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Execut ive  Suimnary and Conclusions 

I n  o rder  t o  fu r the r  the aim o f  reducing emissions o f  t o t a l  
suspended p a r t i c u l a t e  ma t te r  (TSP) f rom t h e  l o c a l  sand and grave l  
processing indus t ry ,  t h e  South Coast A i r  Q u a l i t y  Management 
D i s t r i c t  (SCAQMD) proposed a r e g u l a t i o n  based on opac i ty ,  

designed t o  r e s t r i c t  emissions from a l l  cont inuous m a t e r i a l  
hand l ing  and s torage operat ions.  The Southern C a l i f o r n i a  Rock 
Products Associat ion (SCRPA) and t h e  Southern C a l i f o r n i a  Ready 
Mix Concrete Associat ion (SCRMCA) were’asked t o  comnent on t h e  

impact of such a r e g u l a t i o n  on t h e i r  a c t i v i t i e s .  SCRPA/SCRMCA 
questioned t h e  economic f e a s i b i l i t y  as w e l l  as t h e  ac tua l  need 
fo r  such a regu la t i on ,  g iven t h e  e f f i c i e n c y  o f  c o n t r o l  techniques 
a l ready  i n  p lace  and t h e  phys ica l  c h a r a c t e r i s t i c s  o f  t h e i r  
emissions. 

PES was se lec ted  t o  conduct a s tudy  on f u g i t i v e  dus t  emissions 
i n  the  i n d u s t r y  which would es t imate  t h e i r  magnitude, t h e i r  
r e l a t i o n s h i p  t o  opac i ty ,  t h e  e f fec t i veness  o f  wet dus t  suppression 
techniques, and t h e  impact on ambient TSP l e v e l s .  

The conclusions f rom t h i s  s tudy  a r e  summarized below. 
1. Emission f a c t o r s  for f i v e  types o f  p o i n t  sources(Tab1e 3-1) 

and f o r  t h ree  haul  roads (Table 3-2) were der ived .  

2. Dust c o n t r o l  by  wet suppression was 90-98 percent  e f f e c t i v e  

f o r  p o i n t  sources, and 89-96 percent  e f f e c t i v e  f o r  haul  roads. 
S i x  downwind samples, ou t  o f  twe lve  f o r  which p a r t i c l e  

s izes  were determined m ic roscop ica l l y .  conta ined only 0.3 t o  11 
percent  by weight o f  p a r t i c l e s  l e s s  than ten  microns i n  diameter 
(Table 2-1). 

4. With opac i t y  observat ions made by an SCAQMD representa t ive  
du r ing  emission tes ts ,  no general q u a n t i t a t i v e  r e l a t i o n s h i p  between 
average opac i t y  and maximum dust  concent ra t ion  cou ld  be supported, 
a l though t h e r e  may be such a r e l a t i o n s h i p  f o r  each i n d i v i d u a l  

3. 
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source. 
5. The EPA d i spe rs ion  model "PAL" gave est imates o f  

downwind receptor  concentrat ions i n  excess o f  t h e  a i r  q u a l i t y  
standard (Table 4-3). 
These est imates are be l i eved  conserva t ive  (h igh)  because o f  
var ious s i m p l i f y i n g  assumptions. 
i n  app ly ing  such models t o  dus t  emissions i s  t h e  l a c k  o f  adequate 
allowance f o r  f a l l o u t .  

The most ser ious  de f i c iency  

6. To ta l  emissions f o r  SCRPA membership were est imated t o  
be 36,600 MT/yr (40.300 T /y r )  w i t h o u t  use o f  c o n t r o l s .  
i s  reduced by wet suppression t o  1830 MTlyr (2020 T/yr). much 
below the  value o f  13,990 MT/yr (15,409 T l y r )  p rev ious l y  
est imated f o r  t h e  i n d u s t r y  by t h e  SCAQMO on t h e  bas i s  of 
l i t e r a t u r e  values. 

This  
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1 .O INTRODUCTION 

As a s tep  towards i t s  o b j e c t i v e  o f  f u r t h e r  progress towards 
reduc t i on  i n  t o t a l  suspended p a r t i c u l a t e  ma t te r  (TSP), t h e  South 
Coast A i r  Q u a l i t y  Management D i s t r i c t  (SCAQMD) proposed r u l e s  
403.1 and 403.2 t o  regu la te  f u g i t i v e  dus t  emissions and requested 
t h a t  t h e  i n d u s t r y  respond t o  t h e  proposed r u l e s  (1) .  The r u l e s  
l i m i t  v i s i b l e  o p a c i t i e s  and s p i l l a g e  or car ry -ou t  by t r a n s p o r t a t i o n .  

When informed o f  t h i s  proposal .  t h e  Southern C a l i f o r n i a  Rock 
Products Assoc ia t ion  (SCRPA) and t h e  Southern C a l i f o r n i a  Ready-Mix 
Concrete Associat ion (SCRMCA) requested P a c i f i c  Environmental 
Services (PES) t o  p rov ide  a l i t e r a t u r e  search. The search showed 
t h a t  the  c u r r e n t l y  used emission f a c t o r s  were no t  soundly based. 
SCRPA and SCRMCA then engaged PES t o  conduct a f u r t h e r  s tudy i n  

coord ina t ion  w i t h  SCQMD. 

fo l lows:  

I 
The ob jec t i ves  o f  t h e  s tudy wew as 

To determine emission f a c t o r s  f o r  var ious unit  process ing 
operat ions by source t e s t i n g ,  w i t h  simultaneous o p a c i t y  
observat ions t o  be made by SCAQMD. 

@ T o  es t imate  t h e  emissions f o r  a l l  member f a c i l i t i e s  i n  
t h e  South Coastal B a s i n  and p r o j e c t  t h e i r  impact on 
ambient a i r  q u a l i t y .  

0 To i n v e s t i g a t e  the  r e l a t i o n s h i p  between p a r t i c u l a t e  dus t  
emissions and v i sua l  opac i t y .  

.To use appropr ia te  d i spe rs ion  modeling techniques t o  
p r o j e c t  t h e  impact o f  dus t  emissions f rom rep resen ta t i ve  
f a c i l i t i e s  on downwind recep to r  s i t e s .  

To examine p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n  se lec ted  
samples taken upwind and downwind o f  dust  emission 
sources. 

The methodology adopted by PES i n  consu l ta t i on  w i t h  SCRPA. 

1-1 
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SCRMCA. and SCAQMD invo lved  severa l  s ta tes .  Emission f a c t o r s  were 
determined by use o f  a p r o f i l e  sampler rack w i t h  f i l t r a t i o n  

c o l l e c t i o n  o f  TSP on glass f i b e r  f i l t e r s  (2 ) .  
p a r t i c u l a t e  a i r  q u a l i t y  standards a r e  based on TSP, no 
d i f f e r e n t i a t i o n  o f  p a r t i c l e  s izes  du r ing  sampling was made, b u t  a 
separate arrangement was made by SCRPA and SCRMCA w i t h  Dyer 
Labora tor ies  t o  determine by microscopic  count the  p a r t i c l e  s i z e  
d i s t r i b u t i o n s  on twelve o f  the a i rbo rne  dust  samples c o l l e c t e d  
by PES. 

EPA s tud ies  t o  de f i ne  e s s e n t i a l l y  t h e  en t i re  mass o f  t h e  dust 
plumes emi t ted  f rom sources (3 ,4 ,5 ) .  It i s  imprac t i ca l  t o  make 
temporary enclosures t o  c o l l e c t  a l l  emissions from most rock-  
processing u n i t s .  
sampling does n o t  a l l o w  i s o l a t i o n  o f  s i n g l e  sources i n  t h e  v i c i n i t y  
o f  o the r  emission po in ts .  
was adopted f o r  a l l  b u t  one type o f  source, t h e  surge p i l e .  

Since t o  da te  t h e  

The p r o f i l e  sampler has been used ex tens i ve l y  i n  var ious  

The a l t e r n a t i v e  approach o f  "upwind-downwind'' 

For  these reasons t h e  p r o f i l e r  method 

During sampling SCAQMD representa t ives  recorded opac i t y  us ing  
standard SCAQMD methodology. SCRPA prov ided source i nven to ry  data 
obta ined by ques t ionna i re  f rom i t s  members, and more d e t a i l e d  
layouts  and opera t iona l  data from severa l  se lec ted  operators .  The 
l a t t e r  were f o r  use as cases i n  t h e  d i spe rs ion  modeling phase of 
the  p r o j e c t .  

The types o f  sources t o  be tes ted ,  and t h e  p a r t i c u l a r  u n i t s ,  
were se lec ted  i n  consu l ta t i on  w i t h  SCRPA and SCAQMD w i t h  t h e  o b j e c t  
o f  i n c l u d i n g  examples o f  elements p o t e n t i a l l y  c o n t r i b u t i n g  t o  
f u g i t i v e  dus t  emissions i f  uncon t ro l l ed .  These inc luded  haul  roads 

( th ree  examples), t r a n s f e r  p o i n t ,  screen, crusher,  surge p i l e ,  and 
bu lk  loading.  The process elements t e s t e d  were a l l  "d ry  s ide ' '  or 
unwashed mate r ia l ,  s ince  t h e  washed m a t e r i a l  i s  sa tura ted  w i t h  
water and emi ts  no s i g n i f i c a n t  amount o f  dust  a t  any stage. Except 

0 
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for  bulk loading a l l  tests were run both uncontrolled and w i t h  
water spray control. 
s t a t e  o f  control. The sampling was carr ied ou t  i n  the period of 
July t o  September, 1979, the  ho t tes t  season o f  the year. There 
was no rain during t h i s  period, nor for a t  l ea s t  two months previous. 

Haul roads were a l so  tes ted i n  an i n t e m d i a t e  

e 
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2.0 METHODOLOGY 

2.1 PROFILE SAMPLER 

This device was developed along the lines reported by Cowherd 
(2-5). 
one for line sources'. Nozzles were made of sheet metal in three 
sizes and selected according to wind velocity to approximate 
isokinetic sampling. 
into the sampler nozzle to the velocity of air moving past the 
nozzle, in order to avoid biased sampling of the mixture of 
particle sizes found in the dust plume.) The nozzle selection was 
made from a tabulation of air volume flow rates against nozzle 
diameter and air velocitylwind speed (Table A-1 in Appendix A ) .  
The nozzles were clamped to a rack at one meter intervals, five 
on the horizontal cross-bar, two meters high, and two more on the 
center vertical at one and three meter heights. The nozzles 
were each connected by twelve foot lengths of flexible hose and 
sheet metal adapters to standard 8" x 10" HiVol filter holders. 
The hose was iined with woven glass, which was chosen for its 
lack of tendency for sand or dust to adhere to the interior of 
it. 
meters from the source. 

For haul roads (considered to be line sources), the profiler 

The PES apparatus took two forms, one for point sources and 

(Isokinetic sampling matches air velocity 

For sampling, the profiler was centered downwind two to eight 

was reduced to three nozzles in a vertical line at one, two and 
three meter heights. 
of the road. 

It was set up within five meters of the edge 

Before the run the HiVol samplers were loaded with numbered 
glass fiber filters which had been desiccated overnight and tared. 
After sampling the hoses were tapped and manipulated to send any 
settled dust to the HiVol. 
a wind shield. if necessary), folded once lengthwise, placed in a 
plastic envelope and stored in a manila envelope oriented to 

Then, filters were unloaded (behind 

0 
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prevent  dus t  s p i l l a g e .  L a t e r  t h e  f i l t e r s  were aga in  des iccated 
overn igh t  and reweighed. Dur ing sampling HiVol  a i r  f l ows  were 
determined by t a k i n g  manometer readings on a t a p  i n  t h e  blower 
output .  p rev ious l y  c a l i b r a t e d  by  a s e t  o f  c a l i b r a t e d  o r i f i c e s .  

These procedures a r e  adapted f rom standard EPA methods ( 6 ) .  

2.2 SAMPLING PROCEDURES 

2.2.1 SAMPLING OF POINT OR LINE SOURCES 

The sampler deployment i s  shown i n  F igures 2-1 and 2-2. The 
upwind and downwind HiVols  were r u n  conven t iona l l y  (6), and 
s imul taneously  w i t h  t h e  p r o f i l e r .  
recorded w i t h  a Bendix-Fr iez Aerovane o r i e n t e d  by compass, with 
allowance f o r  magnetic d e v i a t i o n  f rom t r u e  nor th .  Before sampling 
w i t h  t h e  p r o f i l e r ,  some p r e l i m i n a r y  runs were made w i t h  a Raeder 
p o r t a b l e  p a r t i c u l a t e s  sampler. i n  order  t o  determine approximately 
t h e  d u r a t i o n  o f  sampling t ime necessary t o  c o l l e c t  an adequate 
weight o f  sample. A f t e r  t h e  f i r s t  p r o f i l e r  t e s t  ser ies,  i t  was 
poss ib le  t o  s e l e c t  a s u i t a b l e  t e s t  d u r a t i o n  by v i s u a l  assessment 
o f  t h e  plume. 
uncon t ro l l ed  (d ry ) ,  h i g h  emission sources, t o  one hour f o r  sources 
w i t h  a h igh  degree o f  water spray c o n t r o l .  

Wind speed and d i r e c t i o n  were 

Sampling t imes were v a r i e d  f rom t e n  minutes f o r  

For  haul roads ( l i n e  sources),  a measured i n t e r v a l  o f  d is tance 
o f  about 100 f e e t  was marked o f f  a long t h e  road. 
per iod,  each v e h i c l e  was t imed between t h e  marks f o r  v e l o c i t y  
determinat ion.  

Dur ing t h e  sampling 

The t y p e  o f  veh ic le ,  and i t s  load, were recorded. 

Tes t  run  data a re  g iven i n  t h e  Appendix. 

2.2.2 SURGE PILE SAMPLING 

I n  o rder  t o  sample a surge p i l e ,  a l a r g e r  area source, an a r r a y  
o f  HiVols  was deployed as shown i n  F igure  2-3. The degree o f  c o n t r o l  

was va r ied  by changing t h e  spray on t h e  crusher-screen combinat ion 

2-2 



. - . __ ___ . - __ __ . . . - . . .. . . . . . - . . .. . .. . . .. . . . . .. ..._ . .. 

0 

0 

0 

0 

t. 

0 

c, 
E 
0 
.r 

. n  

2-3 



7 . .. . . ... ... . .. . .. .. . . . . .. . . . . . . .. . . . . . .  

6 

v) 
U 

0 
L 
a 

2-4 



e 

e 
c 
3 

E 
N 

c 4 LD 

E m 
LD 

0 

E 
> 

0 
I- 
n 

v) 

0 
5 

I 

- - 

U 

2-5 



e 

0 

e 

0 

0 
l 

e 

e 

i 

0 

whqse output was conveyed to the surge pile. This sampling 
arrangement did not define the vertical extent of the plume. 

2.2.3 PLUME SAMPLE INTEGRATION PROCEDURE 

2.2.3.1 POINT SOURCES 

Horizontal and vertical profiler concentration data were 
separately fitted by statistical regression to the expression: 

t n y  = a o + a x + a x L  2 1 
where 

3 y = TSP concentration, mg/m 

X = profiler nozzle position, m 

The fitted curves for one example are shown in Figure 2-4. 
plume density at the profiler is sketched three-dimensionally in 
Figure 2-5. To integrate this, it was assumed that any cross- 
section of the solid i s  an ellipse with axes equal to the width 
and height of the solid at that density (i.e. the horizontal 
widths of the curves in Figure 2-4). The area of the ellipse is 
equal to nab. where a and b are semi-axes (See Figure 2-6). The 
solid volume, representing the total plume dust mass passing the 
profiler, can be obtained by graphical integration: elliptical 
slices of thickness Ay, as shown in Figures 2-5 and 2-6, are 
summed. The result i s  in grams per second, or pounds per hour. 

The 

2.2.3.2 LINE SOURCES 

The vertical profiler data for haul roads were fitted by 
statistical regression to the equation: 

y = a t b t n x  

where 

y = vertical distance, m 

x = TSP concentration, mg/m3 

2-6 
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The curves were integrated graphically from ground concentration 
(y = zero) t o  the  concentration equal t o  t ha t  a t  the upwind sampler. 
Multiplying the integrated t o t a l  by the  wind velocity and dividing 
by the number of vehicles gave the emission fac tor  i n  terms of 
grams per vehicle meter traveled (or  pounds per vehicle mile).  
An example of the curve f i t  is  given i n  Figure 2-7. 

In a l l  cases the dry road t e s t s  were made w i t h  no water spray 
fo r  a t  l e a s t  one hour previous. 
been no spraying since the previous day before the d ry  condition 
r u n .  
run. The wet and intermediate t e s t s  were s ta r ted  a t  various 
intervals  u p  t o  50 minutes a f t e r  spraying, based on subjective 
estimates of dus t  levels.  

A t  h a u l  roads A and C ,  there  had 

A t  haul road B. the l a s t  spraying was one hour before the 

2.3 OPACITY OBSERVATIONS 

The SCAQMD provided qual i f ied opacity observers. For point 
sources, the observations were made from a su i tab le  posit ion by 
estimating a t  uniform time intervals t h e  percent opacity a t  the 
densest part  of the d u s t  plume being emitted. For haul roads, the 
readings were made, i n  a l l  but one test day, each time a vehicle 
passed, again a t  t h e  densest part  of the plume. One one day, the  
readings were made a t  equal time in t e rva l s ,  as for 'a p o i n t  source. 

The SCAQMD procedure f o r  opacity observation i s  basical ly  
t h a t  of EPA method 9 ( 7 ) .  w i t h  one exception. 
vations made a t  equal timed in t e rva l s ,  the SCAQMD procedure c a l l s  
fo r  noting the times when the opacity changes from one level t o  
another. 

Instead of obser- 

2 .4  SIZE DISTRIBUTIONS 

In consultation with SCRPA one haul road, a screen. and a 
b u l k  loading operation were selected f o r  determination of size 
d is t r ibu t ion .  The f i l t e r s  from the upwind and two downwind HiVols 0 

i 

0 
2-10 
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HiVpls  and from t h e  cen te r  o f  t h e  p r o f i l e r  were conveyed t o  Dyer 
Laborator ies,  who were engaged separa te ly  t o  make microscopic  
p a r t i c l e  counts i n  t h r e e  diameter ranges: 2.5-lop. 10-3Op. and 
above 30p. 
Appendix. 
geometric mean diameters f o r  t h e  two smal ler  ranges and t h e  est imate 
(g iven by D r .  Dyer)  o f  40p f o r  t h e  median l a r g e  p a r t i c l e ,  and 
assuming equal d e n s i t i e s  i n  a l l  s i z e  ranges. 
i n  Table 2-1. 
w i t h  the  number o f  p a r t i c l e s  counted i n  each s i z e  range, a long 
w i t h  an increase i n  t ime and e f f o r t .  The number o f  p a r t i c l e s  
counted f o r  t h i s  s tudy were s u f f i c i e n t  f o r  d i s t r i b u t i o n  counts 
which are  accurate t o  about 20 percent .  The one va lue of zero 
( f o r  p a r t i c l e s  l a r g e r  than 30p i n  b u l k  l oad ing )  thus  s i g n i f i e s  a 
very low value such t h a t  no p a r t i c l e s  t h a t  l a r g e  appeared i n  t h e  
prese lec ted  count ing  g r ids .  

The r e p o r t  f rom Dyer Labora tor ies  i s  inc luded i n  t h e  
The r e s u l t s  were conver ted t o  percent  by weight, us ing  

The r e s u l t s  a r e  shown 

The p r e c i s i o n  o f  t h e  s i z e  d i s t r i b u t i o n  increases 

2.5 SOURCE INVENTORY 

An i n v e n t o r y  o f  opera t iona l  components i n  member p l a n t s  was 
obta ined by SCRPA through t h e  survey ques t ionna i re  shown as 
Table 2-2. 
i n  opera t ion  were tabu la ted .  
o f  t h e  i n d u s t r y  c a p a c i t y  i n  t h i s  area i s  inc luded i n  SCRPA 

membership. 

Only p l a n t s  w i t h i n  t h e  SCAQMO boundaries and c u r r e n t l y  
It i s  est imated t h a t  over 95 percent  

2 . 6  DIFFUSION MODELING 

The model used was PAL, one o f  t h e  s e t  o f  UNAMAP d i f f u s i o n  
models accepted by EPA (9). Th i s  model i s  a m u l t i p l e  source, 

m u l t i p l e  recep to r  vers ion .  
and 30 recep to r  s i t e s  can be inc luded.  Inpu t  data was: g r i d  

l oca t i ons ,  s ize ,  and e leva t i ons  o f  sources and receptor  s i t e s ,  

Up t o  30 each o f  s i x  types o f  sources, 

2-1 2 
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Source 
Type 

Sarnpl e Fi 1 ter 
Point No. 

Table 2-1: PARTICLE SIZE DISTRIBUTIONS, WEIGHT BASIS 

Screen 

Haul road 

Bulk loading 

Range of Particle Diameters, p :  

Upwind T99 2.5 
Profiler Center T94 0.3 
Near downwind T97 0.5 
Far downwind T98 1.3 

Upwind T26 13 
Profiler Center T20 6 
Near downwind T21 6 
Far downwind T22 6 

Upwind A2 1 2.1 
Profiler Center A52 1.0 
Near downwind A24 3,1.6 
Far downwind A23 1 1  

I Percent by weight 

I- 10-30 

42 
10 
6 
19 

>30 (-40) 

56 
89 
93 
79 

17 
57 
57 
54 

35 
22 

52.34 
89 

70 
37 
37 
39 

63 
77 

45,65 
0 
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Table 2-2. FUGITIVE DUST QUESTIONSAIRK 

Company N a m e  

P 1  a n  t N a m e  

P l a n t  A d d r e s s  

N a m e  of P r e p a r e r  

F u g i t i v e  D u s t  S o u r c e s  

P i t  A r e a  A c r e s  
N a t i v e  S o i l  T y p e  

H a u l  Road  T r e a t m e n t  
Haul Road Length Mil- 

W a t e r e d  C h e m i c a l  T r e a t m e n t  P a v e d  

P l a n t  P r o d u c t i o n  
A v e .  TPH Wet 

S a n d  
G:avel 
C r u s h e d  
B a s e  

Ave.  TI” D r y  

A v e r a g e  T o t a l  T h r o u g h p u t  TPH 

THE FOLLOWING QUESTIONS APPLY TO DRY PROCESSING O?!LY 

C r u s h e r s  

T y p e  ( c o n e ,  j a w ,  e t C . )  S i z e  M e t h o d  of D u s t  S u p p r e s s i o n  

s c r e e n s  

S i z e  M e t h o d  of D u s t  S u p p r e s s i o n  

T r a n s f e r  P o i n t s  

Number 

2-14 
0 

M e t h o d  of D u s t  S u p p r c z s i o n  
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Bulk Loading Points 

How Loaded 
Plant Bunker 
Field Bunker 
Conveyor Belt 
Front End Loader 

CITATIONS (AQflD) 

Date 

Please attach a 

Average TPH 

RECEIVED RELATED TO AGGREGATE PRODUCTION 

Rule Cited 

line diagram of the plant layout. 

Comments : 

t 

0 

i 
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source strengths (point, area, and line), averaging time, area 
and line source dimensions, wind speed and direction, atmospheric 
stability, temperature, mixing height. and fallout rate. The 
source strengths were those derived in this study, adjusted for 
tonnages of material handled and for truck traffic frequencies. 
Only "dry side" processing components were considered. 
sites were selected directly downwind and at various other 
locations (including upwind) depending on terrain. 

Receptor 

2.6.1 DESCRIPTION OF THE MODEL 

PAL and other models in the UNAMAP group (8,9,10) are based 
on the assumption of Gaussian distribution, vertically and 
horizontally, at any cross-section of the plume. The spreading 
rate of the plume used in the model is based on experimental 
data with gases, and is not realistic for particles large enough 
to settle appreciably within the downwind distances of interest. 
Therefore, it is comnon to introduce a fallout rate, which in 
effect tilts the central axis of the plume downward (11). 
fallout rate, or angle of tilt, i s  determined from settling 
velocity tables according to the known or assumed particle 
diameter and density. 
in this study. 
range of particle diameters, which would correspond to a variety 
of fallout rates. 
this, some inaccuracy results. Nearby receptor concentrations tend 
to be overestimated because particles larger than the mean fall out 
faster than predicted. 
distances when the source has a higher elevation.) The theoretical 
terminal settling rate by Stokes law is proportional to the square 
of the diameter, for spherical particles. Moderate non-spherical 
shape does not cause large changes in the settling velocity. The 
use of linear fallout rates may underestimate the concentrations 

The 

Densities were considered to be uniform 
Airborne particles rarely fail to show a broad 

Since the standard models do not provide for 

(This effect i s  noticeable at greater 
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of particles smaller than the mean at large receptor distances. 
The importance of this is reduced for the type of dust studied 
here, where the weight percent of particles below 10 is small 
near the source. 
reciprocally related to receptor concentrations. At very low 
wind speeds the model becomes unrealistic; at zero wind speed 
the concentration at receptors is calculated to be very high, 
possibly infinite, whereas i n  reality initially it would be zero, 
except at the source, and would increase only by diffusion there- 
after at non-source sites. 
In the current study one hour was used, since with steady state 
source output and windspeeds o f  at least one m/sec any receptor 
distance of interest would be reached well within this period. 
In relating model receptor concentrations to the air quality 
standard, it must be remembered that normal plant operations are 
for eight daytime hours, while the standard is averaged over 24 
hours. Therefore, the model values should be divided by three, 
unless off-hour activity is known to occur. 
although fairly stable during the day, does vary, so that emissions 
are distributed to different receptors, at times, than those down- 
wind according to the selected modeling conditions. 
overestimates by roughly a factor of two. 
account o f  air turbulence introduced by irregularities in terrain, 
which have the effect of increasing the dispersion, i.e. diluting 
the pollutant. 

Wind velocity in the model expression is 

The averaging time may be varied. 

Wind direction, 

This causes 
The model takes no 

The United States Environmental Protection Agency has 
designated methods for maintaining air quality in a series of 
guidelines (e.g., 12). Where simple projections are not definitive, 
or indicate failure to maintain air quality standards, the methods 
call for use of computerized dispersion models. 
variety of models (8). from which the user selects the most 
appropriate for his problem. 

There is a large 

In general. the models are thought to 
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g ive  p r o j e c t i o n s  accurate t o  about 50% when c a r e f u l l y  se lec ted  
and app l ied .  

concerned gaseous s tack emissions. The problem o f  s e t t l i n g  by 
large-d iameter  p a r t i c l e s  has n o t  been w e l l  acconnnodated i n  
e x i s t i n g  models. 

2.6.2 WINO CONDITIONS(13) 

The bu lk  o f  prev ious experience, however, has 

The average daytime wind cond i t ions  i n  t h e  South Coast A i r  
Basin are remarkably s i m i l a r  throughout t h e  year, i n t e r r u p t e d  
on ly  by i n f requen t  storms or "Santa Ana" cond i t ions .  
du r ing  l a t e  n i g h t  or e a r l y  morning, t h e  wind i s  o f fshore .  As 
the  temperature r i s e s  du r ing  t h e  morning t h e  f l ow  reverses and 
becomes onshore. The reversa l  occurs e a r l y  d u r i n g  t h e  sumner 
and l a t e r  i n  t h e  w in te r ,  b u t  normal ly  before noon. Dur ing t h e  
e n t i r e  year  i n  most o f  the  bas in t h e  predominant wind f low du r ing  
t h e  l a t t e r  h a l f  o f  the  working day (which s t a r t s  a t  s i x  o r  seven 
o ' c l o c k )  i s  f rom t h e  southwest quadrant f rom morning u n t i l  l a t e  
af ternoon. Local topography causes v a r i a t i o n s  i n  t h e  d i r e c t i o n  and 
v e l o c i t y ,  b u t  a t  any g iven l o c a t i o n  i t  i s  cons is ten t .  Santa Ana 
cond i t i ons  r e f e r  t o  reversed f l o w  p a t t e r n s  caused by a h igh  
pressure a i r  mass over the  c e n t r a l  p la teau  o f  t h e  western s ta tes .  
This  occurs on l y  a few t imes a year, most ly  i n  t h e  f a l l ,  and o f t e n  
r e s u l t s  i n  gusty, high-speed downslope winds, p a r t i c u l a r l y  i n  t h e  
canyons. Near ly  a l l  convent ional  storms come i n  o f f  t h e  P a c i f i c .  
They are i n f requen t  and most ly  conf ined t o  the w i n t e r  months, 

t y p i c a l l y  l a s t i n g  two or  t h r e e  days. Many storms brush by t o  the  
north w i thou t  p r e c i p i t a t i o n ,  but may a l t e r  t h e  usual  o f f sho re -  
onshore d i u r n a l  wind c y c l e  pa t te rn .  Once the  onshore breeze i s  

es tab l i shed  i n  t h e  morning, i t  strengthens u n t i l  l a t e  af ternoon 
c o o l i n g  occurs. 
a re  usual .  
(3.1 m/sec) was used. 

O r d i n a r i l y  

V e l o c i t i e s  i n  t h e  range o f  t h r e e  t o  twe lve  knots 
For  modeling i n p u t  t h e  mean va lue o f  s i x  knots  

2-18 
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2.6.3 AMBIENT A I R  QUALITY STANDARDS 
3 California air quality standards for TSP are 100 pg/m 

3 averaged over 24 hours and 60 pg/m annual average, both based 
on high volume filtration sampling. These standards are more 
stringent than the Federal standards of 250 and 75 pg/m , respec- 
tively. 

3 while the Federal 24 hour standard of 250 pg/m may be exceeded once 
a year (at most). 
hour California standard of 100 pg/m 
is the relevant one for comparisons. 

3 

A l s o .  the California standard is not to be exceeded, 

For modeling projections in this study the 24 
3 -  (- 0.100 mg/m3 = 1 x g/m3) 

0 

0 

C' 
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3.0 TEST RESULTS a 

a 

0 

& 

6 
I '. 

0 

0 

3.1 EMISSION FACTORS 

3.1.1 POINT SOURCE EMISSION FACTORS 

Table 3-1 sumnarizes emission factors for point sources 
derived from profiler sampling, except for the surge pile, for 
which no vertical definition was possible. 
factors for the surge pile were deduced by integrating horizontally 
and assuming an effective dust plume height of six meters (the 
height of the surge pile). 
reduces dust emissions by 90-98 percent. Two early tests are not 
reported in Table 3-1. In one case(J) the wind alternated most 
of the day between two directions 90" apart, which did not permit 
obtaining samples o f  material consistently originating from the 
source with any profiler location. In the other case (I, a large 
crusher) the concentrations were still increasing towards one 
end and the top of the profiler. This indicated that a major part 
o f  the plume was passing above and to one side of the profile 
sampler rack, and the integration described in Section 2.2.3.1 was 
impossible. This was caused by placing the rack too far away 
from the source and not high enough above the ground. 

Approximate emission 

Spray control on the various sources 

3.1.2 HAUL ROAD EMISSION FACTORS 

Emission factors for three different haul roads are sumnarized 
in Table 3-2. 
full spray control reduced emissions 89-96 percent to levels agree- 
ing closely; 0.88, 1.03, 1.11 g/veh-m (grams per vehicle per meter). 

Dry road emissions varied by about a factor of two; 

3-1 
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0.0127 
0.129 
0.0082 
0.180 
0.122 
0.0027 
0.064 

0.0254 
0.258 
0.0165 
0.361 
0.244 
0.0054 
0.129 

Emission Factor 

lb/veh - mi Percent 
Control 

3.1 
7.5 

3.6 
6.0 

75. 

44. 

96 
90 
0 
92 
86 
0 

3.9 
8.2 
37. 

89 
70 
0 

Table 3-1. EMISSION FACTORS FOR POINT SOURCES 

- 
r o u g h -  
aut 
Tlhr  

- 

Control 

Emission R a t e  Emission Fac to r  - 
l b l h r  

Percent  
Contml kg1HT I 1bIT Source Location 

0 - Trans fe r  P o i n t  

E - Crusher 

F - Screens 

G - Oven Loading 
H - Surge P i l e  

350 

50 

200 

31 2 
350 

- 

0.027 

0.16 
1.62 
0.42 
9.1 
9.6 
0.24 
5.7 

1.283 

- 

0.21 
10.2 

1.27 
12.9 
3 . 3  

72. 
76. 

45. 
1 . 9  

- 

0.0003 0.0006 
0.0146 1 0.0291 

98 
0 

90 
0 

95 
0 
0 

96 
0 

e 

0 
aSee text discussion 
h a t e r  spray failed the last 10 minutes of 60 minute run 

0 
! 

Table 3-2. EMISSION FACTORS FOR HAUL ROADS 

0 Degree 
of 

Moisture 
Source 
,ocat i on g/veh - m 

0.88 
2.1 

1 .oo 
1.7 
12.3 
1.11 
2.3 
10.4 

21. 

Wet 
Intermediate 

D rY 
Wet 

Intermediate 

Wet 
Intermediate 

0 rY 

Dry 

0 

3.5 1 93 
52. 0 Averages Wet 

Dry 
1 .o 
14.6 
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3.2 DOWNWIND DECAY OF DUST CONCENTRATIONS 

For an approximation of fallout rates downwind, the two 
downwind sample TSP concentrations were used to derive the equations 
for an assumed logarithmic decay of the form: 

y = a + b h  

where 
3 y = TSP concentration, mg/m 

x = downwind distance, m 

Then these expressions were used to estimate the distance at which 
TSP concentrations dropped to 1 )  the value observed upwind, or 
2) the air quality standard of 0.100 mg/m . As shown in Table 3-3, 
except for some spray-controlled cases where upwind-downwind values 
were very similar (or even reversed), the decay distances calculated 
were in the range of 12-61 meters to drop to upwind levels. and 
10-221 meters to drop to the standard. 

3 

3.3 OPACITY-EMISSION RESULTS 

The available SCAQMD opacity reports are given in Appendix C. 
Results for haul roads are sumnarized in Table 3-4. The emission 
rates at various levels of control do not lead to a similar cor- 
respondence in opacities. 
with individual trucks were plotted against time from start of the 
test in two groups, empty and loaded, as shown in Figure 3-1. The 
empty trucks averaged 32 mph speed, the loaded trucks 17 mph. 
Nevertheless the loaded trucks gave dust plumes o f  higher opacity 
which increased with duration of the test more rapidly than those 
of empty trucks. 

In one example, the opacities associated 

Point source opacity observations are given in Table 3-5, where 
opacities are compared with maximum concentrations collected at the 
profile rack. Except source G, these are plotted in Figure 3-2 

3-3 
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Wet 

In te r  

D rY 

0 

0.88 25 70 

2.1 34 50 

21. 18,20.28* 60,80,70* 

Source 
Location 

A 

B 

C 

In te r  

Wet 

In te r  

Dry 

Table 3-4. OPACITY-EMISSION RELATIONS 
HAUL ROADS 

1.7 19 60 

1.11 3 10 

2.3 26 80 

10.4 58 80 

Emission Rate 
Control I g/veh - m 

*Intervals o f  interrupted test  observed separately 

e 

i 

e 
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I 
TRUCKS CROSSED 

LOADED 

7 EMPTY I 

28 

MINUTES 

F i g u r e  3-1. O p a c i t i e s  a t  Haul Road B 
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Table 3-5. OPACITY-EMISSION RELATIONS 

Point Sources 

~~ 

100 

0 

Source Control 

Crusher, I 7 
Open Loading, 

1 G* 

Maximum 
Concentr tion. 

mglm 5 

45 
44 

335 

74 
359 

178 

* Qualified observer, but not SCAQMD 

0 

3-7 
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Opacity. Percent 

27 40 



i 

0 
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t 

PERCENT 
O P A C I T Y  

6C 

40 

20 

O E  

I A Y E .  :MAX. I I 0 CRUSHER I 
10 SCREEN I 

MAXIMUN PROFILER CONCENTRATION, m g / d  

F igure  3-2. P o i n t  Source Opac i t ies  

0 
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(assuming zero opacity at zero emissions). The average opacities 
may be linearly related to maximum concentration for each source 
individually. 
curves might fit just as well, since the concentrations are either 
high or low, without intermediate values. 

There are few data points, however, and other 

3.4 PP.RTICLE SIZE DISTRIBUTION 

The size distributions (shown in Table 2-1) for screen and bulk 
loading samples are high in large particles over 30p diameter, while 
the haul road samples show more in the 10-3@ range. The highest 
downwind value for particles under lop was eleven percent; upwind 
values reached 13 percent in one case. These findings reflect 
the fact that relatively few large particles dominate the weight 
distribution downwind from the point sources. Evidently there is 
less of this large material made airborne by vehicle movement on 
haul roads, and more of the medium and smaller particles. Upwind 
samples not affected by the source may have small particles coming 
from long distances. 

3.5 DIFFUSION MODELING PROJECTIONS 

3.5.1 EFFECTS OF VARIATION IN MODEL INPUT 

The initial runs were made with no alterations in the PAL model 
except adding a fallout rate o f  0.01 m/s for the plume (This simple 
version allows the plume to reflect off the ground. as if it 
bounced). The windspeed was set at 3.1 m/sec (6 knots), wind 
direction at 270". and the atmospheric stability constant equal 
to four. All these are very typical conditions, as discussed 
in Section 2.6.2. 

PAL is a conservative model which tends to overestimate down- 
wind concentrations, and on all case examples some projected fense 
line TSP concentrations exceeded the California standard of 

0 

i 
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3 100 pg/m , even with spray control on the sources. For greater 
realism the model was altered to eliminate reflection of the plume; 
i.e. where it strikes the ground it remains (mathematically, it 
penetrates the furface). and is not found further downwind, at the 
receptor heights. The effect of varying windspeed and fallout 
rate were also examined. 
centrations; lower windspeeds become unrealistic because the assumed 
function in the model relates concentration to the reciprocol of 
windspeed. A nearby receptor will show approximately this reciprocol 
relationship in simple cases. 
to 0.05 m/s gave both increases and decreases at downwind receptors, 
apparently depending on the elevation of major sources. No extreme 
changes would be expected within the receptor distances examined, 
which were not over 3000 m. 

Higher windspeeds reduced receptor con- 

Changing the fallout rate from 0.01 

3.5.2 MODELING RESULTS 

Five plants were modeled. They varied in location, size, and 
process layout. Four had haul roads. Appendix D contains each 
plant layout with sources and receptor sites. lists of sources with 
their emissions (controlled and uncontrolled), and copies o f  the 
computer printouts for the two cases. (For plant no. 5 the model 
was also rerun for a second wind direction). Sources are listed 
with spatial coordinates and emissions, then meteorological factors. 
Finally concentrations at each numbered receptor are listed from 
point, area, and line sources, and in total. 
exponential notation. 

3 .  Units are g/m In 

0 

3-1 0 
0 



0 

0 
4.0 DISCUSSION AND CONCLUSIONS 

0 

0 

0 

a 

0 

0 

0 

0 

4.1 E M I S S I O N  FACTORS 

A f t e r  t h e  f i r s t  two runs, t h e  remaining 18 t e s t s  were success- 
f u l  and y i e l d e d  data capable o f  q u a n t i t a t i v e  i n t e r p r e t a t i o n .  The 
f i r s t  o f  t h ree  haul  road se r ies  was i n t e r r u p t e d  by e l e c t r i c a l  power 
f a i l u r e s ,  bu t  never the less r e s u l t e d  i n  data i n  good accord w i t h  
t h e  o the r  tes ts .  The haul roads were tes ted  th ree  t imes each w i t h  
va ry ing  degrees o f  water  spray c o n t r o l .  
t o  one example each o f  f i v e  p o i n t  sources, w i t h  and w i thou t  spray 
c o n t r o l  i n  f o u r  cases. 
t i c a l  regress ion,  us ing  a gaussian-type expression f o r  p o i n t  sources, 
and a semi logar i thmic form f o r  t h e  haul  roads ( l i n e  sources). 
emission f a c t o r s  a re  shown i n  Table 3-1 and 3-2 and i n d i c a t e  t h a t  
water spray c o n t r o l  i s  capable o f  a t  l e a s t  90 percent  c o n t r o l .  
degree t o  which t h e  data can be genera l i zed  from the  s i n g l e  source 
t e s t s  i s  n o t  c e r t a i n ,  b u t  t h e  n ine  haul  road t e s t s  agree among t h e  
th ree  s e r i e s  t o  a t  wors t  a f a c t o r  o f  two; most are w i t h i n  about 
20 percent.  

The program was l i m i t e d  

The emission data cou ld  be f i t t e d  by s t a t i s -  

The 

The 

4.2 PLANT EMISSIONS I N  THE SOUTH COASTAL DISTRICT 

From t h e  SCRPA-SCRMCA ques t ionna i re  t h e  major source types 
f o r  each SCRPA member were tabu la ted .  Th is  data i s  sumnarized 
f o r  SCRPA as a whole i n  Table 4-1. The data r e l a t e  t o  unwashed 
mate r ia l  on ly .  
no emission t e s t  was made on any o f  them. 
much f i n e s  and are  o f t e n  below ground l e v e l ,  which reduces 
emissions. 
The repor ted  count i s  36 jaw crushers and 82 o the r  crushers,  
t o t a l l i n g  118, and averaging 3.4 crushers per  p lan t .  The t o t a l  
number o f  screens repo r ted  was 159, an average o f  4.5 p e r  p l a n t .  
Haul roads were present  i n  18 p l a n t s .  The t o t a l  l e n g t h  was 25.8 km, 
averaging 1.43 km i n  p l a n t s  where they  were present,  and 0.74 km 
for . a l l  p lan ts .  

Although j a w  crushers a re  inc luded i n  t h e  count, 
They do not produce 

There i s  u s u a l l y  one jaw crusher  i n  t h e  average p l a n t .  
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P l a n t  
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Table  4-1. 

rhroughput,  
T/hr 

509 
100 
250 

25 
400 

0 
0 

210 
450 
225 
200 
150 
40 

0 
286 
300 
300 
340 
250 
200 

105 
301 
200 
195 
850 

0 
360 
425 
161 
672 

80 
0 

50 
4 

a9 

DRY SIDE PRODUCTION DATA 

No. 
Crushers 

7 
3 
8 
4 
4 
4 
0 
1 
5 
3 
3 
2 
2 
2 
3 
6 
4 
4 
2 
2 
3 
4 
3 
3 
3 
7 
0 
7 
2 
3 
4 
3 
2 
2 
3 

No. 
S c r e e n s  

9 
5 
7 
1 
2 
0 
0 
1 
2 
1 
7 
1 
2 
3 
8 
4 
4 
4 
6 
4 
3 
6 
7 
5 
2 
8 
0 
15 
5 
10 
19 
1 
0 
4 
3 

Haul Road, 
km 

0.8 
0 
3.2 
0.8 
0.8 
1.4 
0 
0 
0 
0 
0 
0.4 
2.0 
1.6 
1.6 
0.4 
0.8 
2.0 

1.6 

e 
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Throughput r a t e s  f o r  i n d i v i d u a l  opera t ing  u n i t s  were obta ined 
f o r  t h e  f i v e  p l a n t s  used i n  model ing p ro jec t i ons ,  and used t o  sca le 
emissions w i t h  the  fac to rs  l i s t e d  i n  Tables 3-1 and 3-2. The 

r e s u l t s  f o r  each of  t h e  f i v e  p l a n t s  a re  i n  Appendix D. A s m a r y  
o f  the  u n i t  emissions i s  shown i n  Table 4-2. a long w i t h  p r o j e c t i o n s  

t o  the  e n t i r e  South Coastal Basin i ndus t r y .  T rans fer  p o i n t s  were 
repor ted  i n c o n s i s t e n t l y  and showed r e l a t i v e l y  smal l  con t r i bu t i ons ,  
e s p e c i a l l y  when con t ro l l ed .  They a r e  n o t  included. Table 4-2 
shows the  averages p e r  process u n i t  f o r  t h e  f i v e  p lan ts ,  and t h e  
est imated i n d u s t r y  t o t a l s  f o r  a l l  process u n i t s ,  us ing  those 
averages. For uncon t ro l l ed  emissions, t h e  c o n t r i b u t i o n s  o f  
screens are  l a r g e s t  (51%), f o l l owed  by haul  roads (31%). 
con t ro l ,  screens (40%) and haul roads (42%) are  about equal 
c o n t r i b u t o r s  a t  a much lower emission l e v e l .  

With 

4.3 OPACITY-EMISSION RELATIONS 

The r e s u l t s  o f  t h e  SCAQMD o p a c i t y  observat ions repor ted  i n  
Appendix C and discussed i n  Sect ion 3.3 a re  l i m i t e d  i n  range, 
i n c l u d i n g  very  l i t t l e  data f o r  in te rmed ia te  emission l e v e l s .  
(It would be d i f f i c u l t  t o  f i ne - tune  t h e  water spray emission 
c o n t r o l s  so as t o  reduce dry emissions by j u s t  h a l f ,  f o r  example.) 
The da ta  t h e r e f o r e  a r e  e s s e n t i a l l y  f o r  two emission po in ts ,  h i g h  
and low, t o  which many a lgeb ra i c  r e l a t i o n s  cou ld  be f i t t e d .  The 
data are a l s o  n o t  i n  agreement between d i f f e r e n t  sources. Since 
the  opac i t y  i s  n o t  dependent on the  s i z e  o f  a plume. whereas t h e  
emissions are,  a cons is ten t  opaci ty-emiss ion r e l a t i o n s h i p  f o r  
plumes o f  d i f f e r e n t  s i zes  cou ld  h a r d l y  be expected. 

4.4 DISPERSION MODEL RESULTS 

The r e s u l t s  o f  modeling on f i v e  i n d i v i d u a l  p l a n t s  are g iven 
i n  Appendix D and sumnarized i n  Table 4-3. 
are downwind receptors  p r o j e c t e d  t o  exceed the  a i r  q u a l i t y  standard 

I n  every case t h e r e  
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3 o f  100 pg/m . P l a n t  3, where t h e  downwind receptors  a re  about 
2000 m from most o f  t h e  sources, i s  t h e  o n l y  p l a n t  where the  value 
o f  300 pg/m i s  n o t  exceeded a t  some recep to r  s i t e .  
e i g h t  hour value equ iva len t  t o  100 pg/m averaged over  24 hours, 

w i t h  no emissions t h e  o the r  16 hours.) 

3 (Th is  i s  t h e  
3 

Closer i nspec t i on  o f  t h e  i n d i v i d u a l  recep to r  values and 
t h e i r  l o c a t i o n s  shows examples where f a r  receptors  have h igher  
values than nearer  ones i n  t h e  same d i r e c t i o n  from t h e  main 
sources. 
incorpora ted  i n  the  model. 
an e leva ted  source can pass above a near  recep to r  and come c lose 
t o  another receptor  f u r t h e r  away. 
t o  t h e  ground would reach nearer  receptors  wi th more s t rength .  

Th is  i s  a consequence o f  t h e  l i n e a r  f a l l o u t  r a t e  
The c e n t r a l  a x i s  o f  t h e  plume from 

The plume from a source c l o s e r  

The l i m i t a t i o n s  o f  d ispers ion  models are discussed i n  Sect ion 
The p ro jec ted  values are  ap t  t o  be h ighe r  than t h e  actual ,  3.5. 

f o r  severa l  reasons: t h e  unsteadiness o f  wind d i r e c t i o n ,  t h e  
tu rbu lence due t o  l o c a l  roughness i n  t e r r a i n  ( i n c l u d i n g  s t ruc tu res ) ,  
and t h e  use o f  a s i n g l e  l i n e a r  f a l l o u t  r a t e  i n  p lace  o f  t h e  spectrum 
o f  non- l inear  r a t e s  o f  t h e  r e a l ,  po lyd isperse  m ix tu re  o f  dus t  
p a r t i c l e  s izes.  
o f  e r r o r .  
how f a r  the  measured emission f a c t o r s  can be genera l ized,  suggest 
t h a t  model p r o j e c t i o n s  cou ld  be i n  e r r o r  by seve ra l - fo ld ,  i f  a l l  
errors were i n  the  same d i r e c t i o n .  

The l a s t  reason may be the  most s i g n i f i c a n t  source 
These f a c t o r s ,  combined w i t h  some uncer ta in t y  as t o  

As shown i n  Table 4-3, t h e  maximum recep to r  concentrat ions 
3 f o r  the  f i v e  p l a n t s  s tud ied  range f r o m  331 t o  2060 pg/m . 

lower  end o f  t h i s  range i s  bo rde r l i ne ,  and might  n o t  i n d i c a t e  an 
excessive a d d i t i o n  t o  t h e  ambient TSP l e v e l s ,  b u t  t h e  upper values 
f o r  exceed t h i s ,  and i n d i c a t e  a s i g n i f i c a n t  c o n t r i b u t i o n  t o  
them. 
screens and haul roads, which may p u t  o u t  around 80% o f  t h e  t o t a l .  

The 

Based on Sect ion  4.2. the major  sources o f  emission are 
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A more accurate p r o j e c t i o n  o f  t h e  impact o f  f u g i t i v e  dust 
emissions f rom t h e  i n d u s t r y  would depend on more data i n  th ree  
areas: improved emission f a c t o r s  (more examples); downwind 

TSP sampling a t  p roper t y  l i n e s ;  and s i z e - f r a c t i o n a t e d  p r o f i l e  plume 
cross-sect ions f u r t h e r  downwind, t o  e s t a b l i s h  f a l l o u t  r a t e s  f o r  
d i f f e r e n t  p a r t i c l e  s izes.  A good s e t  o f  ac tua l  f a l l o u t  r a t e s  
f o r  a spectrum o f  s i z e  ranges Hould add considerable accuracy t o  
TSP modeling. 

' 4.5 DOMWIND FALLOUT RATES 

The downwind f a l l o u t  r a t e s  c a l c u l a t e d  i n  Sect ion 3.2 a re  de r i ved  
from t h e  two observed downwind TSP sample weights by f i t t i n g  a s imple 
l o g a r i t h m i c  expression: 

where y i s  TSP concent ra t ion  and x i s  t h e  downwind d is tance.  Two 
observat ions are t h e  minimum needed t o  d e r i v e  the  values o f  a and 

b; consequently t h e r e  i s  no way o f  e s t i m a t i n g  how good t h e  f i t i s .  
except  f o r  t h e  l a s t  two e n t r i e s  i n  Table 3-3. where t h r e e  downwind 
samples were ava i l ab le .  
cou ld  be ca lcu la ted .  They were 0.92 f o r  t h e  wet ( c o n t r o l )  case 
and 0.70 f o r  t h e  d r y  (uncont ro l led)  case, bo th  ad jus ted  for t h e  
smal l  number o f  data p o i n t s  ( th ree) .  
p red ic ted  downwind decay d is tances  o f  TSP t o  t h e  a i r  q u a l i t y  
standard t h a t  were g rea te r  than 221111, and two o the r  cases cou ld  n o t  
be f i t t e d .  
was l i t t l e  v a r i a t i o n  among t h e  low TSP values a t  the  upwfnd and 
two downwind samples. 
f a i r l y  good accord i n  p r e d i c t i n g  t o  t h e  l e v e l  o f  t h e  s tandard f o r  
decay d is tances o f  rough ly  40 t o  6Om. 

ge t  down t o  t h e  s tandard i n  most examples. 

model were discussed i n  Sect ion 4.4. 

y = a + b l n x  

In  those cases t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

Only two cases i n  Table 3-3 

A l l  f o u r  o f  these were wet ( c o n t r o l )  cases where t h e r e  

The remain ing cases i n  Table 3-3 a r e  i n  

The d i spe rs ion  model r e s u l t s  p r o j e c t  much longer  d is tances t o  
The de f i c ienc ies  o f  t h e  
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The simple l o g a r i t h m i c  decay equat ions p r o j e c t  d is tances  s h o r t  

enough that  t h e  standard would r a r e l y  be exceeded ou ts ide  p l a n t  
boundaries. The d i spe rs ion  model p r o j e c t i o n s  suggest t h a t  n e a r l y  
a l l  cases examined exceed t h e  s tandard ou ts ide  t h e  p l a n t .  The 
model very  probably  p r o j e c t s  TSP concentrat ions t o o  h igh,  w h i l e  
the  accuracy o f  t h e  l oga r i t hm ic  decay equat ions i s  n o t  known, 
a l though the  r e s u l t s  seem cons is ten t  among d i f f e r e n t  sources. 

0 
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Table A-1. ISOKINETIC SAMPLING RATES 

4.0 

17.7 
35.4 
53.1 
70.8 

Nozzle i . d . ,  in. 

Wind Speed, knots  

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 

Sampling Rate, f t 3 / m i n  

2.0 - 

22.1 
26.5 
30.9 
35.3 
39.8 
44.0 
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2 . 5  

20.7 
27.7 
34.5 
41.5 
48.4 
55.3 
62.2 
68.8 
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3.0 - 
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39.8 
49.7 
59.7 
69.6 
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23 Wtober '1979 
- REPORT 

TO: Southern Cal i fornia  Rock Products Association 
1811 Fa i r  Oaks Avenue 
South Pasadena, Cal i fornia  91030 

A t t n . :  Don Reining, Executive Director 

Copy t o  Pacif ic  Environmental Service 

754 u-6. REF. NO- 0743 t o  0 P a r t i c l e  s iz ing  from air f i l ters  

Laboratory Reference F i l t e r  Particle s ize  d i s t r ibu t ion  in  
number Iden t i f i ca t ion  percent by number 

2% - 10 urn 10 - 30 pm >30 pm 

0743 T99 71% 29% omitted 

0745 T98 74% 26% omitted 
0746 T94 42% 3;% 24% 

19% 1% 
19% 1% 

0747 T2 1 8 0% 
0748 T20 80%. . 
0749 T26 96% 3% 1% 
0750 T2 2 8 2% 17% 1% 
0751 A52 59% 32% 9% 
0752 A24 69% 29% 2% 
0752A A24 63% 32% 5% 

0744 T9 7 6 1% 18% 22% 

0753 A23 7 2x 28% omit ted 
0754 A21 #84% 16% omitted 

Notes: 1. Because r e l a t i v e l y  low numbers were counted, the low 
percentages are not  precise .  
Very l i g h t l y  loaded f i l ters were counted d i r e c t l y  on 
segments of the f i l t e r .  
counted by removin 

f o r  loose dust,  with 0752 the count on the fi l ter .  

2. 
Heavily loaded f i l t e r s  wer 

a small amount of loose dust. 

J 

$0752 w a s  counted % 0th ways, 0752A being the r e su l  

PAGE' lOF 1 PAGES XIW I -  

. ._______ __ ......... _______ .____r____. ,  ~ . - .  . . .  
. . .  .............................. .. . .... ................. . . . . . .  . .  . . .  . .  .-,. . . . . . . . . . .  ~ 

. .  
. - ,  
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DYER LABORATORIES 

CWmJLImG - 
i 
b 

28 Nwmber 1979 

REPOR? 

b 

b 

To: Smthern Califoxnia Rock Products AES'U. 
1611 Iair iraks Avenue 
South ?asadem, CA 31030 

A m . :  l)on Reining, Executive Director 
Copy t o  Bob Gordon, Pacific Rwironoental Services. 

SUBJECT: Subject: hrrther particle s ize  LAB. REF. NO.- % 
data from air f i l ters  

laboratory Reference Filter Particle s i ze  distribution Ln 
Number Identification percent by nunber 

2?5-10 pm 10-30 @m > 30 pln --- 
0 743 T99 69'~ 28% 3% 

0745 

0753 

8% 

4% 69% 

T98 

A23 
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7-26-79 D l 1 4  O F  owl Rock - Azusa h A v l  0' 

I#""- 

! 0 n w i s  e r i n r r  o i  Yi. Robert Goram,  P a c i f i c  Environmental Services . .  
V i P S I . l ;  C O S i A C l E O  

REP51T BY Deann3 Dean, A i r  Q . u a l i t y  Engineer I 

o a s m A r m s  s . : ~  AXD DATA RECOF(DEO wa:w, TEST: 

Source t e s t i n g  was begm on f u g i t i v e  emissions from a screen. Seven 
high-volune s a q l i r s  were momted on a framework wi th  four high-volime 
samplers spaced a3sut one lceter zpar t  h s r i zon ta l ly ,  approximately 
one meter ab3ve t h e  & r G 1 1 2 d .  Two h i g h - v o l u i  s a q d e r s  were p l a c e d .  
approxiaately one and t m  Ee te r s  above t h e  center  l i n e  of t h e  
fou r  horizontoll:r-spaced s z q l e r s ,  and one sanpler was nou t e d  about 

loca ted  abaut f i v e  meters frm t h e  screen. A cont inums recording 
ind ica to r  of wind speed and d i r e c t i o n  was i n s t a l l e d  adjacent t o  t h e  
rock. 

One mare Ei-Vol was loca ted  a b m t  t e n  meters upI.rind from t h e  

p r o f i l e  of t h e  dust  plume. 

one-half meter o f f  t h e  groan2 oil t h e  cen te r  l i ne .  The&>was 

Two msre H i s o l s  were placed approxim3tely t e n  znd twenty 
meters from t h e  & c e d - ~  b : h t  v:es h p e d  t o  be the  dovnwind 

t 'The object ive o€ t h e  t e s t s  i s  t o  obta in  a hor izonta l  and v e r t i c a l  
- 

/ L A  I n  order t o  obta in  meaningful r e s u l t s ,  t h e  sa& should be normal t o  
t he  wind d i r ec t ion .  On t h i s  day of t e s t i n g ,  t h e  wind speed was f a i r l y  
steady, but t h e  wind d i r e c t i o n  var ied  between south and west 
approximately ha l f  t h e  time each. 
waiting for t h e  wind d i r e c t i o n  t o  s t a b i l i z e .  

The wind d i r e c t i o n  never d i d  s t a b i l i z e ,  bu t  it \:as decided t o  begin 
t e s t i x g  because the  t e s t  apparatus was already 2SSeDbkd. 
began with t h e  water spray on f o r  one run and off for one run. 
Opacity readings were l e s s  than  f i v e  percent  with t h e  va te r  spray 
on. 
read. 

It i s  expected t h a t  a l l  experimental r e s u l t s  obtained 011 t h i s  day 
of t e s t i n g  ~ ~ a l d  not be included i n  t h e  f i n 2 1  zna lys i s  due t o  the  
sp3radic behsvior of t h e  Find d i r ec t ion .  

The tes ts  were delaged.while 

Test ing 

With t h e  water spray o f f ,  a maximum opacity ,of '60 percent was * 

- 

- .  . . . .  . .  . .. . .... -. - . . . . . . . . . . . . .  - . 
n . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  -~ 
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SOUTH COAST AIR QUALITY PAAMAGEl\AENT DlSTRIC'i . AIR PROGRAMS nmsIoii  
ENGINEER I NG D I V I S I O N  

OBSERVATIONS DURING SOURCE TEST N3. 

! 7-31-79 D.71 V 
l f 5 T  

O w l  Rock - Azusa MAY< 0' 

V l * Y  

V C E M I J  

LPPL.  10. 
Crusher . I ov I P W  CT 

T i S T E O '  

N A Y S 6  k T l T L C S  OF 

,cpsc.) co,,T..c,ED 

REPORT BY 

M r .  Robert Gordon, Pacific Environmental Services 

Deanna Dean. Air Quality Enrineer I 
OBSERYAT~WS MIDC WD DATA rtxomw LURING TEST; 

' 0  

Testing for fugitive emissions from a crusher was performed with 
the same test apparatus as described in the field report for 
July 25, 1979, set up downwind from a crusher. 
observations are attached. 

The opacity 

0 

DD:pmj 
0 

Attachment 

0 
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'- .s. SOUTH COAST A{ L 

0 AIR PR'HOGRAYI; DIVISIOIJ 
ERGINEEHING DIVISION 

OBSERVATIONS DURING SOURCE TEST N3. 

0 

0 

0 

* 
'. 

0 

0 

0 

k l " i  0' 0.w p' 
V I " "  Owl Rock - Azusa If IT R-14-79 

v c w i r  
~ W L .  :io. 

Haul Roads I O U  I P Y E * ,  

TLsl'p 

80-90' a i m  5-10 mph. 
* O U 9 1  or 

O a S E R V ~ T I 0 ~ : F ~ O Y  - 
Y I M I S  6 lIlLLS O I  

REPCRT BY 

Hr. John Bennett, Southern Calif. Rock Products Assoc. 
I%. Robert Gordm, Pacific Environmental Services 
Deama Dean, Air Quality Engineer I 

, 
PER50.5 C O ~ l A C l f D  

O B S ~ R Y h T E ~ S  W W i  bNQ D!TA R.ECORDEQ WR:NG TfST: 

Tests were conducted for fugitive ermssions from vehicles driving on 
haul roads. Six high-volume samplers were set up. One high-volume 
was upwind of the road. The wind speed and wind direction indicator 
was next to the upwind hi-vol. 
downwind of the road. 
tubing at different elevations, approximately one, two, and three 
meters off the ground 
plume. 
The remaining two hi-vols were approximately five and ten meters from 
the three vertical hi-vols. 

The remaining five hi-vols were 
ThTee hi-vols were connected to flexible 

order to get a vertical profile of the dust 
An effort was made to get the vertical profile isokinetically. 

The road condition 33 this test day was supposed to be in an intermediate 
stage between wet and dry. 
30 minutes before testing began. 
steady and in the right direction. 

The water truck sprinkled approximately 
The wind speed and direction were 

There were problems with the portable generators. At one point, 
one generator ran out of gas and the test was terminated until a trip 
to the gas station was made. 
made on the road in the intermediate stage. It should be pointed out 
that the three vertical intake nozzles were positioned downwind from 
the wettest spot in the road. 

The tests resumed and two tests were 

Don Hopps and Ayjay Wilson were present during the tests. Opacity 
observations taken during the one completed test run are attached. - - 
DD:pmj 

Attachment 

0 
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0 A I R  PROGRAVS D I V I S I O 3  
ENG I NEEHI NG D I  V IS1 ON 

OBSERVATIONS DURING SOURCE TEST N3. 

8-15-79 
L l Y E  0‘ D A T E  O F  

I IRY O w l  Rock - Azusa 1CSI 

. C l W l i  

APPL.  )10. 
Haul Roads € W  IPUrNT 

?L 5 1  L D, , 
now5 or 

08SLlVlTIOI:F10* B:::: l l : o % ~ : : : : ~  . L I T W ~  80 -900 

~ L S S O I I  COI IT l t l l l )  

REPORT BY 

. I l i D  5-10 mph. - e 
n w E s  h T I T L c s  OF M r .  Robert Gordon, P a c i f i c  Environmental Serv ices  

nnanna Dean. A i r  Qual i ty  Engineer I 

OBSERVATWNS W A N  W D  DATA RECORDED WRING TEST: 
0 

Source t e s t s  on en iss ions  f r o n  haul  roads continued. 
of t h e  Source Tes t ing  Sec t ion  was p re sen t  during t h e  t e s t s ,  and h i s  
r epor t  i s  at tachad.  The opac i ty  observati’ons taken  dur ing  t h e  f o u r  
t e s t  runs a r e  a t tached.  

Maurice Ba l l a s  

0 

DD:pmj 

Attachments 

0 
..Lt - 
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SW217 R l . 6 1 - 6  

. ~ . . .  ... . -~ ,.., . ,.. . ,. - 



. 
0 

SOUTH COAST AIR QUALITY MANAGEMENT DlSTlllCT .- 

M E M O R A N D U M  

0 

0 

4.. 

0 

1)ATE: August 21, 1979 

TO: Robert N. Milner 

FROM: 

SLIBJECT: Source t e s t  observations a t  t he  Odl Rock Co., 1201 North 
Todd Ave., Azusa, CA, on August 15, 1979 

, 

Pacif ic  hvironmental  Services, Inc. (PES) i s  rmning  a s e r i e s  of tests 
for a rock crushing a s s x i a t i o n  to determine fugi t ive  emissions caused by 
trucks dr iving on gravel mads ,  as well  a s  dust  reduction by water spraying 
the roads. 

PES used high-volume sanplers,  one upwind of the  road and f ive  downwind 
of the road. 
tubing a t  d i f f e r e n t  e l e v a t i o ~ s ,  ap3roximately 3, 6, and 9 f e e t  o f f  t he  
ground, i n  order to g e t  a v e r t i c a l  p r o f i l e  of tke  dust while t he  t rucks  
were going by. 
The other  high-volme s m p l e r s  were used with end without covers. 
wes etea% &rd ir. 'the r i g k t  d i rec t ion  throughout t h e  tes ts .  
test was conducted f o r  ten  minutes during which time sampling by some of 
the  high-volume samplers was in te r rupted  because of a generator breakdown. 

PES had much d i f f i c u l t y  with the  generators,  and a l so  w i t h  the  high-volume 
samplers while testing when the road w a s  w e t .  
up t e s t i n g  upwind of the  road a l toge ther  and s i q l y  took samples downwind 
k i t h  interrupt ions.  

m i n g  the  test D i s t r i c t  Air W a l i t y  Engineer Dearma Dean was present  t o  
record opacity and other per t inent  da ta .  

h e  to the  d i f f i c u l t i e s  with the high-volume s m p l e r s  and gene ra to r s , i t  
is my opinion t h a t  the  samples obtained on this date were of questionable 
value. 

Three high-volume samplers were conrected t o  f l e x i b l e  

An e f f o r t  was =de t o  g e t  the  v e r t i c a l  p r o f i l e  i sok ine t i ca l ly .  
Tne wind 

A dry roed 

F'inally they had to give 

i 

,.,,,, , .. . ._.. - . . . . ... -- . . .  . . -  . .  . .  . .  .: 

~~ 



0 

0 

0 

0 

0 

6 
\ 

0 

c 

0 

0 

. SOUTH COAST AIR QUALl7Y MANAGE1flEN-r DISTRiC-f‘ 
~ 

E N G I N E  E R  I N G D I V I SI 0 N--.-F IE LD R E P O R T  



SOUTH COAST AIR QUALITY MANAGEWENT DISTRICT 





.. 
6 f N G I N E E R I N G D I v I s I 0 N--- -F I E L D It E P OIi'f - 



AIR PHOGKRYS DIVISIOI i  
ENGl NEEHI NG DIVISION 

OBSERVATIONS DURING SOURCE TEST N3. 

~ r a u l J  
A W L .  " 0 .  Haul Road to North Pit EPU I PYTI IT  

T L l T f O -  

OBSERVATI?NS Y.4DE hND DATA RECORDED W R I N G  TEST: 

Air Quality Engineer Doaai& Hopps was present to record opacity 
observations on this day of testing haul roads. 
his readings is attached. 

The record of 

Q 

' DD:pmj 
Attachment 
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ii AIR PROGR.Al"S 1)IVISIO:I 
ENGINEERING D I V I S I O N  

OBSERVATIONS DURING SOURCE TEST N3. 

0111 o_r Transit N i x  rrri 8-22-79 l l Y i  O f  

V l % N  

*iMis P E R S O ~ S  CONTACTED O r  
fi. Gary Q u d ,  Pacific Environmental Services 

. .  

REPORT BY Deanna Dean, Air Quality Engineer I 

OBSERVATEYS YAOi U i O  DATA RECORDED WRING TEST: cc 

Tests on emissions from haul roads continued with the same test 
apparatus and the same basic configuration of test equipment. 

owere conducted f o r  a haul road in a dry condition, an intermediate 
(between wet and dry) condition, and a wet condition. 
observations for these three tests are attached. 

Tests 

VpaciQ 

DD:pmj 
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Description o f  Computer Format 
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COMPUTER READOUT FORMAT 

Sources 

Point, area. and l i n e  sources are each numbered consecutively 
and separately. but f o r  c l a r i t y  i n  the  p lan t  p lo t s  they are numbered 
se r ia l l y ,  not separately. 
sigmas are the assumed i n i t i a l  hor izonta l  and ve r t i ca l  dimensions 
o f  the plumes a t  the  sources. Area sources (used f o r  surge p i l e s )  
a r e  approximated as rectangles. 
approximated w i th  a ser ies o f  l i n e a r  segments from poin t  A t o  
po int  B. The sigmas have the same s ign i f icance as f o r  po in t  sources. 

For po in t  sources the i n i t i a l  Y and 2 

Line sources (haul roads) are 

Meteorology 

Theta i s  wind d i rec t i on  i n  degrees, U i s  wind ve loc i t y  in 
m/sec, KST i s  the atmospheric s tab i l i t y  constant, HL i s  the mixing 
height i n  m, and T the absolute temperature. 
assumed as typ ica l .  
o f  the plume. The mixing height probably has no e f f e c t  on the  
cases studies because o f  the low elevat ions o f  sources and lack o f  
plume r i se .  

A l l  the values are 
The main e f f e c t  o f  KST i s  on r a t e  o f  d ispersion 

Receptor Concentrations 

Projected concentrations a t  receptors w i t h  the coordinates 
l i s t e d  are modeled a f t e r  one hour steady conditions. 
t ra t i ons  are l i s t e d  separately from point ,  area, and l i n e  sources, 
as groups, and to ta led  i n  the l a s t  column. Results are i n  
exponential notat ion; the  i n i t i a l  th ree  d i g i t  number i s  t o  be 
mul t i p l i ed  by the power o f  ten given a f t e r  E. 
a i r  qua l i t y  standard o f  100 pglm (= 1 x 
as 1.00E-04. 

The cmcen- 

I n  these terms, the  
3 3 g/m ) i s  expressed 
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