 
ceptor sampling categories of data there  do not seam t o  be any discernable 

differences beizman primary, secondary, and t e r t i a r y  crushing. There 

are  a t  laart two data poinu which a r e  e i t h e r  suspect o r  othewfse not 

suitable f o r  inclusion in the data base.  The wide range betdean the two 

tests conducted a t  J. a. Brurner on a secondary crusher ( .0006 - 1.2 
W t o u )  suqgssts that that data be treated with caution. The ta r t iaxy  

crushing values f rum Nav Jersey Z i n c  involved preparing a metallic miner- 

at for frpthar processing which had been dried. This operation does not 

seen appropriate f o r  use i n  a construction aggregate emission fac tor .  

TaWng i n t o  account the lfmited dmouut of data avai lable ,  the lack 

of ang danoastrated pa t te rn ,  except f o r  dtf ierences beween w e t  and dry  

crnahinq: t he  lack of a consistent pa t te rn  of q f f e r e n c e s  between the 

varians cnxshing stagest and the  needed correction f a c t o r  f o r  converting 

values t o  TSP w a  propaso an intarim single valued emissio-n fac tor  for  all 

construction aggregate rock crushing. To do this M have taken the cal- 

culated avaraqa single valued emission fac tors  for  primary and secondary 

crushing given in T a b l e  4-1 of the  GCA repor t  and averaged then. 

Bowever, because 02 t he  large discrepancy between t e s t s  conducted a t  

the J. a. Branner p lan t ,  WI) have taken the dry day t e s t  value only fo r  

secondary crushing (1 .2  lb/tm) fo r  use in ca lcu la t ing  a single valued 
uncontrolled ( d r y )  emission fac tor  f o r  construction aggregate r o d  and 

stone crushing. Table ? shova the revised l i s t i n g  of data used t o  calc- 

u l a t e  this enission factor .  The resu l t ing  emission fac tor  for constzuc- 

t i on  agqregate uncontrolled dry crushing operations is 0.28 lb/ton. 

Because the  t e s t s  used include some ambient data h e r e  deposition of 

largar pa r t i c l e s  could have taken place pr ior  t o  sampling and because the 

extract ive t e s t  data show a f a i r l y  larqe p r t i o n  of p a r t i c l e s  smaller 

than 10 micrometers in di-ter, this value for  an uncontrolled crushing 

emission f ac to r  should be considered as being suspended material. For 

comparison, t!!e current ly  l i s t e d  emission fac tors  f o r  stone cmshinq i n  

AP-42, Section 8.20-1 a re  listed below. 
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Par t icu la te  Emission Factors 
f o r  Stone Qushinu Process 

Process Ooeration 

Primary Crrrshinq 
secondary Crushinq h Screaninq 

DncDntrOlled Emission Fa--or 
( lb/ton 1 

Total - Susoended 

0.5 0.1 
1.5 0.6 

There fs a s igni f icant  problem r e l a t i n g  t o  emission fac tors  fo r  the  

sand and g a v e l  cateqory of material and f o r  w e t  materials. There is 

essent ia l ly  no new data  f o r  sand and gravel and wry l i t t l e  data f o r  w e t  

material. In t h e  AP-42 section OB Sand and Gravel Processing (8.19) 

pr io r  t o  S u p p l w n t  14, an overa l l  p lan t  emission. fac tor  of 0 . 1  Ib per 

ton is given and a statanent  made that "Because these materids are gen- 

arally moist when handled, emissions are  generally lower than in a s i m i -  

lar crush& stone operation." In t h e  Supplanent 14 section on Sand and 

Gravel Processing (8.19.11, fac tors  a r e  given for  some uncontrolled dry 

operations, bu t  no crushing fac tor  is included. The section does s t a t e  

under 8.19.1.2 Emissions and Controls t h a t  - "Generally, these mater- 

ials are  w e t  or moist when handled. and procsss emissions are  of ten 

ncgllqible . .  

In  the case of w e t  materials (>1.5% moisture),  t h e  s ingle  valued 

emission fac tor  fo r  primary crushing qiven i n  Table 4-1 of the a3A r e p r t  
is 0.0264 lb/ton. This is approximately 7% of the overall dry fac tor  fo r  

primary crushing given in the t a b l e  and about 5% of the value. from ex- 

t r ac t ive  t e s t ing  only. In t e re s tmgly  enough, t h i s  is  equivalent t o  the 

high side of tbe ran- given in 8.19.1.2 of AP-42 Supplement 1 4  fo r  the 

Control efficiency of w e t  suppression. A "wet"  emission fac tor  fo r  

secondary crushing can a l so  be derived from the GCX data. The rainy 

day t e s t  a t  the J. M. Brenner Co. can be grouped with the controlled 

value using w e t  suppression from the MonsantorPRC t racer  s tudies  a t  stone 

crushanq operations. "has value a s  shown Ln Table 7 i s  0 . 0 0 5 4  lb/ton. 

A crushing emissson fac tor  was also developed during the plume prof i l inq 

studies conducted a t  southern Cal i fornia  sand and g a v e l  plants.41 WLLh 

the  v e t  suppression systen an the  crusher turned of f ,  the mission factor  
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uns 0.258 W t o n .  W i t h  the system on, t h e  fac tor  was 0.0243 lb/ton. N o  

material  moisture content data were reported. Bowever, it could be 

assumad t h a t  the proper use-of w e t  suppression a t  a crusher is equivalent 

t o  crushlnq of .wet"  materials. 

Emission facto- for  crushingwet materials CM be expressed directly 

o r  on a dry bas i s  w i t h  a control efficiency c r e d i t  being given f o r  use 

of w e t  materials or w e t  suppression. The l a t t e r  approach is most consis- 

tent w l t h  -rant pract ice .  The extract ive t e s t  based emission factor  

for crushing w e t  materials (.a254 lb/tonl is nearly iden t i ca l  w i t h  the  

plunm profi l ing based emission fac tor  f o r  sand and g a v e l  using w e t  s u p  

prensfon a t  the crusher (0 .0243 l b / ton ) .  Using these values an emission 
fac tor  for prhary or secondary crushing of w e t  materials is  calculated 

t o  be 0.025 lb/ton. If the value of 0.0054 lb/ton for secondary cmshing 

of w e t  materials derived fran t h e  CCA report  is included, t h e  emission 

fac tor  f o r  prfmary and secondary crushing of moist materials o r  using 
w e t  suppression a s  a control measure is 0.018 IWton. Therefore, based 

upon an uncontrolled crashing emission fac tor  of 0.28 lb/ton, wet sup- 

pression CM be assigned a control eff ic iency of 90-950. 

One other issue vhi& should be addressed r e l a t e s  t o  indus t r i a l  sand 

operations. Based u p n  data supplied to us for  this prolect  and infoana- 

tion obtained during a visit t o  the PGS plant  a t  Berkeley Springs, West 

V i r g i n i a ,  our recoamsndation is t h a t  the proposed emission fac tor  fo r  

constraction aggregate rock crushing be applicable t o  indus t r i a l  sand 

p lan t  crushing taking place before w e t  mllUng and drying operations. 

Generally t h i s  would include primary and secondaq crushing of raw 

material. A l l  other operations a re  spec i f ica l ly  re la ted  to  the produc- 

tion of indus t r i a l  sand products such a s  glass  sand, abrasives, paint 

f i l l e r s ,  e t c . ,  vhich have bean subjected to fur ther  grinding,  n u l l i n g ,  

drying, and s i z e  c lass i f ica t ion .  Such operations should be addressed 

separately . 
While w e  have developed no suggested value for screening e n i s s i o n s ,  

the  recent t e s t  data reported in the Appendix for sand and gravel opera- 

tions s b u l d  be reviewed and considered in the preparation of a revised 

section on CUNSTRUCPION AGGZEGATES f o r  A€'-42. 
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Various categories of emissions test  data Covering crushing and 

grinding operations in t he  conszruction aggregates industry were re- 

viewed and assessed for t h e i r  representativeness and r e l i a b i l i t y .  These 

data included test rest& from conventional extract ive sowce t e s t ing  on 
ventilated operations and fran ambient sQnpling directed towards assess- 

ing source strength of open dust  sources. The data were fur ther  c lass i -  

fied a s  to type of operation tes ted  and material  being processed during 

the  tes t s .  

A matrFx of suqgested emission source categories covering grinding 

and screaninq w a s  prepared. This matrix considered equipment, -operational 

and material  paramatars. From the  assessment of avai lable  data and the  

suq-sted m a t r i x ,  da ta  gaps were ident i f ied  and uncontrolled emission 

facta- assigned t o  t he  appropriate sub-categories in the matrix. Where 

avaLlable, emission factors  according t o  p a r t i c l e  sire c lasses  ware also 
reviewed and included. 

The a n a l y s i s  of the data indicated t h a t  the range of emission fac tors  

for particular material  and operation categories exhibited' a ra ther  large 

ran- of values. Further, there  was no consis tent  difference auung mater- 

ials handled within categories of crushing. In par t icu lar ,  no s ign i f icant  

differences in emission fac tors  bet-rsen prLaary and secondary crushing o r  

among Limestone, grani te ,  t rap  rock, and sand and gravel could be dis- 

cerned. Therefore, a s ing le  valued uncontrolled emission factor for  

primary or secondary crushing of rock or sand and gravel was developed. 

This uncontrolled.emission fac tor  is for  materials considered t o  be dry. 

The value developed is 0.28 Lb per ton of material  fed t o  the crushers. 

No value is  suggested f o r  t e r t i a r y  cmshinq because of insuf f ic ien t  

data. Rowever, i n  many cases, there  i s  :elatively L i t t l e  difference 

between secondary and t e r t i a r y  crashing e q u i p n t  0: i n  feed s ize .  

7-1 



wet suppression appears t o  be very ef fec t ive  in  reducinq &st 4 s -  
sions if surface misture content is high enousfi t o  prevent the dlslodq- 

Fng at finw frcm larger rock fraqmsnts. Pran t h e  data examined, w a t  

suppression, uhen pmper ly  uaed, can be assigned a control eff ic iency of 

90-952 on a s s i o n s  calculated us- t h e  uncontrolled d.ry emission factor.  

~ a s u l t s  from recant sxtractive t e s t s  on screening of czushed material  

in t m  sand and gravel plants  are  also presented. NO spacif ic  emission 

fac tor  was presented. 

This study showed that additional t e s t  data are required t o  constract  

a set of emission f ac to r s  on an operation and m a t e r i a l  b a s i s  in the  con- 

s t ruc t ion  aqqraqate indnstrg . 
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1. Cmnuilation of RLt P o l l u t a n t  m s s i o n  Factors. hp-42 (t?lrooqh Sup- 
plamant 1 4 ) ,  U.S. Envi=onmantal Protection Aqency, Office of Ai?, 
Noise, and Radiation, Office of Air Quality S L d a r d s ,  RTp, NC 
27711 (Hay 1983). 

2. Nam-Hetallic m o r a l  Processinq Plants  - Sackground Isformation f o r  
Proposed Standards, 3.5. Envirommntal Protection Xqsncy, Office of 
Air Quality Standards, XS,  9C 27711 (Novamber 1982).  

3. Par t icu la te  Emission Factors for  the Construe-ion Xqgrsqate Industzz-, 
GCA-TR-CE-63-02, prepared f o r  the U.S. Ehmxonmsntal Protection 
Agency, GCA Corporation, Chapel Hill, NC 27514 (February 1983). 

4. .assesameat of Fugitive Wssions from Sand and Gravel Processing 
@mrations,* J.K. Bennett and R . J .  Cordon, p a p r  80-12.3, Annual 
Meeting of the RPCA, Montreal, Qaebec (June 1980).  

5 .  Technical Procedures f o r  DeveloDinq hp-42 Znission Factors and Pre- 
parinq Re-42 Sections, U.S. Znvironmemtal Protection Xgency, Xir 
.Xanaqamsnt Technology Branch, Office of Air Qualirr P l a n n i n g  and .. 
Standards, Rpp, NC 2771 1 ( A p r i l  1980 1 .  
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C D N S ~ I O N  x c s a m s  INDUSTRY 
-STON FACTORS DATA BASE 

(EPA Supplied) 

3: 1: 
I 
1. 

, .  
4. 

1 .  

i 

5. 

6.. 

7 .  

- .  
8. 

*. ' 

9. 

1. 

Metallic tllneralo M s s i o n  T a s t  Rapot,, Union Carbide, Bot Springs, 
Arkansas, EHE Rspart 80-MET-e, May l980 ( S c o t t )  

Vanadium ore proceasing - primary c w h a r ,  coarse ora grade. T e s t s  
on vent from t ranafer  pa in t  to primary crusher, discharge from 
cyclonea on p r h r y  crusher t r ans fe r ,  discharge f r a  w e t  scrubber, 
baghousas on coarse and f ine ore storage bins. Has p a r t k l e  s i ze  
data. 

. P a r t i c u l a t e  m s s i o n  Factors fo r  the  Construction Aggregate Industry" 
F i n a l  Report  GCA-TX-CE-83-02 ( O r a f t ) ,  Feb. 1983 

W e e l l i f  tllnarals a s s i o n  - Bnisaion Test'Report", ExMn, Casper, 
WyomFng, EMB 79-MET-1 (Weatan) 

Primary crusher t ransfer  point  1 
P i n e  ora bins Sandstone - uranium 
Dryer ) 
Multiple points served in exhaust system on crusher, scrubber o u t l e t  
flow is twice i n l e t  

mission Tasting a t  an I ron Ora Beneficlation P l a n t  - Reserve Mining 
Ccqany, SiLoar Bay, Uti, EKE R e p O r t  No. 70-10-E-5, O c t o k  1978 

Ora dump - controlled (car dump) 
Do& p e l l e t  storage - uncontrolled (silo) 
Fine crusher - controlled 
Conveyor t ransfer  f i n e  crusher to  storage silo t ransfer  point. 

Folder with comments from National Crushed Stone Task Group 

"Suspended Part iculate  W s s i o n a  from the White Pack4 Gravel Hine as  
W a r r e d  from Air Quality ,Monitoring Data", prepared for Flat i ron 
Sand and Gravel CO., Boulder, CO, 3/18/82 
George E. M C V s h i l  

"Air Pollution COnt'ol Techniques for  Non-MetalUc Minerals Industry" 
D r a f t  August 1981, (incomplete, but has useful description of 
terminology) EPA document 

"Industrial  Sand Par t icu la te  Emission Factors for AP-42", 4/26/82 
One page r e su l t s  of t e s t s  on dryers,  dry processing, milling. . 

Packaqe of a l l  items l i s t e d  in Table 3-1 of the GCA reoort GCX-TR-cn- 
83-02. Bowaver, contains tab les  of resu l t s  only - no discussiom. 
(Note: Copy of Table 3-1 is appended.) 
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LO. 

u. 

u. 

l3. 

14. 

15. 

16. 

17. 

18. 

.Impact of Stone Quarry Operations on P e i c u l a t e  bve l s” ,  PEDCo f o r  
S t a t e  of Illinois, S e p t m h r  1980, Revised April 1982. 
Bfr sampUnq data and regression aquation. No fac tors  

T e c i m i q u a  f o r  EPaluatinq and Controll inq PM-10 missions from 
Pugitivs burcaa”,  PEDCo for EPA (PN3660-1-48), Sep. 1982 

Givw soma 8H-10 respl- for  aqgrsqate procassinq plants.  

Anaconda Cogpar Company, 7944ET-3, Primary crushinq - copper ore 
mck. 

Pap-: 80-20.2 - Salac2iaq Maasuramant Techniques for  Indus t r ia l  
Pmcaar Fuqitivs m s i o n s ,  Kakwimrg 

80-68.7 - Ebqitivs P a r t i d a t e  W s s i o n  Dsvelopment in 
nichiqan - An Industrial Perlipactive, Whitehead (Ford) 

80-20.5 - Requhtory Aspacts o f  “uqitive missions, Wesfsan, 
e t  al 

80-12.2 - AppUcation of Foam to Control D u s t  from a Rock 
C r a s h i n g  and Handling Operation, Cowd ( N a t ’ l .  G y p s u m ) ,  no 
ac tua l  data) 

80-20.3 - Air Impacts of Fuqitive W s s i o n s ,  Chandler ( B e a k )  
M data 

Raseno Mininq Test - One page sumnary o f  opacity obsemations a t  
crusher. 

Bluxita Processinq T e s t ,  Reynolds, Corpus Christi - Ship unloading 
scrubber in and out, f ine  s tnrags  bin baqhouse exhaust 

Liqhtweiqht Aqqraqata Industry (Clay, Shale and S l a t s )  a s s i o n  T e s t  
R a p r t  - T a x a s  Industries, Inc., EMB Report No. 80-LXA-3, ,Nay 1981 

This report  covers c lay  calciniaq f o r  lightweiqht aggregate products. 
Only rotary k i l n  exhaust - scrabber and cl inker  c w l e r  baghouse 
tes ted.  

Visible Wssions Observations and Obsemations of EPA Testing - 
Crashed Stone and Gravel, TRC, Peb. 1980 

Covers review Methods 9 and 22 only on four crushed stone and one 
sand and gravel plant.  N o  quant i ta t ive  ermssion d a t a  

“ P a r U c u h t e  W s s i o n  Factors Applicable to the Iron and Steel  
Industry“, EPA-450/4-79428, September 1979 
Midwest Research Inc. - No r e a l l y  applicable data 
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19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

"Puqitiva Dust Levels from Stone Crushers", 80-68-02 (APUI 19801, 
R.A. Wachter 

=erred emission factors  from s a n e  crushers using S'Zg t r ace r  - 
Q w h d  SP6 and dust sampling. 

"Iron Ore Beneficidtion - mission T e s t  Report, Reserve Mining 
C-y, S i lver  Bay, .w, EMB Report 78-LOB-5, Nay l979  

(1) Ore car dump baqhouse axhaust, ( 2 )  dock p e l l e t  storage silo vent 
(rmeontrolled), ( 3 )  f ine  crasher baghouse exhaust, ( 4 )  t ransfer  
conveyor tn f i n e  -her silos - baghouse kr-cut. 

Iron Ore P e l l e t i z i n g  P l a n t  Asbestos Qnissions T e s t s ,  Kaiser S tee l  
b., Eagle Mountain, CX, July 1978 

Asbestos fFbarr - drying zone, vfndbox, grate discharga, f i n e  
crushing exhaust 

I ron Ore Bendiciation, Eanna KiaFng Co., Gtavel and Mine, Iron 
Elcmn+aLn, HI (S. T e s t ) ,  O c t  24-25, 1975 

Tes- on pelletizer - not relevant 
T e s t  on rotoclone exhaust serving 5 p i n t s  - screens 
bnveyors, t r ans fe r  point 

Lightweight Aggregate Industry (Clay, Sha le ,  and S la te )  Emissions 
T e a t  Report - Wan Materials Co., B e s s e m e r ,  Rt, EKB Report 80-LWA-4 

Rotary kiln cahaust, c l i n k a r e o o l e r  exhaust 

A i r  Pollution m a i o n  T e s t s  - m e l a t h  Taconite, EMB Report NO. 76- 
108-3, N m .  17-21, l975 

P d l e t i z i n g  furnace grate discharga end. 

Con+rol Techniques for Par t icu la te  Emissions frau Stationary Sources, 
V o l .  I, July 1980 (now EPA 450/3-81-005a) 

N o  specif ic  armssion data 

"An Investigation of P a r t x d a t e  Emissions f r w  Construction aggre- 
gate Crushing Operations and Related New Source Performance Standards" 

Con- r e s u l t s  of MOMarLtD Res. COT. tests using aaz samplers and 
tracer a t  a number of rock and gravel and h e s t o n e  plants  
Done f o r  4 t rade  associations 

"Assessment of Pugitive Emissions from Sand and Gravel Processinq 
Operations", John H. Bennett and Robert  J. Gordon, APCA Paper 80-12.3 

Covers plume p ro f i l i nq  and reverse modeled emission fac tors  for  
t ransfer  point ,  crusher, screens, open loading, surge p i l e s  

1. A- 3 



28. 

29. 

3 0 .  

31. 

32. 

33. 

%+hods for Assessing Exposure t o  Whdblovn Part iculates" ,  Dynamac 
Corg., Emir. Control Division, FnchUle, LXD DOC. 1982 
paper study on emissions had di f fe ren t  models fo r  estimating concen- 
t ~ a t i ~ ~  of wind eroded gar t icu ld tes  from hazardous waste s i t e s .  
EPA Project  Officer John Schaum! Office of Haalth and Environmental 
Aasassmant, om. Also EAC, James W. Falco, Director 

"Produstion of Sand and Gravel', Stanton  Walker, C i r  57, NSGA, 
Ocf. 1954 

Ganaral description of sand and gravel operations 

Corraspondance concerninq d s i o n  factors  background and opinions. 
Caven concern about confusing sand and gravel w i t h  crushed stone 

Chmnoloqical Msntion of Rnission Factors on Sand and Gravel 
oparations, conpiled 6 /8 /72 .  

Background document on source of ear ly  emission fac tors  

'Characterization of Pa r t i cu la t e  snissions from the Stone-Processing 
Industrym, Georqs weant, 111, RPI fo r  EPA, May 1975. 

Descriptive documant on stone processing - materials,  operations, 

mission data are only from e a r l i e r  publications 

SS and E I S  from 'Quarwng and P u n t  Process FaciLities in the 
Crushed and Broken Stone Industry", A.E. Vervaert and R. Jenkins, 
and A. Basala, EPA OAQPS, August 1975 

Pr ior  to release 

Bas description of processes s-lar to b32 
T e s t  results from about 9 sources, however, a l l  are  control led 

W p B t ,  pa?XiCd.dta fOl3UatiOn 

emissions from baghouses 
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I. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

CONSTRUCTION AGGRP;ATES INDUSTRY 
n m  BASE 

(Industry Supplied) 

Pollution: I t ' s  A l l  in the Bockl, AprFl 5 ,  1971. 

MidPrast Rsse~rch Institute l e t t e r  t o  Renningar,  arch 15, 1971. 

W i l l l a m  E. Bole l a t t e r  t o  Kenneth Tobin, March 21, 1972. 

Gust emission factors  for  sand and gravel; consideration on 
WicPla t e  size and poten t ia l  fo r  bacoming airborne, September 2 6 ,  
1972. 

P a r t i c u l a t e  pollutant systam study voluam 1 - mass emissions, 
M y  1, 1971, excerpt fram report  of  1971. 

USPS commepts on d r a f t  AP-42 seclAon, February 22, 1982, l e t t e r  
to Sootherland; Lat ter  g i v a  indusuy ccmmnts and basis. 

J i ~ n  Crook l e t t a r  to nike Barf iadicat ing percentage of t o t a l  
plant  input crushed a t  each crushing staqa ,  February 16, 1982. 

Pettinos let ter to EPA vith plant  flow sheet, January 5, 1977; 
new - no data. 
5 W i l e . K  latter to EPA with plant  flov sheet,  January 12, 1977 

Ne- lettar to EPA vith plant flow sheet,  January 18, 1977. 

Zabala l e t t a r  to Morris r s q a r d h q  indus t r ia l  sand emission ra tes  
vith particrzlata size aad moisture content data, January 19, 1983. 

Richards l e t t e r  to Davison including indus t r ia l  sand s t a c k  emissions 
twts, August 11, 1980. 

A l r  puality Data (TSP),  Pairfax County, VA. 

Non-netallic Hlneral P rocas ing  Plants  - Background Information for  
Proposed Standards, Draft EIS, OAQPS, November 1982. 

Has 1973 AP-42 emfssion factors for  crushed stone. Emission t e s t s  
vere all on cant-olled sources (Table 3 . 5 ) .  

.Source Assessfinn+: C m h e d  Stone', EPA-600/2-78-004L, Nay 1978. 

" A i r  Pollution ConVol  Techniques f o r  Non-MetaUic .%nerals Industry", - 
Draft, OAQPS, August 1981 

A- 5 



17. "magiti- Dust m s s i o n  Factor Update fo r  AP-42', K R I  Project 4862-L 
(7) fo r  EPA, O a c a m b s r  8 ,  3.982. 

18. Source Asses-t - Crrrahed Sandstone, Quartz, and Quar tz i te  - Sta te  
of the A r t ,  EPAb00/2-78-004n, Way 1978. 

p. 5 - describes respirable  as l e s s  than 7 micramters .  Performad 
l i t n r a t u r e  s w e y .  Found t h a t  literature ganaraLly stat- t h a t  
emission factors =e re la ted t o  (1) Wtarial  p r o p a d e s ,  and ( 2 )  
Oparation. 
indax. 

p. 1 0  - man cmtssion fac tor  f o r  a representative plant  operating at 
454 matric tons/houz vas found to be 1.63 kg/hr respirable  par t icu la te  
and L5.7 kq/hz t o t d  par t icu la tes .  

Respirable p a r t i d a t a s  vere co l l ec t ed  on a GUL respirable  dus t  
nunitor t h a t  co l l ec t s  LO micromatars w i t h  a cyclone separator and 50 
miawmtars v i ton t  tho cyclone. Their statement is that the  hi--1 
co l l ec t s  particles rmdar 100 micrometers. 

Qurhinq data vas ot col lected a t  the s i t e  listed but instead came 
f r m  primary c w b c n q  a t  a crushed stone plant.  

The evaluation procedure used vas reverse modelinq. 

The io- tncludes moisture contapt density and dustiness 

19. mssions from tha Qwhad G r a n i t e  Industry: State  of the m, 
EPA-600/2-78-021, P a b r u a q  1978. 

Conducted samplinq a t  two qrani te  p lan ts  using hi-vols and GCA 
samples. Give8 factors for ops. given below: 

TABLE 8 - 5 .  WSSION FACTORS m WT RATIOS mR P A R T I ~ T Z  

T o t a l  Rnspirable 
Source k d m s t r i c  ton W T  kq/metric ton 

Blasting 7.96 x 10'2 0.169 1.35 x 10'2 

Secondary crushing 
Drilling 3.99 10-4 0.10 3.99 10-5 

and screening 2.2 x 10'2 0.036 8 .58  10-4 
to primary 

vehicular mcvemcnt 
crusher 2 . 1  x 0.036 7.56 x 

on unpaved roads 4.91 x 0.176 8.64 10-4 

TOTAL 1.07 x 10'1 0.143 1 . 5 3  x 10-2 

20.  Memo f ran  Jack n. &-for to Richard A. X o r r i s  7/7/83 w i ' h  summaries 
from sixteen t e s t s  made a t  indust- ia l  sand plants.  
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PRDCZSS DESCSIPPION 

Screen emissions were evaluated a t  tu0 sand and gravel plants  oper- 

a ted by CONRCCX Co. in Southern CaUfornia. One plant  vas located in 
the San Cabriel Valley in an area generally ident i f ied  aa beiag in the 

San Gabriel River Wash. The other p lan t  was in the San Perndndo Valley 

and is ident i f ied  a s  the Sun Valley plant.  In  both p u t s  sand and gravel 

is mined from own pi ts .  The material  mined ranges in size from sand to  

boulders. P i t  crushers (jaw type) a re  used for i n i t i a l  s i ze  reduction of 

bouldars. This m a t e r i a l ,  vhich is generally damp when mined, is passed 

aver bull screens in the  crusher sect ion of the plant  and under s i ze  

material is conveyed to the  'wet" (i.a., washed). sand and gravel section 

of the plant  where no further crushing takes place. 

The oversize material from the p i t  is fed to  crushers and rescreened 

p r io r  to fur ther  processing. W e  the exact configuration of each plant 

is somewhat d i f fe ren t ,  t h e  material  e i t h e r  qoes tbrough additional crush- 

ing stages o r  is conveyed t o  final product screens. A l l  crushers other 

than the p i t  crusher a re  cone crushers. Wet suppression is used a t  the 

crasher feed and discharge a s  a normal pract ice .  

TEST PR0Cs)ms 

The t e s t ing  w a s  a l l  conducted using extract ive stack sampling proce- 

dures. Became no dust control equipmant is i n s t a l l ed  a t  e i e e r  plant ,  

each screen te ted was temporarily encapsulated vith a temporary mod 

frame and heavy duty f lex ib le  p l a s t i c  sheeting. These enclosures vere 

venfilated by installation of temFrary  duct vork and exhaust fans de- 

siqned t o  meet ACGIH specif icat ions fo r  vent i la t ing f l a t  deck screens. 

The c r i t e r i a  used vere 50 c fp / f t2  screen area and 200 ft/min velocity 

through enclosure openings. 

Sampling vas conducted a t  test  pcrts located i n  each exhaust duct. 

These ports  vere located in s t r a igh t  duct sections pr ior  t o  entry to  :he 

exhaust fans. 

a. 
c- 1 



Teat Parameters 

Testa vere conducted fo r  both total particulate matter and for 
These 

w a r e  v i t h  the w e t  supproasion systsm a t  the crushers in operation 

and three runs made v i t h  tha sprays off. One of the  maas under each 

condition was made Uainq a cascade impactor f o r  both total and size 
f ract ionated particulate mattar. Three s a e e u s  were t es ted  a t  the 

frvindale plant.  These s c r e a ~ ~  are i den t i f i ed  as follows: 

- 
particle size data .  S f x  sampllag runs were made a t  each location. 

ZrprFndale Screens 

Designation E€=% Size Gradation 

Top Screen S y m ~ n s ,  5 x 16' Top Deck: 1-1/2- 
Flat Double Deck : B o t t o m  D e c k :  3/4" 

Middl4 screen S p n r ,  5 x 16' Top Deck: 1/2- 
F l a t  Double Deck Bottom Deck: 3/8" 

B o t t o m  Screan Sgmoop, 5 x 16' Top Deck: 8 U 

F i v e  scree- were t e s t ed  a t  Sun Valley. Three secondary product 

screens, one was a recirculat ing screen and ode w a s  a dust  screen. Three 
runs each, all w i t h  the va t  suppression system on were made. These 

acreens are Identified below: 

Sua VaLley Screens 

Designation zE!i Size Gradation 

W e s t  product Screen Symons, 5 x 16' Top: 3/8" 
B o t t o m :  a M 

M i d d l e  product Screen Symons, 3-1/2 x 16' Top: 1/2" 
Middle: 3/8- 
Bottom: a M 

East ?roduct Screen Symons, 4 x 16' Top: 1/2" 
Middle: 3/8" 
Bottom: 8 n 

Rscirc. Screen Symons, 5 x 16' Top: 1-3/4" 
Bottom: 718" 

..I 

Dust Screen symons, 5 x 16'  Top: 1/4" 
B o t t o m :  am 
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P l a n t  operating conditions including process weight, were estab- I 

l i shed and maintained by personnel from Conrock. Product s w l e  data 

were obtained during the t e s t  by Conrock personnel. 

Total Par t icu la te  T e s t h q  Methcd 

For the p x t i c u h t e  runs, the samples were collected i sokiae t ica l ly .  

The samgllnq train consisted of an ambient tamperature Teflon probe, con- 

n e e a d  to four impinqers in ser ies .  The f i r s t  two impingers w e e  charged 

w i t h  deionized water ( 1 0 0  ml each) ,  the t h r i d  Fmpinger w a s  d r y ,  and the  

fourth contakred 200 grams of silica gel. B e t w e e n  the th i rd  and fourth 

i!npinqar a f i l a r  w a s  i n s t a l l e d  and operated a t  ambient conditions t o  

co l l ec t  any non-condensible par t icu la te .  

The parrCculate samplea for the  laboratory Galysis consisted of the 

probs wash, impinqar contemts and the f i l t e r .  Koisture w a s  determined 

polumatrially from the  l iqu id  gain in the impingars and gravimetrically 

from the  si l ica gel.  The probe wash and Fmpiaqer contents were taken to 

dryness a t  a tamparature of 105OC. 

P e i c l e  Size Testinq Method 

The Andarsen Stack Sampler used is an in-stack, multistage, cascade 

impactor which adapcs to the standard EPA type sampling t r a i n  and obtains 

the s ize  distribution of p a r e i c u k t e  emissions in addition to t o t a l  iar -  

ticalate mass concentration. 

The Andersen Stack Sampler size cut-off pints for the various stages 

are based upon unit density ( 1 g/cc) spherical  par t ic les .  These cut 

diameters ace dependent upon flow r a t e  and gas viscosity.  

TEST REsmss 

Test results a r e  summarized by plant  in the accompanying tables. 

I 
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TABLe c.3 

PARTICLE SIm DATA 
SCREZNS 

TOR Screen Middle Screen Bottom Screen 
c u m %  ECD ECD m a  ECD 

(microns ) (microns) ' (microns 1 

100 

80 

52 

27 

18 

1 1  

6 

3 

1 

100 

93 

75 

66 

55 

32 

14 

6 

4 

19.0 

11.6 

7.8 

5.4 

3.6 

1 .8 

1.1 

.a 

<.8 

19.0 

11.9 

8.0 

.6 

3.5 

1.8 

1.2 

.8 

<.8 

WET SUPPRESSION ON 

100 18.0 100 

92 11.3 67 

87 7.6 

81' 5.2 

71 3.3 

57 1.7 

2s 1.1 

5 .7 

0.5 <.7 

WCT SUPPRESSION OFF 

100 19.0 

99.8 11.6 

97 7.8 

91 5.4 

58 3.6 

21 1.8 

7 1.1 

2 .8 

1 <.8 

61 

53 

45 

33 

22 

6 

2 

100 

73 

35 

33 

25 

20 

17 

14 

12 

21.0 

13.0 

8.8 

6.0 

3.9 

2.0 

1.3 

.9 

<.9 

19.0 

11.6 

7.8 

5.4 

3.6 

1.8 

1.1 

.8 

C.8 
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RATING FACTOR APPROACH 
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"ICAL PRocEDlJRES E'OR 
DEVELOPING AP-42 m S S I O N  FACTORS AND 

m A R I N G  AP-42 SECIONS 

U.S. Environmsntal Protection Agency 
Rtr Kanagamant Tachnoloqy Branch 

XTP, NC 27711 
Offlcs of ALr Quality Planning and Standards 
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SECTION s 
TEC3NICA.L SPECIF1C;ITIONS AND ?.ATIONPLLE 

Because t h e  AP-42 document c o n s i s t s  of many s e c t i o n s  pro- 
duced a t  d i f f e r e n t  t imes by d i f f e r e n t  au thors ,  uniiorm r e p o r t i n g  
p r a c t i c e s  are e s s e n t i a l .  This  s e c t i o n  sets for-h r e p o r t i n g  
s tandards  and r e p o r t i n g  s p e c i f i c a t i o n s  t o  be followed i n  da t a  
c o l l e c t i o n ,  u n i t s ,  nomenclature,  r e p o r t i n g  f o r n a t ,  and f i g u r e  
p re sen ta t ion .  Technical  guidance and r a t i b n a l e  a r e  provided f o r  
those a r e a s  of  concern f o r  which s p e c i f i c a t i o n s  cannot  be le-  
scribed. 

5.1 DATA STANDARDS/TZST METHODS 

Emission f a c t o r s  i n  2 9 - 4 2  a r e  based on da ta  obta ined  from 
s e v e r a l  sources, i nc lud ing  publ i shed  tec.hnicr1 ?apers  and re- 
p o r t s ,  documented emission t e s t ing  r e s u l t s ,  and ?e r sona l  com- 
munications. Data provided by i n d i v i d u a l  sources  vary from 
s i n g l e  va lues ,  t o  .ranyes of m i n i a u m  and maxisum va lues ,  and 
f i n a l l y  t o  d a t a  from r e p l i c a t e d  source t e s t s .  Some l a t a  sources  
provide complete d e t a i l s  about  t h e i r  c o l l e c t i n q  an& analyzing 
procedures,  whereas o t h e r s  provide  only  sketchy i f i f o m a t i o n  i n  
tiis regard.  

q u a l i t y  of d a t a  t h a t  a r e  a v a i l a b l e .  The fol lowing & a t a  a r e  
always excluded from c o n s i l e r a t i o n :  

The au thor  s e l e c t s  d a t a  on t h e  b a s i s  of t!!e q u a n t i t y  and 

1. Tes t  s e r i e s  averaqes r epor t sd  i n  anits :?at cannot be 
converzed to t b e  s e l e c t e d  reporzing - ~ 7 i t s  ( s e e  Sec t ion  
5 . 4 ) .  

2 .  T e s t  s e r i e s  r e p r e s e n t i n g  incompatible tes: netho6s 
( i . e . ,  comparison of S A  Metho6 3 f r s a t - h a l f  w i t h  :?A 
Eethod S f r o n t -  an6 b a c k - h a l f ) .  

32  
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3.  T e s t  series of c o n t r o l l e d  emissions f o r  which the - 

4 .  Tes t  s e r i e s  i n  which t h e  sou rce  process  is not  c l e a r l y  

5 .  Tes t  s e r i e s  in which it is no t  clear whether the  

If t h e r e  is  no reason  t o  exc lude  p a r t i c u l a r  d c t a  from con- 
s i d e r a t i o n ,  each d a t a  set is as s igned  a r a t i n g .  A r a t i n g  system 
is needed because some d a t a  are used when l i t t l e  o t h e r  informa- 
t i o n  i s  a v a i l a b l e ,  b u t  a r e  excluded when s u f f i c i e n t  h igh-qual i ty  
d a t a  e x i s t .  The data a r e  r a t e d  a s  fo l lows:  

c o n t r o l  dev ice  is no t  s p e c i f i e d .  

i d e n t i f i e d  and descr ibed .  

- 

emissions measured were c o n t r s l l e d  o r  uncon-zzolle.’. 

- 

A - T e s t s  perfozrsed by a sound methodology and reporte.’ i n  
enouqh d e t a i l  f o r  adequate  v a l i d a t i o n .  These tests a r e  
n e t  n e c e s s a r i l y  EPA r e fe rence  metho6 t e s t s ,  al’hough 
such r e fe rence  methods a r e  c e r t a i n l y  t o  be  used a s  a 
guide.  

B - T e s t s  t h a t  a r e  performed by a g e n e r a l l y  sou& method- 
oloqy but  l ack  enough d e t a i l  f o r  adequate va l ida t ion .  

C - T e s t s  t h a t  a r e  based on an un te s t ed  or new methodoloqy 
o r  t h a t  l ack  a s i g n i f i c a n t  amount of background da ta .  

D - T e s t s  that a r e  based on a g e n e r a l l y  unaccegtable  rnetiod 
b u t  may provide an order-of-magnitude value f o r  t h e  
source.  

The  au tho r  uses  t h e  fo l lowing  cr i ter ia  t o  eva lua te  source 
t e s t  r e p o r t s  f o r  sound methodoloqy and adequate  d e t a i l :  

1. Source oce ra t ion .  The manner i n  which the source  was 
opera ted  i s  w e l l  docsnented i n  t h e  r e p o r t .  The s o u c e  
was ope ra t ing  wi th in  typical parameters  duzing t h e  
t e s t .  

2.  Samulina j rocedures .  If a c t u a l  proced-res dev ia t ed  
from s’andard metlhods, t h e  d e v i a t i o n s  a r e  w e l l  docu- 
mented. Procedura l  a l t e r a t i o n s  a r e  o f t e n  made i n  
t e s t i n g  an uncommon type of source.  When t h i s  occur s ,  
an eva lua t ion  is  made of how such a l t e n a t i v e  groce- 
Cures c o u l l  in f luence  t h e  t e s t  r e s u l t s .  
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3. Samplina and a r o c e s s  da t a .  Many v a r i a t i o n s  can occur 
wi thout  wazning du r ing  t e s t i n g ,  and sometimes without  
being noticed. 
t i o n s  i n  sampling results. If a l a r g e  spread  between 
tes t  r e d t s  cannot  be expla ined  by i n5orna t ion  con- 
tained i n  the tes t  r e p o r t ,  Lye d a t a  are suspect and a r e  
given a lower r a t i n g .  

Such v a r i a t i o n s  can induce wide devia- 

4 .  Analysis and c a l c u l a t i c n s .  The tes t  re?or+s conta in  
o r i o i n a l  raw d a t a  s h e e t s .  The nomencla--tl=e ar.6 ecJa- 
t i o &  used axe compared t o  t h o s e  s p e c i f i e d  by E?Ai  t o  
e s t a b l i s h  equivalency. The depth  of review of t h e  
c a l c u l a t i o n s  is d i c t a t e d  by t h e  rev iewers '  confidence 
in the a b i l i t y  and consc ien t iousness  of t h e  t e s t e r ,  
which i n  turn is based on f a c t o r s  such as cons is tency  
of resul ts  and completeness of other areas of t h e  t es t  
r epor t .  

An A-rated t e s t  may be a s t a c k  t e s t ,  .a material ba lance ,  o r  
some o t h e r  methodology, as long as it is g e n e r a l l y  accepted as a 
sound m e a d  of measuring emissions from that  source .  In  some 
cases (e.g., some VOC sources), a m a t e r i a l  ba lance  c a l c u l a t i o n  
may be r a t e d  A and a s t a c k  t e s t  may only  be r a t e d  a o r  C .  

Because only  one combined va lue  is  used t o  c a l c u l a t e  Lie 
Ap-42 emission f a c t o r  f o r  each f a c i l i t y ,  on ly  the resul ts  of 
tests of equal r a t i n g  a r e  retbined when mul t ip l e - se r i e s  t e s t s  k-e 
run a t  the same f a c i l i t y .  

Although the r a t i n g  system desc r ibed  above i s  s u b j e c t i v e ,  it 
provides  a b a s i s  f o r  excluding pocr  d a t a  when s u f f i c i e n t  goad 
da ta  are available. The compiler a l s o  a t tempts  t o  a s c e r t a i n  how 
r e p r e s e n t a t i v e  t h e  t e s t e d  f a c i l i t y  is of the e n t i r e  indust-y.  
For example, source tes ts  performed f o r  t h e  p r e p a r a t i o n  of New 
Source Performance Standards (NSPS) may n o t  be r e p r e s e i t e t i v e  of 
the indus 'q  a s  a whole. If a s u b s t a n t i a l  p o r t i o n  of t!!e d a t a  
used i n  the d e r i v a t i o n  of an emission f a c t o r  comes from NS1s 
t e s t s ,  t h i s  f a c t  is footnoted a t  the bottom of t h e  e a i s s i o n  
f a c t o r  table. 

appl ied  t o  t h e  d a t a  used t o  c a l c u l a t e  t 5 e  c u r r e n t  f a c t o r .  
Because some p o t e n t i r l l y  good d a t a  may Save been excluded a s  a 

r e s u l t  of poor documentation i n  t h e  l a s t ,  all new l a t a  is c l e a r l y  
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documented and t h e  reasons  f o r  the A through D r a t h q s  c l e a r l y  
s t a t e d  i n  the background i n f o m a t i o n .  When d a t a  rated lower than 
B &-e used i n  calculat ing an emission f a c t o r ,  the t a b l e  i s  
footnoted  w i t h  an exp lana t ion  of any l i m i t a t i o n s -  =!e e a i s s i o n  
f a c t o r  may have. 

5 . 2  STATISTICXt METEIODS 

The AP-42 emission f a c t o r s  are based on d a t a  from publ ished 
and unpubl ished r e p o r t s ,  technical pape r s ,  and pe r sona l  com- 
munications w i t h  i n d i v i d u a l  i n v e s t i g a t o r s .  m i s s i o n  d a t a  ex- 
t r a c t e d  from the source  documents may have been dete--mined by 
emission source  t e s t i n g ,  material ba lance ,  o r  eng inee r ing  anal- 
y s i s .  

The emiss ion  f a c t o r s  t hus  represent statistical averages o r  
s i n g l e  va lues  tht have been determined by eng inee r ing  judqment 
t o  be r e p r e s e n t a t i v e  of the a v a i l a b l e d a t a  f o r  a sjecie' *LC s o u x e  
category.  

I n  the i d e a l  s i t u a t i o n ,  a large number of A-rated source 
t e s t  sets r e p r e s e n t i n g  a c r o s s  s e c t i o n  of t!e i n 2 c s t r y  a r e  
reduced t o  a s i n g l e  va lue  for  each i n d i v i d u a l  sou rce  by computing 
the arithmetic m e a n  of each tes t  set.. T5e emiss ion  f a c t o r  is 
then computed by calculating t!!e a r i ' he t i c  m e a n  of the i n d i -  
v idua l  source va lue .  No 8-, C-, o r  D-rated t e s t  sets a r e  i n  the 
c a l c u l a t i o n  of the emission f a c t o r  because t h e  ncmber of A-rated 
tests is s u f f i c i e n t .  Th i s  i d e a l  method of c a l c u l a t i n g  an  emis- 
s ion  f a c t o r  is n o t  always p o s s i b l e  because of l a c k  of A-rated 
d a t a .  

The number o f  A-rated t e s t s  needed t o  r e p r e s e n t  a c r o s s  
s e c t i o n  v a r i e s  among industr ies .  The fo l lowing  v a r i a b l e s  in -  
f l ueace  t h i s  nunbe:. 

1. The t o t a l  number of f a c i l i t i e s  i n  t h e  Nation (sample 
s i z e  v s .  t o t a l  popula t ion)  

2 .  The v a r i a b i l i t y  of  emissions 

3 .  The v a r i a b i l i t y  of e a i s s i o n s  
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4 .  The r e p r e s e n t a t i v e n e s s  of the sunple  of the t o t a l  

Because t h i s  judqment is s & j e c t i v e ,  tke r a t i o n a l e  behind 

i n d u s t r y  

the dec i s ion  i s  documented i n  the background information.  I f  
p o s s i b l e ,  e s t ima tes  of t h e s e  v a r i a b l e s  a r e  made. A t  a m i n i n u m ,  
t h e  au tho r  a t tempts  t o  estimate t h e  t o t a l  number of f a c i l i t i e s  i n  
&&e Nation. 

S p e c i f i c  d a t a  t h a t  a r e  inc luded  i n  t h e  background document 
inc lude  but are n o t  l imited t o  t h e  following. 

1. Number of f a c i l i t i e s  t e s t e d  

2. Estimate of number of f a c i l i t i e s  i n  the United States  

3. Range of emissions i n  the United S t a t e s  (minimum, 

4 .  Range of emissions f o r  each f a c i l i t y  t e s t e d  ( m i n i m u m ,  

5 .  A d e s c r i p t i o n  of how the sam?le was chosen ( i . e . ,  

maximum) 

maximuxn, and number of tes ts)  

random, t e s t s  f o r  NSPS, e t c . )  and an e s t ima te  of 
whether this may cause b i a s  i n  the c?ata. 

If t h e  nrrmber of A-rated tests is  so l L n i t e 6  t h a t  'he in- 
c l u s i o n  of E-rated t e s t s  would improve t h e  emission f a c t o r ,  then  
E-rated test d a t a  are inc luded  i n  tkke compilat ion of t h e  aritk5- 
metic mean. N o  C- o r  D-rated t e s t  data are averaged w i t h  A- or  
9-rated t e s t  d a t a .  The r a t i o n a l e  f o r  i n c l u s i o n  o f  any B-rate& 
tes t  d a t a  is documented i n  t h e  background information. As more 
A-rated t es t  d a t a  become c v a i l a b l e ,  the a- ra ted  t es t  data are 
dropped from t h e  emission f a c t o r  c a l c u l a t i o n .  A foo tno te  is 
added t o  the emission f a c t o r  t a b l e  t o  i n f o m  t h e  u s e r  of t!!e 
l i m i t a t i o n s  on the  emission f a c t o r .  

If  no A- o r  3-rated t e s t  series a r e  a v a i l a b l e ,  t h e  emission 
f a c t o r  is t h e  a r i t h m e t i c  mean of the C- and D-rated tes t  d a t a .  
When C- and D-rated t e s t  d a t a  a r e  used,  l i m i t a t i o n s  on t!e use of 
t h e  e n i s s i o n  f a c t o r  a r e  c l e a r l y  foot?oteC i n  t h e  e n i s s i o n  f aczo r  
t a b l e .  The C- and D-rated t e s t  d a t a  a r e  used only a s  a l a s t  
r e s o r t ,  t o  provide an order-of-zaqni tude value.  
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Throughout t h e  s ta t is t ical  p r o c e s s ,  tes t  r e s u l t s  a t  an 
i n d i v i d u a l  source a r e  reduced t o  a single value by using t!!e 
arithmetic mean, and i n d i v i d u a l  sou rce  emiss ion  f a c t o r s  a r e  
combined by computing the ariCMetic mean. In some i n d u s t r i e s ,  
the median amy more a c c u r a t e l y  r e p r e s e n t  an "average" va lue .  I n  
t h e s e  cases, t h e  mere c o r r e c t  s t a t i s t i c a l  method is  used;  t h e  
r a t i o n a l e  f o r  i ts use  is  documented i n  t h e  backsround informat ion  
and a f o o t n o t e  i s  added t o  the emission f a c t o r  t a b l e .  I n  the ab- 
sence o f  such a foot?ote ,  the user can conclude t h a t  t h e  emission 
fac tor  r e p r e s e n t s  an arithmetic mean. 

The a u t h o r  a t tempts  t o  reduce the d a t a  t o  a s i n g l e  emission 
f a c t o r  r a t h e r  than a range of va lues .  Should the  ranging va lues  
lend themselves t o  c a t e g o r i z a t i o n ,  the a u t h o r  may p r e s e n t  s e v e r a l  
emission f a c t o r s  that are based on a f a c i l i t y  .variable (e .g . ,  
age,  t!!ouqhput, f u e l ) .  

5.3 QUALITY RATING/S?ATISTICAL CONFIDENCE 

In AP-42, emission f a c t o r s  f o r  each c r i t e r i a  ? o l l u t a n t  emit-  
t ed  from each o f  the emission points  a s s o c i a t e d  wi th  an i n d u s t r i -  
a l  p rocess  are  grouped i n t o  a s i n g l e  t a b l e .  The r e l i a b i l i t y  of 
these emission f a c t o r s  is i n d i c a t e d  by an o v e r a l l  Emission F a c t o r  
Rating ranging from A ( e x c e l l e n t )  t o  E ( p o o r ) .  These r a t i n g s  
t ake  i n t o  account  the type and amount of d a t a  from which the 
f a c t o r s  were c a l c u l a t e d .  

The u s e  of a s ta t i s t ica l  conf idence  i n t e r v a l  may seem 
des ixab le  a s  a more q u a n t i t a t i v e  measure of the r e l i a b i l i t y  of an 
emission f a c t o r .  Because of t h e  way a n  emission f a c t o r  d a t a  base 
is genera ted ,  however, p rudent  a p p l i c a t i o n  of s t a t i s t i c a l  pro- 
cedures prec ludes  the use  of conf idence  inte-mals unless  the 
fo l lowiag  c o n d i t i o n s  are met: 

The sample of sources  from which t h e  emission f a c t o r  was 
determined is r e p r e s e n t a t i v e  o f  t h e  t o t a l  populat ion of such 
sources .  

.. 
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The d a t a  c o l l e c t e d  a t  an i n d i v i d u a l  source a r e  representa-  
t i v e  of t h a t  source (i.e.,  no temporal  v a r i a b i l i t y  r e s u l t i n g  
from source ope ra t ing  cond i t ions  could have b i a sed  t h e  
d a t a ) .  

The method of measurement w a s  a r o p e r l y  appl ied  a t  each 
source t e s t e d .  

Because of t h e  almost impossible  t a s k  of a s s iqn ing  a mean- 
i n g f u l  confidence l i m i t  t o  t h e  above v a r i r b l e s  and t o  o t h e r  in -  
d u s t r y - s p e c i f i c  v a r i a b l e s  ( i . e . ,  v a r i a b i l i t y  i n  de te -q in ing  f u e l  
c h a r a c t e r i s t i c s ) ,  t h e  u s e  of a s ta t i s t ica l  confidence i n t e r v a l  
f o r  an emission f a c t o r  is n o t  p r a c t i c a l .  Therefore ,  some sub- 
j e c t i v e  q u a l i t y  r a t i n g  is necessary.. 
f a c t o r  r a t i n g s  are. app l i ed  t o  t h e  e m i s s i o n  f a c t o r  t a b l e .  

The fol lowing emission 

A - Excel len t .  Developed only  from A-rated t e s t  d a t a  taken 
?rem many randomly chosen f a c i l i t i e s  i n  t h e  i n d u s t r y  popu- 
l a t i o n .  The source category* is s p e c i f i c  enough t o  minimize 
v a r i a b i l i t y  wi th in  the source ca t egory  populat ion.  

i'i 

B - Above cverage. Developed on ly  from A-rated t e s t  d a t a  
from a reasonable  number of f a c i l i t i e s .  Alt5ouqh no spe- 
c i f ic  b i a s  i s  ev iden t ,  it is n o t  c l e a r  Lf the f a c i l i t i e s  
t e s t e d  r e p r e s e n t  a random sample of t!!e i n d u s t r i e s .  As i n  
the A r a t i n g ,  the source catego- is s p e c i f i c  enough t o  
minimize v a r i a b i l i t y  within t h e  source  ca tegory  populat ion.  

C - Average.. Develope& only  from A- and 8- ra ted  t e s t  d a t a  
?:om a reasonable  number of f a c i l i t i e s .  Al'hough no spe- 
c i f i c  b i a s  is e v i d e n t ,  i t  is n o t  c l e a r  i f  the f a c i l i t i e s  
t e s t e d  r e p r e s e n t  a random sample of the ir.dus*cry. A s  i n  the 
A r a t i n g ,  the source  ca tegory  is s p e c i f i c  enough t o  minimize I 

v a r i a b i l i t y  wi th in  t h e  source category popula t ion .  F 
I 

D - aelow average. The emission f a c t o r  was developed only  
'from A- and B-rated t e s t  d a t a  from a small  number of f a c i l i -  
t ies ,  and t h e r e  may be reason t o  suspec t  t h a t  t h e s e  f a c i l i -  
t i es  do n o t  r e p r e s e n t  a random sample of t he  indus t ry .  
There a l s o  may be evidence of v a r i a b i l i t y  wi th in  the source 
ca tegory  popula t ion .  L imi t a t ions  on t h e  use of the emission 
f a c t o r  a r e  footnoted  i n  t h e  emission f a c t o r  t a b l e .  

* 
Source category:  A ca tegory  i n  t he  emission f a c t o r  t a b l e  f o r  
which an emission f a c t o r  has been c a l c u l a t e d :  geneza l ly  a s i n q l e  
process .  

TI 
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E - Poor. T h e  emission f a c t o r  w a s  developed from C- and D- 
ra ted. tes t  d a t a ,  and t h e r e  may be reason  t o  susgcct t h a t  the 
f a c i l i t i e s  t e s t e d  do n o t  r e p r e s e n t  a random samole of the 

,indus’LLy. There a l s o  m y  be ev idence  of v a r i r b i l i t y  w i th in  

these f a c t o r s  a r e  always f o o t i o t e d .  

Because the a p p l i c a t i o n  of t h e s e  f a c t o r s  is s u j  j e c t i v e ,  t \ e  

I 

- the source  ca tegory  popula t ion .  L imi t a t ions  on t h e  use of 

reasons  f o r  each  r a t i n g  i s  documented i n  t h e  background i n f o r -  
mation. The r a t i n g s  of A through E no longe r  r ep resen t  the 0- t o  
40-point  system previous ly  a g p l i e d  t o  t h e  e n t i r e  emission f a c t o r  
table. 

The c a l c u l a t i o n  of i n d i v i d u a l  conf idence  limits f o r  all 
v a z i a b l e s  a s s o c i a t e d  wi th  an emission f a c t o r  f o r  use a s  the basis 
of the A t o  E r a t i n g s  is encouraged i f  t i e  au tho r  wants t o  do so. 

Documentation f o r  t h i s  de t e rmina t ion  is  presented  i n  the back- 
ground informat ion .  

I 
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