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i s  idy was desinne 

SUMMARY 

- to improve the predictive emission factor equa- 
Lions developed by Midwest Research Institute (W) for open dust sources. 
Improvements were to occur as a result of additional source testing. Improve- 
ments were to provide a higher degree of accuracy f o r  emission inventories of 
taconite mining operations. 

The taconite.mining sources selected for testing were those that contri- 
buted the largest amount of actual particulate emissions to the atmosphere. 
An initial emission inventory estimate indicated that heavy truck traffic on 
unpaved roads was the largest source, contriburing 66% of the total suspended 
missions (particles less than 30 pm) attributed to open dust sources at a 
taconite mine. 

To perform the initial inventory estimate properly, size distributions 
and moisture contents for the aggregates and soils comprising the open dust 
sources were needed. A sampling program extending over a period of 2 months 
was performed to quantify these parameters at a taconite mine. Detailed pro- 
cedures for collection, preparation, and analysis of the aggregate material 
samples were developed using ASTM standards as guidelines. 

Eleven tests were conducted to quantify emissions from haul trucks travel- 
ing on unpaved roads. The exposure profiling technique developed by MRI was 
utilized for these tests. Tests were performed on dry untreated surfaces, chem- 
ically stabilized surfaces, and wet surfaces following a rain. 

The predictive emission factor equation previously developed by 8P.I was 
improved by the addition of these new test data to the already existing data 
base. The modified equation has a precision of 1.48 which means that the actual 
emission factor value will be within a factor of 1.48 times the predicted value 
95% of the time. This is a significant improvement over the previous equation 
which had a precision of 1.69. 

Finally, the control efficiency of a lignin sulfonate chemical treatment 
was shown to decay with time from 91 to 83% with only a portion of 1 day's 
road usage. Also, a rain of 1.13 in. over 2 days produced control efficiencies 
ranging from 54 to 89% on different roads the day after the rain. 

L 



SECTION 1.0 

INTRODUCTTON 

Thir teen townships and one s e c t i o n  of a 14th township within t h e  Mesabi 
I r o n  Range i n  no r the rn  Minnesota a r e  p r e s e n t l y  c l a s s i f i e d  as nonattainment f o r  
t h e  t o t a l  suspended p a r t i c u l a t e  (TSP) secondary National Ambient Air Qua l i ty  
Standard (NAAQS).A1 One of the major c o n t r i b u t i o n s  t o  the TSP problem, along 
t h e  Mesabi I r o n  Range, i s  suspected t o  be f u g i t i v e  emissions from open dus t  
sources  a s soc ia t ed  with t a c o n i t e  mining. 

Taconite o r e  ( l e a n  i r o n  o r e )  mining i n  t h e  United S t a t e s  i s  a l a r g e  
indus t ry  f o r  which the  major production (70%) occurs i n  Minnesota. h e  of t h e  
major t a c o n i t e  depos i t s  i n  Minnesota occurs  a long t h e  Mesabi R a z e .  The s i x  
t a c o n i t e  mining and processing f a c i l i t i e s  which e x i s t e d  along t h e  Mesabi Range 
i n  1973, with a capac i ty  t o  produce 40.9 mil l ipn long tons (LT) of benef ic ia ted  

anded t o  e i g h t  f a c i l i t i e s  i n  1978 with a capac i ty  t o  i r o n  o r e  p e l l e t s ,  
produce 62.7 m i l l i o n  LT- have eY 

Taconi te  o r e  mining n e c e s s i t a t e s  handl ing  l a r g e  amounts of ma te r i a l .  For 
example, i n  1976 the seven opera t ing  t a c o n i t e  mines on t h e  Mesabi Range handled 
130 x lo6 LT of crude ore ,  56.4 x LO6 LT of waste rock, 43 x lo6 LT of su r face  
material, and 40.5 x lo6 LT of p e l l e t s .  Each handl ing opera t ion  involving t h e s e  
l a r g e  q u a n t i t i e s  of m a t e r i a l  i s  a source of f u g i t i v e  emissions. 

Major m a t e r i a l  handl ing mining and s t o r a g e  processes  a t  t acon i t e  mines ' which produce f u g i t i v e  emissions are:  / 
' 

(a )  haul  and service t ruck  t r a f f i c  on 
unpaved roads; (b) wind eros ion  from s to rage  p i l e s ,  dumps, and t a i l i n g s  basins;  
( c )  dumping material from r a i l ,  t ruck,  o r  conveyor onto p i l e s ;  and ( d )  b las t ing .  

1.1 PROJECT OBJECTIVES 

The primary o b j e c t i v e  of th i s  s tudy  w a s  t o  improve the p r e d i c t i v e  emis- 
3-51  s i o n  f a c t o r  equat ions prev ious ly  developed by LYRI f o r  open dus t  sources- 

The t a s k s  designed t o  accomplish t h i s  o b j e c t i v e  were: 

Task I - Develop a Fugi t ive  h i s s i o n s  Inventory f o r  Ouen Dust Sources a t  
E r i e  Mining Comuany (EM) - A prel iminary emissions inventory w a s  developed 
f o r  a r e p r e s e n t a t i v e  t a c o n i t e  mine (EMC) i n  o r d e r  t o  determine t h e  most impor- 
t an t  sources. The most important sources,  i.e., t hose  with the l a r g e s t  emis- 
s ions ,  were candida tes  f o r  t e s t i n g .  
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Task I1 - Develop Improved Emission Fac tor  Equations f o r  Maior Sources - 
Emission f a c t o r s  f o r  t h e  most important sources  were measured by f i e l d  t e s t i n g  
a t  EMC i n  o rde r  t o  i n c r e a s e  the  e x i s t i n g  d a t a  base. Revised p r e d i c t i v e  emission 
f a c t o r  equat ions w e r e  c a l c u l a t e d ,  based on t h e  expanded da ta  base.  

1.2 UNITS 

One word o f  cau t ion  concerning u n i t s  i s  i n  order .  In t h e  i r o n  o r e  indus-  
try, weights o f  m a t e r i a l  a r e  given predominantly i n  long t o n s  (LT), where 1 LT = 
2,240 lb .  M R I  uses  p r e d i c t i v e  equat ions which r equ i r e  v e h i c l e  weights and mate- 
r i a l  c a p a c i t i e s  i n  s h o r t  t ons  (ST), where 1 S T =  2,000 l b .  The reader  is cau- 
t ioned t o  observe which u n i t  o f  tonnage i s  being used. 

3 



SECTION 2.0 

PRELIMINARY EMISSION INVENTORY FOR OPEN DUST SOURCES 

A prel iminary emission inventory was  conducted a t  EMC ( see  Figure 1) t o  
determine t h e  most s i g n i f i c a n t  open dus t  sources,  where s ign i f i cance  was 
measured by t h e  amount of emissions re leased  annually. The fol lowing s e c t i o n  
presents  t h e  emission f a c t o r  co r rec t ion  parameters,  t h e  source ex ten t s ,  and 
the  c o n t r o l  e f f i c i e n c i e s  u t i l i z e d  t o  c a l c u l a t e  annual emission r a t e s .  

The year  1976 was u t i l i z e d  a s  the base year ,  s ince  i t  i s  the  most recent  
year  during which Er i e  was operated near  capac i ty .  The amount of ma te r i a l  
handled i n  1976 i s  shown i n  Figure 2.  The f a c t  t h a t  1976 w a s  dry i n  r e l a t i o n  
t o  o t h e r  yea r s  i s  unimportant t o  t h i s  s tudy,  s ince  a l l  t h e  open dust source 
emissions would have r i s e n  p ropor t iona te ly  due t o  t h e  dry c l i m a t i c  condi t ions  
wi th  no change i n  r e l a t i v e  'source s ign i f i cance .  

I n  th i s  study, t h e  comparison of one source t o  another  i s  important ,  
r a t h e r  than t h e  abso lu te  value o f  t h e  emissions from any source s i n c e  t h e  only 
use  f o r  t h e  inventory i s  t o  s e l e c t  the  source t o  be t e s t e d ,  i.e., t he  source 
wi th  the  most emissions.  These t e s t s  w i l l  be used t o  v a l i d a t e  the  appropr i a t e  
MRI p r e d i c t i v e  emission f a c t o r  equation. On t he  o ther  hand, i n  a companion 
study e n t i t l e d  "Iron Range Air Quali ty  Analysis," t h e  absolu te  value of emis- 
s ions  i s  important.  W ' s  emission f a c t o r  equations have t h e  inherent  capabi l -  
i t y  t o  a l low f o r  v a r i a t i o n  i n  c l ima t i c  parameters. The r epor t  e n t i t l e d  "Iron 
Range Air Quali ty  Analysis" should be consul ted t o  see how c l ima t i c  v a r i a t i o n  
was handled. 

2.1 DETERMINATIONS OF EMISSION FACTOR CORRECTION PARAMETERS 

The c o r r e c t i o n  parameters i n  t h e  W emission f a c t o r  equat ions a r e  u t i -  
l i z e d  t o  a l low f o r  t h e  v a r i a t i o n  i n  emission f a c t o r s  t h a t  r e s u l t  from v a r i a -  
t i o n s  i n  s u r f a c e  m a t e r i a l  c h a r a c t e r i s t i c s ,  equipment c h a r a c t e r i s t i c s ,  and 
c l i m a t i c  condi t ions .  Table 1 shows t h e  c o r r e c t i o n  parameters i n  t h e  context  
of t h e i r  r e s p e c t i v e  p r e d i c t i v e  emission f a c t o r  equations.  The following sec-  
t i o n s  desc r ibe  the  va lues  ass igned t o  co r rec t ion  parameters and the  mechodology 
u t i l i z e d  t o  d e r i v e  these  values.  
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2.1.1 . Determination of Surface Mater ia l  C h a r a c t e r i s t i c s  

The s u r f a c e  m a t e r i a l s  of concern a t  EMC are:  ( a )  s o i l ,  ( b )  rock, ( c )  
crude caconi te  ore ,  ( d )  t a i l i n g s ,  ( e )  p e l l e t s ,  and ( f )  road sur face  ma te r i a l s .  
A sur face  m a t e r i a l  i n  t h i s  context i s  def ined  a s  any ma te r i a l  exposed t o  t he  
wind. Table 2 shows t h e  physical  c h a r a c t e r i s t i c s  t h a t  i n f luence  dust  emissions. 
Moisture i s  no t  included i n  Table 2 ,  but r a t h e r  i n  a following s e c t i o n  on c l i -  
mat ic  condi t ions .  

TABLE 2 .  SURFACE MATERIAL PHYSICAL CHARACTERISTICS THAT 
INFLUENCE DUST EMISSIONS 

Surface ma te r i a l  
Imp0 rt an t 

c h a r a c t e r i s t i c s  

S o i l  S i l t  

Rock S i l t  

Crude t a c o n i t e  o r e  S i l t  

Ta i l i ngs  S i l t  
E r o d i b i l i t y  

P e l l e t s  S i l t  

Road su r face  m a t e r i a l s  S i l t  

S i l t  conten t  (percent  o f  ma te r i a l  smal le r  than 7 5  pm i n  diameter)  of sev- 
e r a l  su r f ace  m a t e r i a l s  and cloddiness  of t a i l i n g s  (percent  smaller  than 840 Krn 
i n  diameter)  were measured by c o l l e c t i o n  and a n a l y s i s  o f  samples a t  EMC over 
t h e  span of s eve ra l  weeks. The e r o d i b i l i t y  of a ma te r i a l  has been r e l a t e d  t o  
c l o d d i n e s s s ’  Table 3 shows the  r e s u l t s  of t h e s e  t e s t s .  Sampling of the  t a i l -  
ings basin beaches was terminated e a r l y  i n  t he  sampling program a f t e r  the  en- 
t i r e  beach w a s  chemically t r e a t e d  with Coherex. The sample c o l l e c t i o n ,  prepara- 
t i o n ,  and ana lys i s  procedures f o r  unpaved roads,  exposed a r e a s  (e.g., t a i l i n g  
basin beaches),  and s t o r a g e  p i l e s  are given i n  Appendix A. 

S i l t  content  was not measured f o r  s o i l  and rock dumps, so values  had t o  
be estimaued. Since t h e  dumps a r e  e-uposed t o  r a i n  and much of t he  dump su r face  
i s  not covered by new ma te r i a l  i n  any s i n g l e  year ,  it w a s  assumed t h a t  much 
of t he  f i n e  m a t e r i a l  i s  washed i n t o  the  p i l e .  Consequently, t h e  f i n e  sur face  
ma te r i a l  exposed t o  wind eros ion  was est imated t o  be r e l a t i v e l y  low. The sur- 
f a c e  s i l t  content  of dumps a t  EHC w a s  es t imated t o  be 0.5 and 0.25% f o r  s o i l  
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and rock, r e spec t ive ly .  These values  a r e  low, a s  they should be, &en compared 
with t h e  measured va lues  i n  Table .3 ,  f o r  example. 

S i l t  conten t  f o r  crude t a c o n i t e  o r e  w a s  a l so  not  measured. The f r e s h -  
b l a s t e d  banks of crude t a c o n i t e  o r e  were composed of such l a r g e  chunks of mate- 
r i a l  t h a t  sampling was deemed unnecessary. The s i l t  content  i s  obviously low; 
and, i n  add i t ion ,  t h e  l a r g e  chunks provide a wind s h i e l d  so t h a t  t he  f i n e  mate- 
r i a l  t h a t  does exist i n  t h e  bank i s  no t  exposed t o  th reshold  wind speeds. Con- 
sequent ly ,  t h e  s i l t  conten t  was assumed t o  be  n e g l i g i b l e  i n  value.  

2.1.2 Determination o f  Equipment C h a r a c t e r i s t i c s  

The important equipment c h a r a c t e r i s t i c s  a r e  veh ic l e  weight, vehic le  speed, 
and power shovel bucket s i z e .  These values  were obtained from p lan t  personnel.  
The predominant haul  t ruck  a t  EMC in 1976 was an 85-LT capac i ty  t ruck ,  weighing 
58 ST unloaded and 154 ST loaded. These t r u c k s  had an average speed o f  15 mph 
unloaded and 9 mph loaded. The weight and speed of  passenger veh ic l e s  and some 
s e r v i c e  t rucks  were quan t i f i ed  a s  3 ST and 30 mph, while  o the r  s e rv i ce  t rucks  
were quan t i f i ed  a t  5 and 25 ST and 20 mph. The power shovel bucket s i z e  f o r  
t he  sources considered i n  t h i s  study was 14 yd3. 

2.1.3 Determination of Climatic Conditions 

Table 4 shows t h e  c l i m a t i c  condi t ions  which had to  be quan t i f i ed  i n  o rde r  
t o  e s t ima te  emissions f r o m  each su r face  ma te r i a l .  Most of t h e  c l i m a t i c  da ta  
were a v a i l a b l e  from c l imacic  records  maintained a t  EMC, who have t h e i r  own 
weather s t a t i o n  ad jacen t  t o  t he  admin i s t r a t ion  bui ld ing .  Weather da t a  f rom EMC 
f o r  1976 showed t h a t  255 days had no measurable p r e c i p i t a t i o n  (< 0.01 in . ) .  
Only 197 days had e i t h e r  measurable p r e c i p i t a t i o n  o r  snow cover. The mean an- 
nual  wind speed was 8.4 mph and the  wind speed exceeded 12  mph 28.3% of t h e  
time. From d a t a  prev ious ly  compiled by LYRI, t h e  P-E Index f o r  t h e  s t a t e  c l i -  
mat ic  region conta in ing  EMC i s  112.- 3/ 

The only c l ima te - r e l a t ed  v a r i a b l e  which was not a v a i l a b l e  i n  e x i s t i n g  
records  was m a t e r i a l  su r f ace  moisture .  Consequently, sampling/analysis  was 
performed on a weekly b a s i s  a t  EMC t o  determine the  v a r i a t i o n  i n  moisture  o f  
four  d i f f e r e n t  m a t e r i a l s  over a span of 2 months. These samples a r e  the  same 
ones t h a t  were t e s t e d  f o r  s i l t  a s  repor ted  i n  Table 3. Table 5 s m a r i z e s  the  
r e s u l t s  of t he  moisture  sampling program. Also included i n  Table 5 a r e  r a in -  
f a l l  and evaporat ion da ta  t o  f a c i l i t a t e  comparison of moisture  f r o m  day t o  day. 

2.1.4 Sunaaarv of Correct ion Parameter Values Used 

Table 6 shows on a source-by-source b a s i s  t h e  parameters necessary co 
make the  p r e d i c t i v e  equat ions shown i n  t h e  t a b l e  app l i cab le  t o  EMC. S u b s t i t u -  
t i o n  of t hese  values  i n t o  t h e  equat ions i n  Table 1 w i l l  y i e l d  the  emission 
f a c t o r s  f o r  each source.  
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TABLE 4 .  C L I M A T I C  C O N D I T I O N S  THAT INFLUENCE 
DUST E M I S S I O N S  

Surface Important 
m a t e r i a l s  c l imat ic  

Source a f f ec t ed  condi t ions  

Unpaved roads Road su r face  materials Dry days p e r  year  
Snowcover 

Continuous load-in Pel1 ets 

Storage p i l e  wind P e l l e t s  
erosion Rocks 

Surface 

Mean annual wind speed 
Material su r face  moisture- 

Dry days p e r  year 
Percent of t h e  time t h e  ,wind 

exceeds 12 mph 
Snowcover 

a /  

Wind eros ion  of Ta i l i ngs  bas in  beach and Percent of the  t i m e  the wind 

31 exposed a r e a s  s lopes  exceeds 12 mph 
Thornthwaite 's  P-E index- 
Snowcover 

Batch load-out P e l l e t s  Xean annual wind speed 
Mater ia l  su r f ace  moisture- 
Snowcover 

a/ 

- a /  Material  s u r f a c e  mois ture  i s  r e l a t e d  t o  c l i m a t i c  condi t ions  such as amount 
of r a i n ,  days s i n c e  last  r a i n ,  s o l a r  r ad ia t ion ,  r e l a t i v e  humidity, mean wind 
speed, and temperature,  and i s  consequently l i s t e d  under c l i m a t i c  condi t ions.  
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TABLE 6. SUMMARY OF CORRECTION PARAMETERS USED 

Source Correct ion parameters 

Vehicular t r a f f i c  on s = 5.9% (loaded and unloaded haul t rucks  on haul 
unpaved roads roads ) 

= 4.3% ( l igh t -du ty  and medium-duty veh ic l e s  on 
s e r v i c e  roads)  

S = 9 mph (loaded haul t r u c k s )  
= 15 mph (unloaded haul t r u c k s )  
= 20 mph (medium-duty v e h i c l e s )  

30 mph ( l i gh t -du ty  v e h i c l e s )  
W = 58 ST (unloaded haul t r u c k s )  

= 154 ST ( loaded haul t r u c k s )  
= 5 and 25 ST (medium-duty v e h i c l e s )  
= 3 ST ( l ighc-duty v e h i c l e s )  

Wind erosion 

P e l l e t  handling 

s = 0.5% ( S o i l )  
= 0.25% ( rock)  
= 3.4% ( p e l l e t s )  
= 10.9% ( t a i l i n g s  bas in  beaches) 
= 10.9% ( t a i l i n g s  basin s l o p e s )  

d = 255 dry days ( s o i l  rock and p e l l e t s )  
f = 28.3% ( s o i l ,  rock, p e l l e t s ,  and tai1,ings 

P-E = 112 ( t a i l i n g s  bas ins  and beaches) 
bas ins  and beaches) 

e = 75 ST/acre/year ( t a i l i n g s  bas ins  and beaches) 
D = 197 days ( p e l l e t s )  

s = 5.0% ( loading  pocket to  r a i l c a r  and s t acke r  

s = 3.4% ( p i l e  t o  r a i l c a r )  
U = 8.4 mph ( loading  pocket t o  r a i l c a r ,  s t acke r  

M = 1.5% ( loading  pocket t o  r a i l c a r  and scacker 

M = 0.25% ( p i l e  t o  r a i l c a r )  
Y = 14 yd3 ( p i l e  t o  r a i l c a r )  

t o  p i l e )  

t o  p i l e ,  and p i l e  t o  r a i l c a r )  

t o  p i l e )  

13 



These emission f a c t o r s  w i l l  be c a l l e d  uncont ro l led  even though some of the  
climatic parameters which provide c o n t r o l  a r e  i n  t h e  p r e d i c t i v e  equations.  It 
should a l s o  be emphasized t h a t  these emission f a c t o r s  represent  t he  mass of 
p a r t i c l e s  smal le r  than 30 pm i n  diameter  which  i s  equiva len t  t o  the  mass t h a t  
a Hi-Volume sampler would measure. 

2.2 DETERMINATION OF EMISSION FACTOR VALUES 

The c o r r e c t i o n  parameters quan t i f i ed  i n  Sect ion 2.1 were s u b s t i t u t e d  i n  
t he  equat ions i n  Table 1 t o  y i e l d  t h e  emission f a c t o r s  app l i cab le  t o  EMC i n  
1976. The r e s u l t i n g  va lues  a r e  shown i n  Table 7. 

The only  emission f a c t o r  i n  Table 8 t h a t  was not obtained from p r e d i c t i v e  
equat ions was b l a s t i n g .  Table 8 shows t h e  r e s u l t s  of a l l  t h e  known t e s t i n g  cur -  
r e n t l y  a v a i l a b l e  f o r  b l a s t i n g .  The wide range of values  measured (two o rde r s  
of magnitude) shows t h e  need f o r  f u r t h e r  t e s t i n g  t o  develop a p r e d i c t i v e  equa- 
t i o n  to  quant i fy  the  emissions. The emission f a c t o r  f o r  b l a s t i n g  was obtained 
by d e l e t i n g  the  h ighes t  and the  lowest va lues  i n  Table 8 ,  d e l e t i n g  0.013 lb/ST 
which was repor ted  a s  a t y p i c a l l y  high, and averaging the  remaining two values .  

2.3 DETERMINATION OF SOURCE EXTENT 

A11 t h e  source ex ten t  da t a  f o r  1976 were provided by mine personnel.  
E i t h e r  pas t  production records  o r  mine personnel es t imates  were obtained and 
u t i l i z e d  wherever poss ib le .  The sources of i n t e r e s t  and the  source e s t e n t  da ta  
necessary a r e  shown i n  Table 9. 

In  o rde r  t o  c a l c u l a t e  t h e  v e h i c l e r o i l e s  t r a v e l e d  on  unpaved roads,  t h r e e  
sources  of information were used: ( a )  t h e  1976 a c t u a l  one-way haul d i s t a n c e  
by mine a rea  and by materia;;  ( b )  t he  amount of m a t e r i a l  moved from each a rea ;  
and ( c )  t he  average haul  t ruck  capac i ty .  Table  LO shows t h e  1976 a c t u a l  one- 
way haul d i s t a n c e s  and t h e  a c t u a l  amounts o f  m a t e r i a l  handled. 

In o r d e r  t o  c a l c u l a t e  t he  number of t r i p s ,  t h e  a c t u a l  long tons of mate- 
r i a l  handled were divided by t h e  average amount handled per t r i p .  The t ruck  
f l e e t  i n  1976 was composed of  24, 85-LT capac i ty  t rucks,  seven, 45-LT capac i ty  
t rucks ,  t h ree ,  100-LT capac i ty  t rucks ,  and one, 170-LT capac i ty  t ruck.  Since 
t h e  85-LT capac i ty  t r u c k s  were predominant, t h e  average amount handled per  
t r i p  w a s  assumed t o  b e  85 LT. 

F ina l ly ,  the  v e h i c l e r o i l e s  t r ave led  one way i n  1976 were c a l c u l a t e d  by 
mul t ip ly ing  t h e  one-way haul d i s t ance  by t h e  number of t r i p s .  The vehic le -  
mi l e s  l i s t e d  i n  Table 10 were t r ave led  one way by loaded t rucks  and the  oppo- 
s i t e  way by unloaded t rucks .  
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TABLE 7 .  EMISSION FACTOR VALUES UTILIZED 

Source 
Emission f a c t o r  Control i nhe ren t  i n  

va lue  va lue  

Vehicular t r a f f i c  on 
unpaved roads . . . . 

Wind . . . . . 

Loaded haul t r u c k s  
Unloaded haul t rucks  
Medium-duty veh ic l e s  
Light -dut y vehic  1 e s 

erosion 
S o i l  s tockp i l e  
Rock s t o c k p i l e  
P e l l e t  s t o c k p i l e  
Ta i l ings  bas in  beach 
Ta i l ings  bas in  s lope  

P e l l e t  handling . Loading pocket t o  
r a i l c a r  . Stacker  t o  p i l e  . P i l e  t o  r a i l c a r  

B l a s t i n g  

Vehicular t r a f f i c  on 
paved roads . Medium-duty veh ic l e s  . Light-duty veh ic l e s  

20.3 lb /WT 
15.6 LbIWT 
2.1-7 e 7  IbIVMT 
2.1 lb/VMT 

870 Lblacrelyear  
435 Lblacre lyear  
0.51 lb/ST 
836 Lblacrelyear  
836 l b l a c r e l y e a r  

0.0054 lb/ST 
0.0054 l b / S T  
0.056 lb/ST 

0.006 lb/ST 

0.27 lb/VMT 
0.18 lb/VMT. 

Uncontrolled 
Uncontrolled 
Uncontro 1 l ed  
Uncontrolled 

Corrected f o r  p r e c i p i t a t i o n  
Corrected f o r  p r e c i p i t a t i o n  
Corrected f o r  p r e c i p i t a t i o n  
Corrected f o r  p r e c i p i t a t i o n  
Corrected f o r  p r e c i p i t a t i o n  

Corrected f o r  p r e c i p i t a t i o n  
Corrected f o r  p r e c i p i t a t i o n  
Uncontrolled 

Uncont ro  11 ed 

Uncon t r o  l l e d  
Uncontrolled 

15 



TABLE 8.  BLASTING EBlSSION FACTORS 

Emission f a c t o r  NO. of 
( lb/ST) t e s t s  l u t e r i a l  Reference 

0.16d 1 Gran i t e  7 

0.00015d 1 Limestone 8 

0.0083k/ - c/ Bituminous c o a l  9 

0 .013d 1 Overburden 10 

0.0042e/ 2 L i g n i t e  coa l  LO 

- a /  

k/ 

P a r t i c l e s  l e s s  than 40 wm i n  diameter.  

P a r t i c l e s  l e s s  than 7 km i n  diameter. 

iin'mown. 

Reference 9 i n d i c a t e s  that t h i s  value i s  a t y p i c a l l y  high. This value 
r ep resen t s  p a r t i c u l a t e  t h a t  has a reg iona l  impact, i.e., beyond 5 km 
from the  source. 

This va lue  was given a s  11.7 l b l b l a s t  and was converted LO pounds per 
s h o r t  ton given 30,000 f t 2  b l a s t ed  a t  a depth  of 4 f t  w i t h  a banked 
c o a l  d e n s i t y  of 1 ST/yd3. This value r ep resen t s  p a r t i c u l a t e  t h a t  has 
a reg iona l  impact, i.e., beyond 5 km from t h e  source. 

- d/  
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TABLE 9. SOURCE EXTENT DATA XEEDED 

Source Annual source e x t e n t  

Vehicular t r a f f i c  on un- Vehicle-miles t r ave led  
paved roads by each veh ic l e  weignt 

c l a s s  and by each ve- 
h i c l e  speed c l a s s  

Wind eros ion  from s o i l  
dumps 

Wind e ros ion  from rock 
dumps 

Acres exposed 

Acres exposed 

Wind eros ion  from t a i l i n g s  Acres exposed 
bas in  

Handling of p e l l e t s  Short  tons 

Wind eros ion  from pe l le t  Short  tons 
s t o c k p i l e  

Blas t ing  Short  cons shot  

17 
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The veh ic l e -mi l e s  t r a v e l e d  by l i gh t -du ty  and medium-duty veh ic l e s  on un- 
paved roads were determined by mine personnel f rom ( a )  t h e  M C  1976 mine equip- 
ment budget d i s t r i b u t i o n  and ( b )  an e s t ima te  of t h e  mi les  t r a v e l e d  on unpaved 
roads per vehic le .  Table 11 shows t h e  equipment assumed t o  be t r a v e l i n g  mainly 
i n  t h e  mines, t h e  est imated mi l e s  of t r a v e l  p e r  vehic le  occurr ing  in  1976, and 
the  t o t a l  vehic le -mi les  t rave led .  

In orde r  t o  determine the  vehic le -mi les  t r ave led  i n  each mine a rea ,  t h e  
t o t a l  veh ic l e -mi l e s  t r a v e l e d  were apportioned by the  percent  of  t he  t o t a l  mate- 
r ia l  moved from each area.  It was assumed t h a t  t h e  amount of  l i gh t -du ty  and 
medium-duty t r a f f i c  i n  each a rea  w a s  d i r e c t l y  proport ional  t o  t h e  amount of 
a c t i v i t y  ( i -e . ,  ma te r i a l  moved i n  each a r e a ) .  

The t o t a l  amount of ma te r i a l  handled a t  EMC by t ruck  o r  r a i l  w a s  obtained 
from past  p lan t  records.  Table 12 shows t h e  amount of m a t e r i a l  handled in each 
area.  As i nd ica t ed  in Table 12, 62% of  t h e  ma te r i a l  handled was crude o re  and 
the  mDst a c t i v e  a rea ,  i n  terms of t o t a l  m a t e r i a l  handled, was Area 1. The amount 
of  t a i l i n g s  a s  presented e a r l i e r  i n  the  r epor t  was c a l c u l a t e d  by s u b t r a c t i n g  
t h e  long tons of concen t r a t e  from the  long tons of crude o re  mi l led .  Both o f  
these  values  were a v a i l a b l e  from pas t  production records.  

The ex ten t  of the  exposed dumps and t a i l i n g s  bas ins  i n  1976 were measured 
from maps of each mine a r e a  by EMC land reclamation personnel.  A c e r t a i n  per- 
cenrage of t h e  dumps and t h e  t a i l i n g s  bas in  beaches and s lopes i s  c o n t r o l l e d  
e i t h e r  by chemical t reatment  o r  by vegeta t ion .  F o r  example, i n  1976, 450 ac res  
o f  t a i l i n g s  pond beaches were t r e a t e d  wi th  a 10% so lu t ion  of Coherex in  water 
and an app l i ca t ion  r a t e  of 0.25 ga l .  of s o l u t i o n  pe r  square yard.  This con t ro l  
treatment s t a r t e d  May 21, 1976, and was completed July 14, 1976. Treated a reas  
where the  c r u s t  d e t e r i o r a t e d  a f t e r  t h e  i n i t i a l  a p p l i c a t i o n  were t r e a t e d  on an 
as-needed bas i s .  Table 13 summarizes the  d a t a  presented by EMC personnel.  

The amount of  p e l l e t s  produced and t h e  average amount Stockpi led w e r e  
obtained with t h e  help of  p lan t  personnel.  Production records  ind ica t ed  t h a t  
10,500,000 LT of p e l l e t s  were produced i n  1976, with 6,070,000 LT loaded im-  
mediately i n t o  t r a i n s  from an overhead b i n ,  and 4,450,000 LT placed inco che 
p i l e  f o r  a s to rage  du ra t ion  which averaged 6 months i n  1976. 

The average amount of p e l l e t s  s tockp i l ed  was a ca l cu la t ed  value based on 
the  assumption t h a t  EMC s tops  shipping p e l l e t s  i n  e a r l y  January and does not  
resume until  e a r l y  Apri l .  It was assumed t h a t  t he  s t o c k p i l e  grew from zero on 
January 1, t o  4,450,000 LT by t h e  end o f  A p r i l ,  and then was deple ted  t o  zero 
by the  end of December. Consequently, t he  average mount  in  the  s tockp i l e  over 
t h e  year was 2,225,000 LT. 

Table 14 shows the  ex ten t  of b l a s t i n g  a t  EMC i n  1976. EMC personnel pro- 
vided da ta  desc r ib ing  the  t o t a l  long tons  shot  i n  1976 by mine area.  It was 
assumed t h a t  a l l  t h e  crude o re  i n  each a r e a  was shot and t h a t  the  d i f f e r e n c e  
betxeen the  t o t a l  shot  and t h e  crude shot  yielded the  waste rock t h a t  vas shot .  
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TABLE 11. VEHICLE-MILES TRAVELED BY LIGHT-DUTY AND KEDIUM-DUTY 
VEHICLES ON UNPAVED ROADS 

~~ ~~ 

1976 1976 
Weight No. of Estimated miles Vehicle-miles 

Vehicle type class vehicles (miles/vehicle/yr) traveled 

Flatbed service 

1/2-Ton pickups 
3/4-Ton pickups 
Sedan and station 
wagons 

Carryalls 
Buses 
Sprinkler trucks 
Fuel trucks 
1-Ton pickups 
Weld trucks 
Electric line trucks 
Lube vans 

trucks 
L 

L 
L 
L 

L 
M 
M 
M 
M 
M 
M 
M 

47 

66 
2 
4 

10 
8 
2 
6 
6 
1 
2 
4 

9,000 

25 , 000 
7,000 
7 ,000 

5 , 000 
10,000 
8,000 
8,000 
7,000 
7 ,000 
8,000 
8,000 

423,000 

1,650,000 
14,000 
28, ooo 

80,000 

48,000 

50,000 

16,000 

42,000 
7 ,000  

16 ,000 
32,000 

Total 2,406,000 

TABLE 12. MATERIAL HANDLING BY TRUCK OR M I L  AT EMC IN 1976 

Amount handled (1,000 LT) 

Area Surface Waste rock Crude ore Total % of Total 
~ ~~ 

1 1 ,270  4 ,520 7 , 8 3 0  13 .600 25 

5 1 , 9 0 0  4 , 4 2 0  1 ,880  8 .200 15 
2 3 9 . 4  2,920 6 , 9 8 0  9 ,940  18 

6 0 61.5 4 ,240  4 ,300  8 
8 24 .5  4 ,550 6 ,440  11,000 2 1  

Total 3 , 8 9 0  16 ,800 3 3 , 1 0 0  53,800 100 
9 650 356 5 , 7 6 0  6 , 7 6 0  1 3  

2 of Total 7 31 6 2  100 
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TABLE 1 3 .  EXPOSED mAS AT EMC I N  1976 

Acres Acres con t ro l l ed  
Source uncont ro l led  Vegetation Chemicals 

S tockpi les  
Rock 
S o i l  

T a i l i n g s  basin- a /  

Slope 50 
Beach 563 

25 
450 450- d , e /  

c a/ There were 769 a c r e s  that  were water covered. 
c b/ Anthropogenic vege ta t ion  s t a r t e d  June 3, 1976, and w a s  completed 

J u l y  22 ,  1976. - c/  Natural  vegetat ion.  - d/ EMC personnel es t imate  900 a c r e s  were t r e a t e d  but  50% were r e t r e a t -  
merits. - e /  I n i t i a l  t reatment  s t a r t e d  May 2 1 ,  1976, and w a s  completed July 14, 
1976. Di lu t ion  r a t e  was 1:9; a p p l i c a t i o n  i n t e n s i t y  was 0.26 Sal. of 
s o l u t i o n  p e r  square yard (130 gal .  o f  concent ra te /acre) .  

TABLE 14. AMOUNT OF MATERIAL BLASTED AT EMC 
IN 1976 

Area Mater ia l  
Source extent 

(LT/yr) 

1 Waste rock 

2 Waste rock 

5 Waste rock  

6 Waste rock 

8 Waste rock 

9 Waste rock 

Ore 

Ore 

Ore 

O r e  

Ore 

Ore 

~ 

4,430,000 
7 ,830 ,000  
1 ,400 , 000 
6,980,000 
5,200,000 
1,880,000 

474,000 
4 ,240,000 
4 ,200,000 
6 ,440,000 

112,000 
5 ,760 ,000  
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2.4  DETERMINATION OF CONTROL EFFICIENCY 

The c o n t r o l s  used a t  EMC t o  reduce emissions from veh ic l e s  t r a v e l i n g  on 
unpaved roads are var ied.  Watering, o i l i n g ,  Trex ( a  l i gnosu l fona te ) ,  and 
Coherex a r e  used. In add i t ion  t o  these anthropogenic  c o n t r o l s ,  t h e  n a t u r a l  
e f f e c t s  of p r e c i p i t a t i o n  a l s o  reduce emissions. 

Days with p r e c i p i t a t i o n  i n  excess of 0.01 in.  o r   nowc cover i n  excess of 
1 in.  occurred dur ing  46% of 1?76. A simple assumption i s  made t h a t  emissions 
a r e  n e g l i g i b l e  on days w i t h  measurable p r e c i p i t a t i o n  and a r e  a t  a maximum on 
the  rest of t h e  days. Obviously n e i t h e r  assumption is defendable  a lone but  
there i s  a reasonable  balancing e f f e c t .  On the  one hand, 0.01 in. of r a i n  would 
have a n e g l i g i b l e  e f f e c t  i n  reducing emissions on an otherwise dry,  sunny day. 
On t h e  o t h e r  hand, even on dry  days, emissions dur ing  e a r l y  morning hours a r e  
reduced because of overnight  condensation and upward migrat ion of subsurface 
moisture;  and on cloudy, humid days, road su r face  m a t e r i a l  tends t o  r e t a i n  mois- 
ture .  Further  n a t u r a l  m i t i g a t i o n  occurs because of snowcover. I n  any case,  fur -  
t h e r  experimentat ion i s  needed t o  v e r i f y  andlor  r e f i n e  t h i s  f a c t o r .  

The e f f i c i ency  of Coherex has not y e t  been d e f i n i t i v e l y  quant i f ied  but 
t e s t s  have shown a decay a f t e r  only 1 day of heavy t r u c k  usage from 100 t o  857 
e f f i c i e n c y s '  Watering once p e r  day has been measured a t  0 t o  70% efficiency.- 
Trex, being so lub le  i n  water, tends t o  become i n e f f e c t i v e  a f t e r  heavy r a ins .  
Since t h e  mileage of roads t r e a t e d  by the d i f f e r e n t  chemicals and t h e  appl ica-  
t i o n  ra te  and frequency were not  recorded by ElYC personnel ,  the o v e r a l l  annual 
e f f i c i e n c y  could only be estimated. A va lue  of 50% w a s  se lec ted .  

9 2 f  

Control of wind eros ion  from s tockp i l e s ,  dumps, and t a i l i n g s  bas ins  w a s  
a t t r i b u t a b l e  t o  the n a t u r a l  events  of p r e c i p i t a t i o n  and snowcover. Equation 6,  
a s  presented i n  Table 1, a l ready  has a c o r r e c t i o n  f o r  p r e c i p i t a t i o n  ( r a i n  and 
snow) incorporated i n  the 1 , 2 8 0  constant.  Twenty-three percent  of the days with 
no p r e c i p i t a t i o n  s t i l l  had more than 1 in.  of snow on the ground. Thus, a con- 
t r o l  e f f i c i e n c y  of 23% was appl ied  t o  the a l r eady  p a r t i a l l y  con t ro l l ed  emis- 
s i o n  f a c t o r .  

In a d d i t i o n . t o  n a t u r a l  con t ro l  on t h e  t a i l i n g s  basin beaches, t h e  na tu re  
of t h e  t a i l i n g s  d i sposa l  process  y i e l d s  some con t ro l .  A c e r t a i n  po r t ion  of t h e  
beach i s  always active, that  i s ,  sp igot ing  i s  occurr ing.  rhis i s  assumed t o  
occur  over  no more than  10% of the beach a t  any one t i m e  and, consequently,  a 
10% Control was appl ied  i n  add i t ion  t o  the 23% con t ro l  obtained from snowcover 
t o  y i e l d  a n e t  c o n t r o l  of 31%. 

A t  EMC, the  loading  pocket has rubber aprons which act a s  a nea r ly  t o t a l  
enc losure  around the opera t ion  of loading p e l l e t s  i n t o  r a i l c a r s  from an over- 
head bin. This enc losure  i s  vented t o  ro toc lones  which a r e  es t imated conserva- 
t i v e l y  a t  96% ef f ic iency-  12f  
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Emissions from load-in and load-out ope ra t ions  a t  t h e  p e l l e t  s t o c k p i l e  
a r e  assumed t o  be con t ro l l ed  by n a t u r a l  mechanisms. P rec ip i ca t ion  and snow- 
cover were assumed t o  provide a 46% reduct ion  i n  p o t e n t i a l  emissions. 

2.5 CALCULATION OF EMISSION RATES 

The d a t a  presented i n  Sect ions 2.1 through 2.4 were u t i l i z e d  t o  c a l c u l a t e  
t h e  con t ro l l ed  emission r a t e s  f o r  a l l  t h e  important sources  a t  EMC. Table 15 
sunrmarizes the emission f a c t o r s ,  source ex ten t s ,  con t ro l  e f f i c i e n c i e s ,  and con- 
t r o l l e d  emission r a t e s  f o r  t h e  var ious  f u g i t i v e  emission sources  a t  EMC. Also  
shown i n  Table 15 is t h e  rank of each source i n  order  of s i g n i f i c a n c e  on a 
source-by-source basis and on a gener ic  source  category basis.  
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SECTION 3.0 

EMISSION FACTOR MFASUREMCUT 

A f t e r  s e l e c t i n g  t h e  l a r g e s t  c o n t r i b u t i n g  source ( s )  of  f u g i t i v e  pa r t i cu -  
l a t e  emissions i n  t h e  t a c o n i t e  indus t ry ,  r e p l i c a t e  f i e l d  t e s t s  were conducted 
on these  major sources.  This  t e s t i n g  was conducted t o  i nc rease  t h e  e x i s t i n g  
d a t a  base and thereby improve the  p r e d i c t i v e  emission f a c t o r  equat ions already 
a v a i l a b l e .  The p r e d i c t i v e  equat ions e x i s t i n g  before  t h i s  present  study a r e  
shown i n  Table 1. 

3.1 SELECTION OF SOURCE(S) FOR TESTING 

The s e l e c t i o n  of t he  sou rce ( s )  t o  be t e s t e d  was based on Table 15. The 
assumption made was t h a t  t h e  l a r g e s t  sou rce ( s )  a t  EMC would a l so  be t h e  l a rg -  
e s t  sou rce ( s )  a t  t h e  o t h e r  seven t a c o n i t e  mines. Consequently, t h e  sou rce ( s )  
t e s t e d  a r e  t h e  mst important source(s )  i n  t h e  indus t ry .  

From Table 15, i t  i s  c l e a r  t h a t  unpaved roads and s p e c i f i c a l l y  haul t rucks  
a r e  t h e  major source of emissions i n  t h e  t a c o n i t e  indus t ry .  Since nea r ly  a l l  
o f  t h e  previous t e s t i n g  by MRI was concerned w i t h  emissions from l igh t -duty  
veh ic l e s ,  t h e  t e s t i n g  of heavy-duty veh ic l e s  was a l o g i c a l  choice  i n  o rde r  to 
improve t h e  r e l i a b i l i t y  of t h e  p r e d i c t i v e  equations.  

The second category of sources  i n  o r d e r  of importance would be wind ero- 
sion. While t h e  annual con t r ibu t ion  of wind eros ion  t o  the  p a r t i c u l a t e  burden 
of  t h e  a t m s p h e r e  a t  EMC i s  much l e s s  than chat of veh icu la r  t r a f f i c  on unpaved 
roads and b l a s t i n g ,  wind eros ion  can e a s i l y  be  a dominant cause o f  high d a i l y  
concent ra t ions .  For t h i s  reason, wind e r o s i o n  was deemed worthy of study. This 
i s  re inforced  by t h e  low r e l i a b i l i t y  of t he  p r e d i c t i v e  equation f o r  wind ero-  
s ion  a s  shown i n  Table 1. 

The l o g i c a l  t h i r d  choice  f o r  a source t o  be t e s t e d  based on Table 15 would 
have been b l a s t i n g .  This i s  r e in fo rced  by t h e  f a c t  t ha t  no adequate p r e d i c t i v e  
equat ions e x i s t  f o r  b l a s t i n g  emissions. But due t o  the  vas tness  of t he  plume, 
even nea r  t o  the  source where turbulen t  d i f f u s i o n  has not  had time EO expand 
t h e  plume, and the  d e s t m c t i v e  na tu re  of t he  source,  sampling thac  would pro- 
duce meaningful and accu ra t e  emission f a c t o r s  was deemed una t t a inab le  using 
p resen t ly  accepted sampling techniques.  
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In t h i s  study, only emissions from haul  t rucks  t r a v e l i n g  on unpaved roads 
were t e s t ed .  The e f f e c t i v e n e s s  of a chemical dust  suppressant  was a l s o  t e s t e d  
although many more t e s t s  i n  t h i s  a r ea  a r e  s t i l l  needed t o  adequately quant i fy  
these  con t ro l  measures. 

I n  t h e  f u t u r e ,  t h e  second category of importance, wind erosion,  s h o u l d  be 
inves t iga ted .  This can be accomplished with a po r t ab le  wind tunnel  equipped 
with p a r t i c u l a t e  sampling equipment. Such a device has a l ready  been used by 
m i n  another  r e sea rch  e f f o r t .  Variables  a f f e c t i n g  t h e  emission f a c t o r  such 
a s  m a t e r i a l  s i l t  conten t ,  mater ia l  su r f ace  mois ture ,  mean wind speed, su r f ace  
roughness, and ma te r i a l  e r o d i b i l i t y  should be quan t i f i ed  concurren t ly  with the  
emission f ac to r .  

3.2 TESTING HFXHODOMGY 

The following s e c t i o n s  w i l l  d i scuss  t h e  implementation of t he  v e r t i c a l  
p r o f i l i n g  technique developed by hR& 31 f o r  measuring emissions from unpaved 

roads. 

3.2.1 Testing Methodoloev f o r  Unpaved Roads 

3 1  The exposure p r o f i l i n g  method was developed by HRP t o  measure pa r t i cu -  
l a t e  emissions from s p e c i f i c  open sources ,  u t i l i z i n g  t h e  i s o k i n e t i c  p r o f i l i n g  
concept which i s  the  b a s i s  f o r  convent ional  source t e s t i n g .  For measuranent of  
nonbuoyant f u g i t i v e  emissions,  sampling heads a r e  d i s t r i b u t e d  over a v e r t i c a l  
ne txork  pos i t ioned  just downwind (usua l ly  about 5 m) from t h e  source.  Sampling 
i n t a k e s  a r e  pointed in to ,  t h e  wind and sampling v e l o c i t y  i s  ad jus t ed  t o  match 
t h e  l o c a l  mean wind speed, a s  monitored by d i s t r i b u t e d  ananometers. A v e r t i c a l  
l i n e  g r i d  of samplers is s u f f i c i e n t  f o r  measurement of emissions from l i n e  o r  
moving poin t  sources while  a two-dimensional a r r a y  of samplers i s  required f o r  
q u a n t i f i c a t i o n  o f  a r e a  source emissions. Figure 3 shows the  p r o f i l e r  used f o r  
one-dimensional plumes such a s  those from v e h i c l e s  t r a v e l i n g  on unpaved roads 
when viewed perpendicular  t o  t h e  mad.  

3.2.1.1 Grid S i z e  and Sampling Duration-- 
Sampling heads a r e  d i s t r i b u t e d  over a s u f f i c i e n t l y  l a r g e  por t ion  of the  

plume so t h a t  v e r t i c a l  and l a t e r a l  p lume  boundaries  may be  loca ted  by s p a t i a l  
e x t r a p o l a t i o n  of exposure measurements. The s i z e  l i m i t  o f  a r ea  sources f o r  
which exposure p r o f i l i n g  i s  p r a c t i c a l  i s  determined by the  f e a s i b i l i t y  of 
e r e c t i n g  sampling towers o f  s u f f i c i e n t  he igh t  and number t o  cha rac t e r i ze .  the  
plume. This problem i s  minimized by sampling when the  wind d i r e c t i o n  i s  pa re l -  
l e 1  t o  t h e  d i r e c t i o n  of  t he  minimum dimension o f  t h e  a rea  source.  
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Figure 3 .  XFS exposure p r o f i l e r  ~ l i n e  source mode 
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The s i z e  of t h e  sampling g r i d  needed f o r  exposure p r o f i l i n g  o f  a pa r t i cu -  
l a r  source may be es t imated  by observat ion of  t h e  v i s i b l e  s i z e  of t he  plume 
or by c a l c u l a t i o n  of plume d ispers ion .  Grid s i z e  adjustments may be required 
based on t h e  r e s u l t s  of prel iminary t e s t i n g .  

P a r t i c u l a t e  sampling heads should by synnnetrically d i s t r i b u t e d  over the  
concent ra ted  po r t ion  o f  t h e  plume conta in ing  about 90% of t h e  t o t a l  mass f l u x  . 
(exposure).  For example, i f  t h e  exposure from a poinc source is normally d i s -  
t r i b u t e d ,  a s  shown i n  Figure 4 ,  t h e  exposure va lues  measured by t h e  samplers 
a t  t h e  edge o f  t h e  g r i d  should be about 25% of  t h e  c e n t e r - l i n e  exposure. 

Sampling t i m e  should be Long enough t o  provide s u f f i c i e n t  p a r t i c u l a t e  
mass and t o  average over s eve ra l  u n i t s  of c y c l i c  f l u c t u a t i o n  i n  t h e  emission 
r a t e  ( f o r  example, veh ic l e  passes  on an unpaved road). The f i r s t  condi t ion  i s  
e a s i l y  met because o f  t h e  proximity of t h e  sampling g r i d  t o  t h e  source.  

Assuming t h a t  sample c o l l e c t i o n  media do not overload, :he upper l i m i t  
on  sampling time i s  d i c t a t e d  by the need t o  sample under condi t ions  of r e l a -  
t i v e l y  cons t an t  wind d i r e c t i o n  and speed. In  t h e  absence of passage of weather 
f r o n t s  through t h e  a r e a ,  acceptab le  wind condi t ions  might be an t ic ipaced  t o  
p e r s i s t  f o r  a per iod o f  1 t o  6 hr .  

3 -2 -1 -2  Calcula t ion  Procedure-- 
The passage of a i rbo rne  p a r t i c u l a t e ,  i .e.,  t h e  quan t i ty  of emissions per 

u n i t  o f  source a c t i v i t y ,  can be obtained by s p a c i a l  i n t e g r a t i o n  (over  t h e  e f -  
f e c t i v e  c ros s - sec t ion  of  t h e  plume) o f  d i s t r i b u t e d  measurements of exposure 
(mass/area).  The exposure i s  t h e  point  va lue  of  t h e  f l u x  (mass/area-cime) of 
a i r b o r n e  p a r t i c u l a t e  i n t e g r a t e d  over t h e  t i m e  of measurement. Hathematically 
s t a t e d ,  t h e  t o t a l  mass emission r a t e  ( R )  i s  given by: 

A 

where m = dust  c a t c h  by exposure sampler a f t e r  sub t r ac t ion  of background, 

a = i n t a k e  a rea  of sampler, 

t = sampling t ime, 

h = v e r t i c a l  d i s t a n c e  coord ina te ,  

w = l a t e r a l  d i s t a n c e  coord ina te ,  and 

A = e f f e c t i v e  c ross -sec t iona l  a rea  of plume. 
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In t h e  case of a l i n e  source with an emission he ight  nea r  ground l e v e l ,  
t h e  mass emission r a t e  p e r  source l eng th  u n i t  being sampled is given by: 

H 

0 

where W = width of t h e  sampling i n t a k e ,  and 

H = e f f e c t i v e  e x t e n t  of  t h e  plume above ground. 

I n  o r d e r  t o  ob ta in  an accu ra t e  measurement o f  a i rbo rne  p a r t i c u l a t e  expo- 
sure ,  sampling must be conducted i s o k i n e t i c a l l y ,  i.e., flow 3treamlines  e n t e r  
t h e  sampler r e c t i l i n e a r l y .  This means t h a t  t h e  sampling i n t a k e  must be  aimed 
d i r e c t l y  i n t o  t h e  wind and, t o  t he  e x t e n t  p o s s i b l e ,  t h e  sampling v e l o c i t y  must 
equal  t h e  local wind speed. The f i r s t  c o n d i t i o n  is by f a r  t h e  m r e  c r i t i c a l .  

I f  i t  i s  necessary t o  sample a t  a non i sok ine t i c  f low race  ( f o r  axample, t o  

3 ob ta in  s u f f i c i e n t  sampler under l i g h t  wind cond i t ions ) ,  m u l t i p l i c a t i v e  f a c t o r  

These c o r r e c t i o n s  r e q u i r e  information on t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of t he  
emissions. 

may be used t o  c o r r e c t  measured exposures t o  corresponding i s o k i n e t i c  values .  Af 

High-volume cascade impactors with g l a s s  f i b e r  impaction s u b s t r a t e s ,  which 
a r e  cormnonly used t o  measure p a r t i c l e  s i z e  d i s t r i b u t i o n  of atmospheric pa r t i cu -  
l a t e ,  may be adapted f o r  s i z i n g  of f u g i t i v e  p a r t i c u l a t e .  A cyclone presepara tor  
( o r  o t h e r  dev ice )  i s  needed t o  remove coarse  particles which otherwise 
s u b j e c t  t o  p a r t i c l e  bounce wi th in  t h e  impactor causing f i n e  p a r t i c l e  bias.- 
Once again,  t h e  sampling i n t a k e  should be  pointed i n t o  t h e  ;rind and t h e  sampling 
v e l o c i t y  matched t o  t h e  mean l o c a l  wind speed. 

'JouY be 

I f  it i s  necessary t o  sample a t  a non i sok ine t i c  f low race  ( f o r  example, 
t o  ob ta in  s u f f i c i e n t  sample under l i g h t  wind cond i t ions ) ,  t h e  fol lowing mul t i -  
p l i c a t i v e  f a c t o r s  should be used t o  c o r r e c t  measured exposures and concentra- 
t i o n s  t o  corresponding i s o k i n e t i c  values+ 4J 

Exposure mu1 t i p  l i e r  

Concentrat ion m u l t i p l i e r  

Fine p a r t i c l e s  
(d < 5 urn) 

U I U  

L 
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where u = sampling in t ake  v e l o c i t y  a t  a given e leva t ion ,  

U wind v e l o c i t y  a t  same e leva t ion  a s  u,  and 

d = aerodynamic (equiva len t  sphere)  p a r t i c l e  diameter.  

For a p a r t i c l e - s i z e  d i s t r i b u t i o n  con ta in ing  a mixture  of f i n e ,  intermedi-  
a t e ,  and.coarse p a r t i c l e s ,  t h e  i s o k i n e t i c  c o r r e c t i o n  f a c t o r  i s  an average of 
t h e  above f a c t o r s ,  weighted by t h e  r e l a t i v e  proport ion of coarse  and f i n e  par-  
t i c l e s .  For example, i f  t h e  mass of f i n e  p a r t i c l e s  i n  t h e  d i s t r i b u t i o n  equals  
twice the  mass of  the  coa r se  p a r t i c l e s ,  t h e  weighted i s o k i n e t i c  c o r r e c t i o n  f o r  
exposure would be: 

As s t a t e d  above, a cyclone p resepa ra to r  was used i n  conjunct ion wi th  a 
high-volume cascade impactor t o  measure a i rbo rne  p a r t i c l e - s i z e  d i s t r i b u t i o n .  
The purpose of t h e  p re sepa ra to r  was t o  remove coarse  p a r t i c l e s  which otherwise 
would tend t o  bounce through t h e  impactor t o  t h e  backup f i l t e r ,  thereby caus- 
ing f i n e  p a r t i c l e  measurement b i a s .  

Although t h e  cyclone p r e c o l l e c t o r  was designed by t h e  manufacturer t o  have 
a 50% c u t o f f  diameter of 7.6 pm ( p a r t i c l e  dens i ty  of 2.5 g/un3 and flow r a t e  
of 40 acfm), labora tory  c a l i b r a t i o n  of t h e  cyclone,  repor ted  i n  May 1976, i n -  
d ica ted  the  e f f e c t i v e  c u t o f f  diameter t o  be 3.5 I.rm f o r  a p a r t i c l e  dens i ty  o E  
2.5 g/cm3 and a flow r a t e  o f  40 acfm. Because t h i s  value overlapped the  CUKOff 
diameter of t he  f i r s t  impaction s t a g e  ( 6 . 4 f i m ) ,  and was nea r ly  equal t o  t h a t  
of the  second s t age ,  i t  was decided t o  e l i m i n a t e  the  f i r s t  two s t ages  o f  t he  
impactor and ope ra t e  wi th  only t h e  l a s t  t h r e e  s t ages  and a backup f i l t e r .  The 
cascade impactor was operated a t  20 acfm which produced a 50% cu to f f  diameter 
f o r  t he  cyclone p r e c o l l e c t o r  of 7 3 m f o r  a p a r t i c l e  d e n s i t y  of 2.5 %/ST - 

A s  i nd ica t ed  by the  simultaneous measurement of a i rbo rne  p a r t i c l e - s i z e  
d i s t r i b u t i o n ,  one impactor being used wi th  a precol leccor  and a second with- 
ou t  a p r e c o l l e c t o r ,  t he  cyclone p r e c o l l e c t o r  is very e f f e c t i v e  i n  reducing f i n e  
p a r t i c l e  measurement b i a s .  However, t h e  f a c t  t h a t  t he re  i s  gene ra l ly  a mono- 
t o n i c  decrease i n  c o l l e c t e d  p a r t i c u l a t e  weight on each success ive  impaction 
s t a t e ,  followed by a seve ra l - fo ld  i n c r e a s e  i n  weight c o l l e c t e d  by t h e  backup 
f i l t e r ,  i n d i c a t e s  t h a t  a d d i t i o n a l  c o r r e c t i o n  f o r  coarse  p a r t i c l e  bounce i s  
needed. 

The excess p a r t i c u l a t e  on the  backup f i l t e r  i s  pos tu l a t ed  t o  c o n s i s t  of 
coarse  p a r t i c l e s  t h a t  pene t ra ted  t h e  cyclone (with small p r o b a b i l i t y )  and 
bounced through t h e  impactor. To c o r r e c t  t he  measured p a r t i c l e - s i z e  d i s t r i b u -  
t i o n  f o r  t he  e f f e c t s  of r e s i d u a l  p a r t i c l e  bounce, the  following procedure was 
used: 
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1. The c a l i b r a t e d  c u t o f f  diameter f o r  t h e  cyclone p resepa ra to r  was used 
t o  f i x  t h e  upper end of  t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n .  

2 .  A t  the  lower end of t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  t he  p a r t i c u l a t e  
weight on t h e  backup f i l t e r  was reduced by set t ing i t  equal t o  t he  average per-  
cen tage  c o l l e c t e d  on t h e  l a s t  two s t ages  of  t h e  impactor. 

In  sumnary, by inc reas ing  the  e x i s t i n g  d a t a  base through r e p l i c a t e  expo- 
s u r e  p r o f i l i n g  of  open dus t  sources under varying condi t ions  of source a c t i v i t y  
and p r o p e r t i e s  of t h e  emi t t ing  sur face ,  emission f a c t o r  formulas can be im- 
proved. These formulas account f o r  the  f r a c t i o n  of  s i l t  ( f i n e s )  i n  t h e  emi t t ing  
su r face ,  t he  s u r f a c e  moisture  conten t ,  and t h e  r a t e  o f  mechanical energy ex- 
pended i n  t h e  process  which genera tes  t he  emissions. The p r e d i c t i v e  emission 
f a c t o r  equat ions a r e  determined a s  a func t ion  of  t he  p a r t i c l e  s i z e  of concern 
i n  t h e  atmosphere. 

3.3 TEST RESULTS hVND EXAMPLE CALCULATIONS 

This subsec t ion  provides  a d e t a i l e d  p re sen ta t ion  of the  t e s t  r e s u l t s  2nd 
corresponding c a l c u l a t i o n  procedures f o r  t h e  t e s t s  performed t o  quant i fy  emis- 
s i o n s  from haul t rucks  t r a v e l i n g  on unpaved roads. 

3.3.1 T r a f f i c  on Unuaved Roads 

An understanding of sampling equipment l o c a t i o n s  during t e s t i n g  i s  impor- 
t a n t  t o  t he  i n t e r p r e t a t i o n  o f  t he  r e s u l t s .  Figures  5 and 6 d i sp lay  a t o p  and 
s i d e  view, r e spec t ive ly ,  of t h e  general  equipnent layout  during t h e  unpaved 
road t e s t s .  I n  add i t ion  t o  t h e  p r o f i l e r  which was genera l ly  loca ted  5 m from 
t h e  edge of t he  road, fou r  h i -vols  were loca t ed  5 m upwind, and 5 ,  20, and 50 
m downwind. The S i e r r a  cascade impactor was loca ted  5 m downwind. Wind speed 
and d i r e c t i o n  devices  were loca ted  5 m upwind and 50 m downwind. 

Table 16  gives information on the  time of each unpaved road t e s t  and the  
p reva i l i ng  meteorological  condi t ions  a t  t h e  s i t e .  Also given f o r  each t e s t  i s  
t h e  number of v e h i c l e  passes  by vehic le  type. Table 17  gives  t h e  c l imate  condi- 
t i ons .wh ich  may have had an e f f e c t  on t h e  emission generated during t h e  t e s t s .  

Table 18 l is ts  t h e  ind iv idua l  point  va lues  of exposure (net  mass per sam- 
p l i n g  i n t a k e  a r e a )  wi th in  t h e  f u g i t i v e  dus t  p lume  a s  measured by the  exposure 
p r o f i l i n g  equipment. Also given f o r  each high-volume sampling head is t h e  ex- 
posure measurement c o n s i s t i n g  of  p a r t i c u l a t e  c o l l e c t e d  by the  f i l t e r  following 
t h e  s e t t l i n g  chamber. 
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Figure 5 .  P o s i t i o n i n g  o f  a i r  sampling equipment--cop view. 
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TABLE 1 7 .  CLIMATIC CONDITIONS AFFECTING TESTS 

Re l a  t ive P r e c i p i t a t i o n  
Temperature (OF) humidity (%) Amount S t a r t  Stop 

Date Min . Max. Avg . Noon Midnight ( i n . )  time time 

6 / 1 / 7 8  40 5 4  47 85 90 0 . 5 3  0001 0245 
6 / 2 / 7 8  38 62  50 50 90 0 .02  0002 0300 
6 / 3 / 7 8  35 68  52 35 90  0 
6 / 4 / 7 8  49 6 8  58  50 65 0 . 0 6  0300 0345 

6 I 6  /?e’ 46 8 1  5 4  35 85 0 . 8 5  1725 2400 
6 / 7 / 7 8  40 59  40 85 90  0 . 2 8  0001 1040 

I 

-- -- 

-- -- 6 I 5  I 7  e’ 39 76 58  40 95  0 

6 1 8 1  7 @ /  33 69 5 1  40 75 0 . 0 1  0615 -- 
6 I 9  I 7  & 30 6 0  45 35 a5 0 -- -- 

- a1  T e s t  days.  
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TABLE 1 8 .  PLUME SAMPLING DATA--LJNPAVED ROADS 

Sampling Sampling T o t a l  F i l t e r  
Test  he ight  r a t e  exposure exposure 
?IO. (d ( c f d  (mg/ =m2) (mg/cm2) 

1-1 1 . 5  
3 . 0  
4.5 
6 . 0  

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1 .5  
3.0 
4 .5  
6 . 0  

1 . 5  
3 . 0  
4.5 
6 . 0  

1 . 5  
3 . 0  
4 .5  
6 . 0  

1 .5  
3.0 
4.5 
6 . 0  

1 . 5  
3 .0  
4.5 
.6.0 

1 .5  
3 .0  
4.5 
6 .0  

2 0 . 0  
23.5 
25 .5  
2 7 . 0  

21 .0  
25 .5  
2 8 . 0  
2 9 . 0  

3 3 . 0  
3 6 . 0  
39.5 
39 .5  

33 .0  
36 .0  
39.5 
39 .5  

3 3 . 0  
3 6 . 0  
39 .5  
39 .5  

1 4 .  a 
20.0 
2 1 . 0  
22.5 

34 .0  
36.5 
39.5 
3 9 . 0  

(cont inued)  
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1 .44  
0 . 7 1  
0 . 6 1  
0 . 4 8  

2 .33  
1 .29  
1 . 2 9  
1 . 1 3  

2 .83  
2.77 
1.64 
0 . 8 8  

4 . 4 1  
3 .59  
2.30 
1 .40  

5 .26  
3 . 8 3  
3.68 
2.18 

0 . 6 0  
0 . 3 2  
0 . 7 6  
0 . 4 4  

5.35 
3.65 
2 .32  
1 . 6 5  

0 . 7 6  
0 . 5 1  
0 . 4 5  
0 . 3 2  

0 . 6 5  
0 . 5 5  
0 . 5 4  
0 . 4 6  

1 . 6 1  
1 . 1 9  
0.91 
0 . 5 4  

2 . 8 1  
2 .35  
1 . 6 0  
0 . 7 6  

3 .74  
2 . 7 2  
2 .55  
1 . 6 4  

0 .19  
0 . 1 8  
0 .26  
0 . 2 2  

3 .56  
2 .45  
1 .76  
0 . 9 8  



T U L E  18. (Concluded) 

S amp 1 i n  g Sampling Tot a1 F i l t e r  
Tes t  he ight  r a t e  exposure exposure 
No. (m) (cfm) (mg/cm2) (mg/ cm2) 

1-8 

1-9 

1-10 

1 . 5  
3.0 
4.5 
6.0 

1.5 
3.0 
4.5 
6 .0  

1 .5  
3.0 
4 .5  
6.0 

34.0 
36.5 
39.5 
39.0 

12 .5  
15.5 
16 .5  
1 7 . 0  

12.0 
15.5 
16.5 
1 7 . 0  

2.30 
1 . 7 4  
0.85 
0.46 

0.30 
0.35 
0.30 
0 . 2 7  

0 . 7 7  
0.56 
0.35 
0 .41  

1 . 7 0  
1 . 1 9  
0.68 
0 .31  

0.10 
0.16 
0.14 
0.09 

0.26 
0 . 2 1  
0.18 
0.19 

1-11 1 . 5  12.0  0 . 7 2  0.19 
3.0 15 .5  0.62 0.13 
4.5 16 .5  0.42 0.16 
6.0 1 7 . 0  0.36 0 . 1 7  
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Table 19  g ives  f o r  each t e s t  t h e  i n t e g r a t e d  exposure value and compares 
p a r t i c u l a t e  concent ra t ions  measured by t h e  upwind hi-vol  and by th ree  types of 
downwind samplers (exposure p r o f i l i n g  head, s tandard  h i -vol ,  and high-volume 
cascade impactor) loca ted  i n  c l o s e  proximity,  near  t he  c e n t e r  of  t he  plume. 
Concentrations measured by t h e  p r o f i l e r  head a t  1.5 m a re ,  i n  genera l ,  h igher  
than values  measured by t h e  o the r  two u n i t s  because t h e  p r o f i l e r  sampled a t  
1.5 m above ground r a t h e r  than 2 m. 

Table 20 suarmarizes t h e  p a r t i c l e  s i z i n g  da ta  f o r  t h e  11 unpaved road 
t e s t s .  P a r t i c l e  s ize  i s  expressed a s  Stokes (equiva len t -sphere)  diameter based 
on ac tua l  dens i ty  of s i l t - s i z e  p a r t i c l e s .  I n  addi t ion  t o  da ta  from t h e  cascade 
impactor measurements, Table 20 a l s o  g ives  f o r  each run t h e  average percent of 
t he  exposure measurement c o n s i s t i n g  o f  f i l t e r  c a t c h  weighted by the  exposure 
value measured by each sampling head. 

Table 2 1  p re sen t s  t h e  emission f a c t o r s  cor rec ted  t o  r ep resen t  p a r t i c l e s  
smal le r  than  30 b m  i n  diameter.  A l s o  i n d i c a t e d  i n  Table 2 1  a r e  mater ia l  prop- 
e r t i e s  which c o n s t i t u t e  c o r r e c t i o n  f a c t o r s  t o  rhe emission f a c t o r s .  

Table 22 presen t s  an e x m p l e  emission f a c t o r  c a l c u l a t i o n .  The c a l c u l a t i o n  
is based on d a t a  f o r  Test  1-1. 
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TABLE 2 2 .  EdWPLE CALCULATION FOR TEST I-l--UNPAVED ROADS 

Resul t  

A .  Plot  f i l t e r  exposure versus  sampler he ight  - 
9 .  Graphical ly  i n t e g r a t e  t o  determine t h e  a r e a  under t h e  138 lb /mi l e  

' v e r t i c a l  exposure p r o f i l e  

C. Divide B by t h e  number of v e h i c l e  passes  (15) t o  9 . 2  Lb/vehicLe-mile 
a r r i v e  a t  t h e  in t eg ra t ed  f i l t e r  exposure 

D. ~ l t i p l y  C by the r a t i o  of t h e  percent  < 3 0 p m  ( 2 6 )  3 .9  lb/vehicle-mile  
over the weighted average percent  captured on t h e  
f i l t e r  ( 6 2 )  t o  ob ta in  the emission f a c t o r  f o r  par- 
t i c l e s  smaller than 3 0  bm 

E .  Correct D t o  i s o k i n e t i c  condi t ions  fol lowing t h e  3.7 lblvehicle-mile  
procedure given i n  Sec t ion  3 . 2 . 1  

4 3  



SECTION 4.0 

PREDICTIVE EMISSION FACTOR EQUATION 

This s e c t i o n  p resen t s  t h e  ana lys i s  of t h e  t e s t  da t a  presented i n  Sect ion 
3.3.1. The o b j e c t i v e  of t he  ana lys i s  was t o  determine i f  the t e s t  data  added 
t o  the  e x i s t i n g  d a t a  base ind ica t ed  t h a t  a modi f ica t ion  of the  unpaved road 
p r e d i c t i v e  emission f a c t o r  equat ion was needed. 

4.1 UNPAVED ROADS 

Table 23 sunrmarizes a l l  t he  unpaved road emission t e s t s  performed by MRI. 
The measured emission f a c t o r s  along w i t h  the  important independenr v a r i a b l e s  
a f f e c t i n g  emissions a r e  shown. In add i t ion ,  t h e  predicted emission f a c t o r s  c a l -  
cu la t ed  using the  rev ised  emission f a c t o r  equat ion  r e s u l t i n g  from the  add i t ion  
of the  EMC t e s t s  t o  t h e  e x i s t i n g  da ta  base a r e  a l s o  shown. F ina l ly ,  a compari- 
son of  p red ic t ed  versus  a c t u a l  emissions i s  shown i n  Table 23 and i n  Figure 7 .  

Tests  i n  Table 23 t h a t  a r e  preceded by R r ep resen t  experiments performed 
i n  Kansas on r u r a l  roads; t e s t s  preceded by A, E, F, and G represent  exper i -  
ments performed on unpaved roads in i r o n  and s t e e l  p l a n t s ;  and t e s t s  preceded 
by I represent  experiments per forsed  on unpaved haul roads a t  EMC. 

It should be noted t h a t  severa l  of t h e  t e s t s  l i s t e d  i n  Table 23 were not 
used i n  r e v i s i n g  the  unpaved road emission f acco r  equation. This i s  because 
t h e  equat ion i s  app l i cab le  only € o r  ( a )  uncont ro l led  roads during dry condi-  
t i o n s  and (b )  roads which have reached an equi l ibr ium condi t ion w i t h  the  t r a f -  
f i c  t r a v e l i n g  upon i t ,  i.e., where the  m o u n t  of  f i n e  p a r t i c u l a t e  produced on 
t h e  road by gr inding  the  aggregate  equals  the amounts l o s t  from the  road in to  
t h e  a i r .  

The following 10 t e s t ' s  were not u t i l i z e d  i n  the  ana lys i s  of the  data  base 
f o r  t he  aforementioned reasons.  Tes t s  F-24, F-25, 1-9, 1-10, and 1-11 were per- 
formed on c o n t r o l l e d  roads.  Tes t s  1-6, 1-7, and 1-8 were performed the  day a f t e r  
heavy ra ins .  Tes t s  1-1 and 1 - 2  were performed on a new road which had not had 
a chance t o  e q u i l i b r a t e  with the  t r a f f i c  upon i t .  
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TABLE 23. PREDICTED VERSUS ACTUAL E M I S S I O N S  FOR UNCONTROLLED, 
UNPAVED ROADS DURING DRY CONDITIONS 

12 30 3 A.0 5.9 5 . 0  o.+a 
12 30 3 5.0 6 . :  5.3 0.96 

50 3 4.0 8. j 7 . 9  L. 58 

'-' 1 Crushed 2- 2 
1-3 1 L = s m e  1j 

3rd  ) 10 30 3 L. 5 '0.1 3.1 1.25 

3-11 1 68 ' 30 3 L.0 53.0 32.0 1.93 
1-10 , D i n  5 &O 3 4.0 3 . 3  3.9 0 .  a5 

Crushed 4 .  a 30 i o  1.0 21. k 21.5 1. G3 
i. 3 30 70 i . O  11. i 13.0 9.93 
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A mul t ip l e  regress ion  a n a l y s i s  w a s  performed on t h e  remaining 23 tests. 
An equat ion of t h e  fol lowing form was proposed: 

a1 p2 e3 e4  
E F = a  s S w W 

where u, E l ,  a2 ,  a,, and E 4  = conscants  t o  be determined, and 

w = average number of wheels pe r  vehic le .  

The o t h e r  terms i n  t h e  proposed form of t h e  r ev i sed  p r e d i c t i v e  equat ion a r e  
def ined in  Table 1. The proposed form of t h e  equat ion w a s  then l i n e a r i z e d  by 
taking t h e  logari thm of both s i d e s  and performing a l e a s t  squares m u l t i p l e  
l i n e a r  r eg res s ion  on t h e  da t a .  The r e s u l t s  o f  t h e  a n a l y s i s  a r e  shown as f o l -  
lows: 

Parameter M e a n  95% confidence i n t e r v a l  

U 0.00424 
S I  0.9007 
32 1.0688 

0.7088 
0.4117 

.a3 
a4  

0.749-1.052 
0.818-1.319 
0.630-0 -788 
0.182-0 -641 

The p rec i s ion  of t h e  equat ion us ing  t h e  above parameters is 1.43; t h a t  i s ,  95% 
of t h e  a c t u a l  measured emission f a c t o r s  w i l l  be wi th in  a f a c t o r  of  1.43 of  t h e  
pred ic ted  emission f ac to r s .  

I n  order  t o  preserve  some con t inu i ty  wi th  previous KRI equat ions and i n  
o rde r  t o  s impl i fy  t h e  equat ion somewhat, MRI proposes the  use of t h e  following 
parameters : 

cy = 0.00380 

61 = 1.0 

3 2  = 1.0 

a 3  = 0.7 

8 4  0.5 

47 



I Using the  above parameters,  the  p r e c i s i o n  i s  1.48 and i s  not s i g n i f i c a n t l y  
lowered. Consequently, t h e  rev ised  p r e d i c t i v e  equation can be w r i t t e n  a s  f o l -  
lows: ~~ 

EF = 5.9 8 ($) (t) (:) O o 5  I 
I 
l 

Thus, t he  only changes suggested i n  t h e  o ld  p r e d i c t i v e  equat ion l i s t e d  i n  
Table 1 i s  t o  lower the  power of the  w e i g h t  c o r r e c t i o n  term from 0.8 t o  0.7 and 
t o  add a c o r r e c t i o n  f a c t o r  f o r  t he  number of  wheels on the  vehic le .  The values  
p red ic t ed  i n  Table 23 were ca lcu laced  us ing  the  above rev ised  p r e d i c t i v e  equa- 
t i o n .  
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SECTION 5.0 

CONCLUSIONS 

This f i n a l  s ec t ion  p resen t s  t h e  conclus ions  gleaned from ( a )  t he  a n a l y s i s  
of s i l t  and moisture  con ten t s  measured a t  EMC f o r  severa l  m a t e r i a l s ,  ( b )  t h e  
emission inventory of  EMC, ( c )  t h e  t e s t i n g  performed a t  EMC on con t ro l l ed  haul 
roads,  and ( d )  t he  a n a l y s i s  of che extended da ta  base c rea t ed  by the  a d d i t i o n a l  
t e s t i n g  of  unpaved roads a t  EMC. 

The following i s  a l i s t  o f  conclusions based on t h e  r e s u l t s  of t h i s  study: 

1. The s i l t  contene of mine haul and s e r v i c e  roads (approximately 5%) i s  
gene ra l ly  lower than t h a t  of publ ic  unpaved roads i n  r u r a l  areas .  Poss ib le  ex- 
p lana t ions  f o r  t h i s  could be the  d i f f e r e n c e  i n  hardness of the  road su r face  
ma te r i a l s  o r  more frequent  road maintenance i n  the  mines. 

2 .  The s i l t  conten t  (minus 200 mesh) of t h e  t a i l i n g s  basin beach (11%) i s  
lower than one might expect consider ing t h a t  about 50% o f  t he  ma te r i a l  spigoted 
i s  s i l t .  - 14’ This i s  due t o  t h e  f a c t  t h a t  a g r e a t e r  proport ion of minus 200 
mesh i s  c a r r i e d  w i t h  t he  spigoted water  i n t o  the  main water  body than i s  t he  
p lus  200 mesh. Conversely, t h e  coa r se r  m a t e r i a l  i s  l e f t  on t h e  beach. 

3. The moisture  conten t  of a ma te r i a l  may be s t rongly  r e l a t e d  t o  t h e  
amount o f  r a i n  f a l l i n g  i n  the  previous 3 days minus t h e  evaporation occurr ing  
over the  same period. Figure 8 shows t h e  above v a r i a b l e s  plocted aga ins t  one 
another  f o r  samples taken f r o m  t h e  p e l l e t  s tockp i l e .  There a r e  not enough da ta  
po in t s  i n  Figure 8 t o  quant i fy  an exact r e l a t ionsh ip .  On ly  the  general  conclu- 
s ion  can b e  made t h a t  s u r f a c e  moisture  inc reases  a s  n e t  p r e c i p i t a t i o n  summed 
over the  previous 3 days inc reases .  

4.  The major source o f  f u g i t i v e  emissions a t  EMC i s  veh icu la r  t r a f f i c  
on unpaved roads. Vehicular t r a f f i c  on unpaved roads produces 66% of  t h e  t o t a l  
of 4,410 ST of f u g i t i v e  emissions smal le r  than 30 p m  i n  diameter:  wind eros ion  
produces 26%; b l a s t i n g  produces 4%; p e l l e t  handling and vehicu lar  t r a f f i c  on 
paved roads each produce approximately 2%. The b l a s t i n g  emissions e s t ima te  i s  
the  most uncer ta in  of t he  f i v e  ca regor i e s  while  t h e  veh icu la r  emissions e s c i -  
mate f rom unpaved roads i s  highly r e l i a b l e .  
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5 .  Table 21 shows t h e  a c t u a l  emissions measured f rom a crushed rock road 
t r e a t e d  w i t h  Trex, a l ignosul fona te ,  approximately 1 / 2  t o  1 day before  the  
t e s t s .  The a p p l i c a t i o n  dens i ty  i s  es t imated  t o  be 0.08 g a l .  of s o l u t i o n  per  
square .yard  x i t h  the  so lu t ion  concen t r a t ion  est imated a t  20 t o  25% Trex i n  
water.  Tes ts  1 - 7  and 1-8 were performed on t h e  same road a s  Tes t s  1-9, 1-10, 
and 1-11, but w i th  the  road su r face  un t r ea t ed  i n  Tes ts  1-7 and 1-8. The aver-  
age measured emission f a c t o r  f o r  Tes ts  1-7 and 1-8 i s  11.6 lb /veh ic l e -mi l e .  
But s ince  Tes ts  1-7 and 1-8 were measured on the  day a f t e r  1.13 in .  of r a i n ,  
t he  measured values  a r e  not  r e p r e s e n t a t i v e  of dry road condi t ions .  Predic ted  
values  f o r  Tests 1-7 and 1-8 y i e l d  an average of 21.5 l b l v e h i c l e m i l e ,  which 
i s  the  emissions expected from the  road were i t  dry. The con t ro l  e f f i c i e n c i e s  
yielded by T r e x  when compared t o  emissions from t h e  road i n  a dry condi t ion  
were 91, 89,  and 83% for Tests 1-9,  1-10, and I-Ll, r e spec t ive ly .  This reduc- 
t i o n  i n  emission con t ro l  confirms the  concept t h a t  a chemical p a l l i a t i v e  mea- 
sure  w i l l  l o se  i t s  e f f ec t iveness  with time. There i s  not enough da ta  he re  t o  
c a l c u l a t e  t he  r a t e  of change of c o n t r o l  e f f i c i e n c y .  The decay of c o n t r o l  e f -  
f i c i ency  wi th  road usage i s  shown f o r  Trex and Coherex i n  Figure 9. 

6. The e f f e c t s  o f  r a i n f a l l  a r e  shown by comparing a measured average of 
Tests  1-4 and 1-5 wi th  t h e  measured r e s u l t s  of Test 1-6. The average m i s s i o n  
f a c t o r  f o r  Tes t s  1-4 and 1-5 was 21.5 l b / v e h i c l e m i l e .  This vas reduced by 1.13 
in. of r a i n  over  the  previous 2 days to  a va lue  of 2.3 lb /veh ic l e -mi l e  y i e ld ing  
a con t ro l  e f f i c i e n c y  of 89%. Tes t s  1-7 and 1-8 were a l so  conducced on the  day 
following 1.13 i n .  of r a i n  and yielded an average emission f a c t o r  of 11.6 lb/ 
v e h i c l e m i l e .  The predic ted  emission f a c t o r  value f o r  t he  same road and t r a f f i c  
type had t h e  m a d  been dry would have been 21.5 lb/vehicle-mile.  This y i e l d s  a 
54% c o n t r o l  e f f i c i e n c y .  

7. Tes ts  1-1, 1-2, and 1-3 a s  shown i n  Figure 8 i n d i c a t e  t h a t  a newly 
resurfaced haul road r equ i r e s  approximately 30 haul t ruck passes  (67  t ons )  a t  
a speed of 15, mph before  equi l ibr ium cond i t ions  a r e  e s t ab l i shed  with respec t  
t o  the  mass of f i n e s  comprising the  road sur face .  

8. The p r e d i c t i v e  equation presenced i n  Table 1 has been modified due 
t o  the  a d d i t i o n a l  t e s t s  performed a t  EMC. The modified equat ion has a p rec i -  
s ion  f a c t o r  o f  1.48 which means t h a t  the a c t u a l  value w i l l  be wi th in  a f a c t o r  
of 1.48 times the  pred ic ted  value 95% of the  time. This i s  a s i g n i f i c a n t  im- 
provement over  t he  o ld  p red ic t ive  equacion shown i n  Table 1 which had a p rec i -  
s ion  of only 1.69. 
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GLOSSARY 

aggregate  - a g ranu la r  m a t e r i a l  o f  minera l  composition such as  sand, g r a v e l ,  
s h e l l ,  s l a g ,  o r  crushed s tone ,  used with a cementing medium t o  form mor- 
t a r s  o r  conc re t e ,  o r  a lone  as i n  base cour ses ,  r a i l r o a d  b a l l a s t s ,  e t c .  

aggregate ,  coa r se  - (1) aggregate  predominantly r e t a ined  on the  No. 4 (4.75- 
m) s i e v e ;  o r  ( 2 )  t h a t  po r t ion  of a n  aggrega te  r e t a ined  on t h e  No. 4 (4.75- 
mm) sieve. 

NOTE: The d e f i n i t i o n s  a r e  a l t e r n a t i v e s  t o  be appl ied  under d i f f e r i n g  c i r -  
cumstances. D e f i n i t i o n  (1) i s  app l i ed  t o  a n  e n t i r e  aggregate  e i t h e r  i n  a 
n a t u r a l  cond i t ion  o r  a f t e r  process ing .  D e f i n i t i o n  ( 2 )  i s  appl ied  t o  a 
po r t ion  of an aggregate .  

Aggregate, f i n e  - (1) aggregate  pass ing  t h e  3/8 i n .  (9.5-mm) sieve and almost 
e n t i r e l y  passing the  No. 4 (4.75-mm) s i e v e  and predominantly r e t a ined  on 
t h e  No. 200 (75-~m) s i e v e ,  o r  ( 2 )  t h a t  po r t ion  o f  an aggrega te  passing the  
No. 4 (4.75-m) s i e v e  and r e t a ined  on t h e  No. 200 (75-pm) s i eve .  

a i r  d ry ing  - the  process of e q u i l i b r a t i n g  t h e  s a m p l e  t o  t h e  moisture  of the 
l abora to ry  atmosphere. 

bulk m a t e r i a l  - any m a t e r i a l  composed of crushed o r  n a t u r a l  pieces  w i t h  a 
wide v a r i e t y  of s i z e s ,  f o r  example, c o a l ,  s o i l ,  aggrega te ,  i r o n  o r e ,  e t c .  

feed scoop - a scoop o r  pan having s t r a i g h t  s i d e s  and equal  t o  t h e  e f f e c t i v e  
length  of t h e  r i f f l e .  The scoop is used t o  feed the  s tand  type r i f f l e .  

l o t  a q u a n t i t y  of material ( o f t e n  1,000 s h o r t  tons)  t o  b e  represented  by 
a gross  s a m p l e .  

mois ture ,  chemical ly  bound - moisture  recoverable  from the  decomposition of 
organic  molecules or  by sepa ra t ion  from hydrated minerals .  

moisture  i n  c o a l ,  f r e e  - w h a t  p o r t i o n  O f  t o t a l  moisture  i n  c o a l  (determined 
i n  accordance with ASTM Method D 3302) t h a t  i s  i n  excess  of i nhe ren t  mois- 
t u r e  i n  c o a l  (determined i n  accordance wi th  ASTM Method D 1412 - Test f o r  
t h e  Equi l ibr ium Moisture of Coal a t  96 t o  97% Re la t ive  Humidity and 30°C).  
It i s  not  t o  be equated wi th  t h e  weight loss  upon a i r  dry ing .  Free mois- 
t u r e  i s  sometimes r e f e r r e d  t o  a s  s u r f a c e  moisture  i n  connect ion w i t h  c o a l .  
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moisture  i n  coal ,  inherent  - t h a t  mois ture  e x i s t i n g  as a q u a l i t y  of t h e  c o a l  
seam as i t  ex is t s  i n  i t s  n a t u r a l  s t a t e  of depos i t ion  and inc ludes  only t h a t  
water considered t o  be p a r t  of t h e  d e p o s i t  and not that  moisture  which 
e x i s t s  as a su r face  addi t ion.  To e s t a b l i s h  a f i n i t e  measurement of t h i s  
qua l i ty ,  i t  i s  essent ia l  t o  conform t o  cond i t ions  f o r  i t s  determinat ion a s  
e s t ab l i shed  i n  ASTM Method D 1412. Inherent  mois ture  i s  not  t o  be equated 
with the moisture  remaining a f t e r  a i r -drying.  

moisture  i n  coal ,  t o t a l  - t h a t  moisture  determined a s  the l o s s  i n  weight i n  
an a i r  atmosphere under r i g i d l y  c o n t r o l l e d  condi t ions  of temperature,  time 
and a i r  f low a s  e s t ab l i shed  i n  ASTM Method D 3302. 

r i f f l e  - a hand-feed sample d i v i d e r  device  t h a t  d iv ides  t h e  sample i n t o  two 
p a r t s  of approximately the  same weight. 

sample d i v i s i o n  - t h e  process  whereby a sample i s  reduced i n  weight without 
change i n  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

sample, g ros s  - a sample represent ing  one l o t  and composed of a number of 
increments on which n e i t h e r  reduct ion  nor  d i v i s i o n  has been performed. 

sample, incremental  - a s m a l l  po r t ion  of the  l o t  co l l ec t ed  by one opera t ion  
of a sampling device  and normally combined with o t h e r  increments from t h e  
l o t  t o  make a g ross  sample. 

sample reduct ion  - the process  whereby a sample is reduced i n  p a r t i c l e  s i z e  
by crushing o r  g r ind ing  without change i n  weight. 

screen - i n  l abora to ry  work, an apparatus  i n  which t h e  ape r tu re s  a r e  c i r c u l a r ,  
f o r  s epa ra t ing  s izes  of mater ia l .  

s i e v e  - i n  labora tory  work, an apparatus  i n  which the ape r tu re s  a r e  square,  
f o r  s epa ra t ing  s i z e s  of mater ia l .  

s i l t  conten t  - t h e  mass po r t ion  of a bulk m a t e r i a l  sample smal le r  than 7 5  p m  
i n  diameter  (pass ing  a No. 200 s i e v e )  a s  d e t e d n e d  by dry  s ieving.  

s i ze ,  maximug (of  aggregate)  - i n  s p e c i f i c a t i o n s  f o r ,  o r  desc r ip t ion  of ag- 
gregate ,  the  smallest sieve opening through which the e n t i r e  amount of 
aggregate  i s  requi red  t o  pass. 

s i z e ,  nominal maximum (of aggrega te)  - i n  s p e c i f i c a t i o n s  f o r ,  o r  d e s c r i p t i o n  
of aggregate,  the smal les t  s i e v e  opening through which t h e  e n t i r e  amount of 
the aggregate  i s  permitted t o  pass. Spec i f i ca t ions  on aggregate  usua l ly  
s t i p u l a t e  a s i e v e  opening through which a l l  of t h e  aggregate  may, but 
need not ,  pass  so that  a s t a t e d  max imum propor t ion  may be re ta ined  on t h a t  
s ieve.  A s i e v e  opening so designated i s  the nominal maximum s i z e  of t h e  
aggregate.  
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s i z e ,  tap - the opening of the  smal les t  screen i n  the s e r i e s  upon which i s  
retained l e s s  than 5 percent of the sample ( s e e  Method ASTM D 431) .  
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APPENDIX A 

PROCEDURES FOR BULK MATERIAL SAMPLE COLLECTION, PREPARATION, 
AND SILT AiiD MOISTLW ANALYSIS 
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1.0  INTRODUCTION 

As can be seen from Table 1 ( i n  the  main body of t he  r e p o r t ) ,  the degree 
of  accuracy t o  which the  emission f a c t o r  is q u a n t i f i e d  depends on the degree of 
accuracy w i t h i n  which the s p e c i f i c  independent parameters a r e  quan t i f i ed .  Vari- 
a b l e s  such as v e h i c l e  speed, veh ic l e  weight ,  bucket s i z e ,  and dura t ion  of mate- 
r i a l  i n  s to rage  can be est imated r a t h e r  a c c u r a t e l y .  The c l i m a t i c  parameters 
can usua l ly  b e  obtained from a nearby weather s t a t i o n .  But two s p e c i f i c  pa- 
rameters ,  namely m a t e r i a l  s i l t  and s u r f a c e  moisture  c o n t e n t s ,  must normally be 
measured a: t he  s i tes  of i n t e r e s t .  

The purpose of t h i s  appendix is t o  p r e s e n t  recommended c o l l e c t i o n ,  prep- 
a r a t i o n ,  and s i l t  and su r face  moisture a n a l y s i s  procedures f o r  r ep resen ta t ive  
samples of bulk ma te r i a l s  from the su r face  of (a)  s to rage  p i l e s ,  (b) unpaved 
roads,  and (c)  exposed a r e a s .  This o b j e c t i v e  has been accomplished by a two- 
f o l d  approach: 

1. Rev iew t h e  1 9 7 7  American Socie ty  of Tes t ing  and Haterials (AS’M) 
Standards i n  search of s tandard  methodologies app l i cab le  t o  the s p e c i f i c  prob- 
l e m .  

2 .  Recommend procedures i d e n t i c a l  t o  ASTM standard procedures,  i f  p o s s i b l e ,  
o r  a t  l e a s t  c o n s i s t e n t  wi th  the  i n t e n t  of t h e  majori ty  of p e r t i n e n t  ASDI  Stan- 
dards .  

Many of t h e  i tems used i n  t h i s  appendix c o n s t i t u t e  a s p e c i a l  j a rgon  used 
i n  the  ASM Standards.  A glossary  which conta ins  d e f i n i t i o n s  of these  s p e c i a l  
terms is provided a t  the  back of t h i s  appendix. 

2.0 RECOMMENDED SAWLE COLLECTION PROCEDURES 

This s e c t i o n ,  focuses  on the  r e p r e s e n t a t i v e  c o l l e c t i o n  of samples. The 
p r i n c i p l e  t h a t  a sample of r ep resen ta t ive  s i z e  d i s t r i b u t i o n  y i e l d s  a represen- 
t a t i v e  moisture  sample i n  add i t ion  t o  a r e p r e s e n t a t i v e  s i z e  sample underscores 
the  importance of avoiding s i z e  segrega t ion .  

2.1 NUMBER AND SIZE OF INCREXENTAL GROSS SrlMPLES 

This subsec t ion  a p p l i e s  t o  the c o l l e c t i o n  of samples from s to rage  p i l e s ,  
unpaved roads,  and exposed a r e a s .  
g ross  sample ranging from 30 t o  500 l b  depending on t h e  type and s i z e  d i s t r i -  
bu t ion  of t h e  m a t e r i a l .  

ASTM Standards suggest  minimum s i z e s  of a 

The number of incremental  s a m p l e s  ranges from 3 t o  50. 
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The, recommendations made h e r e i n  are based on a d e s i r e  t o  approach repre- 
s e n t a t i v e  sampling, y e t  remain wi th in  t h e  c o n s t r a i n t s  of manpower and time. 
I t  is recommended that 50-lb gross  samples be c o l l e c t e d  i n  10 increments of 
approximately 5 l b  each. 

I f  i t  is necessary t o  mail a sample t o  a d i s t a n t  l abo ra to ry  f o r  a n a l y s i s ,  
the 50-lb gross  sample should s t i l l  b e  c o l l e c t e d  i n  10 increments.  I t  can then 
be divided by conjng and qua r t e r ing  o r  r i f f l i n g  i n t o  a subsample ( e . g . ,  approx- 
imately 5 l b )  which can be mailed.  

ASTM Standards gene ra l ly  suggest  t h a t  t h e  number of g ross  samples t o  be 
taken is one per 1,000 tons of m a t e r i a l .  A t  a t y p i c a l  t a c o n i t e  o r e  mine, t h i s  
would mean hundreds of samples from p i l e s .  As a compromise, a recommendation 
i s  made t o  take a t  l e a s t  one gross  sample p e r  s i g n i f i c a n t  p i l e .  For example, 
t h i s  should produce on t h e  order  of 10 s t o r a g e  p i l e  samples a t  a l a r g e  t a c o n i t e  
mining and processing opera t ion .  

For an unpaved road 60 f t  wide with an average of 1 / 4  in .  of material (1.5 
g/cn3 bulk d e n s i t y ) ,  t h e r e  a r e  approximately 619,000 l b  o r  310 s h o r t  tons (ST) 
of  material i n  1 mile .  Consequently, one gross  sample of a t  least  50 l b  weight 
f o r  every 3 miles  of road (composed of s imi la r  su r face  m a t e r i a l )  would s a t i s f y  
general  ASTM c r i t e r i a .  

I n  c o l l e c t i n g  a gross  sample from an  exposed a r e a ,  only t h e  su r face  which 
is exposed t o  t h e  wind is a c t u a l l y  of i n t e r e s t .  Assuming a 1/4-in.  t h i c k  loose  
l a y e r  of sand, s o i l ,  o r  crushed s tone  (1.5 g/cm3 i n  bulk d e n s i t y ) ,  1 a c r e  would 
have 85,000 l b  o r  43 tons of su r face  material. Thus, one gross  sample f o r  
every 25 a c r e s  of exposed area would be c o n s i s t e n t  with ASTN Standards.  For 
the average t a c o n i t e  mine, one might have t o  sample approximately 1 ,000  exposed 
a c r e s  ( i . e . ,  40 gross samples). Unfortunately,  c h i s  i s  too many samples f o r  
most research  e f f o r t s .  Thus, i t  i s  recommended t h a t  one 50-lb gross sample be 
co l l ec red  f o r  every major exposed su r face  type (e.g., t a i l i n g s ,  g l a c i a l  d r i f t ,  
e tc . ) .  

2.2 METHONLOGY FOR COLLECTION OF INCXEMENTAL. AND GROSS SAMPLES 

2.2.1 Storage P i l e s  

Several  opera t ions  l i s t e d  i n  Table 1 ( i n  the  main body of t he  r e p o r t )  
represent  sources  of  emissions caused by bulk  m a t e r i a l  handl ing o r  wind ero- 
s ion .  Each source a c t u a l l y  r ep resen t s  a n a t u r a l  o r  mechanical d i s turbance  of 
a given po r t ion  of t h e  bulk material. It is t h e  s i z e  d i s t r i b u t i o n  of t he  por- 
t i o n  of t he  m a t e r i a l  d i s tu rbed  t h a t  is d e s i r e d .  

During wind e ros ion ,  t he  e n t i r e  s u r f a c e  of t h e  p i i e  is d is turbed  by the  
n a t u r a l  a c t i o n  of t h e  wind. Consequently, a r ep resen ta t ive  sample f o r  s i l t  
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o r  moisture  must inc lude  incremetal  samples from t h e  e n t i r e  su r face  of t h e  
p i l e .  

During continuous and ba tch  load-in a c t i v i t y ,  t h e  e n t i r e  amount of mate- 
r i a l  dropped is d i s tu rbed ,  and thus,  t h e  sample must be r e p r e s e n t a t i v e  of the 
material dropped. 

For s t o r a g e  p i l e  maintenance, l i k e  wind e r o s i o n ,  i t  is the  su r face  of t he  
p i l e  t h a t  i s  d i s tu rbed .  Since s to rage  p i l e  maintenance may occur  a t  the  bottom 
of t h e  p i l e  ( e .g . ,  p i l e  cleanup opera t ions)  o r  from t h e  bottom t o  the  top of 
t h e  p i l e  ( e . g . ,  movement of dead s to rage  t o  l i v e  s to rage  by c lamshel l  o r  d o z e r ) ,  
t he  sample must r ep resen t  t h e  ma te r i a l  d i s t u r b e d .  

During batch load-out,  t h e  e n t i r e  amount of material i n  a p i l e  w i l l  even- 
t u a l l y  be d i s tu rbed .  The concept of t i m e  is important  s i n c e  t h e  s i z e  d i s t r i -  
bu t ion  of a p i l e  is b iased .  It is  well-known t h a t  t h e  mere formation of a p i l e  
causes  s i z e  segrega t ion .  The larger pa r t i c l e s  have more momentum and thus 
bounce f a r t h e r  down t h e  banks of the p i l e .  Thus, t he  bottom o f , t h e  p i l e  has  
t h e  large chunks and t h e  s i z e  d i s t r i b u t i o n  becomes f i n e r  as one moves t o  t h e  
top of t he  p i l e .  For batch load-out,  t h e  emission f a c t o r  i s  r e l a t e d  t o  t h e  
material s i l t  conten t  of t h e  s p e c i f i c  ba t ch  and t h e r e f o r e  i s  r e l a t e d  t o  what 
po r t ion  of t he  p i l e  i s  be ing  loaded out--the bottom, middle, or top.  

Samples Needed t o  Charac te r ize  Storage P i l e  Wind Erosion-- 

f o r  use i n  t h e  wind eros ion  equat ion,  a gross sample made up of t op ,  middle,  
and bottom incremental  samples should i d e a l l y  b e  acqui red ,  since the  wind i s  
d i s t u r b i n g  t h e  en t i r e  s u r f a c e  of the p i l e .  Unfor tuna te ly ,  i t  is imprac t i ca l  t o  
climb t o  the  top o r  even middle of most i n d u s t r i a l  p i l e s ,  which a r e  inhe ren t ly  
large. 

In sampling t h e  su r face  of a p i l e  t o  determine a r e p r e s e n t a t i v e  s i l t  value 

The most p r a c t i c a l  approach i n  sampling from l a r g e  p i l e s  i s  t o  minimize 
t h e  b i a s  by sampling as near  t o  t h e  middle of t he  p i l e  as p r a c t i c a l .  Zlinimiza- 
t i on  of b i a s  can be accomplished by s e l e c t i n g  sampling loca t ions  i n  a t r u l y  
random fash ion .  
e t e r  of the p i l e  and a r b i t r a r i l y  s e l e c t  a p o i n t  on t he  p i l e  as near  t o  the  
middle of ;he p i l e  a s  t h e  person can reach o r  c l i m b .  An incremental  sample 
( i -e . ,  one shove l fu l )  can then be acquired by. skinuning che su r face  o f  the p i l e  
t o  a depth of 2 t o  4 in .  i n  a d i r e c t i o n  upward along t h e  face.  

The person obta in ing  the  sample should walk around t h e  p e r i m -  

I n  the  preceding procedure f o r  sampling s to rage  p i l e s ,  b i a s  is minimized 
by reaching as c l o s e  t o  t h e  middle of t he  p i l e  as poss ib le  i n  order  t o ' a c q u i r e  
a sample represent ing  an average between the  top and bottom. 
b e  made by t h e  person obta in ing  the  sample not  t o  purposely avoid sampling 
l a r g e r  p ieces  of raw ma te r i a l .  

Every e f f o r t  must 
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I f  small p i l e s  a r e  samplzd, incremental  samples should b e  c o l l e c t e d  from 
the t o p ,  middle, and bottom of the  p i l e .  

Incremental  samples should be obtained along the  e n t i r e  per imeter  of the  
P i l e .  The spacing between the  samples should b e  such t h a t  the  e n t i r e  p i l e  
perimeter is t raversed  with approximately e q u i d i s t a n t  incremental  samples. 

Samples Xeeded t o  Charac te r ize  Continuous and Batch Load-In-- 

posed i n  s e v e r a l  ASTM Standards i s  t o  sample from a stopped conveyor b e l t .  
Since t h i s  i s  imprac t i ca l  f o r  most i n d u s t r i a l  ope ra t ions ,  another  approach 
a u s t  be recommended. 

The i d e a l  method of c o l l e c t i o n  f o r  continuous load-in opera t ions  as  pro-  

It is most  d i f f i c u l t  t o  ga ther  a r e p r e s e n t a t i v e  sample from a batch load-in 
process such a s  the dumping of a r a i l c a r ,  t ruck ,  o r  loader--the f a l l i n g  stream 
i s  too wide and shor t - l ived  t o  sample. 

In add i t ion ,  c o l l e c t i o n  of a r e p r e s e n t a t i v e  sampling of  t he  ma te r i a l  i n  the  
device befare  dumping i s  d i f f i c u l c  s ince  the  m a t e r i a l  i s  s ize-segregated i n  che 
r a i l c a r ,  t ruck ,  o r  loader .  It i s  usua l ly  impraccical t o  scop the  load-in p r o -  
ce s s  while a person at tempts  t o  e x t r a c t  a r ep resen ta t ive  sample from one of che 
dumping devices .  

Since a l l  m a t e r i a l  i n  a p i l e  i s  loaded i n ,  a sample r e p r e s e n t a t i v e  of a l l  
the  n a t e r i a l  i n  the p i l e  ( su r face  and i n t e r i o r )  is des i r ed .  This  i s  s l i g h t l y  
d i f f e r e n t  i n  concept than the s i l t  sample f o r  the wind eros ion  equat ion which 
w a s  t o  represent  the  su r face  only.  But i t  can reasonably be assumed t h a t  a 
sample represent ing  t h e  e n t i r e  su r face  w i l l  a l s o  r ep resen t  the  i n t e r i o r  which 
was once i t s e l f  the  su r face  of the  p i l e .  The only f a c t o r  t o  cast .  doubt on t h i s  
assumption is r a i n ,  which washes the  f i n e s  f rom the  su r face  t o  t h e  i n t e r i o r .  
I f  a p i l e  is a c t i v e ,  load-in w i l l  be performed on a r egu la r  b a s i s  and the sur-  
face  w i l l  be cons t an t ly  renewed. I n  t h i s  ca se ,  one can s t i l l  a t tempt  t o  acqui re  
a r ep resen ta t ive  sample of the e n t i r e  p i l e  from the s u r f a c e .  

In  conclusion,  the  same sample obtained f o r  determining the  s i l t  value i n  
the wind eros ion  equat ion can be used t o  r ep resen t  t h e  s i l t  value i n  t h e  batch 
and continuous load-in equat ions a s  app l i ed  t o  an a c t i v e  p i l e .  The methodology 
f o r  ga ther ing  incremental  samples i s  given i n  the previous subsec t ion .  

Samples Xeeded t o  Charac te r ize  Storage P i l e  Haintenance-- 

the type of maintenance and equipment used. Storage p i l e  maintenance c o n s i s t s  
of e i t h e r  p i l e  t i d i n e s s  o r  placement of dead s to rage  i n  a l i v e  s to rage  pos i t i on .  
P i l a  t i d i n e s s  usua l ly  involves  a dozer which moves ma te r i a l  a t  the  bottom of 
the  p i l e .  On the  o the r  hand, c r e a t i o n  of more l i v e  s to rage  may involve dozers ,  
l oade r s ,  o r  w e n  clamshel ls  and may occur a t  the bottom, middle, o r  t o p  of the 
p i l e .  In  a s p e c i f i c  p l a n t ,  the  maintenance procedures have t o  be understood 

Representat ive sampling of t h i s  source  f o r  s i l t  conten t  depends much on 
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before  a r e p r e s e n t a t i v e  s i l t  s a m p l e  can be c o l l e c t e d .  A s  an industry-wide 
average, one might expect  opera t ions  t o  occur  a t  t he  bottom, middle, and top 
of a scorage p i l e ;  consequently,  sample c o l l e c t i o n  methodology discussed i n  
the  wind e ros ion  subsec t ion  a p p l i e s .  

Samples Needed t o  Charac te r ize  Batch Load-Out-- 

a sample r e p r e s e n t a t i v e  of t h e  e n t i r e  p i l e  is appropr i a t e  and can be obtained 
using che procedures descr ibed i n  previous subsec t ions .  This approach i s  recom- 
mended f o r  an emission inventory .  On t he  o t h e r  hand, i f  short-term emissions 
are of concern ( e . g . ,  emission tests f o r  de te rmina t ion  of an emission f a c t o r ) ,  
then t h e  sample should be r ep resen ta t ive  of on ly  the  ma te r i a l  loaded o u t  and 
no t  t h e  e n t i r e  p i l e .  

If long-term emissions from batch load-out of a p i l e  are of i n t e r e s t ,  then  

P i l e  s i z e  seg rega t ion  is the key i s s u e  n e c e s s i t a t i n g  the  two aforementioned 
approaches. I n  emission f a c t o r  t e s t i n g ,  ba t ch  load-out occurs from the  bottom 
of the p i l e  and the  material a t  the bottom of t h e  p i l e  i s  l a r g e r  than the re- 
mainder of the p i l e .  Consequently, a g ross  sample represent ing  the ent i re  p i l e  
i s  no t  adequate.  

The most p r a c t i c a l  approach f o r  ob ta in ing  a r e p r e s e n t a t i v e  s i l t  value dur- 
ing  emission f a c t o r  t e s t i n g  is to  ga ther  incremental  samples from the  area of 
t h e  p i l e  c l o s e  t o  where t h e  loader  i s  ope ra t ing .  The increments should b e  
spaced over t he  du ra t ion  of  t he  tes t .  

2 . 2 . 2  Unpaved Roads 

The incremental  samples from unpaved roads can be acquired a s  shown i n  
Figure 8-1. The genera l  ob jec t ive  i s  t o  select  L ,  t he  road length  p e r  gross  
sample, once t h e  road width and material depth  a r e  known. A t  l e a s t  f o u r  incre-  
mental samples, c o l l e c t e d  as shown i n  F igure  A-1, should be gathered.  

For a t y p i c a l  t a c o n i t e  mine, given a road width of 60 f t ,  an average mate- 
r i a l  depth of 1 / 4  i n . ,  and a bulk dens i ty  of 1 . 5  g/cm3, each incremental  sample 
(8-in. s t r i p  ac ross  h a l f  t h e  road) will con ta in  b0 l b  of ma te r i a l .  The calcu- 
l a t e d  spacing would b e  1 mi le  between each incremental  sample. Consequently, 
f o u r  incremental  samples w i l l  y i e l d  a gross  sample of 160 l b ,  which i s  much 
b e t t e r  than the  recommended 50 l b  p e r  g ros s  sample. 

The method of c o l l e c t i n g  an incremental  sample is t o  sweep an 8-in.  wide 
s t r i p  halfway across  t h e  road. A t  least  f o u r  s t r i p s  should b e  c o l l e c t e d  with 
each s t r i p  ga thered  on an a l t e r n a t e  h a l f  of t he  road. The ma te r i a l  should be 
c o l l e c t e d  by sweeping wi th  a wisk broom i n t o  a dustpan.  A l l  four  incremental  
samples comprise one gross  sample to  be analyzed f o r  s i l t  conten t .  
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2 . 2 . 3  Emosed Areas 

The s e l e c t i o n  of incremental  sampling l o c a t i o n s  f o r  exposed a r e a s  should 
be done p r i o r  t o  obta in ing  samples. The exposed a c r e s  must be i d e n t i f i e d ,  
p re fe rab ly  on a map, and t h e  s i t e s  s e l e c t e d  so t h a t  10 incremental  sampling 
s i tes  cover t h e  major acreage of similar s u r f a c e  type a s  equal ly  spaced a s  pos- 
s i b l e .  

I 
I 

A t  each incremental  sampling s i t e ,  a 1 - f t  square s e c t i o n  should be s e l e c t e d  
i n  a random manner, w i th in  the  a r e a  prev ious ly  designated.  I f  t he  su r face  i s  
smooth, a5 a t a i l i n g s  bas in  might be,  t h e  1 - f t  square can b e  swept down t o  hard- 
pan wi th  a dustpan and a wisk broom. If 5 lb of ma te r i a l  a r e  not  c o l l e c t e d ,  
expand o r  con t r ac t  t h e  s i ze  of the square u n t i l  a t  least  5 l b  a r e  gathered.  I f  
t h e  su r face  is rough ( e .g . ,  a plowed f i e l d ) ,  t he  s p e c i f i c  incremental  sample 
s i t e  must s t i l l  be found i n  a random manner. A t h i n  l a y e r  of t he  s u r f a c e  must 
be removed with a s t ra ight-edged shovel  from the  e n t i r e  1 - f t  square.  Again, 
t h e  s i z e  of t h i s  square can be increased o r  decreased u n t i l  5 l b  a r e  gathered.  

3.0 RECOMWXDED SAMPLE PXPARATION PROCEDURES 

Once the  50-lb gross  sample is brought t o  t h e  labora tory  (5-lb subsample 
i f  i t  is mai led) ,  t h e  sample must b e  prepared f o r  s i l t  and moisture a n a l y s i s .  
There a r e  t h r e e  ques t ions  t o  be answered: ( a )  what is t he  recommended pro- 
cedure f o r  d iv id ing  a sample, (b) t o  what s i z e  does one subdivide t h e  sample, 
and ( c )  does t h e  sample need t o  be crushed f o r  t he  moisture  a n a l y s i s .  

A 50-lb gross  sample can be divided by us ing:  ( a )  mechanical devices ,  
( b )  a l t e r n a t e  shovel  method, (c)  r i f f l e ,  o r  (d) coning and qua r t e r ing  method. 
Mechanical d i v i s i o n  devices  w i l l  no t  be d iscussed  s i n c e  they a r e  not found i n  
many l a b o r a t o r i e s .  The alternate shovel  rner'iiod is a c t u a l l y  o n l y  necessary f o r  
samples on t h e  o rde r  of hundreds of ?cunds. C?nseouently, on21  the us? of :he 
r i f f l e  and :he coning and quar te r ing  merrhod w i l l  be d iscussed  here. 

ASTM Standards desc r ibe  t h e  s e l e c t i o n  of the c o r r e c t  r i f f l e  s ize  and the  
c o r r e c t  use of the r i f f l e .  R i f f l e  s l o t  widths  should be a t  l e a s t  t h r e e  t i m e s  
t he  s i z e  of t h e  material being divided&/ The fol lowing quote desc r ibes  the  
use of t h e  r i f f l e :  

Divide t h e  crushed gross  sample by us ing  a r i f f l e .  R i f f l e s  properly 
used will reduce sample v a r i a b i l i t y  bu t  cannot e l imina te  i t .  Rif-  
f l e s  a r e  shown i n  Figure A-2 (a)  and ( b ) .  Pass t h e  ma te r i a l  through 
t h e  r i f f l e  from a feed scoop, feed bucket ,  o r  r i f f l e  pan having a l i p  
o r  opening t h e  f u l l  length of t he  r i f f l e .  When using any of the above 
con ta ine r s  t o  feed the r i f f l e ,  spread the  material evenly i n  the  
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Riffle Bucket and 
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F igure  A-2. Sample dividers ( r i f f l e s )  .a’ 
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con ta ine r ,  raise t h e  con ta ine r ,  and hold i t  with i t s  f r o n t  edge 
r e s t i n g  on top of t h e  feed chute ,  then  s lowly t i l t  i t  s o  t h a t  t he  
m a t e r i a l  flows i n  a uniform stream through t h e  hopper s t r a i g h t  
down over  the  c e n t e r  of t he  r i f f l e  i n t o  a l l  t h e  s l o t s ,  thence 
i n t o  the r i f f l e  pans,  one h a l f  of t h e  sample being co l l ec t ed  i n  
a pan. Under no circumstances shovel  t h e  sample i n t o  t h e  r i f f l e ,  
o r  d r i b b l e  i n t o  the  r i f f l e  from a small-mouthed con ta ine r .  Do 
not  a l low t h e  material t o  b u i l d  up i n  o r  above the  r i f f l e  s l o t s .  
I f  i t  does no t  flow f r e e l y  through t h e  s l o t s ,  shake o r  v i b r a t e  
the  r i f f l e  t o  f a c i l i t a t e  even flow.- A 1  / 

The procedure f o r  coning and q u a r t e r i n g  i s  b e s t  i l l u s t r a t e d  i n  Figure A-3. 
The following is a d e s c r i p t i o n  of t h e  procedure: 

(1) Nix t h e  m a t e r i a l  and shovel  i t  i n t o  a nea t  cone; (2)  f l a t t e n  
the  cone by press ing  t h e  top without  f u r t h e r  mixing; ( 3 )  d iv ide  
the  f l a t  c i r c u l a r  p i l e  i n t o  equal  q u a r t e r s  by c u t t i n g  o r  sc rap ing  
o u t  two diameters  a t  r i g h t  angles ;  ( 4 )  d i s c a r d  two oppos i te  quart-  
e r s ;  (5) thoroughly mix the  two remaining q u a r t e r s ,  shovel  them 
i n t o  a cone, and r epea t  t h e  qua r t e r ing  and d iscard ing  procedures 
u n t i l  t h e  sample has  been reduced t o  2 t o  4 l b .  Samples l i k e l y  t o  
be a f f ec t ed  by moisture  o r  drying must b e  handled r a p i d l y ,  pre- 
f e rab ly  i n  an a r e a  wi th  a con t ro l l ed  atmosphere, and sea led  i n  a 
conta iner  t o  prevent  f u r t h e r  changes dur ing  t r a n s p o r t a t i o n  and 
s t o r a g e .  Care must be taken t h a t  t h e  material is not  contaminated 
by anything on t h e  f l o o r  o r  t h a t  a po r t ion  is no t  l o s t  through 
cracks  o r  ho le s .  P re fe rab ly ,  t h e  coning and qua r t e r ing  opera t ion  
should be conducted on a f l o o r  covered wi th  c lean  paper.  Coning 
and qua r t e r ing  i s  a simple procedure which i s  app l i cab le  t o  a l l  
powdered materials and t o  sample sizes ranging from a few grams t o  
several hundred pounds .GI 

The s i z e  of t h e  labora tory  sample is important--too l i t t l e  sample w i l l  no t  
be r ep resen ta t ive  and too much sample w i l l  be  unwieldy. I d e a l l y ,  one would 
l i k e  t o  analyze t h e  en t i re  gross  sample i n  ba tches ,  bu t  p r a c t i c a l l y ,  a labora- 
t o r i  s i z e  sample nus t  be prepared. While a l l  ASTM Standards acknowledge t h i s ,  
they d i sag ree  on t h e  exac t  s i z e  a s  i nd ica t ed  by t h e  range of recommended Sam: 
p l e s  which extends from 0 . 1  t o  60 l b .  

The main p r i n c i p l e  i n  s i z i n g  t h e  l abora to ry  sample is t o  have s u f f i c i e n t  
coarse  and f i n e  po r t ions  t o  be r e p r e s e n t a t i v e  of t he  p i l e  and t o  a l low s u f f i -  
c i e n t  mass on each sieve s o  t h a t  t he  weighing i s  accura te .  A recornmended r u l e  
of thumb is t o  have twice as much coarse  sample as f i n e  sample. A l abora tory  
sample of 800 t o  1,600 g is recommended s i n c e  i t  is the  la rges t  t h a t  can b e  
handled by t h e  s c a l e s  normally a v a i l a b l e  (1,600-g capac i ty ) .  
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The ques t ion  of crushing t h e  sample t o  perform the  moisture  a n a l y s i s  
hinges on t h e  s i z e  and type of the material and what type of moisture  i s  de- 
s i r e d .  It has  a l ready  been s t a t e d  t h a t  c rush ing  reduces p o t e n t i a l  sample 
d i v i s i o n  b i a s .  With most labora tory  equipment, only r e l a t i v e l y  f r i a b l e  mate- 
r ials l i k e  c o a l  and coke can b e  crushed. The ASTM Standards r e f l e c t  t h i s  
p r a c t i c a l  cons ide ra t ion  s i n c e  only f r i a b l e  samples conta in ing  l a r g e  p ieces  a r e  
recommended f o r  c rush ing .  The i s s u e  i s  e a s i l y  resolved s i n c e  the  moisture  and 
s i l t  sample are recommended t o  b e  one and t h e  same f o r  purposes of shortening 
time i n  t h e  l abora to ry .  The sample cannot b e  crushed a s  t h i s  would des t roy  
t h e  sample s i l t  i n t e g r i t y .  

4 .0  RECOMMENDED SAMPLE ANALYSIS PROCEDURES 

Analysis of t h e  l abora to ry  samples f o r  s i l t  and su r face  moisture w i l l  be 
i d e n t i c a l  whether t h e  samples o r i g i n a t e  from s to rage  p i l e s ,  unpaved roads,  o r  
exposed a r e a s .  
i c a l l y  bound moisture .  

Minor d i f f e rences  w i l l  occur  f o r  dry ing  materials wi th  chem- 

4 . 1  XOISTURE ANALYSIS 

The b a s i c  recommended procedure f o r  moisture  a n a l y s i s  i s  oven drying. Table 
A-1 p re sen t s  a step-by-step procedure f o r  determining su r face  moisture .  

Exceptions t o  t h e  gene ra l  procedure of  Table A-1 inc lude  any material com- 
posed of hydrated minerals o r  organic  m a t e r i a l s .  Because of t he  danger of mea- 
su r ing  chemically bound moisture from these  ma te r i a l s  i f  they a r e  over-dried,  
t he  drying time should b e  lowered t o  only 1-112 h r .  Coal and s o i l  a r e  examples 
of m a t e r i a l s  t h a t  should be analyzed by t h i s  l a t t e r  procedure.  

4 . 2  SILT hVALYSIS 

The b a s i c  recommended procedure f o r  s i l t  a n a l y s i s  is mechanical, dry 
s i e v i n g .  A step-by-step procedure is given i n  Table A - 2 .  The s i ev ing  t i m e  is 
v a r i a b l e ;  s i e v i n g  should be continued u n t i l  the n e t  sample weight co l l ec t ed  i n  
the pan inc reases  by less than 3.0% of t h e  previous n e t  sample weight co l l ec t ed  
in t h e  pan. A minor v a r i a t i o n  of 3.0% is allowed s i n c e  some gr inding  w i l l  
occur ,  and consequent ly ,  t h e  weight w i l l  cont inue  t o  i n c r e a s e .  When the  change 
reduces t o  3.0%, i t  i s  hoped t h a t  t he  n a t u r a l  s i l t  h a s  been passed through the  
Xo. 200 sieve sc reen  and t h a t  any f u r t h e r  increase is due t o  gr inding .  
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TABLE A-1. MOISTURE ANALYSIS PROCEDURES 

1. Preheat t he  oven t o  approximately l l0 'C (230'F). Record oven temperature.  

2 .  Tare the  labora tory  sample con ta ine r s  which w i l l  be  placed i n  t h e  oven. 
Tare t h e  conta iners  with t h e  l i d s  on i f  they have l i d s .  Record t h e  t a r e  
weight (s ) .  Check zero before  weighing. 

3. Record t h e  make, capac i ty ,  smallest d i v i s i o n ,  and accuracy ( i f  displayed)  
of t h e  s c a l e .  

4 .  Weigh the  l abora to ry  sample i n  t h e  c o n t a i n e r ( s ) .  Record t h e  combined 
weighc(s).  Check zero before  weighing. 

a /  5 .  Place sample i n  oven and dry  overnight.-  

6 .  Remove sample conta iner  from oven and ( a )  weigh immediately i f  uncovered, 
being c a r e f u l  of t h e  h o t  con ta ine r ;  o r  (b) p lace  t i g h t - f i t t i n g  l i d  on t h e  
conta iner  and l e t  cool  be fo re  weighing. Record t h e  combined sample and 
conta iner  weight (s ) .  Check zero be fo re  weighing. 

7 .  Calcula te  t he  moisture  as t h e  i n i t i a l  weight of t h e  sample and conta iner  
minus t h e  oven-dried weight of t he  sample and con ta ine r  divided by the  
i n i t i a l  weight of t h e  sample alone.  Record che va lue .  

8 .  Calcu la te  t h e  sample weight a s  t h e  oven-dried weight of t h e  sample and 
conta iner  minus t h e  weight of t h e  con ta ine r .  Record t h e  value.  

- a/  Dry mate r i a l s  composed of hydrated minera ls  o r  organic  ma te r i a l s  l i k e  c o a l  
and c e r t a i n  s o i l s  f o r  only 1-112 h r .  

A-13 



1. 

2.  

3. 

4 .  

5 .  

6. 

7 .  

8 .  

9. 

I 

TABLE 8-2.  S I L T  ANALYSIS PROCEDURES , 

I 
I '  

S e l e c t  t h e  appropr i a t e  8-in. diameter ,  2-in. deep sieve s i zes .  Recommended 
U.S. Standard Series s izes  are: 318 i n . ,  No. 4 ,  No. 20, No. 40,  No. 140,  
No. 200, and a pan. Comparable Ty le r  S e r i e s  s izes  can a l s o  be u t i l i z e d .  
The No. 20 and the  No. 200 are mandatory. The o t h e r s  can b e  var ied  i f  t h e  
recommended sieves are no t  a v a i l a b l e  o r  i f  bui ldup on one p a r t i c u l a r  s i e v e  
dur ing  s i ev ing  i n d i c a t e s  t h a t  an in t e rmed ia t e  sieve should be i n s e r t e d .  

Obtain a mechanical s i e v i n g  device  such as a v ib ra to ry  shaker o r  a Ro-Tap 

Clean t h e  s i e v e s  wi th  compressed a i r  and/or  a s o f t  brush.  Mater ia l  lodged 
i n  t h e  sieve openings o r  adhering t o  t h e  s i d e s  of t h e  s i e v e  should be re- 
moved ( a s  poss ib le )  without  handling t h e  sc reen  roughly.  

A t t a i n  a scale (capac i ty  of a t  least  1,600 g) and record make, c a p a c i t y ,  
smallest d i v i s i o n ,  d a t e  of l a s t  c a l i b r a t i o n ,  and accuracy ( i f  a v a i l a b l e ) .  

Tare s i e v e s  and pan. Check t h e  zero be fo re  every weighing. Record weights.  

Af t e r  n e s t i n g  t h e  sieves i n  decreas ing  order  w i t h  pan a t  the  bottom, dump 
d r i e d  l abora to ry  sample (probably immediately a f t e r  moisture ana lys i s )  i n t o  
t h e  top s ieve.  Brush f i n e  m a t e r i a l  adhering t o  t h e  s i d e s  of t he  conta iner  
i n t o  t h e  top  sieve 2nd cover t h e  top sieve wi th  a s p e c i a l  l i d  normally pur- 
chased with t h e  pan. 

P lace  nes ted  s i e v e s  i n t o  t h e  mechanical device  and s i e v e  f o r  20 min. Remove 
pan conta in ing  minus No. 200 and weigh. Replace pan beneath t h e  s i e v e s  and 
sieve f o r  another  10 m i n .  Remove pan and weigh. 'hen t h e  d i f f e r e n c e  between 
two success ive  pan sample weighings (where t h e  t a r e  of t he  pan has been sub- 
t r a c t e d )  is l e s s  than 3.0%,  t h e  s i e v i n g  i s  complete. 

Weigh each sieve and i t s  contents  and record  t h e  weight .  Check the zero 
be fo re  every weighing. 

Co l l ec t  t h e  l abora to ry  sample and p lace  the sample i n  a sepa ra t e  conta iner  
i f  f u r t h e r  a n a l y s i s  is expected. 

I 
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5 . 0  CONCLUSIONS 

Sample c o l l e c t i o n ,  p repa ra t ion ,  and a n a l y s i s  procedures have been recom- 
mended f o r  s t o r a g e  p i l e s ,  unpaved roads ,  and exposed a r e a s .  Since no ASTM 
Standards d i r e c t l y  app l i cab le  t o  t h e s e  s p e c i f i c  conf igura t ions  of bulk mate- 
r i a l  were found, recommended techniques were based on ( a )  p r i n c i p l e s  found i n  
r e l a t e d  ASTX Standards and (b) a concern f o r  p r a c t i c a l i t y  i n  r e l a t i o n  t o  man- 

I 
I 

power and time expendi tures .  
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