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PREFACE 

This F ina l  Report summarizes the  accomplishments on Midwest 
Research I n s t i t u t e ' s  Pro jec t  No. 4343-L. The work described i n  t h i s  r e -  
port  has been conducted i n  the Environmental and Mater ia l s  Sciences Division 
of Midwest Research I n s t i t u t e  under the supervis ion of D r .  L. J .  Shannon. 
T h i s  repor t  w a s  wr i t t en  by D r .  Chatten Cowherd, Jr. and M r .  Thomas A. Cuscino. 
Mathematical ca l cu la t ions  were performed by Mr. Cuscino. 

I 

I 
I 
I 
I 
I 
I 

Approved f o r :  
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SUMMARY 

This r epor t  p resents  an eva lua t ion  of f u g i t i v e  dus t  emissions 
generated by heavy-duty vehicu lar  t r a f f i c  over a series of paved and un- 
paved roads wi th in  a n  in tegra ted  i r o n  and s teel  p l an t .  
t h i s  evaluat ion was t o  determine the  degree of emissions reduct ion achiev-  
able  through the  implementation of spec i f i ed  con t ro l  measures including 
paving, sweeping, and applying dus t  suppressants .  

The purpose of 

The most e f f e c t i v e  con t ro l  measures are found t o  be paving of 
unpaved road segments o r  app l i ca t ion  of dus t  suppressants  (water o r  o i l )  
t o  unpaved roads. 
are considerable ,  t h e  pro jec ted  emissions reduct ions are believed t o  be 
r e a l i s t i c a l l y  achievable  through the  implementation of the  spec i f i ed  con- 
t r o l  measures. 

Although the  l e v e l s  of unce r t a in ty  i n  these ca l cu la t ions  

I 
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1.0 In t roduct ion  

This repor t  presents  the r e s u l t s  of an evaluat ion of f u g i t i v e  
d u s t  emissions generated by heavy-duty vehic les  t ranspor t ing  aggregate ma- 
t e r i a l s  a t  an in tegra ted  i ron  and s t e e l  p l a n t  i n  northwestern Indiana. The 
purpose of t h i s  eva lua t ion  w a s  t o  determine the  degree of reduction of cur-  
ren t  emissions achievable  through the implementation of cont ro l  measures. 

T h i s  study focused on four  a c t i v e  ma te r i a l s  t ranspor t  roads: 

1. Blast furnace f l u e  dust  rou te ,  

2 .  Coal stockigg and destocking rou te ,  

3 .  One stocking and destocking rou te ,  and 

4 .  Blended b l a s t  furnace f l u e  dust  route.  

Current emissions of f u g i t i v e  dus t  were ca lcu la ted  f o r  t h e  un- 
paved and paved segments of each road. P lan t  da ta  f o r  these  ca l cu la t ions  
were provided by Equitable Environmental Health,  Inc. (EEH). 

Four EEH-specified con t ro l  op t ions  were evaluated: 

1. Paving the unpaved por t ions  of roadways associated with each 
of the  four  d i s t i n c t  ma te r i a l  handling a c t i v i t i e s  

a .  with a comprehensive maintenance and cleaning schedule 
b. without a comprehensive maintenance and cleaning schedule. 

2 .  Performing a comprehensive maintenance and cleaning program 
f o r  a l l  paved segments of  the four  d i s t i n c t  ma te r i a l  handling 
act ivi t ies .  

3.  Performing a comprehensive wet t ing o r  o i l i n g  program on a l l  
unpaved segments of the  four  d i s t i n c t  ma te r i a l  handling 
a c t i v i t i e s .  

For each con t ro l  opt ion,  estimated reductions i n  dust  emissions 
were ca lcu la ted  t o  determine the r e l a t i v e  e f fec t iveness  of cont ro l .  

The following sec t ions  of t h i s  repor t  d i scuss ,  i n  sequence; (a)  
methodology f o r  quant i fying road dus t  emissions,  (b) input  data  supplied 
by EEH, (c) ca lcu la ted  emissions f o r  each segment of paved/unpaved road, 
(d) evaluat ion of con t ro l  opt ions,  and (e) r e l i a b i l i t y  of es t imates .  

" L 
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2 . 0  Methodology fo r  Quant i fy ing  Emissions 

The methodology f o r  q u a n t i f i c a t i o n  of f u g i t i v e  dus t  emissions 
from paved and unpaved roads i s  based on the  use of p red ic t ive  equations 
empir ical ly  developed by Midwest Research I n s t i t u t e  (m). 
repor t  p resents  the  empir ical ly  va l ida ted  equat ions along w i t h  the  modifi-  
ca t ions  necessary t o  extend t h e  a p p l i c a b i l i t y  of these equat ions t o  t h e  
s p e c i f i c  cases a t  hand. 

This s ec t ion  of the  

2 . 1  Unpaved Roads 

The equation o r i g i n a l l y  developed by MIU t o  estimate f u g i t i v e  d u s t  
emissions from unpaved road& was: 

(1) V E = 0.49 s . (3) 

where E = Emission f a c t o r  f o r  p a r t i c l e s  less than 30 micrometers 
(P) in diameter ,  based on a p a r t i c l e  dens i ty  of 2 . 5  g/cm 3 
( lb /veh ic l e  mile) .  

S = S i l t  content  ( p a r t i c l e s  less than 75 pm i n  diameter) of 
road  sur face  m a t e r i a l ,  as determined by dry s iev ing  (percent ) .  

V = Vehicle speed (mph). 

This equation y i e lds  values wi th in  + 20% of  the  a c t u a l  measured emission fac-  
t o r s .  Under the  following road and t r a f f i c  condi t ions:  (a )  s i l t  contents  
between 5 and 68%, (b) vehic le  speeds between 30 and 40 mph, and (c)  l i g h t -  
duty veh ic l e s  (automobiles and l i g h t  t rucks )  having an average weight of 
3 shor t  tons.  The equat ion i s  f u r t h e r  restricted t o  apply only t o  dry days,  
t h a t  i s ,  days with < 0.01 in .  of r a i n f a l l .  

- 

In order  t o  extend t h e  emission f a c t o r  expression given i n  equa- 
t i o n  l t o  heavy-duty veh ic l e  w e i g h t s  of as  much a s  80 shor t  tons ,  a cor rec t ion  
f a c t o r  must be appl ied.  
f a c t o r  i s  d i r e c t l y  propor t iona l  t o  t h e  weight up t o  8 shor t  tons. However, 
the  au thors  be l ieve  t h a t  ex t r apo la t ion  of t h i s  f inding up t o  8O-ton vehic les  
y i e l d s  emission rates many times h igher  than v i s u a l  observat ions would in -  
d i c a t e  t o  be poss ib le .  Experiments w i l l  soon be conducted by M i d w e s t  Re- 
search I n s t i t u t e  t o  quant i fy  the  emissions from heavy-duty t ruck  t r a f f i c ,  
thereby y ie ld ing  an appropr ia te  weight co r rec t ion  f ac to r .  

A recent  studyz/ has  indicated t h a t  the  emission 

Since the objec t ive  of t h i s  eva lua t ion  i s  t o  estimate the  amount 
of reduct ion of emission e f f ec t ed  by var ious  con t ro l  techniques,  i t  i s  f e l t  

3 
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t h a t  a conservative est imate  of uncontrolled emissions, one with an adequate 
margin of s a f e t y ,  i s  i n  order .  Therefore,  the  emissions given by Equation 
(1) w i l l  be scaled t o  heavy-duty vehic le  weights through t h e  following mul t i -  
p l i c a t i v e  weight cor rec t ion  f a c t o r s  (WCF): 

(2a) 

I f  w > - 30 tons,  WCF = 10 (2b) 

Because the  unloaded t ruck  weights being considered range from 20  t o  30 tons,  
the e f f e c t  of these f ac to r s  i s  e s s e n t i a l l y  t o  approximate emissions from 
heavy-duty vehic les  by 10 times t h e  f a c t o r  f o r  l i g h t - d u t y v e h i c l e s .  

W - I f  w 5 30 tons ,  WCF = 3 

F i n a l l y ,  in order  t o  es t imate  emissions on a yea r ly  b a s i s ,  
Equation (1) must be mul t ip l ied  by the f r a c t i o n  of dry days per year  
i n  northwest Indiana,  245136511. With  these  modif icat ions,  Equation (1) be- 
comes : 

2.2 

E = 0.49 S ($ V WCF (-) 245 
365 

Paved Roads 

(3) 

3yerfomed by 
Figure 1 shows the  r e s u l t s  of f i e l d  experiments 

MRI t o  quant i fy  f u g i t i v e  dust emissions from paved roads.- The dashed 
l i n e s  i n  Figure 1 dep ic t  the  ex t rapola t ion  necessary to extend t h e  experi-  
mental data  t o  sur face  s i l t  loadings projected f o r  the  subjec t  i ron  and s t e e l  
p l an t .  The extrapolated l i n e s  do not pass through the  highest  data  poin ts  
s ince  those data  values were i n f l a t e d  by the  uniformity of d i s t r i b u t i o n  a f t e r  
a planned s p i l l .  Because the experimental da ta  shown i n  Figure 1 w a s  developed 
w i t h  vehic les  weighing 3 cons and t r ave l ing  a t  30 mph, both weight and speed 
cor rec t ions  must be applied t o  the  experimentally obtained va lues ,  a s  follows: 

V E E El (WCF)- 
30 

( 4 )  

where E = Emission f a c t o r  f o r  p a r t i c l e s  l e s s  than 30 pm i n  diameter,  
based on a p a r t i c l e  dens i ty  of 2.5 g/cm3 ( lb lveh ic l e  mi le ) .  

El= Emission f a c t o r  from Figure 1 given a s  a funct ion of surface 
s i l t  loading. 

WCF = Weight cor rec t ion  f a c t o r  from Equation (2) 

V = Vehicle speed (mph). 

4 
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The t o t a l  mass of loose sur face  dus t  on paved roads a t  t h e  sub- 
ject  p l an t  was estimated t o  be 26,000 lb/mile .  This corresponds t o  a very 
d i r t y  publ ic  road i n  an i n d u s t r i a l  area. The estimated dus t  loading was 
determined by s tudying photographs of var ious  measured loadings and select- 
ing t h e  loading t h a t  appeared most r ep resen ta t ive  of t h e  paved roads ob- 
served a t  s tee l  p l an t s .  

The s i l t  conten t  of t h e  dus t  on t h e  paved roads a t  t he  sub jec t  
i ron  and s tee l  p l a n t  was given a value equal  t o  twice t h e  s i l t  content  
of t he  grab sample of  sur face  material from t h e  nea res t  connecting unpaved 
road. The r a t i o n a l e  behind t h i s  s e l e c t i o n  i s  t h a t  t h e  m a t e r i a l  on a paved 
road would be t h e  same as that found on a connecting unpaved road but  with 
twice the  s i l t  conten t ,  caused by continuous grindir.g between the veh ic l e  
t i res  and the  r i g i d  paved. sur face .  

S i l t  loading,  as used Figure 1, i s  obtained by mult iplying t h e  
f r a c t i o n a l  content  of s i l t  on a given paved road by 26,000 lb/mile .  The 
grave l  f i n e s  curve i n  Figure 1 was used f o r  t h e  paved roads being considered 
because the  hardness and dens i ty  of the sur face  materials more c l o s e l y  ap- 
proximated gravel f i n e s  than pulverized s o i l .  

3.0 Input  Data 

Input  da t a  required f o r  t he  c a l c u l a t i o n  of road dus t  emissions w i t h  
t he  equat ions shown i n  the  previous s e c t i o n  was provided by Equi table  Environ- 
mental Heal th ,  Inc .  The notab le  except ion was t h e  sur face  dus t  loading on 
the  var ious  paved segments, which was assumed t o  be 26,000 lb/mile .  The given 
input  da t a  for each materials t r anspor t  road are shown i n  Tables 1 through 6. 

A s  ind ica ted  i n  the t a b l e s ,  t h e  t r anspor t  rou tes  were divided i n t o  
segments wi th  the  endpoints of each segment defined by a number. 
ment consis ted of a s i n g l e  sur face  type ,  paved or unpaved. For  each r o a d  
segment, veh ic l e  speeds and weights (loaded and unloaded) were provided. 
t h e  cases f o r  which veh ic l e  speed w a s  given a s  a range of values  (with no 
more than 5 mph d i f f e rence )  t he  higher  end of t h e  range was taken. 

Each seg- 

I n  

Samples of unpaved road su r face  ma te r i a l  were obtained by EEH 
from roadside loca t ions  a t  key pos i t i ons  around the p l a n t  and shipped t o  
M R I  f o r  s i l t  ana lys i s .  A sunrmary of t he  dry  s iev ing  methodology and re- 
s u l t s  f o r  t hese  four  samples i s  given i n  Appendix 1. 

6 
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Tables 1 and 2 l i s t  the input  d a t a  f o r  t he  b l a s t  furnace f l u e  
dus t  route .  Blast furnace 13 i s  considered sepa ra t e ly  from b l a s t  furnaces 
1 through 1 2  because b l a s t  furnace 13 opera tes  continuously and produces 
385 tons/day of f l u e  d u s t ,  while  b l a s t  furnaces 1 through 1 2  opera te  i n t e r -  
m i t t e n t l y  and produce a t o t a l  of 693 tons/day. 

Table 3 shows the  input  da t a  descr ib ing  the  t r anspor t  of i r o n  o r e  
t o  and from t h e  o re  s to rage  area. The t r i p  from poin t  1 2  t o  poin t  14 i s  
used i n  s tocking the  ore  s torage  p i l e s .  The o r e  i s  hauled from the  base o f  
t he  o re  handling crane on the  e a s t  s i d e  of  t h e  barge s l i p  t o  t h e  o r e  s t o r -  
age p i l e s .  The t r i p  from 14 t o  17 and 17 t o  15 is used f o r  destocking the 
p i l e s  and hauling o re  around t o  t h e  b l a s t  furnaces on t h e  west s i d e  of the 
s l i p .  

Table 4 presents  input  d a t a  f o r  t h e  t r anspor t  of coa l  from t h e  
s i l o  t o  the  b ins .  There are b ins  t o  the  e a s t  and t o  t h e  west of t he  s i l o  
with equal  t r i p s  made t o  each s ide .  The f i r s t  t h ree  road segments l i e  
t o  t h e  west of the s i l o .  

Tables 5 and 6 ,  r e spec t ive ly ,  d e s c r i b e  the  t r anspor t  of blended 
f l u e  dus t  t o  the  s torage  a rea  2.3 miles  east of t he  blending area and t o  
the  s i n t e r  p l a n t  0.9 miles nor th .  

7 
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4.0 Calculated Emissions 

The input  da ta  given i n  Sec t ion  3 .0  were used wi th  t h e  modified 
predic t ion  equations t o  y ie ld  average emission f a c t o r s  and hourly and 
year ly  emission r a t e s .  These values a r e  shown i n  Tables 7 through 12.  
Because the hourly emission r a t e s  were ca lcu la ted  by d iv id ing  the d a i l y  
emission r a t e s  by 2 4 ,  t he  hourly emission r a t e  i s  an average. The year ly  
emission r a t e  was ca lcu la ted  by mul t ip ly ing  the d a i l y  emission r a t e  by 
2 4 5 ,  which i s  the number of d r y  days i n  northwest Indiana.  It was ass-med 
t h a t  t h e  material t r anspor t  operat ions occur  every day of t he  yea r ,  s ince  
no o t h e r  information was provided. 

The hourly emission r a t e s  presented in Tables 7 through 12  a r e  
summarized i n  Table 13. It  i s  c l e a r  from Table 13 t h a t  f o r  the material 
t r anspor t  processes s tud ied ,  t he  unpaved roads y ie ld  the  major i ty  (85%) 
of the f u g i t i v e  d u s t .  The t r anspor t  opera t ion  producing the most e m i s -  
s ions  i s  the t r anspor t  of blended f l u e  d u s t ,  which genera tes  35% of the  
t o t a l  suspended p a r t i c u l a t e  burden from the  operat ions s tud ied .  The o ther  
t h ree  t r anspor t  operat ions each y i e ld  approximately 20% of the t o t a l  emis- 
s ions .  

1 4  
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5 . 0  Evaluation of Control Options 

Four con t ro l  techniques were evaluated f o r  r e l a t i v e  e f fec t iveness :  

1. Paving the unpaved por t ions  of roadways assoc ia ted  w i t h  each 
of the four d i s t i n c t  ma te r i a l  handling a c t i v i t i e s  

a .  with a comprehensive maintenance and cleaning schedule 
b.  without a comprehensive maintenance and cleaning schedule. 

2.  Performing a comprehensive maintenance and cleaning program 
fo r  a l l  segments of the four d i s t i n c t  ma te r i a l  handling 
a c t i v i t i e s .  

3 .  Performing a comprehensive wet t ing o r  o i l i n g  program on a l l  
unpaved segments of the four  d i s t i n c t  ma te r i a l  handling 
a c t i v i t i e s .  

Two cleaning operat ions were considered: dry broom sweeping and vacuum 
sweeping. 

For a given road segment the e f f i c i ency  of cont ro l  i s  given 
by the following expression: 

Control Eff ic iency = Uncontrolled E - Controlled E (5 ) 
Uncontrolled E 

where E r e f e r s  t o  the emission f a c t o r .  This assumes t h a t  the  con t ro l  
measure does not a l t e r  the t r a f f i c  c h a r a c t e r i s t i c s .  The o v e r a l l ' c o n t r o l  
e f f ic iency  f o r  an N-segmented road may be obtained a s  follows: 

N _. 
Overall  Eff ic iency = ei f i  

i-1 
where ei i s  the e f f i c i ency  and f i  i s  the  f r a c t i o n  of t o t a l  uncontrolled 
emissions contr ibuted by the i t h  road segment. 

5 .1  OP t i on  1A 

Assuming t h a t  a f t e r  paving a road the 26,000 lb/mile  of road dust  
has a s i l t  content equal t o  twice t h e  value fo r  the previous unpaved road, 
i t  may be shown t h a t  the e f f i c i ency  of con t ro l  equals 90%. 

5 . 2  Option 1B 

The cont ro l  e f f i c i ency  (e)  of two sequent ia l ly  applied cont ro l  
measures (such a s  paving and cleaning)  i s  given by: 
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e = el + e2 - ele2 (7) 

I n  t h i s  case the e f f i c i ency  of paving ( e l ) ,  under the assumptions l i s t e d  
above, i s  90%. 
surface.  

e2 i s  the e f f i c i ency  of c leaning method used on t h e  paved 

5 . 3  Option 2 

The e f f i c i ency  of a d r y  broom street-sweep and a vacuum s t r e e t -  
sweeper has been repor ted . i /  The dry-type broom sweeper has been found t o  
have negative e f f i c i ency  fo r  removing s i l t  because i t  a c t u a l l y  increased 
s i l t  loading on the s t r e e t  sur face ;  however, because the broom does remove 
some of the l a r g e r  mater ia l  which eventua l ly  would have been ground t o  
s i l t ,  the broom sweeper has been given a nominal 15% con t ro l  e f f i c i ency .  
The vacuum sweeper, on the o ther  hand,removed 83% of the p a r t i c l e s  l e s s  
than 43 p i  i n  diameter,  and i t  i s  assumed t h a t  t h i s  same e f f i c i ency  would 
apply t o  s i l t .  

5.4 Option 3 

The e f f i c i ency  of watering unpaved roads has been reported?/ t o  
be 50% if watered twice per day; however, the  e f f i c i ency  of o i l i n g  has 
not been found. I t  i s  assumed t h a t  the e f f e c t  of o i l i n g  i s  s imi l a r  t o  
chemical s t a b i l i z a t i o n  which has a con t ro l  e f f ic iency  of 507..A1 
frequency of o i l  app l i ca t ion  i s  not  s p e c i f i e d ,  i t  can be assumed qua r t e r ly  
appl ica t ion  i s  s u f f i c i e n t  t o  achieve a 50% e f f i c i ency  i f  s p i l l s  do not  
cover the  oi led sur face .  Table 14 shows the cont ro l  e f f i c i ency  achieved 
by applying a p a r t i c u l a r  con t ro l  option t o  a l l  the  roads involved i n  a 
p a r t i c u l a r  mater ia l  t ranspor t  process.  Applying the ove ra l l  cont ro l  ef-  
f i c i e n c i e s  i n  Table 14 t o  the t o t a l  emission r a t e s  i n  Table 13 y i e l d s  the 
reduction i n  emissions f o r  each con t ro l  option and f o r  each ma te r i a l  t r ans -  
por t  process,  a s  shown i n  Table 14. I t  i s  assumed t h a t  the s i l t  loading 
on paved roads bui lds  t o  i t s  s t a b l e  value between d a i l y  sweeping. 

Although 

5.5 Comparative Evaluation 

Examination of Table 14 leads t o  several  conclusions. Sweeping 
the already paved roads w i t h  a broom sweeper y ie lds  neg l ig ib l e  r e s u l t s  
w i t h  only 10.6 l b / h r  t o t a l  reduction. 
a l ready  paved roads i s  f a r  more e f f e c t i v e ,  w i t h  a 55 l b / h r  reduction 
a t t r i b u t a b l e  t o  i t s  use.  Watering the unpaved roads on a regular  b a s i s  
(twice/day) can achieve a s u b s t e n t i a l  reduct ion of 181 l b / h r  but t h i s  
reduction w i l l  be p a r t i a l l y  o f f s e t  by t h e  increase i n  emissions from the  
already paved roads r e s u l t i n g  from c a r r y  out of moist dus t  from the  unpaved 
t o  the connecting paved sur faces .  Oil ing of the unpaved roads w i l l  a l s o  

The vacuum sweeper operated on 
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yield a 181 l b / h r  reduct ion;  however, o i l i n g  can produce a water po l lu t ion  
problem i f  there  i s  a lake,  r i v e r  o r  stream near the  oi led roads t h a t  w i l l  
c o l l e c t  the runoff.  

Paving, while the most c o s t l y ,  i s  by f a r  the most e f f e c t i v e  con- 
t r o l  opt ion,  r e s u l t i n g  i n  a 306 l b / h r  reduct ion i f  a l l  unpaved roads were 
paved and minimally maintained a t  a loading of 26,000 lb /mi le .  This last 
caveat i s  important because the reduct ion reported w i l l  be achieved only 
i f  the paved road does not  become d i r t i e r  than 26,000 lb/mile .  
broom sweeping once per day y i e l d s  l i t t l e  d i f f e rence  from paving a lone ,  but 
paving and vacuum sweeping increases  t h e  emission reduct ion t o  355 l b / h r .  

A s  indicated i n  Table 14, a 107 l b / h r  reduction can be achieved 

Paving and 

so le ly  by paving and vacuuming the roads involved w i t h  the  t r anspor t  of 
blended f l u e  dust  t o  the  s torage  a rea .  Actua l ly  a 184 l b / h r  reduct ion w i l l  
be achieved s ince  the road involved i n  t h e  blended f l u e  dust  t ranspor t  
t o  the s torage  a rea  i s  the same road a s  used fo r  coa l  t r anspor t .  

The cont ro l  opt ions with the most promise would seem t o  be Option 
IA (paving without c leaning)  and Option 3 (watering o r  o i l i n g  unpaved roads) .  
The f i r s t  would involve an in t ense  i n i t i a l  e f f o r t  followed by a per iodic  
maintenance program, while t h e  second would require  more continuous a c t i v i t y .  
I n  comparison, l i t t l e  i s  to be gained by sweeping paved sur faces .  

6 .0  Uncertainty of Estimates 

Although.the empir ica l ly  derived emission f a c t o r  r e l a t ionsh ips  
(Equation (1) and Figure 1) w i l l  p r ed ic t  emissions wi th in  2 20% (90% con- 
fidence l eve l )  over the  range of f i e l d  condi t ions t e s t e d ,  much l a r g e r  l eve l s  
of uncer ta in ty  r e s u l t  from ex t r apo la t ion  of these r e l a t ionsh ips  t o  heavy- 
duty vehic les  and, i n  the case of paved roads,  t o  heavy sur face  dust  loadjngs.  
Additional uncer ta in ty  i s  introduced i n  the  est imates  of con t ro l  e f f i c i ency  
f o r  each con t ro l  option. F ina l ly ,  much of the input data  provided by EEH 
consisted of estimated va lues ,  and M R I  was required t o  es t imate  the values  
f o r  t o t a l  loading and s i l t  content  of su r f ace  dust  on paved roads. 

Consideration of t h e  many sources of uncer ta in ty  l i s t e d  above 
y i e lds  the following approximate uncer ta in ty  f ac to r s  fo r  t h e  ca lcu la ted  
emissions and emission reduct ions,  based on a 90% confidence l e v e l :  

Quan t i ty  Uncertainty Factor  

Current Emissions 
Unpaved Roads 
Paved Roads 

2 
3 

I 
I 

Emission Reductions 2 
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For example, if the current emissions for an unpaved road are calculated 
to be 100 lb/day, the probable true value lies between 50 and 200 lb/day. 

Nevertheless, the calculated values presented in this report 
represent the best professional judgment of the authors based on several 
years of experience in quantifying and estimating dust emissions from 
industrial roads. Moreover, in estimating quantities for this evaluation, 
attention has been given to providing assurance that the calculated emis- 
sion reductions are realistically achievable. 
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A 0 ENGINEERS 

u GEOLOGISTS 

n CHEMISTS 
0 INSPECTORS 

December 29, 1976 \ u /  
V 

Adwest  R e s e a r c ~ ~  I n s t i t u t e  
425 Volker Boulevard 
Kansas City,  Missouri  64110 

Attn:  Nr. Tom Cusino 

Re: Screen Analysis 

Gentlemen : 

A t  t h e  request  of Mr. Tom Cusino, four ore  samples were picked up at 
your o f f i c e  and labora tory  for moisture and screen a n a l y s i s .  

The samples were weighed i n  t o t a l  a s  rece ived  and d r i e d  f o r  moisture 
content .  

Each e n t i r e  s a m p l e  w a s  screened w i t h  t he  -200 recorded a t  5 ,  20 and 
40 minutes. 

The t e s t  r e s u l t s  a r e  enclosed. 

Very t r u l y  yours,  

MIDCOhTINENT ENGINEERING & TESTING CO. 

s h n  B. Baldwin 
President  

.TBB:fo 
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% I120 - 7.4% 
% -200 @ 5 minutes = 15 .0% 
% -200 @ 20 minutes = 20.5% 
% -200 @ 40 minutes = 22.8% 

12-28-76 Midwest Res ear c h Ins t it u t e Dare -. 

--_- 
- Sample No. I 

Checked by CQlputcd by 
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. , .. 
% H20 - 5.0% 
a -200 @ 5 minutes = 7.12 
% -200 @ 20 minutes = 8.9% 
% -200 @ 40 minutes = 9.8% 

PET #11747 
S E T  NIAJASIS 

12 -28 -7 6 Midwest Research I n s t i t u t e  Dare -. .- 

___- 'ro.lcct__ Coal Handline, Road 
orlng  N O .  Sample No. 2 

Perccnr 
F ? X r  Percent Retained 

Paf . l t .1  Total 

Weight 
Reralncd . 
i n  grC.=la 

u. 5 .  
S ' ' ~ Z  s l e w  oper.1nge 

by ve1gi.t 
- S1em s:ze 

Itches I H l u l l a t e r "  or  b h r  

3.w 3-1". @ 40 Min 
2.m 2-1r.. 

l . w  25.11 1-1". 

0.750 19.1 3/11-m. 

0.505 12.7 1 / 2 4 .  13.3. - -.9h.9 
0.375 9.52 31e-1:. 16.9 92.9 
0.250 6 .25  NO. 3 -. - 
0.187 11.76 No. L 40.9 8 3 . 4  

For M 1rd:vlduil s i e v e ,  the p r c c n t  finer by volgbt - p r c e n t  finer than next larger 
alcve - perecnfi retalned on lndlvldual .lev0 

Remarks 

m u t e d  by Cheeked by 
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% H20 - 9.0% . .  
% -200 @ 5 minutes 8 . l X  

-200 (3 20 minutes = 13.5% 
% -200 @ 40 minutes = 14.3% 

smn ANALYSIS 
m t c  __ 12-28-7 6 Midwest Research I n s t i t u t e  

Base of Transfer Tower a t  Ore Handline Area .oJect 

r l n i  No. S.nple NO. 3 
- 

v(. !n g r m s  of sa=.ple, W- - ; s , ’  7 ,  I U t  i n  g~‘(~m.u of mnterlnl > No. L alcve = 

SIC= opcnlngs Percent Retained 
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% 1120 - 1.0% . .  

% -200 @ 5 minutes = 12.4% 
% -200 @ 20 minutes = 13.9% 
% -200 @ 40 minutes = 14.7 

11749 
SITYE AIIALYSIS 

Midwest Research Institute mte _12:28-76- 
.oJect Ore Storage Area _--- 

h p l c  No.. 4 ,ring No. 

1.50 I 1-1/2-1n. 

1.00 25.L 1-1". 

0.750 19.1 3 1 L - h .  

0.505 12.7 1/2-1n. n n  -. .- 
0.375 9.52 3/8-ln. 2 .2  1 99.8 

0.157 L.16 NO. Ir 2 2 . 9  98.1 
0.25C I 6.35 No. 3 

0.132 I 3.35 Ne. 6 

0.0911 2.38 no. 8 

O.C?9 I 2.00 NO. 10 212.4 81.7 

0.033 O.& NO. a, 

0 .  ok? 1.19 No. 16 

For an 1rd:vidue.l a i c v c ,  the percent finer by.-:& - percent finer than next larger 
s l e w  - percent rctalned on individual iicvo 

R C - b  
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