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ABSTRACT 

For the San Joaquin Valley, the Sacramento Valley, and the Imperial 
Valley, Midwest Research Institute quantified the impact of agricultural 
operations on fugitive dust emissions. Thirteen tests were performed in 
the spring of 1980 to quantify emission factors from discing, land planing, 
and vehicles traveling on unpaved farm roads. Six tests were performed in 
the fall of 1980 to quantify emission factors from sugar beet harvesting. 

Since fugitive emissions from a given operation can vary depending on 
physical properties of the soil or equipment, and depending on climate, pre- 
dictive equations were developed to relate total, inhalable and fine partic- 
ulate emission factors to important independent variables. Significant re- 
lationships were determined between the emission factor and the soil silt 
content. 

An inhalable particulate emission inventory performed for the three 
valleys showed that in 1978, agricultural operations produced 148,000 Mg/ 
year of fugitive dust less than 15 pm in aerodynamic diameter. Field crops 
yielded the most significant emissions while soil preparation was the most 
significant category of operations. 

Two categories of control techniques were suggested: (a) those that 
included control equipment to be added to the farm implement and (b) those 
that included operational modifications. Control efficiencies and poten- 
tial emission reductions were estimated for these control techniques. 
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SUMMARY AND CONCLUSIONS 

Fugitive dust from agricultural operations is suspected of contribut- 
ing significantly to the nonattainment status of many agricultural counties 
in California. Such agricultural operations include (a) plowing, fb! disc- 
ing, (c) fertilizing, (d) applying herbicides and insecticides, (e) bedding, 
(f) flattening and firming beds, (9) planting, (h)  cultivating, and (i) har- 
vesting. These operations can be generically classified as  soil preparation, 
soil maintenance, and crop harvesting operations. 

Since nearly all 58 counties in California have cropland within their 
boundaries, and since the mix of crops and cultural practices varies highly, 
only the major agricultural areas were selected for this study. The follow- 
ing agricultural valleys and counties within each valley were selected: 

. San Joaquin Valley (Fresno, Kern, Tulare, Kings, San Joaquin, 
Merced, Madera, and Stanislaus counties). 

. Sacramento Valley (Solano, Sacramento, Yolo, Colusa, Glenn, 
Sutter, Butte, Yuba, and Tehama counties). 

. Imperial Valley (Imperial County). 

These 18 counties comprise 76% of the total cropland in California 

The objectives of this study were: 

1. Identify those agricultural operations likely to produce large quan- 
tities of fugitive dust emissions. 

2 .  Quantify the emissions from these operations in terms of total par- 
ticulates and by inhalable particulate and fine particulate size ranges. 
Total particulate includes all particle sizes; inhalable particulate includes 
particles less than 15 pm in an aerodynamic diameter, and fine particulate 
includes particles less than 2.5 pm in aerodynamic diameter. 

3. Evaluate the effects of changes in soil moisture and other factors 
on fugitive dust emissions and the influence of dust levels on visibility 
at varying distances downwind of the sources. 

4 .  Define potential changes in agricultural practices or equipment 
which would reduce inhalable particulate levels and would improve visibility. 

To determine what agricultural operations were likely to produce large 
quantities of emissions, it was necessary to determine the types and fre- 
quencies of the operations by crops and by valley. Data were gathered from 
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farm advisors in each county, from county crop reports, and from Crop Cost 
to Produce reports. Finally, agricultural specialists at the University of 
California-Riverside and Davis campuses identified typical agricultural 
practices in each of the valleys by crop. These data were summarized in 
tables which display by crop and by valley the area of land devoted to the 
crop and the type and frequency of agricultural operations typically ex- 
pected. 

The quantification of air quality impact from agricultural operations 
required the measurement of emission factors and visibility impact from the 
most significant sources. Thirteen tests to measure emission factors and 
five to measure visibility impact from soil discing and planing were con- 
ducted in April of 1980. Six tests to measure emission factors from leaf 
beating and sugar beet digging were conducted in October 1980. The expo- 
sure profiling technique developed by Midwest Research Institute (m1) was 
used to collect the data necessary to calculate emission factors. Three 
emission factors per test representing total particulate, inhalable parti- 
culate, and fine particulate were calculated. 

Fugitive emission generation is highly dependent on climate, soil pro- 
perties, and equipment characteristics. Consequently, any given set of 
emission factor measurements will probably not be applicable to a geogra- 
phic or climatic setting different from the measured setting. The most 
reliable method to assure usefulness from fugitive emission measurements, 
therefore, is to quantify the independent variables along with the dependent 
variables and to develop a predictive equation. m 1  developed predictive 

types of operations as measured over six sites in two states. The opera- 
tions were discing, land planing, sweep plowing, and chisel plowing. The 
sites included two in California and four in Kansas. The data for Kansas 
were collected under a prior EPA study (EPA-450/3-74-037, "Development of 
Emission Factors for Fugitive Dust Sources, 1974). 

~~ - e q u * i i u u *  Iui~- sui; -p-'Cra'"~~";L;r =*=is= rpF;*.<zyz~ :>JG.Lz .ic-ff;.c-t 

Control techniques to minimize fugitive dust from agricultural opera- 
tions were identified. These control techniques can take the form of sepa- 
rate, additional equipment o r  can consist simply of operatioaal modifica- 
tions. One piece of additional equipment which has promise is the Spinning 
Cup Fog Thrower (SCFT). This device generates an electrically charged fog 
that attracts the dust particles to larger water droplets, which then set- 
tle to the ground. This device has promise mainly because it requires a 
minimal amount of water. 

The following are the main conclusions gleaned from this study: 

1. California has more agricultural land than any state in the nation. 
California has a total land area of 406,000 kmz (100.2 million acres) of 
which approximately 135,000 km2 (33.3 million acres) was classified as agri- 
cultural as of December 1977. Of this agricultural land, 36,000 kmz (9-1 
million acres) was devoted to the following crops: 
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Crop category 
Vegetables and melons 

Fruits and nuts 

kmz (acres) 

3,630 ( 8 9 6 , 0 0 0 )  

6,780 (1,670,000) 

Field crops 26,500 ( 6 , 5 3 0 , 0 0 0 )  

Field crops constitute 71.8% of the cropland in the state 

2 .  The three agricultural valleys upon which this study focused ac- 
counted for 76% of the cropland in the state. 

3 .  The dependence of the measured emission factors on soil moisture 
content produced negligible improvement in the predictive equations. This 
phenomenon has also been observed in wind erosion measurements when condi- 
tions are far from the moisture threshold. 

4 .  Emissions were predicted quite satisfactorily by simply correlating 
the emission factor with a soil sizing parameter called the silt content. 
The following predictive equations for soil preparation operations were de- 
veloped: 

0 . 6  EFTp = 5 3 8 ( s )  

0 . 6  0 .6  - = 0.1 x 538 x (SI - 5 3 . 8 ( s )  EFFP 
where EF = emission factor (kg/!m2) 

TP = total particulate 
IP = inhalable particulate 
FP = fine particulate 
s = soil silt content (%) 

5 .  The TP emission factor equation for soil preparation has an over- 
all correlation coefficient of r = 0 . 9 4 1 ,  which means that 88% of the var- 
iation in This 
relationship i s  more than 99% significant; that is, only one time in 100 
could this value occur by chance. The one-sigma precision factor is 1 . 2 9 ,  
which means that 68% of the predicted values lie within a factor of 1 . 2 9  of 
the measured value. The two-sigma precision factor is 1 . 6 7 ,  which means 
that 95% of the predicted values lie within a factor of 1 . 6 7  of the measured 
values. 

EFTp can be explained by the variation in silt content. 

6 .  The one-sigma precision factor for the IP emission factor equation 
is 2 - 1 7 ;  the two-sigma Trecisicn factor is 4 . 7 .  The one-sigma precision 
factor for the FP emission factor equation is 2 . 3 3 ;  the two-sigma, 5 . 4 2 .  

7. There were not enough tests to develop a predictive equation for 
harvesting. The average IP emission factor for the six tests on the har- 
vesting of sugar beets was 740 kg/km2 ( 6 . 6  lb/acre). This represents har- 
vesting which requires leaf beating and digging operations. Actually, the 
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average  emiss ion  f a c t o r  f o r  l e a f  b e a t i n g  was n e a r l y  t h e  same a s  t h e  average  
e m i s s i o n  f a c t o r  f o r  s u g a r  b e e t  d i g g i n g .  The emiss ion  f a c t o r  f o r  h a r v e s t i n g  
by swathing o r  combining i s  s t i l l  u n c e r t a i n .  
o r g a n i z a t i o n  has  sugges ted  t h a t  t h e  h a r v e s t i n g  of f i e l d  c rops  l i k e  c o t t o n ,  
wheat ,  and g r a i n  sorghum, which r e q u i r e  no d i g g i n g ,  may be i n s i g n i f i c a n t  i n  
comparison t o  h a r v e s t i n g  o p e r a t i o n s  which r e q u i r e  d i g g i n g .  

T e s t i n g  by a n o t h e r  r e s e a r c h  

8 .  The Spinning Cup Fog Thrower (SCFT) has p o t e n t i a l  f o r  use i n  t h e  
c o n t r o l  of  a g r i c u l t u r a l  f u g i t i v e  e m i s s i o n s .  A l a r g e  farm implement would 
p r o b a b l y  r e q u i r e  a minimum o f  t h r e e  SCFT's and would r e q u i r e  57 t o  114 !2 
w a t e r / h r  (15 t o  30 g a l .  w a t e r / h r ) .  Dus t  c o n t r o l  i n  t h e  range of 65 t o  75% 
has  been  sugges ted  a s  p o s s i b l e ,  b u t  t h e  v a l u e  i s  h i g h l y  s p e c u l a t i v e  s i n c e  
it has n o t  been t e s t e d  i n  a n  a g r i c u l t u r a l  s e t t i n g .  

9 .  Wind e r o s i o n  c o n t r o l  h a s  been  thoroughly  s t u d i e d ,  e s p e c i a l l y  i n  
t h e  midwestern s t a t e s ,  and many c o n t r o l  t e c h n i q u e s  a r e  a v a i l a b l e .  The tech-  
n iques  which might be most u s e f u l  i n  C a l i f o r n i a  a r e :  ( a )  v e g e t a b l e  cover ;  
( b )  improved t i l l a g e  p r a c t i c e s ;  ( c )  windbreaks ( t r e e s ,  c r o p s ,  and a r t i f i c i a l  
d e v i c e s  can a c t  a s  b a r r i e r s  t o  t h e  w i n d ) ;  and ( d )  c l o s e r  crop row s p a c i n g .  

10. Many o p e r a t i o n a l  m o d i f i c a t i o n s  have p o t e n t i a l  t o  reduce e m i s s i o n s .  
These m o d i f i c a t i o n s  i n c l u d e  ( a )  t h e  punch p l a n t e r ;  (b)  t h e  low energy  crop 
p r o d u c t i o n  system w i t h  wide span equipment;  ( c )  t h e  p l u g  p l a n t e r ;  (d)  h e r b i -  
c i d e s  a s  a replacement  f o r  c u l t i v a t i o n  o r  t i l l a g e ;  (e)  s p r i n k l e r  i r r i g a t i o n  
t o  minimize land  p l a n i n g ;  ( f )  t h e  l a s e r - d i r e c t e d  l a n d  p l a n e  t o  minimize l e v e l -  
ing o p e r a t i o n s ;  (g)  l i s t i n g  of tomato f i e l d s  i n  t h e  f a l l  t o  e l i m i n a t e  t h e  
- s p r i n g  harrowing and ro l l ing , ; - (h)  development  of h i g h  q u a l i t y ,  l o n g - l a s t i n g  
a l f a l f a - . t o  r e d i c e  s o i l - p r e p a r a t i o n  o p e r a t i o o s ;  !i) -double-cropping o f  c o r n  
w i t h  wheat o r  o t h e r  s m a l l  g r a i n  t o  a v o i d  having t o  s t u b b l e  d i s c  o r  plow twice  
p e r  y e a r ;  and (j) a e r i a l  s e e d i n g  t o  a v o i d  t h e  s o i l  d i s t u r b a n c e  of ground 
s e e d i n g .  

11. Based on u n c o n t r o l l e d  I P  e m i s s i o n  f a c t o r s ,  s o i l  p r e p a r a t i o n  i s  
t h e  l a r g e s t  a g r i c u l t u r a l  source  of e m i s s i o n s  i n  t h e  t h r e e  v a l l e y s ,  compris- 
i n g  44.9% o f  t h e  t o t a l  emiss ions  i n  t h e  San J o a q u i n  V a l l e y ,  53.3% of t h e  
t o t a l  i n  t h e  Sacramento V a l l e y ,  and 5 5 . 7 %  of t h e  t o t a l  i n  t h e  I m p e r i a l  Val- 
l e y .  

12. The San Joaquin  Val ley  y i e l d s  t h e  l a r g e s t  p o r t i o n  of a g r i c u l t u r a l  
emiss ions  from t h e  t h r e e  v a l l e y s  combined, w i t h  6 2 . 2 % ;  2 9 . 1 %  o r i g i n a t e s  i n  
t h e  Sacramento V a l l e y ;  and 8 . 7 %  o r i g i n a t e s  i n  t h e  I m p e r i a l  V a l l e y .  

13. F i e l d  c rop  o p e r a t i o n s  y i e l d  t h e  l a r g e s t  p o r t i o n  of emiss ions  i n  
t h e  t h r e e  v a l l e y s ,  compris ing 77% of t h e  t o t a l  i n  t h e  San J o a q u i n  V a l l e y ,  
86% i n  t h e  Sacramento V a l l e y ,  and 8 7 . 8 %  i n  t h e  I m p e r i a l  V a l l e y .  
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RECOMXNDATIONS 

NRI makes the following recommendations: 

1. 
tions such as combining, swathing, and raking should be quantified. Since 
this current study was the first to focus strongly on the testing of emis- 
sions from agricultural operations, only those operations thought to be most 
important in terms of emissions were tested. 
nondigging harvesting that is occurring in California, these operations also 
merit testing. 

The emission factors from uncontrolled nondigging harvesting opera- 

But, given the vast amount of 

2 .  The efficiency of any control which is implemented must be sub- 
stantiated by testing. This testing should consist o f  a combination of be- 
fore and after control tests. 

3. The precision of the predictive equations for the inhalable par- 
ticulate and fine particulate emission factors for soil preparation opera- 
tions should be improved. This can be accomplished by expanding the data 
base via more tests. 

4 .  Controlled and uncontrolled tests should be performed, where pos- 
sible, using the exposure profiling technique. This technique provides the 
most direct measurement of the desired variable, i.e., the emission factor. 

5 .  Future emission inventories in California which use the emission 
factor data in this report should use inhalable particulate o r  fine parti- 
culate emission factors but not the total particulate emission factors. 
The total particulate emission factors are very accurate, but do not repre- 
sent the air quality impact o f  agriculture even at the boundaries of the 
farms let alone beyond those boundaries, since many of the larger particles 
settle rapidly. 
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SECTION 1.0 

INTRODUCTION 

The effort in California to control air pollution has focused pri- 
marily on emissions discharged from stacks, ducts, o r  flues, and carried to 
the point of discharge in confined flow streams. Control strategies have 
been based on the assumption that the primary air quality impact of indus- 
trial operations resulted from the discharge of air pollution from conven- 
tional ducted sources. 

However, failure to achieve the air quality improvements anticipated 
from the control of ducted emissions has spurred a detailed reexamination 
of the air pollution problem. Evidence is mounting which indicates that 
fugitive, nonducted, emissions contribute substantially to air pollution in 
both urban and rural areas of the country. Suspended particulates and vol- 
atile organics are two pollutant categories of widespread nonurban fugitive 
emissions. 

Fugitive dust sources can be defined as sources from which emissions 
are generated by the forces of machinery o r  wind acting on exposed aggregate 
materiais :-Ciany a g r i c u i i u r a i  uper i i - ;uua  ~ a i E  > n & > ~ i -  ~ V U L C C ~  5 r i r z l  fzg i -  
tive dust, including soil o r  crop operations, vehicular travel on unpaved 
farm roads, and wind erosion of farm soil. Agriculture-related operations 
such as stubble burning and pesticide application are not included in this 
study . 

California has more agricultur'al land than any other state. Of California's 
total land area of 406,000 kin2 (100.2 million acres), approximately 135,000 km2 
(33.3 million acres) was classified as agricultural as of December 1977. 
In 1977, 36,900 km' (9.1 million acres) of the following crops were har- 
vested: 

- h u 2  (Acres) 

Vegetables and melons 3,630 
Fruits and nuts 6,730 
Field crops 26,500 

(896,000) 
(1,670,000) 
(6,530,000) 

California is comprised of 58 counties, shown in Figure 1 and identified in 
Table 1. Table 1 also shows harvested area on a county-by-county basis 
and ranks the counties based on harvested area. Graphical presen- 
tations of the state's agricultural areas are shown in Figures 2 and 3. 
Many of the total suspended particulate (TSP) nonattainment areas include 
major agricultural areas. 
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TABLE 1. RANKING OF COUNTIES BZ 
HARVESTED CROP AREA 

County 
ID Harves ted  Rank by 
no.  c rop land  h a r v e s t e d  

( s e e  F i g .  1) County km2 ( a c r e s )  a rea  

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

.^ 
I2 

Del Norte 
Sis kiyou 
Modoc 
Humboldt 
T r i n i t y  

S h a s t a  
Lassen 
Tehama 
Plumas 
Mendocino 

Glenn 
B u t t e  

Lake 
Colusa 

S u t t e r  
Yuba 
Nevada 
P l a c e r  
E l  Dorado 

Sonoma 
Marin 
Napa 
Y O 1 0  

Solano 

Sacramento 
Amador 
Alp ine  
Contra Costa 
San Joaqu in  

Ca lave ras  
Tuolumne 
Mono 
San F r a n c i s c o  
San Hateo 

n:- 
L I I C L L a  

13.0 
761 
441 
69.3 
4.00 

io0 
161 
277 
37.3 
97.2 

(3,220) 
188,000) 
109,000) 

(987) 

24,700) 
39,800) 
58,300) 

(24,000) 

(17,100) 

(9,220) 

( c o n t i n u e d )  
18 

903 (223,000) 
859 (212,000) 
- I  n ,< ,-a\ 
L " . "  \VI'.-,", 

103 (25,400) 
988 (244,000) 

1,000 (248,000) 
147 (36,400) 

133 (32,900) 
18.9 (4,660) 

344 (84.900) 

4.94 (1,220) 

17. o '(4;200 j 
117 (28,900) 
1,490 (369,000) 
624 (154,000) 

575 (142,000) 
12.8 (3,160) 

193 (47,600) 
1,960 (483,000) 

15.1 (3,720) 
4.74 (1,170) 
13.2 (3,270) 

0 

0 
73.7 (18,200). 

51 
18 
22 
42 
56 

39 
32 
26 
44 
40 

15 
16 
45 
38 
12 

11 
33 
54 
35 
46 

24 
47 
36 

7 
20 

21 
52 
57 
31 
4 

48 
55 
5 0  
58 
41 
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TABLE 1.  ( c o n t i n u e d )  
~ ~~ 

County 
I D  Ha n e s t e d  Rank by 
n o .  cropland h a r v e s t e d  

( see  f i g .  1) County kmz ( a c r e s )  a r e a  

3 6  
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54  
55 

56  
57 
58 

Alameda 
S t a n i s l a u s  
Ha r i p  o s a 
Santa  Cruz 
Santa  C la ra  

Merced 
Hadera 
Monterey 
San Ben i to  
Fresno  

Inyo 
Kings 
T u l a r e  
San L u i s  Obispo 
Kern 

San Bernadino 
Santa Barbara 
Ventura 
Los Angeles 
Orange 

R i v e r s i d e  
San Diego 
Imper i a 1 

T o t a l  

113 ( 2 7 , 8 0 0 )  
1 , 1 4 0  ( 2 8 1 , 0 0 0 )  
7 . 5 3  ( 1 , 8 6 0 )  
6 8 . 9  ( 1 7 , 0 0 0 )  
195 ( 4 8 , 2 0 0 )  

1 , 3 2 0  ( 3 2 6 , 0 0 0 )  
9 1 9  ( 2 2 7 , 0 0 0 )  
1 , 0 3 0  ( 2 5 5 , 0 0 0 )  
212 ( 5 2 , 4 0 0 )  
4 , 4 6 0  (1 ,100 ,000)  

1 3 . 6  ( 3 , 3 6 0 )  
1 , 8 4 0  ( 4 5 4 , 0 0 0 )  
2 , 4 3 0  ( 6 0 0 , 0 0 0 )  
765 ( 1 8 9 , 0 0 0 )  
3 , 1 6 0  ( 7 8 1 , 0 0 0 )  

217 ( 5 3 , 7 0 0 )  
378 ( 9 3 , 4 0 0 )  
745 ( 1 8 4 , 0 0 0 )  
262 ( 6 4 , 8 0 0 )  
143 ( 3 5 , 2 0 0 )  

944 ( 2 3 3 , 0 0 0 )  
287 ( 7 0 , 8 0 0 )  
1 , 8 1 0  ( 4 4 8 , 0 0 0 )  

34 ,100  ( 8 , 4 1 0 , 0 0 0 )  

37 
9 

5 3  
43 
30 

8 
14 
10 
29 
1 

49 
5 
3 

17 
2 

28 
23 
19  
27 
34 

13 
25 

6 

a Based on 1974 daLa 
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--- 
I ,  Northomlem Inrerim - Hay, potarosr. mall g r d m  

2 .  Sacramemo Valley - Alfalfa med. corn. d y  boom. hoy. hoos. 
Iodine clorm med, rica. i o i i l o r a r .  mdl 
grain3 ,"gar $e,,, 

3 .  Nonh Comr - Hay, mal l  groins 

4~ Cmtml C o a t  - Dry baons. hay, potoroar. m o l l  grains. ~ u g m  5eati  

5 .  San Joaguin Voilev - A l f d f m  mad. carton. corn. dry b a w c .  hay. 
i )~mmei .  r ise.  d ? l o w e r ,  mail p i n .  
,"gal 5..t,. IY**l ?oratom 

6. Sourh Cmir - DF, $man,, hay, ,pormoe~. mall qaini .  lugor h a t ,  

7 .  joutheaitmm Inrcrior - A I f d f o  mad. colfon. hay. :mall groins. 
tug" h n .  

Narc. 

A r w  boundmia ma aooio.imme 
only.  Field zmos arc a m  raised 
in rawam1 imil arc01 nos inciudaa 
within the?. boundarior. 

Primary and Secondary Nonattainment Areas 
far Total Suspended Particulates (TSP) in 1977 

Figure 2. California's major field crop areas and imporcant field 
crops of each area. 
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Figure 3 .  C a l i f o r n i a ' s  m a j o r  f r e s h  market v e g e t a b l e ,  melon and p o t a t o  
producing d i s t r i c t s .  
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Generic  c l a s s i f i c a t i o n  of a g r i c u l t u r a l  o p e r a t i o n s  i s  a s  f o l l o w s :  plow, 
d i s c ,  f e r t i l i z e r ,  c o n t r o l  weeds and i n s e c t s ,  bed,  f l a t t e n  and f i r m  bed ,  p l a n t ,  
c u l t i v a t e ,  and h a r v e s t .  Depending on t h e  t y p e  o f  c rop  and whether i t  i s  a 
row o r  close-grown c r o p ,  t h e  number o f  t imes one o r  more of t h e  above opera-  
t i o n s  i s  performed may v a r y  from n o t  a t  a l l  t o  s e v e r a l  r e p e t i t i o n s .  

1.1 PROJECT OBJECTIVES 

The need f o r  t h i s  s t u d y  a r o s e  f o r  s e v e r a l  r e a s o n s :  ( a )  t h e  v a s t n e s s  
of a g r i c u l t u r a l  l a n d  i n  C a l i f o r n i a ,  (b)  t h e  p o t e n t i a l  f o r  g e n e r a t i n g  l a r g e  
amounts of a g r i c u l t u r a l  f u g i t i v e  d u s t ,  and ( c )  t h e  f a c t  t h a t  many TSP non- 
a t t a i n m e n t  a r e a s  i n c l u d e  major a g r i c u l t u r a l  v a l l e y s .  Agains t  t h i s  backdrop,  
t h e  f o l l o w i n g  p r o j e c t  o b j e c t i v e s  were developed:  

1. I d e n t i f y  t h o s e  a g r i c u l t u r a l  o p e r a t i o n s  l i k e l y  t o  produce l a r g e  quan- 
t i t i e s  o f  f u g i t i v e  d u s t  e m i s s i o n s .  

2 .  Quant i fy  t h e  emiss ions  from t h e s e  o p e r a t i o n s  i n  terms o f  t o t a l  p a r -  
t i c u l a t e s  (TP) and b y  s i z e  range .  

3 .  Evalua te  t h e  e f f e c t s  of changes i n  s o i l  m o i s t u r e  and o t h e r  f a c t o r s  
on f u g i t i v e  d u s t  e m i s s i o n s  and t h e  i n f l u e n c e  of d u s t  l e v e l s  on v i s i b i l i t y  
a t  v a r y i n g  d i s t a n c e s  downwind of t h e  s o u r c e s .  

4 .  Define  p o t e n t i a l  changes i n  a g r i c u l t u r a l  p r a c t i c e s  O K  equipment 
which would reduce i n h a l a b l e  p a r t i c u l a t e  ( I P )  levels and would improve v i s i -  
b i l i t y .  

1 . 2  REPORT STRUCTURE 

The body o f  t h i s  r e p o r t  c o n t a i n s :  ( a )  a survey  of a g r i c u l t u r a l  opera-  
t i o n s  and equipment,  (b)  methodology and r e s u l t s  of emiss ion  f a c t o r  q u a n t i -  
f i c a t i o n  f o r  a g r i c u l t u r a l  o p e r a t i o n s ,  ( c )  p r e s e n t a t i o n  of p r e d i c t i v e  emiss ion  
f a c t o r  e q u a t i o n s ,  and (d)  e v a l u a t i o n  of promis ing  m o d i f i c a t i o n s  t o  a g r i c u l t u r a l  
p r a c t i c e  t h a t  should  minimize f u g i t i v e  d u s t .  

A s m a l l  amount of v i s i b i l i t y  impact d a t a  were c o l l e c t e d  by Meteorology 
Research,  I n c .  d u r i n g  t h i s  s t u d y .  S i n c e  t h e r e  were n o t  enough d a t a  t o  draw 
d e f i n i t i v e  c o n c l u s i o n s ,  t h e  t es t  methodology and r e s u l t s  a r e  n o t  inc luded  i n  
t h i s  r e p o r t .  

I n  t h i s  r e p o r t ,  t h e  s h o r t  t o n  ( 2 , 0 0 0  l b )  i s  a b b r e v i a t e d  a s  T .  A l s o ,  
numbers a r e  recorded. t o  t h r e e  s i g n i f i c a n t  f i g u r e s ;  t h e r e f o r e ,  coiumns o f  
numbers may n o t  add t o  t h e  e x a c t  t o t a l  l i s t e d .  
c a n t  f i g u r e s  produces a rounding e r ror  n o t  g r e a t e r  t h a n  0 .5%.  

Rounding t o  t h r e e  s i g n i f i -  

S i n c e  t h e r e  a r e  many a b b r e v i a t i o n s  used in t h i s  r e p o r t ,  a n  a l p h a b e t -  
i z e d  l i s t  of a b b r e v i a t i o n s  i s  provided  i n  t h e  back of t h e  r e p o r t .  
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SECTION 2 .0  

SURVEY OF AGRICULTURAL OPERATIONS AND EQUIPMENT 

2.1 IDENTIFICATION OF SIGNIFICANT AGRICULTITRAI. AREAS 

In order to determine which agricultural operations produce the most 
fugitive emissions, the type and number of operations, by crop, and the area 
over which they occur, were defined. Since this was a large endeavor in 
itself, the scope of the project was reduced by HRI and California A i r  Re- 
source Board (CARB) personnel from all 58 counties in the state to the 18 
counties shown in Figure 4. These counties comprise the San Joaquin, 
Sacramento, and Imperial Valleys, and their rank in terms of 1974 harvested 
area was as follows: 

2 .  Sacramento Valley (Solano (20) ,  Sacramento (21), Yo10 (71, Colusa 
(12), Glenn (15), Sutter (ll), Butte (16), Yuba (331, and Tehama (26) 
Counties). 

3. Imperial Valley (Imperial County (6)). 

Of the 34,100 km2 (8.41 million acres) harvested in all California counties 
1974, the counties in this study account f o r  76% of the total. The distri- 
bution by valley as follows: 

Valley - km2 (Acres) 

San Joaquin 17,200 (4,250,000) 
Sacramento 6.890 (1,7OO,OOO) 
Imperial 1,810 ( 448,000) 

Total 25,900 (6,400,000) 

2 . 2  IDENTIFICATION OF AGRICULTURAL OPERATIONS BY CROP 

The agricultural operations by crop and by valley are shown in Appen- 
dix A .  For the sake of clarity, a glossary of agricultural terms was pre- 
pared and is included in this report. The agriculcural operations can be 
grouped into two general categories: (a) preparing and maintaining the 
soil and (b) harvesting the crops. 



Note :  
See Table 1 for 
listing of counties 
by number. 

Counties of interest 
in this study 

Figure  4 .  Major agricultural c o u n t i e s  of C a l i f o r n i a .  
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Soil preparation includes such operations as plowing, discing, harrow- 
ing, shaping beds, and land leveling via planing or floating, while soil 
maintenance includes cultivation for weed removal and moisture control. 
From the tables in Appendix A ,  it is clear that soil preparation and main- 
tenance operations are the most common, and since these are generally the 
dustier operations, any testing program must focus heavily on emissions 
from soil preparation and maintenance. 

~ . . 

Also shown in Appendix A is the source extent in terms of harvested 
area by crop and by valley in 1978. Figures 5 through 13 portray, in sum- 
mary form, the area harvested by crop and by valley. From these figures, 
it is clear that field crops occupy a major portion of the cropland land in 
the state (approximately two-thirds). 

2.3 IDEITTIFICATION OF TIME SCHEDULE FOR CULTURAL OPERATIONS BY CROP 

The final item necessary f o r  selecting the fugitive sources to be 
tested was to know when the agricultural operations occur. Appendix A shows 
a range of months during which each agricultural operation may occur. The 
range is necessary to account for such variables a s  weather which  can ac- 
celerate o r  delay a cultural operation. 
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Alfalfa 
Pasture 

Irrigated 
R a n g e d  
Other 

Barley 
Oats 
Wheat 
Beans, Dry 
Beets, Sugar 
Corn 
Cotton 
Rice 
Safflower 
Sorghum, Grain 
Soybeans 
Sudan Grass 
Sunflowers 

0 0.2 0.4 0.6 0.8 1.0 1 . 2  1.4 1.6 1.8 2.0 

I I I I I I I I I I I. 
0 50 100 150 200 250 300 350 400 450 500 

103 ACRES 

Io3km2 

+= Negligible (Less than 500 acres) 
g/ Acreage is 10% of total range pasture land since only 

10% of such land requires land preparation i n  each year. 

Figure 5 .  1978 Acreage of harvested field and seed crops in t h e  San Joaquin Valley. 
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Beans (Snap 
Beans (Lima 
Broccoli 
Cantaloupes 
Carrots 
Cauliflower 
Corn (Sweet) 
Cucumbers 
Garl ic 
lettuce 
Mixed Melons 
Onions 
Peas 
Peppers 
Potatoes 
Po to toes 
Spinach 
Squash 

Sweet 

Tomatoes ( Fresh ) 
Tomatoes (Processed ) 
Watermelons 

0 0.04 0.08 0.12 0 
I 
5 0.20 0 
Id km2 

I 
4 0.28 0 
I 
2 0.36 0.40 

* = Negligible 0 10 20 30 40 50 60 70 80 90 100 
( Less than 500 Acres) id ACRES 

Figure 6 .  1978 Acreage of harvested vegetables i n  t h e  San Joaquin V a l l e y .  
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103 ACRES 
I 

Pecans i k  

P i s  tach i os 
Walnuts 

Citrus Fruits 
Grapefruit 
Lemons 
Oranges 
Tangerines 

Deciduous Tree 
Fruits 

Apples 
b r i c a t s  
Cherries 
Figs 
Nectarines 
Olives 
Peaches 
Pears 
Persimmons 
Plums 
Pomegranates 
Prunes 

Raisins 
Table 
Wine 

Grapes 

Nuts 
Almonds 

I 

- 
I 

- 
I - - 
r 
I 

41 

rn 
I 

I 
I I I I 

0 0.88 0.96 

I I 1 I I I I I I I I I I 
0 20 40 60 80 100 120 140 160 180 200 220 240 
* = Negligible 103 ACRES 

(Less than 500 Acres) 

Figure 7 .  1978 Acreage of harvested f r u i t  and nut crops i n  the San Joaquin  V a l l e y .  
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Alfalfa 
Pasture 

Irrigated 
R a n g e d  
Other 

Barley 
Oats 
Wheat 
Beans, Dry 
Beets, Sugar 
Corn 
Cotton 
Rice 
Sofflower 
Sorghum, Grain 
Soybeans 
Sudan Grass 
Sunflowers 
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t I I I I 
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Figure  8. 1978 Acreage of harvested field and seed crops in the Sacramento Valley. 
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Beans (Snop ) 
@eons ( t i m a )  
Broccoli 
Cantaloupes 
Carrots 
Cauliflower 
Corn (Sweet ) 
Cucumbers 
Gar l ic  
Lettuce 
Mixed Melons 
Onions 
Peas 
Peppers 
Potatoes 
Potatoes (Sweet) 
Spinach 
Squash 

I 

* * * 
* 
* 
I * 
* * 
I * * * 
* 
* * 
c 

Tomatoes ( Fresh ) 
Tomatoes ( Processed ) 

* 
I I I Watermelons * 

I 1 I I I 

I I I I I I I I 1 I I 

103 ACRES 
0 IO 20 30 40 50 60 70 80 90 100 * = Negligible 

( Less than 500 Acres ) 

Figure 9 .  1978 Acreage of harvested vegetables in the Sacramento V a l l e y .  

I 1 

I 
I 
I' 
I' 1 

1; 
I 
I 
I' 
I' 
I 
I 

0 I' 
I 
I! 
I 
I' 
I' 
I 

).482 ( 119) - 

30 



Walnuts 
Citrus Fruits 

Grapefrui: 
Lemons 
Oranges 
Tangerines 

Deciduous Tree 
Fruits 

Apples 
Apricots 
Cherries 

0 0.08 0.16 0.24 0.32 0.40 

I 

m 
4t  

4k 

It 
I 

8 0.56 0.64 0 . 7 2  0.80 

Nectarines 4t 
Olives 
Peoches 
Pears 

I 1 I I I I I I I I I 
0 20 40 60 80 100 120 140 160 180 200 

D - 

* = Negligible 103 ACRES 
(Less than 500 Acres) 

Figure 10. 1978 Acreage of harvested fruit and nut crops in the Sacramento Valley. 
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Alfalfa 
Pasture 

Irrigated 
Ranged 
Other 

Barley 
Oats 
Wheat 

- 
Beans, Dry 
Beets, Sucjar 
Corn 
Cotton 
Rice 
Safflower 
Sorghum, Grain 
Soybeans 
Sudan Gross 

~I 

f 

Sunflowen I* I .  
0 

1 I 1 I I I I I I I 
0 50 100 150 200 250 300 350 400 450 500 

I 

* = Negligible ( Less than 500 Acres)  103 ACRES 
Acreage is  10% of total range pasture land since only 
1Wa of such land requires land preparation in each year. 

Figure 11. 1978 Acreage of harvested Eield'and seed crops in t h e  Imperial Valley.  
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Broccoli 
Cantaloupes 
Carrots 
Cauliflower 
Corn (Sweet) 
Cucumbers 
Gar l ic  
Mixed Melon 
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Onions 
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Peppers 
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Spinach 
Squash 
Tomatoes (Fresh) 
I omatoes ( Processed ) 
Wat e rme Ions 

- 

0 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 
103 km2 

I I I I I I I I I I I * = Negligible 0 10 20 30 40 50 60 70 80 90 100 

1 0 3  ACRES ( Less than 500 Acres ) 

Figure 1 2 .  1978 Acreage of harvested vegetables i n  the I m p e r i a l  V a l l e y .  
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Citrus Fruits 
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Figure 13. 1978 Acreage of harvested f r u i t  and nut  crops i n  the I m p e r i a l  V a l l e y .  
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SECTION 3 .0  

MEASUREMENT OF SIZE-SPECIFIC EMISSION FACTORS 

The most  impor t an t  o b j e c t i v e  of t h i s  p r o j e c t  was t o  q u a n t i f y  t h e  a i r  
q u a l i t y  impact of t h e  most s i g n i f i c a n t  a g r i c u l t u r a l  o p e r a t i o n s .  The 
fo l lowing  s e c t i o n s  p r e s e n t  t h e  c r i t e r i a  f o r  t e s t  s i t e  s e l e c t i o n ,  t h e  
emiss ion  f a c t o r  t e s t i n g  methodology, and t h e  t e s t i n g  r e s u l t s  and subsequent  
c a l c u l a t i o n  p r o c e d u r e s .  

3 . 1  SELECTION OF ACR1CULTWU.L OPERATIONS ANTJ TEST SITES 

There were s e v e r a l  c r i t e r i a  of b o t h  a t h e o r e t i c a l  and p r a c t i c a l  n a t u r e  
which were of concern  i n  t e s t  s i t e  s e l e c t i o n :  

1. The magnitude o f  t h e  a r e a  ove r  which a given a g r i c u l t u r a l  ope ra -  
t i o n  was u t i l i z e d ,  

2 .  The number of t imes p e r  y e a r  a g iven  o p e r a t i o n  was employed on the  
same a r e a ,  

3 .  The j u x t a p o s i t i o n  of t he  time schedu le  of a g r i c u l t u r a l  o p e r a t i o n s  
and t h e  t ime schedu le  of MRI and Meteorology Research,  I n c . ,  f i e l d  t e s t i n g  
p e r s o n n e l ,  

4 .  The a v a i l a b i l i t y  of e x t a n t  emis s ion  f a c t o r  and v i s i b i l i t y  impact 
d a t a  based on p r e v i o u s  t e s t i n g  of a g r i c u l t u r a l  o p e r a t i o n s ,  

5 .  The money a v a i l a b l e  i n  t h e  p r o j e c t ,  and 

6 .  F e a s i b i l i t y  of r e s t i n g  t h e  o p e r a t i o n  

Based on t h e  l a r g e  a r e a s  of h a r v e s t e d  land i n  t h e  San Joaqu in  and Sac ra -  
mento Val leys  i n  comparison t o  t h e  I m p e r i a l  V a l l e y ,  i t  was dec ided  t o  l o c a t e  
the t e s t i n g . s i . t e s  i n  t h e  C e n t r a l  Va l l ey  (San Joaquin  and Sacramento Va l l ey  
combined). This  d e c i s i o n  a l s o  saved t r a v e l  c o s t s .  

T e s t i n g  was planned t o  measure emis s ions  from s o i l  p r e p a r a t i o n  and 
maintenance and h a r v e s t i n g .  S ince  s o i l  p r e p a r a t i o n  and maintenance opera-  
t i o n s  were 18 t imes more p r e v a l e n t  than c rop  h a r v e s t i n g ,  i t  was decided 
t h a t  more t e s t s  wou ld  be performed on s o i l  p r e p a r a t i o n  and maintenance 
o p e r a t i o n s .  I n  t h i s  r e p o r t ,  t h e  te rm s o i l  p r e p a r a t i o n  w i l l  i n c l u d e  s o i l  
maintenance from t h i s  p o i n t  onward. 

A h e a v i e r  emphasis on s o i l  p r e p a r a t i o n  t e s t s  was a l s o  j u s t i f i e d  when 
e x t a n t  emis s ion  f a c t o r  t es t  d a t a  were reviewed.  Table 2 shows emiss ion  f ac -  
t o r s  t h a t  were a v a i l a b l e  f o r  a g r i c u l t u r a l  s o u r c e s .  W e n  s e l e c t i n g  t h e  t e s t  
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s i t e s ,  i t  appeared t h a t  more d a t a  e x i s t e d  f o r  h a r v e s t i n g  t h a n  f o r  s o i l  
p r e p a r a t i o n .  

3 . 1 . 1  S o i l  P r e p a r a t i o n  Opera t ions  

S ince  a g iven  s o i l  p r e p a r a t i o n  o p e r a t i o n  i s  performed i n  a s i m i l a r  
f a s h i o n  r e g a r d l e s s  of  t h e  i n i t i a l  c r o p ,  t h e  c rop  i t s e l f  was n o t  of  concern  
i n  s e l e c t i n g  s i t e s - f o r  t e s t i n g  emis s ions  from t h e s e  o p e r a t i o n s .  Time sched-  
u l e s  were i m p o r t a n t ,  however,  since most s o i l  p r e p a r a t i o n  o p e r a t i o n s  occur  
i n  t h e  s p r i n g .  The farms shown i n  Tab le  3 were s e l e c t e d  a s  p o t e n t i a l  samp- 
l i n g  s i t e s .  S i n c e  all p o t e n t i a l  s i t e s  were chosen and t h e r e f o r e  a c c e p t a b l e  
based on t h e  t h e o r e t i c a l  c r i t e r i a ,  o n l y  p r a c t i c a l  c o n s i d e r a t i o n s  remained.  
The fo l lowing  conc lus ions  were reached:  

1 .  S o i l  p r e p a r a t i o n  work a t  t h e  U.S. Department of  A g r i c u l t u r e  (USDA) 
expe r imen ta l  farm s t a t i o n  would be  completed b e f o r e  MRI could  b e  ready  t o  
t e s t .  

2 .  S o i l  p r e p a r a t i o n  work a t  farms i n  Kings County would be  completed 
b e f o r e  MRI could  be  ready t o  t e s t .  

3 .  The Norman Cla rk  Farm seemed i d e a l  f o r  t e s t i n g .  

4 .  The Harnatani Farm seemed d i f f i c u l t  f o r  t e s t i n g  emis s ions  from s i n g l e  
a g r i c u l t u r a l  o p e r a t i o n s  s i n c e  s e v e r a l  d i f f e r e n t  o p e r a t i o n s  were performed 
c o n c u r r e n t l y  i n  t h e  f i e l d .  

5 .  The Rice  Exper imenta l  S t a t i o n  seemed i d e a l  f o r  t e s t i n g  

Consequent ly ,  t e s t i n g  was planned a t  t h e  Norman Clark  Farm i n  t h e  San Joaquin  
Va l l ey  and a t  t h e  Rice  Exper imenta l  S t a t i o n  i n  t h e  Sacramento V a l l e y .  

3 . 1 . 2  Harves t ing  Opera t ions  

Harves t ing  i s  u s u a l l y  only  performed once p e r  crop ( w i t h  n o t a b l e  excep- 
t i o n s  l i k e  c o t t o n  and a l f a l f a ) ,  and t h e  method of  h a r v e s t i n g  i s  h i g h l y  c rop  
dependent .  Without r ega rd  t o  p r a c t i c a l  conce rns ,  t h e  h a r v e s t i n g  o p e r a t i o n  
t h a t  produces t h e  most p a r t i c u l a t e  emis s ions  i s  the one t h a t  should  be t e s t e d .  
Which o p e r a t i o n  i s  d u s t i e s t  depends on t h e  combinat ion o f  emis s ion  f a c t o r  
and source  e x t e n t .  Harves t ing  o p e r a t i o n s  t h a t  r e q u i r e  d i g g i n g  a r e  p robab ly  
d u s t i e r  t h a n  o p e r a t i o n s  which r e q u i r e  mowing o r  p i c k i n g .  On the o t h e r  hand, 
f i e l d  crops have t h e  l a r g e s t  s o u r c e  e x t e n t ,  y e t  few of  t h e  f i e l d  c rops  re- 
q u i r e  d igg ing  a s  a h a r v e s t i n g  mechanism. 

The p o t e n t i a l  c a n d i d a t e s  f o r  t h e  t e s t i n g  of h a r v e s t i n g  emis s ions  a r e  
shown o n  Table  4 .  
b e e t  h a r v e s t i n g  a t  t h e  Hamatani Farm i n  Cour t l and ,  C a l i f o r n i a .  The v a r i o u s  
f a c t o r s  l e a d i n g  t o  t h i s  d e c i s i o n  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  pa rag raphs .  

A p r o c e s s  of  e l i m i n a c i o n  l e d  t o  t h e  d e c i s i o n  t o  t e s t  suga r  

The c o t t o n  h a r v e s t  a t  t h e  USDR Exper imenta l  Farm i n  S h a f t e r  began so  
l a t e  (October 15) t h a t  problems w i t h  i n c r e a s i n g  r a i n  f r equency  were of  con- 
ce rn .  In a d d i t i o n ,  o t h e r  t e s t i n g  commitments made it d i f f i c u l t  t o  t e s t  i n  
C a l i f o r n i a  between October  15 and November 15. 
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In a v i s i t  t o  the Norman Cla rk  Farm i t  was observed t h a t  a l f a l f a  mowing 
was n o t  a d u s t y  o p e r a t i o n .  Sugar b e e t s  a t  t h i s  s i t e  were t o  be h a r v e s t e d  
so  l a t e  (November-December) t h a t  problems w i t h  i n c r e a s i n g  r a i n  f r equency  
were o f  conce rn .  
i t  i n t e r f e r e d  w i t h  p r i o r  t e s t i n g  commitments. 

T e s t i n g  o f  c o t t o n  h a r v e s t i n g  p r e s e n t e d  a problem because 

A phone c a l l  t o  t h e  R i c e  Exper imen ta l  s t a t i o n  i n  Biggs r evea led  t h a t  
emis s ions  would p robab ly  be low due t o  the wetness of  t h e  s o i l  and t h e  r i c e  
g r a i n s .  The f i e l d s  were d r a i n e d  p r i o r  t o  h a r v e s t ,  and t h e  r i c e  g r a i n s  were 
h a r v e s t e d  when t h e y  measured approx ima te ly  24% moisture.  A t  t h i s  time, t h e  
s o i l  was s t i l l  mois t ,  and l i t t l e  e m i s s i o n  problem was expec ted .  

A v i s i t  t o  t h e  Hamatani Farm r e v e a l e d  t h a t  c o r n  h a r v e s t i n g  might be a 
good o p e r a t i o n  t o  t es t .  U n f o r t u n a t e l y ,  t h e  co rn  h a r v e s t  began on approx i -  
ma te ly  October  6 ,  and t h i s  i n t e r f e r e d  wi th  o t h e r  t e s t i n g  commitments. 

Consequent ly ,  the h a r v e s t i n g  of s u g a r  b e e t s  a t  t h e  Hamatani Farm i n  
Cour t l and  was t h e  l o g i c a l  cho ice .  I t  was observed t o  be a d u s t y  o p e r a t i o n ,  
and it o c c u r r e d  a t  a n  a c c e p t a b l e  t i m e  i n  terms of s c h e d u l i n g  and p o t e n t i a l  
r a i n f a l l  p roblems.  

3 . 2  SAHPLING EQUIPMENT AND TECHNIQUES 

Equipment t o  measure c o n c e n t r a t i o n s  and 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  
was employed d u r i n g  t h i s  s t u d y .  The samples c o l l e c t e d  were handled and 
ana lyzed  i n  t h e  l a b o r a t o q  w i t h  an  emphasis on q u a l i t y  a s s u r a n c e .  The 
equipment was deployed so a s  t o  f a c i l i t a t e  c a l c u l a t i o n  of  emis s ion  f a c t o r s .  
A t r i p l i c a t e  s e t  of t e s t s  were performed on most s o u r c e s  t o  a f f o r d  s t a t i s -  
t i c a l  s i g n i f i c a n c e  o f  t h e  emis s ion  f a c t o r  measurements. 

3 . 2 . 1  Emission F a c t o r  Q u a n t i f i c a t i o n  

3 . 2 . 1 . 1  Sampling Equipment I d e n t i f i c a t i o n - -  

exposure p r o f i l e r ,  which was developed under  U.S. Environmental  P r o t e c t i o n  
Agency (EPA) C o n t r a c t  No. 68-02-0619.1 The p r o f i l e r  ( F i g u r e  14)  c o n s i s t s  
o f  a p o r t a b l e  tower ( 4  t o  6 m h e i g h t )  s u p p o r t i n g  an a r r a y  o f  sampling heads .  
F o r  t h i s  s t u d y ,  each  sampling head was o p e r a t e d  a s  a n  i s o k i n e t i c  exposure 
sampler  d i r e c t i n g  passage  of  t he  f l o w  s t r eam through a s e t t l i n g  chamber 
which t r apped  l a r g e r  p a r t i c l e s  and t h e n  upward th rough  a s t a n d a r d  8- by 
10- in .  g l a s s  f i b e r  f i l t e r  p o s i t i o n e d  h o r i z o n t a l l y .  Sampling i n t a k e s  were 
p o i n t e d  i n t o  t h e  wind, and sampling v e l o c i t y  o f  each  i n t a k e  was a d j u s t e d  a t  
15-min i n t e r v a l s  t o  match t h e  l o c a l  mean wind speed .  Throughout each  t e s t ,  
wind speed  was monitored by r e c o r d i n g  anemometers a t  two h e i g h t s ,  and t h e  
v e r t i c a l  wind speed p r o f i l e  was determined by assuming a l o g a r i t h m i c  d i s -  
t r i b u t i o n .  

The p r imary  t o o l  f o r  q u a n t i f i c a t i o n  of  emis s ion  f a c t o r s  was t h e  ?lRI 

Sampling t i m e  was s e l e c t e d  t o  p r o v i d e  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  ave rage  over s e v e r a l  units of c y c l i c  f l u c t u a t i o n  i n  t h e  e m i s s i o n s ,  e . g . ,  
implement p a s s e s  i n  t h e  f i e l d .  The f i r s t  c o n d i t i o n  was e a s i l y  met because  
t h e  sampling g r i d  was l o c a t e d  w i t h i n  5 rn (16 f t )  of t h e  s o u r c e .  
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In addition to airborne horizontal dust passage (exposure), fugitive 
dust parameters that were measured included total suspended dust concentra- 
tion and particle size distribution. Conventional high-volume filtration 
units were operated upwind and downwind of the test source to provide a 
measure of total suspended particulate (TSP). 

A Sierra Instruments high-volume parallel-slot cascade impactor (CI)6 
installed beneath a size-selective inlet (SSI) was used to measure particle 
size distribution alongside of the exposure profiler. The CI slotted filters 
were greased in order to minimize particle bounce. The SSI provided a 50% 
cutoff diameter of 15 pm and was used to measure IP, while the CI enabled 
the calculation of fine particulate (FP) concentration and also provided 
the size distribution of IP. 

3.2.1.2 Sampling Equipment Deployment-- 
The equipment deployed in the field during the sampling o f  emissions 

from soil preparation operations is identified in Table 5 .  The exposure 
profiler located 5 q (16 ft) downwind of the source provided a measure of 
TP concentration a s  a function of height. The upwind equipment provided a 
measure of emissions not contributed from the source. 
The three downwind Hi-Vols with SSIs were used to show how IP concentration 
decayed with downwind distance and to correlate visibility decay with IP 
concentration decay. The SSI/CI combination defined the particle size dis- 
tribution necessary to calculate IP and FP emission factors. During one 
test of each triplicate set, the SSI/CI combination was deployed at two 
heights in order to quantify the change in particle size distribution with 
height. Finally, the cassette-mounted 37-mm filter provided a particle 
sample from which the largest particle size was determined microscopically. 

In addition to the common problems associated with sampling emissions 
from a fugitive source, the sampling of emissions from an agricultural ope- 
ration presented unique problems. Since each implement pass occurred over 
a different location, the sampling equipment had to be moved to maintain 
fixed distances from the source. This procedure was made somewhat easier 
by mounting the equipment on a vehicle o r  carriage with wheels. 

The equipment deployed in the field during the sampling of emissions 
from s u g a r  beet harvesting is identified in Table 6. 
between the equipment deployment harvesting and for soil preparation was 
the use of particle sizing at only one height during harvesting and the 
elimination of the 50- and 100-m (164 and 328 ft) downwind SSIs. 

3.2.1.3 Quality Assurance Techniques-- 

of dust were carefully transferred at the end of each run to protective 
containers and transported to the laboratory. In the laboratory, high- 
volume filters from the MRI exposure profiler and from standard high-volume 
units and the CI slotted filters were folded and placed in individual gly- 
cene envelopes. The 37-mm filters were transported in the cassette filter 
holder used in the field. Dust that collected on the interior surfaces of 
each exposure profiler-settling chamber was rinsed with distilled water 
into separate glass jars. 

The major difference 

To prevent dust losses, the filters containing the collected samples 
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TABLE 5 .  FIELD EQUIPMENT DEPLOYMENT FOR SOIL PREPARATION OPERATIONS 

Height Downwind Equipment 
(d Distance (m) Deployment 

2 (upwind) Hi-Vola 
2 (upwind) Hi-Vol with SSI and CIc 
4 (upwind) Wind Direction and Speed 

1 5 Exposure Profiler Head 
2 5 Exposure Profiler Head 
3 5 Exposure Profiler Head 
4 5 Exposure Profiler Head 
2 5 Hi-Vol 
2 5 Cassette-mounted 37 mm 

5 Hi-Vol with SSI and CI 
5 Hi-Vol with SSI and CI 
5 Hi-Vol with SSI and CI 

b 

Monitoring Station 

rnillipore filter 
2: :f 

50 Hi-Vol with SSI 2 
2 100 Hi-Vol with SSI 

a Make - Sierra; Model 305. 
SSI = size-selective inlet; Make - Anderson; Model - 7000 
CI = cascade impactor; Make - Sierra; Model - 235 

Designed by Midwest Research Institute. 

During two tests of each triplicate set. 

C 

e 

* During one test of each triplicate set. 

I 
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TABLE 6. FIELD EQUIPMENT DEPLOYMENT FOR HARVESTING OPERATIONS 

Height Downwind Equipment 
(m) Distance (m) Deployment 

2 
2 
4 

1 
2 
3 
4 
2 
2 
2 

(upwind) 
(upwind ) 
(upwind) 

5 
5 
5 
5 
5 
5 
5 

b Hi-Vola 
Hi-Vol with SSI and CIc 
Wind Direction and Speed 
Monitoring Station 

Exposure Profiler Head 
Exposure Profiler Head 
Exposure Profiler Head 
Exposure Profiler Head 

d 

Hi-Vol 
Hi-Vol with SSI and CI 
Cassette-mounted 37 mm 
millipore filter 

a Make - Sierra; Model 3 0 5 .  

SSI = size-selective inlet; Make - Anderson; Model - 7000 

CI cascade impactor; Make - Sierra; Model - 235 

Designed by Midwest Research Institute. 

C 
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Dust samples from the field tests were returned to NRI and analyzed 
gravimetrically in the laboratory. Glass fiber filters and impaction sub- 
strates were conditioned at constant temperature and relative humidity for 
24 hr prior to weighing, the same conditioning procedure used before taring. 
Water washes from the exposure profiler settling chambers were filtered. 
Then the tared filters were dried, conditioned at constant humidity and tem- 
perature, and reweighed. 

Quality assurance techniques consisted of a 100% audit on tared filters 
and a 10% audit on filters with collected sample. The following audit limits 
were used: 

Glass fiber 
filter size 
cm (in.) 

Filter weieht 
I 

audit limits (mg) 
Clean Exposed 

20 x 25 (8 x 10) 2.8 
10 x 12 ( 4  x 5) 1.0 

5 . 0  
1.8 

The entire lot was reweighed if any audited filter within the lot did 
not meet the above limits. A 100% audit for tared filters is far more than 
the 7% required by the "Quality Assurance Handbook for Air Pollution Measure- 
ment Systems, Volume 11, Ambient Air Specific Methods" (EPA 600/4-77-027a). 
Nevertheless, NRI believes this is necessary since these weights cannot be 
rechecked once the filters have been used. 

Quality assurance was maintained in the constant temperature/humidity 
weighing and equilibration room by daily checking of a hydrothermograph to 
assure che weighing and equilibration room was within the following limits: 

Temperature: 20-25OC f 3OC maximum variation. 
Relative Humidity: < 50% 2 5% maximum variation. 

In addition to laboratory analysis quality assurance, procedures to 
assure quality in the field were also utilized. The equipment flow rates 
were calibrated at each regional site prior to testing and on a 2-week sched- 
ule thereafter. 

3 . 2 . 1 . 4  Soil Collection and Analysis Techniques-- 
In order to determine the properties of the soil being disturbed by 

the action of the machinery, representative soil samples were analyzed in 
the laboratory. Several shovelfuls of soil collected to a depth of approxi- 
mately 15 cm (6 in.) were composited for analysis. 

The soil samples were analyzed for moisture, erodibility, and silt con- 
tent. Moisture analysis was performed in the field since this variable could 
change if the sample was transported to NRI prior to analysis. Once back 
at MRI, soil samples were gently hand-sieved to determine erodibility. They 
were then mechanically screened to determine the weight fraction passing a 
ZOO-mesh screen (75 pm in diameter), which yielded the silt content. An 
automatic ecentric-cam-shaker was used for screening. Tables 7 through 9 
show the procedure for these analyses. 
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TABLE 7. MOISTURE ANALYSIS PROCEDLi'RES 

1. 

2 .  

3. 

4 .  

5 .  

6. 

7. 

a .  

Preheat the oven to approximately llO°C (230°F). Record oven temperature. 

Tare the laboratory sample containers which will be placed in the oven. 
Tare the containers with the lids on if they have lids. Record the tare 
weight(s). Check zero before weighing. 

Record the make, capacity, smallest division, and accuracy (if displayed) 
of the scale. 

Weigh the laboratory sample in the container(s). Record the combined 
weight(s). Check zero before weighing. 

Place sample in oven and dry overnight. 

Remove sample container from oven and (a) weigh immediately if uncovered, 
being careful of the hot container; or (b) place tight-fitting lid on the 
container and let cool before weighing. Record the combined sample and 
container weight(s). Check zero before weighing. 

Calculate the moisture as the initial weight of the sample and container 
minus the over-dried weight of the sample and container divided by the 
initial weight of the sample alone. Record the value. 

Calculate the sample weight to be used in the silt analysis as the oven- 
dried weight 3f the sample and container minus the weight o f  the container. 
Record the value. 

a 

a Dry materials composed of hydrated minerals o r  organic macerials like coal 
and certain soils f o r  only 1-1/2 hr. Because of this short drying time, 
material dried for only 1-1/2 hr must not be more than 2 . 5  cm (1 in.) deep 
in the container. 
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TABLE 8.  TECHNIQUE FOR SIEVING SOIL SAMPLES TO DETERMINE ERODIBILITYa 

1. S i e v e  t h e  s o i l  o n l y  when i t  is a i r  d r y .  I f  it i s  n o t  d r y ,  b r i n g  t h e  s o i l  
t o  t h e  l a b o r a t o r y ,  d ry  it, and t h e n  s ieve.  

2 .  P l a c e  a 20 mesh sieve a t o p  a r e c e i v i n g  pan  and dump t h e  sample o n t o  t h e  
s i e v e .  

3 .  Turn the s i e v e  by hand two turns p e r  5 s e c .  Maintain t h i s  speed by checking 
t h e  second hand of  a watch w h i l e  t u r n i n g .  

4 .  If t h e  s o i l  is s a n d ,  loamy s a n d ,  o r  sandy loam, t u r n  s i e v e  5 t i m e s ;  i f  it i s  
loam s i l t  loam, c l a y  loam, o r  s i l t y  c l a y  loam, t u r n  10 times; i f  it i s  s i l t y  
c l a y  o r  c l a y ,  t u r n  15 times. 

5 .  C a l c u l a t e  t h e  p e r c e n t  o f  t h e  t o t a l  sample t h a t  p a s s e s  through t h e  20 mesh 
s c r e e n .  The e r o d i b i l i t y  i s  r e l a t e d  t o  t h i s  p e r c e n t a g e  ( s e e  Ref .  b). 

a From "Es t ima t ions  of  Wind E r o d i b i l i t y  of Farm F i e l d , "  by W.S. C h e p i l ,  
P roduc t ion  Research Report  No. 25 ,  A g r i c u l t u r a l  Research S e r v i c e ,  USDA, 
f larch 1959.  

Woodruff, N .  P. and F .  H.  Siddoway. 
Sc ience  S o c i e t y  o f  America P r o c e e d i n g s ,  29(5):602-608,  1965. 

" A  Wind E r o s i o n  Equat ion."  S o i l  
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I 1. TABLE 9 .  SILT ANALYSIS PROCEDURES 

1 
1, 
1~ 
2:; 
I’ 
I. 
1- 
I” 
J, 
1. 
1: 
I, 
1; 
I: 

1. S e l e c t  the a p p r o p r i a t e  8-in d i a m e t e r ,  2-in deep  s i e v e  s izes .  Recommended 
U.S .  S t anda rd  S e r i e s  s izes  a r e :  3 / 8  in., No. 4 ,  No. 2 0 ,  No. 4 0 ,  No. 100, 
No. 1 4 0 ,  No. 200 ,  and a pan .  Comparable T y l e r  S e r i e s  s izes  can a l s o  b e  
u t i l i z e d .  The No. 20 and t h e  No. 200 a r e  mandatory.  The o t h e r s  can be 
v a r i e d  i f  t h e  recommended s i e v e s  a r e  n o t  a v a i l a b l e  o r  i f  bu i ldup  on one 
p a r t i c u l a r  s i e v e  d u r i n g  s i e v i n g  i n d i c a t e s  t h a t  a n  i n t e r m e d i a t e  s i e v e  
shou ld  be i n s e r t e d .  

2 .  Obta in  a mechanical  s i e v i n g  d e v i c e  such  a s  a v i b r a t o r y  s h a k e r  o r  a 
Roto-Tap (wi thou t  t h e  t a p p i n g  f u n c t i o n ) .  

3 .  Clean the sieves w i t h  d r y  compressed a i r  and /o r  a s o f t  b r u s h .  M a t e r i a l  
lodged in t h e  s i e v e  openings o r  a d h e r i n g  t o  t h e  s i d e s  of  t h e  s i e v e  shou ld  
be removed ( i f  p o s s i b l e )  w i thou t  h a n d l i n g  t h e  s c r e e n  roughly .  

4 .  A t t a i n  a s c a l e  ( c a p a c i t y  of a t  l e a s t  1 , 6 0 0  g ( 3 . 5  l b ) )  and r eco rd  make, c a p a c i t y ,  
s m a l l e s t  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 accu racy .  

5 .  Tare  sieves and pan .  Check t h e  z e r o  b e f o r e  e v e r y  weighing. Record w e i g h t s .  

6 .  A f t e r  n e s t i n g  t h e  s i e v e s  i n  o r d e r  from t h e  l a r g e s t  t o  t h e  s m a l l e s t  open- 
ings  w i t h  pan a t  t h e  bottom, dump d r i e d  l a b o r a t o r y  sample ( immedia te ly  
a f t e r  d r y i n g )  i n t o  t h e  t o p  s i e v e .  The sample should  weigh between 800 
and 1,600 g (1.8 and 3 . 5  lb):  Brush f i n e  m a t e r i a l  a d h e r i n g  t o  t h e  s i d e s  
of the c o n t a i n e r  into t h e  top  s i e v e  and cove r  the top s i e v e  w i t h  a spe-  
c i a l  l i d  no rma l ly  purchased wi th  t h e  pan .  

7 .  P l a c e  n e s t e d  sieves i n t o  the  mechanical  d e v i c e  and s i e v e  f o r  20 min. Remove 
pan c o n t a i n i n g  minus No. 200 and w e i g h .  Replace pan benea th  the  s i e v e s  and 
s i e v e  f o r  a n o t h e r  10 min. Remove pan and weigh. b l e n  t h e  d i f f e r e n c e  
between two s u c c e s s i v e  pan sample weighings spaced 10 min a p a r t  (where t h e  
t a r e  o f  t h e  pan has  been s u b t r a c t e d )  i s  l e s s  t han  3.0%, t h e  s i e v i n g  is 
comple te .  Do n o t  s i e v e  l o n g e r  t h a n  40 min. 

8 .  Weigh each  s i e v e  and its c o n t e n t s  and r e c o r d  the  we igh t .  Check t h e  z e r o  
b e f o r e  e v e r y  weighing. 

9 .  C o l l e c t  t h e  l a b o r a t o r y  sample and p l a c e  t h e  sample i n  a s e p a r a t e  c o n t a i n e r  
i f  f u r t h e r  a n a l y s i s  is expec ted .  

10. C a l c u l a t e  t h e  p e r c e n t  of  mass less  t h a n  t h e  200 mesh s c r e e n  (75 p m ) .  T h i s  
is the s i l t  c o n t e n t .  
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3 . 3  EMISSION FACTOR CALCULATION RESULTS 

Emission f a c t o r s  were c a l c u l a t e d  f o r  s o i l  p r e p a r a t i o n  o p e r a t i o n s  and 
f o r  h a r v e s t i n g  o p e r a t i o n s .  The c a l c u l a t i o n s  were based on measurements of  
p a r t i c u l a t e  c o n c e n t r a t i o n ,  s i z e  d i s t r i b u t i o n ,  and wind speed over  a g iven  
sampling time. The fo l lowing  s e c t i o n s  show t h e  measurements c o l l e c t e d  and 
t h e  c a l c u l a t i o n  procedure  u t i l i z e d  t o  q u a n t i f y  emiss ion  f a c t o r s .  

3 . 3 . 1  S o i l  P r e p a r a t i o n  Operations--Measured Values 

The s o i l  p r e p a r a t i o n  o p e r a t i o n s  t e s t e d  a long  w i t h  t h e  t e s t  d a t e s  and 
l o c a t i o n s  a r e  shown i n  Table  1 0 .  The t e s t s  were conducted i n  e a r l y  A p r i l ;  
seven  t e s t s  were performed i n  t h e  San Joaqu in  Va l l ey  and s i x  t e s t s  i n  t h e  
Sacramento Va l l ey .  

The emiss ions  were sampled du r ing  each  p a s s  of t h e  t r a c t o r  and imple- 
ment ( o r  c a r  i n  t h e  c a s e  of  N - 1 )  upwind of  t h e  p r o f i l i n g  equipment .  The 
number and q u a l i t y  o f  the p a s s e s  a long  w i t h  t h e  wid th  of  t h e  p a s s  ( i d e n t i -  
c a l  t o  the width  of  t h e  implement) a r e  shown i n  Table  11. The q u a l i t y  of  
t h e  p a s s  was determined by t h e  fo l lowing  c r i t e r i a :  

. Good - The wind d i r e c t i o n  was w i t h i n  45 degrees  of  a l i n e  perpen-  
d i c u l a r  t o  t h e  d i r e c t i o n  of  t h e  implement and t r a c t o r .  

. Margina l  - The wind d i r e c t i o n  was 45 t o  90 degrees  from a l i n e  
p e r p e n d i c u l a r  t o  t h e  implement and t r a c t o r .  

. Bad - The wind d i r e c t i o n  c a r r i e d  t h e  plume toward t h e  p o s i t i o n  
of  t h e  upwind Hi-Vol. 

From Table  11 it  i s  c l e a r  t h a t  n e a r l y  a l l  t h e  implement p a s s e s  were 
r a t e d  a s  good dur ing  a l l  t h e  t e s t s  excep t  t e s t  N-2, when l i g h t  and v a r i a b l e  
winds r e s u l t e d  i n  s e v e r a l  bad p a s s e s .  S i n c e  t h e  r e s u l t s  would be q u e s t i o n -  
a b l e ,  d a t a  from t e s t  N-2 were n o t  used t o  c a l c u l a t e  emiss ion  f a c t o r s .  

The measured c o n c e n t r a t i o n s  from a l l  t h e  deployed equipment f o r  each  
t e s t  a r e  shown i n  Tab les  12 t o  24. A l s o  shown on t h e  t a b l e s  i s  whether  t h e  
exposure p r o f i l e r  measured t o t a l  p a r t i c u l a t e  (TP) c o n c e n t r a t i o n s  i n  an i s o -  
k i n e t i c  o r  n o n i s o k i n e t i c  f a s h i o n .  Samples were cons ide red  t o  have been sam- 
p l e d  i s o k i n e t i c a l l y  i f  t h e  r a t i o  of  the sampl ing  speed t o  t h e  wind speed 
was w i t h i n  t h e  range  of  0 . 8  t o  1 . 2 .  The r a t i o  of  the sampling speed t o  t h e  
wind speed i s  c a l l e d  t h e  f low r a t i o  (m). 

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  of  I P  i s  shown i n  F igu res  15 through 29.  
The f i g u r e s  show o n l y  t h e  d i s t r i b u t i o n  of  I P  and n o t  of  TP s i n c e  t h e  cascade 
impactor  was mounted benea th  t h e  s i z e - s e l e c t i v e  i n i e t .  The f i g u r e s  show a 
p l o t  of  aerodynamic p a r t i c l e  d i ame te r  v e r s u s  weight  p e r c e n t  l ess  t h a n  t h e  
s t a t e d  s i z e .  F i n a l l y ,  t h e  f i g u r e s  show t h e  p e r c e n t  of I P  t h a t  i s  FP. This  
pe rcen tage  was m u l t i p l i e d  times t h e  measured I P  c o n c e n t r a t i o n  i n  o r d e r  t o  
c a l c u l a t e  t h e  FP c o n c e n t r a t i o n .  

c 
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TABLE 10. .AGRICULTURAL FUGITIVE DUST TEST IDENTIFICATION 
SOIL PREPARATION OPERATIONS 

V a l l e y  
Source  R U  Date  L o c a t i o n  Crop (County 

Unpaved roads  

Disca  

b 
Land p l a n e  

b Land p l a n e  

b Land p l a n e  

D i s c  b , c  

D i sc  b , d  

Disca 

Disca  

Disca 

Disca 

Disca  

Disca  

N- 1 

N- 2 

N - 3  

N-4 

N-5 

N-6 

N - 7  

N - a  

N-9 

N-10 

v-11 

N- 12 

N- 13 

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman , C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

Norman C l a r k  Farm 
Kerman, C a l i f o r n i a  

R ice  Exper imen ta l  S t a t i o n  
B iggs ,  C a l i f o r n i a  

R i c e  Exper imen ta l  S t a t i o n  
B iggs ,  C a l i f o r n i a  

R ice  Exper imen ta l  S t a t i o n  
B iggs ,  C a l i f o r n i a  

R ice  Exper imen ta l  S t a t i o n  
Biggs ,  C a l i f o r n i a  

R ice  Exper imen ta l  S t a t i o n  
B iggs ,  C a l i f o r n i a  

R i c e  Exper imen ta l  S t a t i o n  
B iggs ,  C a l i f o r n i a  

A l f a l f a  

A l f a l f a  

A l f a l f a  

A l f a l f a  

A l f a l f a  

A l f a l f a  

Alf a l f  a 

R ice  

R ice  

R ice  

R i c e  

R ice  

R i c e  

San Joaqu in  
(F r e  sno ) 

San J o a q u i n  
(F resno)  

San Joaquin  
(F resno)  

San Joaquin  
(F resno)  

San Joaquin  
(F resno)  

San Joaqu in  
(F resno)  

San Joaquin  
(Fresno)  

Sacramento 
( B u t t e )  

Sacramento 
( B u t t e )  

Sacramen t o  
( B u t t e )  

Sacramento 
( B u t t e )  

Sacramento 
( B u t t e )  

Sacramento 
(ButLe) 

1 
Implement rowed by t r a c t o r  on s i x  whee l s .  

F i r s t  p a s s  w i t h  d i s c  t o  i n c o r p o r a t e  s o i l  supplements .  

Second p a s s  w i t h  d i s c  t o  f u r t h e r  i n c o r p o r a t e  s o i l  supplements .  

b 

C 

d 
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TABLE 11. INFORMATION ON IMPLEMENT PASSES 
SOIL PREPARATION OPERATIONS 

Number and quality of passes Width of passes 
Run Good Marginal Bad Total (d 
N-1 

N-2 

N-3 
N-4 
N-5 
N-6 
N- 7 
N-8 

N-9 
K- 10 
N-11 

N- 12 
N-13 

23 
7 

15 
1 4  

15 
10 

a 
15 
14  

14  

15 

15 
14 

1 

3 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

11 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

25 
21 

15 

15 
15 
10 

a 
15 
14  

14  

15 

15 
14  

- 
6 . 4  (21 ft) 
4 . 9  ( 1 6  ft) 

4 . 9  

4 . 9  

4 . 9  

4.9 

4 . 9  

4 . 9  

4 . 9  

4 . 9  

4 . 9  

4 . 9  
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TABLE 1 2 .  CONCENTRATION K2ASUREMENTS D U R I N G  AGRICULTURU OPERATIONS- 
UNPAVED ROAD 

I' 
I: 
1 
I 

~ 

Test Number: N-1 
Locat ion:  Kerman, C a l i f o r n i a  
Source :  Unpaved road 
Test  d a t e :  4 / 2 / 8 0  

C o n c e n t r a t i o n  (pg/rn31a 
Downwind Exposure 

Height  d i s t a n c e  Hi-Vol w i t h  Hi-Vol w i t h  p r o f i l e s  
(m) (m) Hi-Vol SSI SSI and C I  s amp 1 e r 

2 10 (upwind) 232 
2 10 (upwind ) 
2 5 1 ,403  
2 5 
2 55 
2 105 
1 5 
2 5 
3 5 
4 5 

138 
72 

83 

689 

2 ,456  (N) 
1,95B(N) 
1 ,467  (N) 
1,251 (X) 

a 

b 

Actua l  measured c o n c e n t r a t i o n  i n c l u d i n g  c o n t r i b u t i o n s  from background 

N i m p l i e s  n o n i s o k i n e t i c  sampl ing;  I i m p l i e s  i s o k i n e t i c  sampl ing .  - - 

I; 1 
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TABLE 13. CONCENTRATION MEASUREMENTS DURING A G R I C U L T W  OPERATIONS - DISCING 
Test Number: N-2 
Location: Kerman, California 
Source: Disc and tractor on tracks 
Test date: 4/3/80 

Concentration ( ~ g / m 3 ) ~  
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(d (m) Hi-Vol SSI SSI and CI sampler 

2 lO(upwind) 126 

2 5 7,199 
2 5 2,331 
2 55 296 
2 105 237 
1 5 6,624 ( N )  
2 5 6,382 (N) 
3 5 7,32l(N) 
4 5 6,711 (N) 

2 10(upwind) 57 

a 

b 
Actual measured concentration including contributions from background. 

N implies nonisokinetic sampling; 1 implies isokinetic sampling. - 
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TABLE 1 4 .  CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - 
LAND PLANING 

Test Number: N-3 
Location: Kerman, California 
Source: Land plane and tractor on 6 wheels 
Test date: 4 / 4 / 8 0  

Concentration (pg/m3la 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(m) (d Hi-Vol SSI SSI and CI sampler 

2 10  (upwind) 34 
2 10 (upwind) 13 
2 5 3 , 8 0 2  
2 5 909 
2 55 293 
2 105 366 
1 5 8 , j 0 4 (  I )  
2 5 7 ,195(1 )  
3 5 4 ,023  ( I )  
4 5 2 ,564(1)  

a 

b 
Actual measured concentration including contributions from background. 

N_ implies nonisokinetic sampling; I implies isokinetic sampling. . -  

5 4  

I I 
I '  
I 
111 
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TABLE 15. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - 
LAND PLANING 

Test Number: N-4 
Location: Kennan, California 
Source: 
Test date: 4/4/80 

Land plane and tractor on 6 wheels 

Concentration (pg/m3) a 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(m) (m) Hi-Vol SSI SSI and CI sampler 

2 10 (upwind) 34 
2 lO(upwind) 
2 5 6,214 
2 5 
2 55 
2 105 
1 5 
2 5 
3 5 
4 5 

13 

972 
504 
444 

8.113(N) 
7 ; 960i~j 
4,594(1) 
3,388 ( I )  

a 

b 

Actual measured concentration including contributions from background. 

implies nonisokinetic sampling; I implies isokinetic sampling. 
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TABLE 16. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - 
LAND PLANING 

Test Number: N-5 
Location: Kerman, California 
Source: Land plane and tractor on 6 wheels 
Test date: 4/4/80 

Concentration (~g/m3)~ 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile6 
(m) (m) Hi-Val SSI SSI and CI sampler 

2 10 (upwind) 34 
2 lO(upwind) 
2 5 2,790 
1 5 
3 5 
2 55 
2 105 
1 5 
2 5 
3 5 
4 5 

13 

457 
571 

228 
165 

3;5eei1j 
2,373(1) 

a 

b 
Actual measured concentration including contributions from background 

N implies nonisokinetic sampling; I implies isokinetic sampling. - - 
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TABLE 1 7 .  CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - DISCING 
Test Number: N-6 
Location: Kerman, California 
Source: Disc and tractor on 6 wheels 
Test date: 4 /7 /80  

Concentration (~g/m3)~ 
Downwind . Exposure 

Height distance Hi-Vol with Hi-Vol with profiles 
(m) (d Hi-Vol SSI SSI and CI sampler 

3 
2 
2 

lO(upwind) 41 
10(upwind) 
5 2,313 
5 
5 - 

55 
105 

647 
332 

22 

920 
313 

5,806 (I) 
2,310(1) 
806(I) 
i a 4 ( I )  

a 

b 
Actual measured concentration including contributions from background. 

E implies nonisokinetic sampling; I implies isokinetic sampling. - 



TABLE 18. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS-DISCING 

Test Number: N - 7  
Location: Kerman, California 
Source: Disc and tractor on 6 wheels 
Test date: 4/7/00 

Concentration (pg/m3Ia 
Exposure 

Height distance Hi-Vol with Hi-Vol with profile6 
(m) (m) Hi-Vol SSI SSI and CI sampler 

Downwind 

2 10 (upwind) 41 
2 lO(upwind) 
2 5 5.458 

22 

2 5 
2 55 
2 105 
1 5 
2 5 
3 5 
4 5 

,~ 
1 ,924  

1 ,808  
1 ,470  

10,417 ( N )  
5 ,130(1 )  
1 ,642(1 )  
1 ,359(1)  

a 

b 
Actual measured concentration including contributions from background 

N implies nonisokinetic sampling; I implies isokinetic sampling. - - 
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TABLE 19. CONCENTUTION MEASUREMENTS DLJRING AGRICLTLTIJRAL OPERATIONS - DISCING 
Test Number: N-8 
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4 / 9 / 8 0  

Concentration ( ,~g/ rn ’ )~ 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(m)  ( m )  Hi-Vol S S I  S S I  and CI sampler 

2 10 (upwind) 247 
2 10 (upwind) 
2 5 1,148 
2 5 
2 55 
2 105 
1 5 
2 5 
3 ’ 5  
4 5 

298 
166 

154 

386 

3 ,036  (N) 
1 , 4 6 2 ( 1 )  

581(I) 
293(I) 

a 

b 
Actual measured concentration including contributions from background. 

N implies nonisokinetically sampled; 1 implies isokinetically sampled. - 
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TABLE 2 0 .  CONCENTRATION MEASUREMENTS DURING AGRICULTUMI OPERATIONS - DISCING 
Test Number: N - 9  
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4/10/80  

Concentration ( ~ g / m 3 ) ~  
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile6 
(m) (d Hi-Vol SSI SSI and CI sampler 

2 10(upwind) 
2 10(upwind) 
2 5 
2 5 
2 55 ~ ._ 

2 105 
1 5 
2 5 
3 5 
4 5 

118 

944 

468 
319 

73 

655 

2,405 (I) 
1,060( I) 

3 6 3 ( I )  
127(1) 

~ ~~~ ~ ~~~ ~~ ~ ~ 

a Actual measured concentration including contributions from background. 

N_ implies nonisokinetic sampling; 1 implies isokinetic sampling. 

I 
1 
1. 
I' 
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TABLE 21. CONCENTRATION EASUREMENTS D U R I N G  AGR1CLILTLIRA-L OPERATIONS - DISCING 

Test Number: N-10 
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4/10/80 

Concentration (pg/m31a 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(m) (m) Hi-Vol SSI SSI and CI sampler 

2 lO(upwind) 120 
2 lO(upwind) 74 
2 5 1 ,169  
1 5 901 
3 5 480 
2 55  
2 105 
1 5 3 ,621  ( I )  
2 5 1 ,597(1)  
3 5 5 7 9 ( I )  
4 5 216(1) 

555 
484 

a Actual measured concentration including contributions from background. 

E implies nonisokinetic sampling; I implies isokinetic sampling. 

1 
'I 
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TABLE 22. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - DISCING 
Test Number: N-11 
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4/10/80 

Concentration (~g/m')~ 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profile5 
(d (m) Hi-Vol SSI SSI and CI sampler 

2 
2 
1 
1 
3 
2 
2 
1 
2 
3 
4 

lO(upwind) 128 
lO(upwind) 80 
5 1,096 
5 1 ,264c 
5 59 
55 473 
105 240 
5 5,692(1) 
5 2,124(1) 
5 598(I )  
5 187(I) 

a Actual measured concentration including contributions f r o m  background. 

N - implies nonisokinetic sampling; I implies isokinetic sampling 
Value is suspect since large net negative weight calculated f o r  back-up C 

8 in. x 10 in. filter. 

I 
I 
I 

I 
I' 
I 

1: 

I' 
I 
I, 
I 
I 
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TABLE 23. CONCENTRATION MEASUREFENTS DURING AGRICULTURAL OPERATIONS - DISCING 
Test Number: N-12 
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4/11/80 

Concentration (lg/m3la 
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with prbfileg 
(m) (m) Hi-Vol SSI SSI and CI sampler 

2 10 (upwind) 189 
2 lO(upwind) 
2 5 2,139 
2 5 
2 55 
2 105 
1 5 
2 5 
3 5 
4 5 

433 
1,062 

103 

1,042 

6,710(1) 
2.051 (11 

a 

b 
Actual measured concentration including contributions from background. 

implies nonisokinetic sampling; 1 implies isokinetic sampling. 
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TABLE 24. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL OPERATIONS - DISCING 
Test Number: N-13 
Location: Biggs, California 
Source: Disc and tractor on tracks 
Test date: 4/11/80 

Concentration ( ~ g / m 3 ) ~  
Downwind Exposure 

Height distance Hi-Vol with Hi-Vol with profiler 
( m y  (m) Hi-Vol SSI SSI and CI ;amp le r " 

2 10(upwind) 189 
2 lO(upwind) 
2 5 1,761 
2 5 
2 55 466 
2 105 297 
1 5 
2 5 
3 5 
4 5 

103 

4aC 

5,303(1) 
2,207( I) 

687(I) 
193(I) 

a Actual measured concentration including contributions from background. 

N - implies nonisokinetic sampling; - I implies isokinetic sampling. 

Value suspect since f o u r  CI stages showed net negative weights. Nost 
likely IP concentration value calculated as 1234 pg/m3 assuming the 
same IP percent of TP at the 2m height as was measured in test N-10. 

C 

I .. 
I. 

I 
I 
1' 
I' 
t 
I 
I 
I 
I 
I 
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F i g u r e  15. 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 IP a t  2 m h e i g h t  f o r  
test N - 1 .  

65 



WEIGHT ‘/o GREATER THAN STATED SIZE 

- 
v) . z  
0 
0 
a 
z - 
a 
W c 
W a 
5 
0 
W 

5 a 
p4 

WEIGHT % LESS THAN STATED SIZE 

F i g u r e  16. 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 I P  a t  2 m h e i g h t  f o r  
tes t  N-2. 
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Figure  1 7 .  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 IP a t  2 rn h e i g h t  f o r  
test N-3. 
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Flgure  18. P a r r i c k  s i z e  d i s t r i b u r i o n  of IP a t  2 m h e i g h t  for 
test N-4.  
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Figure 1 9 .  Particle s i z e  d i s t r i b u t i o n  of I P  at 1 m h e i g h t  f o r  
t es t  N - 5 .  
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Figure 2 0 .  Particle s i z e  d i s t r i b u t i o n  of IP at 3 III h e i g h t  €or 
t e s t  N - 5 .  
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F i g u r e  21. 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 IP a t  1 m he igh t  f o r  
t e s t  N-6. 
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F i g u r e  2 2 .  P a r t i c l e  size d i s t r i b u t i o n  of IP a t  3 m h e i g h t  f o r  
t e s t  N-6. 
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Figure 23 .  Part ic le  s i z e  d i s t r i b u t i o n  of  I P  a t  2 m h e i g h t  for 
test N - 7 .  
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F igure  24.  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 I P  a t  2 m h e i g h t  f o r  
test N - a .  
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Figure 26. Particle size distribution of IP at 1 rn h e i g h c  for 
test X-10.  
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Figure 27 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 IP a t  3 m h e i g h t  fo r  
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Figure 2 9 .  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 I P  a t  2 m h e i g h t  for 
test  N-12. 
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A sample was c o l l e c t e d  on a 37-mm M i l l i p o r e  f i l t e r  cont iguous  t o  t h e  
SSI/CI combina t ion  f o r  the purpose  o f  de t e rmin ing  t h e  l a r g e s t  p a r t i c l e  by 
mic roscop ic  a n a l y s i s .  Knowledge o f  t h e  l a r g e s t  p a r t i c l e  s i z e  was necessa ry  
t o  c a l c u l a t e  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  of  TP which was i n  t u r n  neces-  
s a r y  f o r  d e t e r m i n a t i o n  o f  i s o k i n e t i c a l l y  c o r r e c t  TP c o n c e n t r a t i o n s .  In  the  
l a b o r a t o r y  t h e  M i l l i p o r e  f i l t e r  was r ende red  t r a n s p a r e n t  w i t h  immersion o i l .  
The 20 p a r t i c l e s  which appeared  t o  be  among the l a r g e s t  were i d e n t i f i e d  v i a  
a thorough s c a n  of  t h e  f i l t e r ,  and t h e i r  d i a m e t e r s  were de termined .  The 
l a r g e s t  p a r t i c l e  from among t h e s e  20 was then  i d e n t i f i e d .  Table  25 p r e s e n t s  
t h e  r e s u l t s  of  t h e  mic roscop ic  a n a l y s i s .  

3 . 3 . 2  S o i l  P r e p a r a t i o n  Opera t ions- -Emiss ion  F a c t o r  C a l c u l a t i o n  Procedure  

Given t h e  measured d a t a  shown i n  S e c t i o n  3 .3 .1 ,  t h e  fo l lowing  c a l c u l a -  
( a )  d e t e r m i n a t i o n  of  t h e  p a r t i c l e  s i z e  d i s -  t i o n  p rocedures  were employed: 

t r i b u t i o n  and t h e  l a r g e s t  p a r t i c l e  s i z e  a s  a f u n c t i o n  o f  h e i g h t ;  (b )  co r -  
r e c t i o n  of  t h e  TP c o n c e n t r a t i o n s  measured by t h e  exposure  p r o f i l e r  t o  rep-  
r e s e n t  i s o k i n e t i c a l l y  sampled c o n c e n t r a t i o n s ;  ( c )  c a l c u l a t i o n  of  exposure 
a s  a f u n c t i o n  of h e i g h t  and subsequent  i n t e g r a t i o n  o f  exposure  v e r s u s  he ighc ;  
and (d)  c a l c u l a t i o n  of s i z e - s p e c i f i c  emis s ion  f a c t o r s  g iven  the  wid th  o f  
each  implement p a s s ,  t h e  t o t a l  number o f  p a s s e s ,  and t h e  s i z e  s p e c i f i c  i n -  
t e g r a t e d  exposure .  

3 . 3 . 2 . 1  D e t e r m i n a t i o n , o f  P a r t i c l e  S i z e  a s  a Func t ion  of  Height--  

by an a g r i c u l t u r a l  o p e r a t i o n ,  t h e  d i s t r i b u t i o n  measured a d j a c e n t  t o  TP samplers  
l o c a t e d  a t  t h e  2 m o r  a t  t h e  1 and 3 m h e i g h t s  had t o  be e x t r a p o l a t e d  t o  
t h e  h e i g h t s  a t  which o t h e r  TP samplers  were l o c a t e d  i . e . ,  1, 3 ,  4 m ,  o r  2 
and 4 m .  I t  was f o r  t h i s  reason  t h a t  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  were measured 
a t  two h e i g h t s  d u r i n g  one o f  each t r i p l i c a t e  s e t  of  t e s t s  o f  emiss ions  from 
s o i l  p r e p a r a t i o n  o p e r a t i o n s .  

S i n c 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  v a r i e s  w i t h  h e i g h t  i n  a plume gene ra t ed  

The e q u a t i o n  f o r  a l i n e  was c a l c u l a t e d  g i v e n  t h e  p e r c e n t a g e  of  TP com- 
posed of  I P  a t  1 and 3 m .  The same p rocedure  was performed f o r  FP. The 
p e r c e n t  of  TP composed o f  I P  and the p e r c e n t  of TP composed of  FP were then 
c a l c u l a t e d  a t  t he  two h e i g h t s  where t h e y  were n o t  measured, i . e . ,  2 and 4 m 

The s l o p e s  o f  t h e  l i n e s  were t h e n  a p p l i e d  t o  t h e  o t h e r  two t e s t s  i n  
t h e  t r i p l i c a t e  s e t  i n  which p a r t i c l e  s i z i n g  was performed a t  on ly  one h e i g h t .  
Knowing t h e  s l o p e  and t h e  c o o r d i n a t e s  o f  a s i n g l e  p o i n t ,  the i n c e r c e p t s  of 
t h e  l i n e s  f o r  p e r c e n t  of  TP composed of  I P  and p e r c e n t  of  TP composed of FP 
v e r s u s  h e i g h t  were t h e n  c a l c u l a t e d .  
of  two l i n e s  from which t h e  p e r c e n t s  o f  TP composed of  I P  and FP were c a l -  
c u l a t e d  a t  l ,  3 ,  and 4 m. 

T h i s  procedure  d e f i n e d  the  equa t ions  

The l a r g e s t  p a r t i c l e  s i z e  a s  a f u n c t i o n  of  h e i g h t  a l s o  had t o  be e s t i -  
mated f o r  h e i g h t s  a t  which there were no measurements.  S ince  t h i s  v a r i a b l e  
was never  measured a t  two h e i g h t s  d u r i n g  any one t e s t ,  the v a r i a t i o n  w i t h  
h e i g h t  had t o  be e s t i m a t e d .  Given t h e  l a r g e s t  p a r t i c l e  s i z e  a t  2 m a s  shown 
i n  Table  25 ,  t h e  l a r g e s t  p a r t i c l e  s i z e  a t  1, 3 ,  and 4 m was e s t i m a t e d  by 
assuming a negac ive  s l o p e  o f  1 0  t o  25 pm p e r  meter  o f  h e i g h t .  
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TABLE 25. RESULTS OF MICROSCOPIC ANALYSISa 

;I . ' . . ~. 

:I 
'I 
,I 
'I 
'I 
'I 

Largest Pgrticle Largest Aerodynamic 
~ Size Particle sizeC 

'Test (wd (pm) 
. 

~ 

N- 1 40 56 
.~ . .  - 

N-? . - 47d 

N-3 28 40 

N-4 53 75 
~~ 

N-5 

N-6 

N-7 

- .  
40 

2a 

3a 

56 

40 

54 

N-8 55 7a 

- N-9 95 

N-10 

N-11 

N-12 

N-13 

- 
80 

9gd 

9gd 

95d 

113 

_ -  

a Measurements taken at 5 m downwind and 2 m height. 

Physical diameter as observed visually. 

Diameter of a particle o f  density 1 g/cc which behaves 
aerodynamically in an equivalent fashion to the soil 
particles of density 2 g/cc and observed physical 
diameter. 

C 

__ . 

Filters did nct have enough sample to perfom a micro- 
scopic analysis. This value was a calculated average 
of  the largest aerodynamic particle sizes observed in 
samples of  a similar source. 
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3 . 3 . 2 . 2  Isokinetic Correction of TP Concentrations-- 

conditions using the following equation: 
Nonisokinetically measured TP concentrations were corrected to isokinetic 

‘is0 ‘noniso *[(FS t FI/2) + (1 - FL + FI/2)?: FR] (1) - - 
C. = isokinetically corrected concentration 
IS0 

where 

nonisokinetically measured concentration 

FS mass fraction of particles smaller than 5 pm 
noniso C 

in aerodynamic diameter 

FI = mass fraction of particles between 5 and 50 pm 
in aerodynamic diameter 

FL mass fraction of particles less than 50 pm in 
aerodynamic diameter 

FEt = flow ratio which equals the sampling speed 
divided by the wind speed 

The above equation assumes the following: 

1. The concentration of particles smaller than 5 pm in aerodynamic 
diameter is not affected by nonisokinetic sampling. 

2 .  The concentration of particles larger than 50 pm in aerodynamic 
diameter is affected by nonisokinetic sampling and is related linearly to 
the ratio of sampling speed to wind speed. 

3. Half the mass of the particles between 5 and 50 pm in aerodynamic 
diameter behaves like particles less than 5 pm and half like particles greater 
than 50 pm. 

Equation 1 is a simplified version of a much more complicated equation 
proposed by C. N. Davies.’ 
isokinetic concentration (C. ) given a measured nonisokinetic concentration 
(‘no is0 was gasically designed to be applied to a monodisperse aerosol. 
emissions are polydisperse, the theory of Davies’ equation was utilized by m 1  
to develop Equation 1 which is applicable to polydisperse aerosols. 

Davies equation allowed the calculation of a n  

1, a flow rate (FR)SS;nd an inertial impaction parameter. The equation 
Since fugitive 

From the above equation, it should be observed that the percentage less 
than 5 and 50 pm is needed to correct the nonisokinetic TP Concentration. 
However, a change in the TP concentration alters the percentage less than 5 
and 50 pm. Therefore, it can be seen that the correction procedure is of 
an iterative nature. MRI developed a computer program called NONISO to per- 
form this iterative procedure. 
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3 . 3 . 2 . 3  Calculation and Integration of Exposure as a Function of Height-- 

following equation: 
The exposure (horizontal flux) at each height was calculated via the 

Ei = C.U.T (2 )  
~ ~ -1. 1.. 

- .  .~ 
where E.-= exposure o r  horizontal flux at height i (mass/area) 

I 
.~ 
C. = isokinetically measured o r  calculated concentration at 
1 .~ ~ . .. 

height i (mass/volume) 
.- ~~~ - .  

U. = horizontal wind speed at heightei (length/time) 
1- 

T = sampling time 

The total horizontal flux per unit sampling width (E ) is then calculated 
from the following equation: T 

E = /" Eidh 
T O  

( 3 )  

where H = height of the plume 

The height of the plume was determined by extrapolating a least-squares fit 
line thr.ough a plot of TP exposure versus height to the point where the ex- 
posure equaled zero. In addition to the four points where horizontal flux 
was measured and the extrapolated fifth point (0, H), a sixth point (0, 0) 
was added since the horizontal wind speed and consequently, the flux, is 
zero at the ground. The area under the curve was determined by integration 
using Simpson's Rule. 

3 . 3 . 2 . 4  CalYulation of Emission Factors-- 

using the following equation: 
The emission factor (EF) for agricultural operations,was calculated 

ET (rnass/length) 
N x W (length) EF = 

where N = the number of passes 
W = width of implement 

The emission factor for unpaved roads was calculated as follows: 

ET (massilength) 
N EF = 

( 4 )  

(5) 

The values used to calculate the emission factors and the resulting emis- 
sion factors for TP, IP, and FP are shown in Table 2 6 .  
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TABLE 26 .  EMISSION FACTORS FOR SOIL PREPARATION OPERATIONS 

I n t e g r a t e d  a r e a  
under  e m o s u r e  

a p r o f i l e  cu rve  Width of  
( m g l c d  No. of  implement Emission f a c t o r s  

T e s t  TP IP FP p a s s e s  m ( f t )  TP IP FP 

N- 1 

b N- 2 

N-3 

N-4 

N-5 

N-6 

N-7 

N-8 

N-9 

N-10 

N-11 

N-12 

N-13 

524 185 

- - 
1,700 226 

1,900 213 

1,840 169 

1,440 299 

1,060 313 

382 48.5 

591 259 

1,120 442 

1,180 395 

953 264 

764 282 

75.3 
9 

- 
59 

85 

100 

106 

78.4 

17.9 

94.0 

214 

182 

125 

137 

25 

- 
15 

15 

15 

10 

8 

15 

14 

14 

15 

15 

14 

- 

- 
4.88 

(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

4.88 
(16.0) 

832 
(7.43) 

- 
2,320 
(20.7) 

2,600 
(23.2) 

2,520 
(22.5) 

2,960 
(26.4) 

2,720 
(24.3) 

522 
(4.66) 

865 
(7.72) 

1,630 
(14.6) 

1,610 
(14.4) 

1,300 
(11.6) 

1,120 
(9.98) 

293 
(2.62) 

- 
309 

(2.76) 

29 1 
(2.60) 

23 1 
(2.06) 

613 
(5.47) 

797 
(7.12) 

66.2 
(0.591) 

379 
(3.38) 

646 
(5.77) 

540 
(4.82) 

361 
(3.22) 

412 
(3.68) 

120 
(1.07) 

- 
80.5 

(0.719) 

116 
(1.04) 

137 
(1.22) 

217 
(1.94) 

200 
(1.79) 

24.4 
(0.218) 

138 
(1.23) 

314 
(2.30) 

249 
(2.22) 

170 
(1.52) 

200 
(1.79) 

a 
U n i t s  a r e  a s  f o l l o w s :  Test N-1 - kg/vehicle-km (lb/VMT), ,  Tests N-3 
th rough N-13 - kg/km2 ( l b / a c r e ) .  

Winds were t o o  e r r a t i c  t o  p r o v i d e  meaningful  d a t a .  
b 
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3 . 3 . 3  Harves t ing  Operations--Measured Values 

Along w i t h  t h e  t e s t  d a t e s  and l o c a t i o n s ,  t h e  h a r v e s t i n g  o p e r a t i o n s  t e s t e d  
a r e  shown i n  Table  27. The seven  t e s t s  were conducted i n  e a r l y  October i n  
t h e  D e l t a  a r e a  of Sacramento County. The o p e r a t i o n s  t e s t e d  invo lved  t h e  
b e a t i n g  of t h e  l e a v e s  from suga r  b e e t s  fo l lowed by t h e  d i g g i n g  up of t h e  
b e e t s .  

The s u g a r  b e e t  l e a f  b e a t e r  which was t e s t e d  i s  an implement which b e a t s  
t h e  l e a v e s  from two rows of suga r  b e e t s  p e r  p a s s .  The l e a f  removal i s  accom- 
p l i s h e d  w i t h  5 cm ( 1 . 9 7  i n . )  wide p l a s t i c  s t r a p e s  3 m (0.118 i n . )  t h i c k .  
The s t r a p e s  a r e  a t t a c h e d  t o  a r o t a t i n g  s h a f t ,  and t h e  e n t i r e  assembly enc losed  
i n  a box wi th  an open bottom. The s t r a p e s  were n o t  observed t o  be  s t r i k i n g  
t h e  s o i l  nor t h e  t o p  of t h e  s u g a r  b e e t  which p r o t r u d e d  approximate ly  5 cm 
(1 .97 i n . )  from t h e  s o i l .  

Sugar b e e t  h a r v e s t i n g  was accomplished by an implement which used d u a l  
d i s c s  t o  d i g  up t h e  suga r  b e e t  and convey i t  t o  an a d j a c e n t  t r a i l e r  be ing  
p u l l e d  by a t r u c k  t r a c t o r  a t  t h e  same speed a s  t h e  implement was be ing  p u l l e d  
by t h e  farm t r a c t o r .  

The emiss ions  were sampled d u r i n g  each p a s s  of t h e  t r a c t o r  and imple- 
ment upwind of t h e  p r o f i l i n g  equipment.  
a long w i t h  t h e  w i d t h  of t h e  p a s s  ( i d e n t i c a l  t o  t h e  w i d t h  of t h e  implement) 
a r e  shown i n  Table 28. The q u a l i t y  r a t i n g s  f o r  t he  winds du r ing  each  p a s s  
were d e s c r i b e d  i n  S e c t i o n  3.3.1. Since  t h e  winds were v e r y  l i g h t  and v a r i -  
a b l e  (much of t h e  s t a t e  was under a tmosphe r i c  s t a g n a t i o n  c o n d i t i o n s ) ,  a few 
of t h e  t e s t s  had a l a r g e  p e r c e n t a g e  of marg ina l  o r  bad p a s s e s .  

The number and q u a l i t y  of t h e  p a s s e s  

The measured c o n c e n t r a t i o n s  from a l l  t h e  deployed equipment f o r  each 
t e s t  a r e  shown i n  Tables  29 th rough 35.  A l s o  shown i s  whether t h e  TP sam- 
p l e s  were c o l l e c t e d  i s o k i n e t i c a l l y  ( 0 . 8  5 FR 5 1 . 2 ) .  

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  of I P  i s  shown i n  F i g u r e s  30 through 
35. The f i g u r e s  show o n l y  t h e  d i s t r i b u t i o n  of  I P  and n o t  of TP, s i n c e  t h e  
cascade impactor  was mounted benea th  a s i z e - s e l e c t i v e  i n l e t .  The f i g u r e s  
show a p l o t  of aerodynamic p a r t i c l e  d i ame te r  v e r s u s  weight p e r c e n t  l e s s  t h a n  
t h e  s t a t e d  s i z e .  F i n a l l y ,  t h e  f i g u r e s  show t h a t  approximate ly  h a l f  of t h e  
I P  gene ra t ed  by suga r  b e e t  h a r v e s t i n g  o p e r a t i o n s  is FP. 

A sample was c o l l e c t e d  on a 37-mm M i l l i p o r e  f i l t e r  cont iguous  t o  t h e  
S S I / C I  combination f o r  t h e  purpose of de t e rmin ing  t h e  l a r g e s t  p a r t i c l e  by 
microscopic  a n a l y s i s .  The a n a l y t i c a l  p rocedure  was d e s c r i b e d  i n  S e c t i o n  
3 . 3 . 1  and i s ,  t h e r e f o r e ,  n o t  r epea ted  h e r e .  The r e s u l t s  a r e  shown i n  
Table 36. 

3 . 3 . 4  Harves t ing  Opera t ions- -Emiss ion  F a c t o r  C a l c u l a t i o n  Procedure  

Given t h e  measured da ta  shown i n  S e c t i o n  3.3.3,  t h e  c a l c u l a t i o n  proce-  
dures  d e s c r i b e d  i n  S e c t i o n  3.3.2 were employed. 
t h e  procedure  was u t i l i z e d  t o  de te rmine  t h e  v a r i a t i o n  of p a r t i c l e  s i z e  d i s -  
t r i b u t i o n  w i t h  h e i g h t .  

A s l i g h t  d e v i a t i o n  from 

None of  t h e  h a r v e s t i n g  t e s t s  had p a r t i c l e  s i z i n g  

a 5  



TABLE 2 7 .  AGRICULTURAL FUGITIVE DUST TEST IDENTIFICATION--SUGAR 
BEET HARVESTING 

V a l l e y  
Source Run Date Loca t ion  (county)  

Leaf b e a t e r a  R- 1 ( P r e )  10/3/80 Hamatani Farm 
Walnut Grove, CA 

Leaf b e a t e r a  R- 1 10/4/80 Hamatani Farm 
Walnut Grove, CA 

R-2 10/4/80 Hamatani Farm a Leaf b e a t e r  
Walnut Grove, CA 

Lead b e a t e r a  R-3 10/4/80 Hamatani Farm 
Walnut Grove, CA 

R-4 10/5/80 Hamatani Farm C 
Beet h a r v e s t e r  

Walnut Grove, CA 

10/5/80 Hamatani Farm C Beet  h a r v e s t e r  R-5 
Walnut Grove, C A  

R-6 10/5 /80  Hamatani Farm C Beet h a r v e s t e r  
Walnut Grove, CA 

Sacramento 
(Sacramento) 

Sacramento 
(Sacramento) 

Sacramento 
(Sacramento) 

Sacramento 
(Sacramento) 

Sacramento 
(Sacramento) 

Sacramento 
(Sacramento) 

Sa cramenco 
(Sacramento) 

a Two-wheel l e a f  b e a t e r  p u l l e d  by four-wheel  t r a c t o r  a t  about  3 t o  4 mph. 
The p r o c e s s  i s  a l s o  c a l l e d  s c a l p i n g  ( s e e  t h e  G l o s s a r y ) .  

During run  R - l ( P r e ) ,  o n l y  background c o n c e n t r a t i o n s  were ob ta ined  s i n c e  
l e a f  b e a t i n g  o p e r a t i o n s  were suspended b e f o r e  downwind c o n c e n t r a t i o n s  
could b e  measured. 

Two-wheel b e e t  h a r v e s t e r  ( d i g s  up s u g a r  b e e t s )  p u l l e d  by four -wheel  
t r a c t o r  a t  abou t  5 mph. h 18-wheel t r a c t o r  t r a i l e r  moved a l o n g s i d e  t h e  
beet h a r v e s t e r .  

C 
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TABLE 28. INFORMATION ON IMPLEMENT PASSES--HARVESTING OPERATIONS 

Run 
Number and quality of passes Width of pass 

Good Margina 1 Bad Total m (ft) 

R-l(Pre)a 0 0 0 0 - 
R- 1 6 3 1 10 2 . 1  (7 )  

R-2 7 0 0 7 2.1 ( 7 )  

R-3 5 2 0 7 2.1 (7) 

R-4 5 0 0 5 4.6 (15)  

R-5 5 6 0 11 4 . 6  (15) 

R-6 3 0 1 4 4.6 (15) 

a Obtained background sample only. Equipment d i d  not make any passes 

I 
1 
I 
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TABLE 29. CONCENTRATION MEASUREMENTS DURING AGRLCULTlTRAL 
OPERATIONS--BACKGROUMl 

Test Number: Pre R-1 
Location: Walnut Grove, California 
Source: Background measurement' 
Test date: 1 0 / 3 / 8 0  

Height 
(m) 

Downwind 
distance 

(d 

Concr tra 

Hi-Vol 

i 

SSI and CI 

2 

2 

485 (background) 

485 (background) 

144 

118 

a During Run Pre R-I, only background concentrations were obtained since 
leaf beating operations were suspended before downwind concentrations 
could be measured. 
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TABLE 30. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL 
OPERATIONS--LEAF BEATING 

Testl Number: R - 1  
Location: Walnut Grove, California 
Source: Sugar beet leaf beater and tractor 
Test date: 1 0 / 4 / 8 0  

Downwind 
Height distance 
(m) (m) 

Concentration (pg/m31~ 
Hi-Vol with Exposure profiler 

Hi-Vol SSI and CI sampler 

2 485 (background) 219 
2 485 (background) 152 
2 5 1 , 5 9 4  
2 5 692 
1 5 
2 5 
3 5 
4 5 

2 , 8 3 3  
6 , 0 6 4  

- 1 , 1 6 4  
1 , 4 8 2  

a Actual measured concentration including contributions from background. 

Nonisokinetic concentration. 
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TABLE 31. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL 
OPERATIONS--LEAF B W T I N G  

Test Number: R-2 
Location: Walnut Grove, California 
Source: Sugar beet leaf beater and tractor 
Tesc date: io/4/ao 

Downwind 
Height distance 
(d (d 

Concentration ( ~ g / r n 3 ) ~  
Hi-Vol with Exposure pro filer 

- D  Hi-Vol SSI and CI sampler 

485 
485 
5 
5 
5 
5 
5 
5 

(background) 219 
(background) 

2,661 
15 2 

1,378 
3,539 
2,054 
1,203 

707 

a Actual measured concentration including contributions from background. 

Nonisokinetic concentration. 

90 

I 
c 
1 
I 
1, 
1 
I 
I 
1 
I 
c 
1 

l 

1 
1 
J 
I 

a, 

a 



TABLE 32.  CONCENTRATION MEASUREMENTS DURING AGRICULTURAL 

.~ 
OPERATIONS--LEAF BEATING 

T e s t  Number: R-3 
Locat ion:  Walnut Grove, C a l i f o r n i a  
Source:  Sugar  b e e t  l e a f  b e a t e r  and t r a c t o r  
T e s t  d a t e :  10/4/80 

Downwind 
Height  d i s t a n c e  

(m) (m) 

C o n c e n t r a t i o n  ( p g ~ r n ' ) ~  
Hi-Vol w i t h  Exposure p r o f i l e r  

Hi-Vol SSI and C I  sampler  

485 (background) 219 
485 (background) 152 
5 2,560 

5 6,615 
5 2,703 
5 1,645 

5 1,140 

5 1,149 

a Actua l  measured c o n c e n t r a t i o n  i n c l u d i n g  c o n t r i b u t i o n s  from background. 

Nonis o k i n e t  i c c o n c e n t r a t i o n .  
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TABLE 3 3 .  CONCENTRATION MEASUEMENTS DURING AGRICULTURAL 
OPERATIONS--HARVESTING VIA DIGGING 

Test Number: R - 4  
Loca cion : Walnut Grove, California 
Source: Sugar beet harvester and tractor 
Test date: 1 0 / 5 / 8 0  

Downwind Concentration (pg/m31a 

(4 (d Hi-Vol SSI and CI sampler 
Height distance Hi-Vol with Exposure prof8ler 

2 485 (upwind 49 
background) 

2 485 (upwind) 69 
background 

2 5 849 

1 
2 5 
3 5 
4 5 

2 5 387 

/ 

3,220 
1 ,147  

966 
782 

Actual measured concentration including contributions from background. 

Nonisokinetic concentration. 

Value suspect since filter was mounted incorrectly in sampling cartridge. 
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TABLE 34. CONCENTRATION MEASUREMENTS DURING AGRICULTURAL 
OPERATIONS--HARVESTING VIA DIGGING 

Test Number: R-5 
Location: Walnut Grove, California 
Source: Sugar beet harvester and tractor 
Test date: 10/5/80 

Downwind 
Height distance 
(m) (m) 

Concentration (ig/m3)a 
Exposure prof'ler 6 Hi-Vol with 

Hi-Vol SSI and C3 sampler 

485 (upwind 49 
background) 

background 
485 (upwind 69 

5 1,365 
5 661 
5 
5 
5 
5 

2,178 
1,796 
1,316 
1,292 

a Actual measured concentration including contributions from background. 

Nonisokinetic concentration. 

Value suspect since filter was mounted incorrectly in sampling cartridge. C 
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TABLE 3 5 .  CONCENTRATION MEASUREMENTS DURING AGRICULTLTRAL 
OPERATIONS--HARVESTING VIA DIGGING 

Test Number: R-6 
Location: Walnut Grove, California 
Source: Sugar beet harvester and tractor 
Test date: i o / s r a o  

Downwind Concentration (pg/m3)  a 

(m) (m) Hi-Vol SSI and CI sampler 
Height distance Hi-Vol with Exposure progiler 

485 (background) 49= 
485 (background) 69 
5 1 , 8 1 9  
5 1 , 2 7 4  
5 3 , 2 8 5  (N) 
5 2 , 9 5 5  (I) 
5 2 , 5 1 8  (I) 
5 1 ,647  (I) 

a 

b 
Actual measured concentration including contributions from background 

N; implies nonisokinetic sampling; I implies isokinetic sampling. 
Value suspect since filter was mounted incorrectly in sampling cartridge. 

- 
C 
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WEIGH? GREATER THAN SATED SIZE 

Figure 30. P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  1P  a t  2 m h e i g h t  
and 5 m downwind f o r  t e s t  R-1. 
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F i g u r e  31. 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  IP a t  2 rn h e i g h t  
and 5 rn downwind for tes t  R-2. 
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F i g u r e  3 2 .  P a r t i c l e  s ize  d i s t r i b u t i o n  o f  I P  a t  2 m h e i g h t  
and 5 m downwind f o r  t es t  R-3. 
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WEIGHT % GREATER THAN S A T E D  SIZE 

Figure 33. 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 IP a t  2 rn h e i g h t  
and 5 m downwind for t e s t  R - 4 .  
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Figure 34. Particle size distribution of IP at 2 rn height 
and 5 rn downwind f o r  test R - 5 .  
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WEIGHT o/o GREATER THAN SATED SIZE 

Figure  35 .  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 IP a t  2 m he ight  
and 5 downvind €OK t e s t  R-6. 
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TABLE 3 6 .  RESULTS OF MICROSCOPIC ANALYSISa 

Test 

Largest pgrticle 
size 

( p d  

Largest Aerodynamic 
particle size C 

(pm) 

R- 1 

R-2 

R-3 

R-4 

R - 5  

R- 6 

19 

20 

62 

78 

32 

38 

27 

28 

88 

110 

45 

5 4  

a Neasurements taken at 5 m downwind and 2 rn height. 

Physical diameter as observed visually. 

Diameter of a particle of density 1 g/cc which behaves aerodynamically 
in an equivalent frshion to the soil particles of density 2 g / c c  and ob- 
served physical diameter. 

C 
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d e v i c e s  a t  two h e i g h t s ,  so t h e  s l o p e s  o f  t h e  l ines  d e s c r i b i n g  t h e  v a r i a t i o n  
w i t h  h e i g h t  i n  p e r c e n t a g e  of  TP t h a t  was IP  and FP were determined from t h e  
s o i l  p r e p a r a t i o n  t e s t s .  

A s t u d y  o f  t h e  s p r i n g  s o i l  p r e p a r a t i o n  t e s t s  showed a d e f i n i t e  c o r r e -  
l a t i o n  between t h e  wind speed and t h e  s l o p e  of  t h e  l i n e a r  e q u a t i o n  d e s c r i b -  
i n g  t h e  p e r c e n t  I P  and FP a s  a f u n c t i o n  o f  h e i g h t .  The h i g h e r  t h e  wind speed ,  
t h e  l a r g e r  t h e  s l o p e  of  t h e  l i n e .  This i s  i n  keeping with t h e  theo ry  t h a t  
under  u n s t a b l e  c o n d i t i o n s ,  t h e  wind speed i s  l i g h t  and t h e r e  i s  much mixing ,  
which causes  minimal v a r i a t i o n s  w i t h  h e i g h t ,  i . e . ,  a s m a l l  s l o p e .  As t h e  
s t a b i l i t y  i n c r e a s e s ,  so does t h e  wind speed (du r ing  t h e  d a y ) .  Consequent ly ,  
t h e r e  i s  less  mixing w i t h  h e i g h t  and a l a r g e r  s l o p e  i n  t h e  l i n e a r  e q u a t i o n .  
The d a t a  s u p p o r t i n g  t h i s  theo ry  a r e  shown i n  Tab le  3 7 .  

S i n c e  winds d u r i n g  h a r v e s t i n g  t e s t s  R - 1 ,  R-2, R - 3 ,  R-5, and R-6 were 
s i m i l a r  t o  t h o s e  d u r i n g  t e s t  N - 5 ,  the s l o p e s  shown i n  Table  37 f o r  t e s t  N-5 
were a p p l i e d  t o  these f i v e  h a r v e s t i n g  t e s t s .  S ince  t h e  winds du r ing  t e s t  
R-4 were s i m i l a r  t o  those  du r ing  t e s t  N-6, t h e  s l o p e s  shown in Table  37 f o r  
t e s t  N-6 were a p p l i e d  t o  t.est R - 4 .  

The emiss ion  f a c t o r s  f o r  t he  h a r v e s t i n g  o f  s u g a r  b e e t s  were c a l c u l a t e d  
u s i n g  Eq. 4 i n  S e c t i o n  3 . 3 . 2 . 4 .  The v a l u e s  used  t o  c a l c u l a t e  t h e  emis s ion  
f a c t o r s  and t h e  r e s u l t i n g  emiss ion  f a c t o r s  f o r  TP, I P ,  and FP a r e  shown i n  
Table  38.  

I: 
I' 
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TABLE 37. VARIATION OF SIZE DISTRIBUTION WITH 
HEIGHT AND W I N D  SPEED 

Slope  of S lope  of  
Tests  c o n t a i n i n g  Wind % I P  % FP 

p a r t i c l e  s i z e  speed v e r s u s  v e r s u s  
measurements a t  2 m h e i g h t  h e i g h t  

a t  two h e i g h t s  mlsec ( f t l m i n )  (%/d (%Id  

N-5 
N-6 
N-10, 
N - 1 1  

1.83 (361) 4.6 3.15 
3.72 (733) 11.15 3.8 
6.76 (1,330) 32.3 13.7 - - - 

a Measurement a t  3 m h e i g h t  was s u s p e c t ;  t h e r e f o r e ,  no s l o p e  was 
determined f o r  t h i s  t e s t .  

TABLE 38. EMISSION FACTORS FOR SUGAR BEET 
HARVESTING OPERATIONS 

I n t e g r a t e d  a r e a  
under exnosure ~~ 

p r o f i l e  curve  No. o f  Width of Emission f a c t o r  
good implement kg/km2 ( l b / a c r e )  

TP I P  FP (mglcm) a 
Test TP I P  FP p a s s e s  m ( f t )  

R - 1  590 

R - 2  322 

R-3 512 

R-4 816 

R-5 366 

R-6 454 

- 21.1 11.1 I 2.13 
(7 .00)  

122 59.2 7 2.13 
(7.00) 

160 74.3 5 4.57 
(15.0) 

103 43.9 7 4.57 
(15.0) 

200 108 3 4.57 
(15.0) 

3,940 
(35.2) 

2,150 
(19.2) 

3,430 
(30.6) 

3,560 
(31.8) 

1,140 
(10.2) 

3,300 
(29.5) 

141 74.3 
(1.26) (0.663) 

99i 444 
(8.90) (3.96) 

816 396 
(7.29) (3.54) 

699 325 
(6.24) (2.90) 

321 137 
(2.87) (1.22) 

1,460 786 
(13.0) (7.02) 

a 3 margina l  p a s s e s  = 1 good p a s s .  
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SECTION 4 . 0  

DETERMINATION OF PREDICTIVE EMISSION FACTOR EQUATIONS 

F u g i t i v e  emis s ion  g e n e r a t i o n  i s  h i g h l y  dependent  on such g e n e r i c  c l a s s e s  
o f  v a r i a b l e s  a s :  ( a )  c l i m a t e ,  (b )  s o i l  p r o p e r t i e s ,  and ( c )  equipment cha rac -  
t e r i s t i c s .  Consequent ly ,  any g iven  set  o f  emis s ion  f a c t o r  measurements most 
l i k e l y  w i l l  n o t  be a p p l i c a b l e  t o  a geograph ic  or c l i m a t i c  s e t t i n g  d i f f e r e n t  
from the measured s e t t i n g .  T h e r e f o r e ,  the  most r e l i a b l e  method t o  a s s u r e  
u s e f u l n e s s  from f u g i t i v e  emis s ion  measurements i s  t o  q u a n t i f y  t h e  independent  
v a r i a b l e s  a l o n g  w i t h  t h e  dependent  v a r i a b l e s  and t o  deve lop  a p r e d i c t i v e  
e q u a t i o n .  This  s e c t i o n  p r e s e n t s  p r e d i c t i v e  e q u a t i o n s  f o r  TP, I P ,  and FP 
emiss ion  f a c t o r s .  

4 . 1  PREDICTIVE EMISSION FACTOR EQUATIONS 

The s p e c i f i c  v a r i a b l e s  which could  a f f e c t  emis s ions  from a g r i c u l t u r a l  
o p e r a t i o n s  a r e  shown i n  Table  3 9 .  These v a r i a b l e s  a r e  n o t  a l l  i ndependen t .  
P r e c i p i t a t i o n ,  wind speed ,  e v a p o r q t i o n ,  s o l a r  r a d i a t i o n ,  c loud  c o v e r ,  and 
f r equency  o f  condensa t ion  a l l  a f f e c t  t h e  s o i l  mo i s tu re  c o n t e n t .  L ikewise ,  
t h e  implement speed and implement weight  p e r  u n i t  wid th  a f f e c t  t h e  energy  
impar ted  t o  t h e  s o i l  by :he implement. O f  the v a r i a b l e s  l i s t e d  i n  Table  3 9 ,  
t h e  independent  ones seem t o  be: ( a )  implement speed ,  (b )  implement weight  
p e r  uni t  w id th ,  ( c )  t h e  s o i l  s i l t  c o n t e n t ,  and (d )  t h e  s o i l  mo i s tu re .  U s -  
i n g  v a r i o u s  combina t ions  of  t h e s e  v a r i a b l e s ,  s e p a r a t e  p r e d i c t i v e  emis s ion  
f a c t o r  e q u a t i o n s  were developed f o r  s o i l  p r e p a r a t i o n  and f o r  h a r v e s t i n g  op- 
e r a t i o n s .  

4 . 1 . 1  S o i l  P r e p a r a t i o n  o p e r a t i o n s  

NRI b e l i e v e d  t h a t  t h e  v a r i a b l e s  upon which emiss ions  from s o i l  prep-  
a r a t i o n  o p e r a t i o n s  might  have t h e  s t r o n g e s t  dependence were s o i l  s i l t  and 
moi s tu re  c o n t e n t s .  Consequent ly ,  t h e  d a t a  base  shown i n  Table  40 w a s  con- 
s t r u c t e d  f o r  s o i l  p r e p a r a t i o n  o p e r a t i o n s .  Not on ly  were d a t a  from t e s t i n g  
i n  C a l i f o r n i a  inc luded  i n  t h e  d a t a  b a s e ,  b u t  a l s o  d a t a  from seven  t e s t s  o f  
d i s c i n g  and plowing a t  f o u r  s i t e s  i n  Kansas i n  1 9 7 4 .  Only TP emiss ion  fac-  
t o r s  were a v a i l a b l e  f o r  t h e  Kansas d a t a .  

Two forms of  a p r e d i c t i v e  e q u a t i o n  were examined: 
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TABLE 39. EFFECTS OF EQUIPMENT, SOIL, AND 
METEOROLOGICAL PARAMETERS ON 
EMISSIONS 

Effect of increasing parameter 
Parameters affecting emissions value on emissions in massjarea 

1. 

2 .  

3 .  

Equipment characteristics 

a .  Energy imparted to soil by 

b .  Implement width 
c. Implement speed 
d. Implement weight per unit 

implement 

width 

Soil characteristics 

a. Silt 
b .  Moisture 

Meteorological parameters 

a .  Wind speed 
b .  Precipitation amount and 

frequency 
c. Evaporation 
d. Solar radiation 
e. Cloud cover 
f. Frequency of condensation 

Increase 
None 
Increase 

Increase 

Increase 
Decrease 

Increase 

Decrease 
Increase 
Increase 
Decrease 
Decrease 

I 
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TABLE 40. DATA BASE FOR PREDICTIVE EQUATION DEVELOPMENT-- 
SOIL PREPARATION OPERATIONS 

Measured 
emission factors 
kg/km2 (lb/acre) 

TP IP FP Run Source Silt (%) Moisture (%) 

N-3 

N-4 

N-5 

N-6 

N- 7 

N-8 

N- 9 

N-10 

N-11 

N- 12 

N-13 

g b  

7b 

gb 

llb 

1 Z b  

gb 

14b 

Land plane 

Land plane 

Land plane 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Disc 

Sweep plow 

Sweep plow 

Disc 

24.7 4.0 

24.7 4.0 

22.5 3.1 

18.9 2 . 1  

17.5 2.9 

1.7 13.3 

2 . 6 a  1 2 .  6a 

3.5 12.0 

4.9 10.8 

3.6 13.0 

3.2 10.7 

54 10.5 

54 10.5 

54 10.5 

71 11.0 

88 15.9 

87 13.4 

12.3 

2 , 3 2 0  
(20.7) 
2,600 
(23.2) 
2,520 
(22.5) 
2,960 
(26.4) 
2,720 
(24.3) 
522 

(4.66) 
865 

(7.72) 
1,630 
(14.6) 
1,610 
(14.4) 
1,300 
(11.6) 
1,120 
(9.98) 
6,270 
(56) 
5,820 
(52) 
6,720 
(60) 
4,700 
(42) 
7,170 
(6h) 
9,520 
(85) 
8,740 
(78) 

309 
(2.76) 
291 
(2.60) 
231 
(2.06) 
613 
(5.47) 
797 
(7.12) 
66.2 

(0.591) 
379 
(3.38) 
646 
(5.77) 
540 
(4.82) 
361 
(3.22) 
412 
(3.68) - 

- 
- 
- 
- 
- 
- 

80.5 
(0.719) 
116 
(1.04) 
137 
(1.22) 
217 
(1.94) 
200 
(1.79) 
24.4 

(0.218) 
138 
(1.23) 
314 

( 2 . 8 0 )  
249 
(2.22) 
120 
(1.52) , 
200 
(1.79) - 

- 
- 
- 
- 
- 
- 

a Assumed average of N-8 and N-10. 

Tests performed in Kansas (see Ref. 1). 
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b c  EFi a s M 
b EF. = a s 

1 

where i = particle size category (TP, IP, o r  FP) 

s = silt content (%) 

M = unbound surface moisture content (%) 

a, b, c = regression coefficients (the values vary as i varies) 

The correlation coefficients (r)  f o r  various combinations of tests and for 
each particle size category are shown in Tables 41 for Eq. 6, and Table 42 
for Eq. 7 .  The regression coefficients (a, b and c) for various combina- 
tions of tests and for each particle size category are shown in Table 43 
f o r  Eq.  6 and Table 44 for Eq. 7 .  

Figures 36, 3 7 ,  and 38 show a plot of the measured, TP, IP, and FP emis- 
sion factors versus silt content. Also portrayed on the figures are the 
various potential predictive equations from Table 4 4 .  The plots of the po- 
tential predictive equations aid in visualizing why some of the correlation 
coefficients of Table 42 are better than others. Unfortunately, this visual- 
ization process is impossible for the correlation coefficients in Table 41 
since this would require three axis plots on the two dimensional page. These 
types of plots normally produce more confusion than clarification. 

The question can be raised whether the moisture content range tested 
in this study extended over the expected range of moistures in California. 
There is little statewide surface moisture data available to answer such a 
question. 

A study of soil moisture in the 0 to 2-cm surface layer was performed 
by Dr. Jerry L. Hatfield of University of California Department of Land, 
Air, and Water Resources at Davis. Measurements of natural soil surface 
moisture in Tolo Loam at Davis, California, during parts of 1 9 7 7  and 1978, 
were included in a report entitled "Investigations into the Prediction of 
Soil Moisture from Surface Measurements" under Contract No. NCA2-OR180-607 
for NASA's Ames Research Center. 

The surface moisture measurements collected by Dr. Hatfield are shown 
in Figure 39. The circles in Figure 39 identify the mean values of moisture 
obtained from 4 to 10 measurements per month while the bar represents t 1 
standard deviation around the mean. 

Using Dr. Hatfield's data, one can see that the range of moistures tested 
by FEI, ( 2 . 1  to 15.9%) extended over nearly the entire range of mean monthly 
values measured by Dr. Hatfield (2.1 to 19.3%). 

While little can still be said about whether testing assumed over the, 
expected range of moisture in the entire state over 30 years, for example, 
one can at least say that based on a small amount of data in time and 
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TABLE 41 .  SUMMARY OF CORRELATION COEFFICIEETS FOR THE 
EQUATION OF THE FORM E F ~  = a M' 

Sources  and 
s i t e s  inc luded  

T e s t s  
i nc luded  

C o r r e l a t i o n  c o e f f i c i e n t s  by 
p a r t i c l e  s i ze  c a t e g o r y  i 
TP IP  FP 

D i s c i n g  and l and  
p l a n i n g  - 2 s i t e s  

D i s c i n g  - 2 s i t e s  

Disc ing  - 1 s i t e  

D i s c i n g ,  l a n d  p l a n i n g ,  
and plowing - 6 s i t e s  

N 3 - N l 3  

N6-Nl3 

N8-Nl3 

N 3 - N l 3  and 
seven 
Kansas 
tests 

0 .916  

0 . 9 7 4  

0 .953  

0.969 

0 .277  

0 . 6 8 3  

0.867 

- 

0.171 

0.827 

0 , 8 8 9  

- 

TABLE 42. SUMMARY OF CORRELATION COEFFICIEgTS FOR THE 
EQUATION OF THE FORM EFi = a s 

Sources  and 
s i tes  i n c l u d e d  

T e s t s  
i n c l u d e d  

C o r r e l a t i o n  c o e f f i c i e n t s  by 
p a r t i c l e  s i z e  c a t e g o r y  i 
TP I P  FP 

Disc ing  and l a n d  
p l a n i n g  - 2 s i t e s  

N3-Nl3 0 .915  0 .278  0 . 1 5 2  

Di sc ing  - 2 s i t e s  N6-Nl3 0 .931  0.683 0 .503  

D i s c i n g  - 1 s i t e  N B - N l 3  0 .950  0 .868  0 , 8 8 8  

D i s c i n g ,  l a n d  p l a n i n g ,  
and plowing - 6 s i t e s  

N3-Nl3 and 
seven  
Kansas 
t e s t s  

0 .941  - - 
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TABLE 43.  S W Y  OF REGRESSION COEFFICIENTS EORcTHE 
EQUATION OF THE FORM EFi = a s M 

Regression 
Sources and. Tests size coefficients a .. Particle 

sites included included category a b C 

Discing and land- N3-NI3 
planing - 2 sites 

Discing - 2 sites N6-Nl3 

Discing - 1 site N 8 - N l 3  

Discing, land planing, N3-Nl3 and 
and plowing - 6 sites seven 

Kansas 
tests 

TP 
IP 
FP 

TP 
IP 
FP 

TP 
IP 
FP 

TP 

554 
267 

60 .7  

45 .6  
164 
0.0312 

9 8 . 1  
107 

6 4 . 3  

364 

0.504 
0.167 
0.234 

1 .20  
0 .59  
2 . 3 4  

1 . 2 3  
1 . 9 1  
2 . 1 6  

0 .600  

0.034 
-0.0185 

0.206 

0.730 
-0.0211 

2.32 

0 .414  
-0 .413  
-0.656 

0.162 

a The values of the regression coefficients assume silt and moisture contents 
in percent and the emission factor in kg/km2. 
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TABLE 4 4 .  SUMMARY OF REGRESSION COEFFICIENTS gOR THE 
EQUATION OF THE FORM EFi = a s 

Sources and Tests 
sites included included 

Particle Regression - 
d size coefficients 

category a b 

Discing and land N3-Nl3 TP 618 0 . 4 8 1  
planing - 2 sites IP 25 1 0 . 1 7 9  

FP 116 0.101 

Discing - 2 sites . N6-Nl3 

Discing - 1 site NB-Nl3 

TP 
IP 
FP 

532 0.611 
153 0.607 

7 7 . 2  0.456 

TP 297 1-16 
. 3 5 . 1  1 . 9 9  
11.1 2.27 

IP 
FP 

Discing, land planing, N3-Nl3 and TP 
and plowing - 6 sites seven 

Kansas 
tests 

538 0.601 

a The values of the regression coefficients assume silt content in percent 
and the emission factor in kg/kmz. 
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space, it appears that tiRI has tested over nearly the entire range of sur- 
face moisture conditions presently known to exist in California. 

One interesting conclusion gleaned from analyzing Tables 41 and 42 is 
that the dependence of the emission factor on moisture content of the soil 
produced an almost unobservable improvement in the correlation coefficient. 
This leads to an interesting hypothesis which relies on an analogy with 
findings into the nature of wind erosion. 

It has been shown for wind erosion of soils that at a given energy 
input level (related to wind speed), there is a threshold moisture above 

threshold moisture. There is little effect of moisture on wind erosion 
until this threshold moisture is approached at which point erosion drops 
off quickly to zero. Values of the wind erosion moisture threshold at a 
friction velocity of 60 cm/s were measured by Dr. F .  J. Vechmeyer of the 
University of California at Davis for certain California soils.g These 
values are shown in Table 45 under the name "permanent wilting point." 

which erosion ceases.' The higher the energy input level, the higher the - -. 

Now let us extend these findings from wind-erosion-generated to agri- 
cultural-implement-generated emissions. The energy input to the soil now 
originates from the implement instead of the wind. If the same relation 
between emission magnitude, energy input level, and threshold moisture exists 
for agricultural operations, then it may be that farmers inadvertently perform 
their soil preparation operations when the soil moisture is well below the 
threshold moisture that corresponds to the energy input into the soil from 
the moving implement. If the analogy holds, then one would expect little 
relationship between the measured emission factors and the soil moisture. 
Only when the threshold moisture is approached would one expect to see a 
dramatic drop in emissions due to an increase in moisture. 

Since moisture as an independent variable does not improve the predict- 
ability of the equation, MRI concluded that Eq. 7 ,  relating the emission 
factor to just the silt content, is sufficient. The most significant equa- 
tion in Table 42 is the one that applies to discing, land planing, and plowing 
at six sites in California and Kansas. This is an amazing range of ap- 
plicability considering the simplicity and the accuracy of the equation, 
which is shown below: 

0 . 6  EFTp 538 ( s )  

where EFTp is in kg/km2 and s is in percent 

The overall correlation coefficient for the above equation is r = 0 . 9 4 1  
can be explained by the varia- which means that 88% of the variation in EF 

tion in silt content. This relationship is more than 99% significant; that 
is, only one time in 100 could this value of r occur by chance. The one-sigma 
precision factor is 1 . 2 9 ,  which means that 68% of the predicted values lie 
within a factor of 1 . 2 9  of the measured value. The two-sigma precision factor 
is 1 . 6 7 ,  which means that 95% of the predicted values lie within a factor of 
1.6T of the measured values. 

TP 
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TABLE 45.  MEASURED THRESHOLD MOISTURES 
FOR CALIFORNIA S O I L S ~  

S o i l  type  

Permanent w i l t i n g  
p o i n t  mo i s tu re  

(%I 

Columbia s i l t  loam 8 . 6 1  
Delano s i l t  loam 4.17 
F a r w e l l  s i l t  loam 14 .14  
Fresno  sandy loam 3 .05  
S t o c k t o n  c l a y  adobe 9 . 2 8  
Harford  f i n e  sandy 3 . 9 9  
Columbia sand 5 . 5 3  
San Joaqu in  loam 6 . 3 4  
S i e r r a  sandy loam 5 .09  
Yolo f i n e  sand loam 9 . 1 1  
P l a c e n t i a  loam 3 .70  
Madera and G r i d l e y  loam 10 .25  
Okley f i n e  sand  1 .33  
Brockton c l a y  11.55 
Wooster s i l t  loam 6 . 1 2  
P l a i n f i e l d  f i n e  sand  1 . 3 6  
Yolo s i l t  loam 10 .13  
Tehama loam 4 . 5 1  
C a t h e r i n e  loam 19 .03  

Yolo c l a y  13 .98  
Aiken c l a y  loam 20.75 
Yuma sand 3 . 1 7  
B r a z i t o  fine sand 1 .58  

Madera sandy loam 3 . 6 2  

Yolo f i n e  sandy loam 8 . 9 3  

San Joaqu in  sandy loam 3 .93  

a 
Based on a f r i c t i o n  v e l o c i t y  of 60 crn/s. 
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The p r e d i c t i v e  e q u a t i o n s  f o r  I P  and FP emiss ions  from s o i l  p r e p a r a t i o n  
o p e r a t i o n s  were determined by m u l t i p l y i n g  t h e  TP e q u a t i o n  by t h e  ave rage  
IP/TP and FP/TP r a t i o s ,  r e s p e c t i v e l y .  The f o l l o w i n g  p r e d i c t i v e  e q u a t i o n s  
were de te rmined .  

0 . 6  - 0 . 6  EFIp = 0 .25  x 538 x (s) - 135 ( s )  

0 . 6  EFFp = 0 . 1  x 538 x ( s ) " ~  = 5 3 . 8  ( s )  

(9) 

(10) 

where 

The one-sigma p r e c i s i o n  f a c t o r  f o r  t h e  I P  emis s ion  f a c t o r  e q u a t i o n  is 2 .17 ;  
the. two-sigma p - rec i s ion  f a c t o r  is 4.7. The one-sigma p r e c i s i o n  f a c t o r  f o r  
t h e  FP emiss ion  f a c t o r ' e q u a t i o n  is 2 . 3 3 ;  the two-sigma p r e c i s i o n  f a c t o r  is 
5 . 4 2 .  

EFIp and EFFp a r e  i n  kg/km2 and s is i n  p e r c e n t  
~. 

The I P  and FP emiss ion  f a c t o r  e q u a t i o n s  a r e  n o t  a s  p r e c i s e  a s  t h e  TP 
emiss ion  f a c t o r  e q u a t i o n .  One t h e o r y  t o  e x p l a i n  t h i s  i s  t h a t  t h e  I P  and FP 
emiss ions  may be r e l a t e d  t o  a s o i l - s i z i n g  pa rame te r  f i n e r  t h a n  s i l t .  It 
may be t h a t  IP  and FP c o r r e l a t e  b e t t e r  w i t h  t h e  p e r c e n t  of soil p a r t i c l e s  
l ess  t h a n  50 o r  40 o r  30 pm in d i a m e t e r ,  f o r  example. N e v e r t h e l e s s ,  f o r  
t h e  sma l l  d a t a  base  a v a i l a b l e  and the r ange  of  a p p l i c a b i l i t y  u t i l i z e d ,  t h e  
r e l a t i o n s h i p s  a r e  u s e f u l .  

4 . 1 . 2  H a r v e s t i n g  Opera t ions  

The d a t a  b a s e  shown in Tab le  46 was c o n s t r u c t e d  f o r  h a r v e s t i n g  opera-  
t i o n s .  S ince  t h e r e  were o n l y  t h r e e  runs on each  of  t h e  two t y p e s  of ha r -  
v e s t i n g  o p e r a t i o n s  t e s t e d ,  t h e  development of a s i g n i f i c a n t  e q u a t i o n  f o r  
h a r v e s t i n g  was n o t  p o s s i b l e .  Table  47 shows 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  
f o r  e q u a t i o n s  r e l a t i n g  emis s ion  f a c t o r  t o  s i l t  and m o i s t u r e  c o n t e n t .  
Table  48 shows c o r r e l a t i o n  c o e f f i c i e n t s  f o r  e q u a t i o n s  r e l a t i n g  emis s ion  
f a c t o r  t o  s i l t  c o n t e n t  a l o n e .  

The r eason  t h a t  r = 1 . 0  i n  some c a s e s  shown on Tab le  4 7 ,  is t h a t  t h e r e  
a r e  t h r e e  unknown r e g r e s s i o n  c o e f f i c i e n t s  and on ly  t h r e e  runs p e r  o p e r a t i o n  
Th i s  is s i m i l a r  t o  f i t t i n g  a s t r a i g h t  l i n e  t o  two p o i n t s  in t h a t  one must 
g e t  a p e r f e c t  f i t .  U n f o r t u n a t e l y ,  the s i g n i f i c a n c e  and t h e  p r e c i s i o n  of 
t he  e q u a t i o n s  a r e  unde f ined .  

When c o n s i d e r i n g  a l l  s i x  runs t o g e t h e r ,  t h e  e q u a t i o n s  which i n c l u d e  
s i l t  and moi s tu re  perform be t t e r  than  t h e  e q u a t i o n s  which i n c l u d e  on ly  s i l t  

l a t e s  t h e  TP emiss ion  f a c t o r  t o  s i l t  and m o i s t u r e  i s  o n l y  84% s i g n i f i c a n t ;  
t h a t  is, 1 6  t imes  o u t  of 1 0 0 ,  one could g e t  t h i s  v a l u e  of r by chance f o r  
t h e  f o r m  of t h e  e q u a t i o n  chosen and o n l y  s i x  d a t a  p o i n t s .  

cont.ent. However, even t h e  e q u a t i o n  which has  the h i g h e s t  r v a l u e  and re- .. - 
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TABU 4 6 .  DATA BASE FOR PREDICTIVE EQUATION DEVELOPMENT-- 
HARVESTING OPERATIONS 

I' 
I' 
.. 

Heasured emission factors 
kg/lann2 (lb/acre) 

TP IP FP R u n  Source Silt (%) Moisturea (%I 

R - 1  Leaf beating 1 . 7  15 .0  3,940 
(35 .2)  

R-2 Leaf beating 1 . 2  1 6 . 1  2 ,150  
(19 .2)  

R - 3  Leaf beating 1 .8  1 4 . 3  3 , 4 3 0  
(30 .6)  

R-4 Digging 2.5 13 .5  3 ,560  
(31 .8 )  

R-5 Digging 1 . 7  1 4 . 0  1,140 
(10 .2)  

R-6 Digging 2 . 1  1 3 . 6  3 ,300  
( 2 9 . 5 )  

1 4 1  
( 1 . 2 6 )  

997 
(8 .90)  

816 
( 7 . 2 9 )  

699 
(6 .24)  

320 
(2 .87)  

1 ,460  
(13 .0)  

74 .3  
(0.663)  

444 
(3 .96)  

396 
(3 .54)  

3 25 
( 2 . 9 0 )  

137 
( 1 . 2 2 )  

786 
(7 .02)  

a Soil was dried for 24 hr; therefore, some of the evaporated water may have 
been hydration molecules and not truly representative of unbound surface 
moisture. 
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TABLE 47. SUMMARY OF CORRELATION gOEFICIENTS FOR THE EQUATION 
OF THE FORM EFi = a s M 

Correlation coefficients (r) 
Sources and sites 

included 
Tests 
included 

. .  
by particle size category i 
TP IP FP 

Leaf beating - 1 site N1-N3 1.0 1.0 1.0 

Beet digging - 1 site N4-N6 1.0 1.0 1.0 

Leaf beating and beet 
digging - 1 site 

Nl-N6 0.841 0.231 0.216 

TABLE 48. SUMMARY OF CORRELATION gOEFFICIENTS FOR THE EQUATION 
OF THE FORM EFi = a s 

Sources and sites 
included 

Tests 
included 

Correlation coefficients (r) 
by particle size category i 
TP IP FP 

Leaf beating - 1 site 
Beet digging - 1 site 
Leaf beating and beet 
digging - 1 site 

N1-N3 

N4-N6 

N1-N6 

0.938 -0.538 -0,466 

0.917 0.327 0.281 

0.418 0.130 0.187 
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SECTION 5 . 0  

EVALUATION OF PROMISING MODIFICATIONS TO AGRICULTURAL 
PRACTICES TO MINIMIZE FUGITIVE DUST 

The purpose  o f  t h i s  s e c t i o n  i s  t o  s u g g e s t  p o t e n t i a l  c o n t r o l  t echn iques  
which might  minimize f u g i t i v e  d u s t  from a g r i c u l t u r a l  o p e r a t i o n s .  These con- 
t r o l  t e c h n i q u e s  can t a k e  the form of  s e p a r a t e ,  a d d i t i o n a l  equipment,  o r  
t h e y  c a n  c o n s i s t  s imp ly  of  o p e r a t i o n a l  m o d i f i c a t i o n s .  T h i s  s e c t i o n  con- 
t a i n s  a l i s t  of  p o t e n t i a l  t e c h n i q u e s  t o  minimize d u s t  from s o i l  p r e p a r a t i o n  
and c r o p  h a r v e s t i n g  o p e r a t i o n s  and a l s o  from wind e r o s i o n  o f  f a l l o w  o r  p a r -  
t i a l l y  v e g e t a t e d  s o i l .  F i n a l l y ,  an  e s t i m a t e  of t h e  1978 i n h a l a b l e  p a r t i c u -  
La te  ( I P )  f u g i t i v e  d u s t  emis s ions  from s o i l  p r e p a r a t i o n  and maintenance and 
c rop  h a r v e s t i n g  i s  provided. a long  w i t h  a n  e s t i m a t e  o f  t h e  f u t u r e  emis s ions  
r e d u c t i o n  which could  be  expec ted  from v a r i o u s  c o n t r o l  t e c h n i q u e s .  

5 . 1  MODI€ICATION TO AGRICULTURAL OPERATIONS 

T h i s  s u b s e c t i o n  p r e s e n t s  p o t e n t i a l  m o d i f i c a t i o n s  t o  a g r i c u l t u r a l  ope ra -  
t i o n s  which might minimize f u g i t i v e  d u s t .  The m o d i f i c a t i o n s  a r e  o f  two forms 
(1) a d d i t i o n a l  equipment,  and ( 2 )  a l t e r a t i o n  of  a g r i c u l t u r a l  p r a c t i c e s .  

5 . 1 . 1  A d d i t i o n a l  Equipment--The Fogger 

H i s t o r i c a l l y  s p e a k i n g ,  v a r i o u s  types  o f  w a t e r i n g  t echn iques  have been 
sugges t ed  a s  a means t o  s e t t l i n g  t h e  d u s t  c r e a t e d  d u r i n g  a g r i c u l c u r a l  opera-  
t i o n s .  In t h i s  p a r t i c u l a r  a p p l i c a t i o n ,  t h e  d i s p e n s i n g  of  copious  q u a n t i t i e s  
of  w a t e r  by s p r a y  n o z z l e s  l o c a t e d  a t  t h e  r e a r  of  a moving v e h i c l e  i s  u s u a l l y  
n e i t h e r  p r a c t i c a l  nor e f f e c t i v e .  
t i o n  o f  such  a system i s  simply n o t  a v a i l a b l e  on commercial a g r i c u l t u r a l  
equipment.  

A s u p p l y  of  w a t e r  adequa te  f o r  t h e  ope ra -  

The re  i s ,  however, a n o t h e r  p o t e n t i a l  means f o r  e f f e c t i v e l y  c o n t r o l l i n g  
such  e m i s s i o n s  wi th  a min imum wa te r  consumption. The use  of  e l e c t r o s t a t i c s  
f o r  the p r e c i p i t a t i o n  of  f i n e  suspended p a r t i c u l a t e  m a t t e r  i s  common eng i -  
n e e r i n g  p r a c t i c e .  R e c e n t l y ,  e l e c t r o s t a t i c s  have been used t o  augment t r a -  
d i t i o n a l  w e t  d u s t  c o l l e c t o r s  ( s c r u b b e r s )  of  v a r i o u s  d e s i g n s .  S i n c e  1 9 7 7 ,  
Dr. S t u a r t  Hoenig, a t  t h e  U n i v e r s i t y  o f  Ar i zona ,  has  been s t u d y i n g  a new 
approach f o r  t h e  a p p l i c a t i o n  of e l e c t r o s t a t i c a l l y  augmented wa te r  s p r a y s  
(charged  f o g )  on a bench s c a l e  f o r  t h e  c o n t r o l  o f  f u g i t i v e  d u s t  g e n e r a t e d  
by v a r i o u s  i n d u s t r i a l  p r o c e s s e s .  lo' l 1  Commercial d e v i c e s  ( f o g g e r s )  r e -  
s u l t i n g  from t h i s  work a r e  now a v a i l a b l e  from the R i t t en  Corp. i n  Ardmore, 
Pennsy lvan ia . "  
more t r a d i t i o n a l  f u g i t i v e  d u s t  c o n t r o l  t echno logy ,  i n  t h a t  t h e y  use  o n l y  a 
minimum amount of  wa te r  t o  ach ieve  a good degree  of c o n t r o l .  The o n l y  

These f o g g e r s  o f f e r  s i g n i f i c a n t  economic advantages  ove r  
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major problems with the commercially available foggers are that they re- 
quire high pressure air o r  water for proper atomization, they cannot toler- 
ate a water supply with a high suspended solids content, and only a portion 
of the water drops generated are electrostatically charged. Nevertheless, 
a recent test at a primary rock crusher has shown that the Fogger IV (the 
largest of the commercial foggers) is capable of reducing the dust generated 
by 65 to 75%.13 

To solve the problems with the existing electrostatic fogging equip- 
ment, a second generation fogger is currently being developed under USEPA 
sponsorship. It is being designed especially for use on moving vehicles. 
This device, called the Spinning Cup Fog Thrower (SCFT), has already shown 
itself capable of applying a greater electrostatic charge to the water 
drops, does not require high pressure air or water for atomization, and is 
essentially insensitive to a water supply with a high suspended solids con- 
tent, while still achieving a good degree of dust control.14 
wind tunnel tests have shown a control efficiency in the same range as that 
reported above f o r  the commercial foggers (65 to 75%) with a substantially 
improved version SCFT currently undergoing field tests.15 

Preliminary 

It is anticipated that either the already commercially available fog- 
gers and/or the SCFT when available, could be applied to the control of 
fugitive dust from agricultural operations. A small water tank, power sup- 
ply, and other necessary electrostatic fogging equipment could be installed 
on existing vehicles to effectively control dust emissions. Due to the 
foggers inherently low water consumption, (anticipated at 5 to 10 gal./hr 
for the SCFT), a large water supply o r  frequent-stops to refill the water 
tank would not be necessary thereby making such a system much more practical 
than watering. A large implement would probably require a minimum of three 
SCFT and would require 15 to 30 gal./hr. All in all, the use of electro- 
statically charged fog does seem to be a viable alternative to controlling 
agricultural fugitive dust. 

5.1.2 Operational Modifications 

Operational modifications include the use of novel implements o r  the 
alteration of cultural techniques to eliminate some operations altogether. 
All operational modifications will affect soil preparation o r  seed planting 
operations, but none will affect harvesting. Harvesting implements are 
already designed to garnish the crop in the most effective manner, and 
there is no cultural technique to substitute f o r  harvesting. Therefore, 
harvesting controls must take the form of the additional control equipment 
discussed in Section 5.1.1. 

The suggested operational modifications are crop specific. The major 
crop in each valley in terms of acreage and emissions were selected for 
investigation with respect to operational modification. The following list 
of crops was compiled: (a) cotton, (b) barley, (c) alfalfa, (c) rice, (d) 
corn, (e) wheat, (9 )  processing tomatoes, and (h) lettuce. Field crops are 
dominant in all three valleys, s o  processing tomatoes and lettuce were 
added to the list to afford a look at vegetable crops. The operational 
modifications listed below were obtained from interviews with California 
crop specialists who are experts in the production of the respective crop. 
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The punch p l a n t e r  i s  a novel  implement which might have a p p l i c a t i o n s  
f o r  emis s ions  r e d u c t i o n  from p l a n t i n g  c o t t o n ,  c o r n ,  and l e t t u c e .  The punch 
p l a n t e r  i s  a l r e a d y  b e i n g  used  i n  s u g a r  b e e t  p r o d u c t i o n .  The punch p l a n t e r  
punches a h o l e  and p l a c e s  the seed i n t o  i t ,  a s  opposed t o  conven t iona l  
p l a n t e r s ,  which make a t rough  and drop  the seeds  i n  a t  a s p e c i f i e d  s p a c i n g .  
The advantage  i s ' t h a t  punch p l a n t e r s  can l e a v e  much o f  the s u r f a c e  s o i l  and 
s u r f a c e  c rop  r e s i d u e s  und i s tu rbed .  La rge - sca l e  use  of t h e  punch p l a n t e r s  
would r e q u i r e  i n i t i a l  c a p i t a l  inves tments  by t h e  farming i n d u s t r y  f o r  new 
equipment .  

A nove l  c u l t u r a l  p r a c t i c e  which might  have a p p l i c a t i o n s  f o r  emis s ions  
r e d u c t i o n  from c o t t o n  and p r o c e s s i n g  tomato p r o d u c t i o n  i s  t h e  low energy  
c rop  p r o d u c t i o n  system. This system i s  t r u l y  a minimum t i l l a g e  t e c h n i q u e ,  
whereby a l l  v e h i c u l a r  t r a f f i c  i s  conf ined  t o  t r a f f i c  c o r r i d o r s  w i t h i n  the 
f i e l d s .  These t r a f f i c  c o r r i d o r s  a r e  spaced  approx ima te ly  6 t o  9 m (20 t o  
30 f t )  a p a r t .  I t  i s  in t ended  t h a t  farm v e h i c l e  wheels  oever come i n  con- 
t a c t  wi th  t h e  c rop-producing  p o r t i o n  of  t h e  f i e l d .  This system e l i m i n a t e s  
a l l  l a n d  p r e p a r a t i o n  and p r e p l a n t  o p e r a t i o n s  (p lowing ,  d i s c i n g ,  l and  p l an -  
n ing )  and reduces  p r o d u c t i o n  o p e r a t i o n s  t o  p l a n t i n g ,  f e r t i l i z i n g ,  and ha r -  
v e s t i n g .  This p r a c t i c e  amounts t o  a 60 t o  80% r e d u c t i o n  i n  energy  i n p u t  
and a l a r g e  r e d u c t i o n  i n  d u s t  emis s ions .  However, t h i s  system would r e -  
q u i r e  c a p i t a l  i nves tmen t s  i n  w i d e  span equipment .  

The major  r e a s o n  the need f o r  t i l l a g e  i s  reduced i n  t h e  low energy  
sys tem,  i s  t h a t  compaction caused by t h e  farm equipment i t s e l f  i s  e l i m i -  
n a t e d .  In c o t t o n  c ropp ing ,  €arm equipment i s  t h e  p r i n c i p a l  sou rce  of  s o i l  
compact ion.  Even though t h i s  system has been under development s i n c e  1940,  
i t s  widespread u s e  i s  s t i l l  p r o j e c t e d  t o  b e  15 y e a r s  away. 

Another  advantage  o f  t h e  low energy  system i s  t h a t  less weed c o n t r o l  
i s  n e c e s s a r y  because  t h e  s o i l  i s  n o t  d i s t u r b e d .  Weeds normal ly  grow i n  
a r e a s  which a r e  d i s t u r b e d  o r  i n  t r a n s i t i o n .  The low energy  system i s  an 
advantage  s i n c e  t h e  u s e  of  h e r b i c i d e s  and /o r  c u l t i v a t i o n  can be  reduced.  

The p lug  p l a n t e r  i s  a novel  implement which may have a p p l i c a t i o n s  f o r  
emis s ion  r e d u c t i o n  f o r  p r o c e s s  tomato p r o d u c t i o n .  S i m i l a r  t o  t h e  punch 
p l a n t e r ,  t h e  p l u g  p l a n t e r  punches p l u g s ,  which c o n t a i n  carbon,  p e a t  moss, 
and t h e  s e e d ,  i n t o  fu r rows .  Because t h i s  method spaces  p l a n t s  more e x a c t l y  
t h a n  do t h e  c u r r e n t  p l a n t i n g  methods, t h e  need f o r  t h i n n i n g ,  which is o f t e n  
done by hand,  i s  e l i m i n a t e d .  S ince  p e o p l e  w i l l  no t  be working long hours  
i n  t h e  f i e l d ,  s t r o n g e r  h e r b i c i d e s  f o r  weed c o n t r o l  can  be used.  

H e r b i c i d e s  f o r  weed c o n t r o l  i s  a c u l t u r a l  p r a c t i c e  which could  reduce 
emis s ions  from c u l t i v a t i o n  f o r  most new c r o p s  w i t h  w i d e  enough s p a c m g  f o r  
c u l t i v a t i o n  and f o r  some close-grown c r o p s  l i k e  wheat .  Much o f  t h e  p re -  
p l a n t  t i l l a g e  of wheat s o i l  i s  f o r  weed c o n t r o l .  The u s e  o f  h e r b i c i d e s ,  
however, must be  ba lanced  a g a i n s t  p o t e n t i a l  i n c r e a s e d  h e r b i c i d e  emiss ions  
caused by wind and by w a t e r  r u n o f f s .  

S p r i n k l e r  i r r i g a t i o n  i s  an e x i s t i n g  c u l t u r a l  t echn ique  which could 
produce f u g i t i v e  emis s ion  c o n t r o l  f o r  any crop  which i s  c u r r e n t l y  i r r i g a t e d  
by s u r f a c e  wa te r ing  sys tems.  S p r i n k l e r  i r r i g a t i o n  e l i m i n a t e s  t h e  need f o r  
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e x t e n s i v e  l and  p l a n i n g  o p e r a t i o n s  which s u r f a c e  i r r i g a t i o n  r e q u i r e s .  HOW- 
ever, t h e  c a p i t a l  inves tment  f o r  s p r i a k l e r  i r r i g a t i o n  equipment and t h e  i n -  
c r eased  c o s t s  o f  pumping t h e  wa te r  a r e  major  d e t e r r e n t s .  

The l a s e r - d i r e c t e d  l and  p l a n e  i s  a nove l  implement which might  y i e l d  
some emiss ions  c o n t r o l s  f o r  s u r f a c e - i r r i g a t e d  c r o p s .  Laser-guided g rad ing  
equipment has  been used i n  c o n s t r u c t i o n  f o r  y e a r s  and can  be expec ted  Lo 
reduce t h e  amount of  l and  p l a n i n g  r e q u i r e d  due t o  i t s  more p r e c i s e  l e v e l -  
i ng -b lade .  Th i s  dev ice  might be r e t r o f i t t e d  t o  e x i s t i n g  l and  p l a n e s ,  b u t  
c a p i t a l  inves tment  funds  a r e  r e q u i r e d .  

One c u l t u r a l  t echn ique  which might  reduce  f u g i t i v e  emis s ions  from p ro -  
ces s  tomato p r o d u c t i o n  i s  t o  l i s t  i n  t h e  f a l l .  Th i s  t e c h n i q u e  e l i m i n a t e s  
t h e  need t o  harrow and r o l l  i n  the s p r i n g .  One-third t o  one-ha l f  of  the  
fa rmers  i n  t h e  Sacramento Va l l ey  c u r r e n t l y  f o l l o w  th i s  p r a c t i c e .  

The development of  long l a s t i n g  v a r i e t i e s  of  a l f a l f a  w i t h  h igh  l e a f  
p r o t e i n  c o n t e n t  would h e l p  t o  reduce e m i s s i o n s ,  because  p r e s e n t  p r a c t i c e s  
r e q u i r e  r e p l a n t i n g  eve ry  3 t o  5 y e a r s .  N e w  v a r i e t i e s  a l r e a d y  e x i s t  which 
can l a s t  up t o  20 y e a r s ,  b u t  t h e  p r o t e i n  c o n t e n t  i s  low. If l o n g e v i t y  and 
q u a l i t y  could  be combined, t h e  s o i l  would n o t  have t o  be p repa red  so o f t e n ,  
t hus  y i e l d i n g  a subsequent  r e d u c t i o n  i n  e m i s s i o n s .  

Double cropping co rn  w i t h  wheat or o t h e r  g r a i n  i n s t e a d  o f  co rn  w i t h  
corn might reduce  f u g i t i v e  emis s ions .  S i n c e  co rn  p rov ides  s o  much s t u b -  
b l e ,  i t  must be plowed o r  d i s c e d  unde r .  The beds must t h e n  be  formed and 
shaped f o r  t h e  nex t  co rn  seed  p l a n t i n g .  If wheat o r  a n o t h e r  g r a i n  were 
grown on a bedded f i e l d ,  t h e n  co rn  could  b e  p l a n t e d  on t h e  beds a f t e r  t h e  
wheat h a r v e s t  and s t u b b l e  removal.  The beds  would r e q u i r e  on ly  r e shap ing .  
This  would e l i m i n a t e  a plowing or d i s c i n g  o p e r a t i o n  and a bed forming ope- 
r a t i o n  wh i l e  adding a l e s s  d u s t y  wheat s t u b b l e  removal o p e r a t i o n .  

F i n a l l y ,  a e r i a l  s eed ing  which i s  a l r e a d y  used i n  r i c e  p r o d u c t i o n ,  
would p robab ly  reduce emis s ions  somewhat from a l f a l f a  and wheat p r o d u c t i o n .  
However, a t  l e a s t  i n  t h e  c a s e  of  wheat ,  t h e  a e r i a l l y  a p p l i e d  seed  must be 
covered.  This cover ing  o p e r a t i o n  w i l l  p roduce  d u s t ,  b u t  i t  may be  less  
d u s t  t h a n  a ground p l a n t i n g  o p e r a t i o n  would produce .  

5 . 2  M I N I M I Z A T I O N  OF W I N D  EROSION EMISSIONS 

5 . 2 . 1  I n t r o d u c t i o n  

Wind e r o s i o n  c o n t r o l  i s  accomplished by s t a b i l i z i n g  e r o d i b l e  s o i l  pa r -  
t i c l e s .  The s t a b i l i z a t i o n  p r o c e s s  i s  accomplished i n  three major succes-  
s i v e  s t a g e s :  ( a )  t r a p p i n g  of moving s o i l  p a r t i c l e s ;  (b )  c o n s o l i d a t i o n  and 
aggrega t ion  o f  t r apped  s o i l  p a r t i c l e s ;  and ( c )  r e v e g e t a t i o n  of  t h e  sur- 
f a c e .  1' 

The t r a p p i n g  of e rod ing  soil i s  t e r m e d  " s t i l l i n g "  of  e r o s i o n .  This  
may be e f f e c t e d  by roughening t h e  s u r f a c e ,  by p l a c i n g  b a r r i e r s  i n  t h e  p a t h  
of t h e  wind,  o r  by bu ry ing  t h e  e r o d i b l e  p a r t i c l e s  du r ing  t i l l a g e .  Trapping 
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is accomplished naturally by soil crusting resulting from rain followed by 
a slow process of revegetation. It should be stressed that the stilling of 
erosion is only temporary; to effect a permanent control, plant cover must 
be established o r  plant residues must be maintained. 

In bare soils containing a mixture of erodible and nonerodible frac- 
tions, the quantity of soil eroded by the wind is limited by the height and 
number of nonerodible particles that become exposed on the surface. The 
removal of erodible particles continues until the height of the nonerodible 
particles that serve as barriers to the wind is increased to a degree that 
affords complete shelter to the erodible fractions. If the nonerodible 
barriers are low, such as fine gravel, a .relatively large number of pieces 
is needed for protection of soil from wind erosion. The gravel in such a 
case would protect the erodible portion more by covering than by sheltering 
from the wind. Thus, all nonerodible materials on the ground that control 
erosion have an element of cover in addition to the barrier principle which 
protects the soil. The principles of surface barriers and cover are, 
therefore, inseparable. 

The above principles extend to almost all elements used in wind ero- 
sion control. All of these control methods are designed to: (a) take up 
some o r  all of the wind force s o  that only the residual force, if any, is 
taken up by the erodible soil fractions; and (b) trap the eroded soil, if 
any, on the lee side o r  among surface roughness elements or barriers, 
thereby reducing soil avalanching and intensity 05 erosion. 

In the sections that follow, various control methods are discussed 
with respect to their characteristics and effectiveness in controlling ero- 
sion. Methods include vegetative cover, soil ridges, windbreaks, crop 
strips, chemical stabilizers, and irrigation. 

I. 

5 . 2 . 2  Vegetative Cover 

Natural vegetative cover is the most effective, easiest, and most eco- 
nomical way to maintain an effective control of wind erosion. In addition 
to the crops such as grasses, wheat sorghum, corn legumes, and cotton, crop 
residues are often placed on fallow fields until a permanent crop is started. 
A l l  of these methods can remove 5 to 99% of the direct wind force from the 
soil surface. 1' 

5 . 2 . 2 . 1  Effectiveness-- 
Grasses and legumes are most effective because they provide a dense, 

complete cover. Wheat and other small grains are effective beyond the cru- 
cial 2 or 3 months after planting. Corn, sorghum, and cotton are only of 
intermediate effectiveness because they are planted in rows too far apart 
to protect the soil. 

After harvesting, vegetative residue should be anchored to the sur- 
face." 
sorghum stalks are durable.Ig He found wheat and rye straw more resistant 
to decay than oat straw.19 

Duley found that legume residues decay rapidly, while corn and 
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Some effects of density and orientation of residue on wind erosion 
control are shown in Table 49. The more erect, finer, and denser the resi- 
due, the less the erosion. 

TABLE 49. AVERAGE EFFECTS OF KIND AND ORIENTATION OF CROP RESIDUE ON 
EROSION OF SANDY LOAM SOIL BY WIND OF UNIFORM VELOCITY~~ 

Quantity of soil eroded in a wind tunnel 
Covered with wheat Covered with sorghum 

Quantity of residue residue 
crop residue Mg/kd (tonslacre) Mg/kmz (tonslacre) 

kg/km2 (lb/acre) (10 in.) high Flat (10 in.) high Flat 
above soil surface Standing, 25.4 cm Standing, 25.4 cm 

0 2,370 (10.6) 3,580 (16.0) 3,580 (16.0) 3,580 (16.0) 
56,000 (500) 627 (2.8) 1,900 (8.5) 2,910 (13.0) 3,250 (14.5) 
112,000 (1,000) 22.4a(0.1) 560 (2.5) 1,810 (8.1) 2,330 (10.4) 

336,000 (3,000) T T 314 (1.4) 490 (2.2) 
224,000 (2,000) T 22.4 (0.1) 874 (3.9) 1,190 (5 .3)  

672,000 (6,000) T T T 44.8 ( 0 . 2 )  

a T = trace, insignificant. 

5.2.2.2 Maintenance-- 

are the major causes of crop cover destruction. Effective land management 
practices must be instituted if wind erosion is to be controlled. 

Excessive tillage, tillage with improper implements, and overgrazing 

For grazing, the number of animals per acre should be controlled to 
maximize the use of grass and still maintain sufficient vegetative cover 

Stubble mulching and minimum tillage or plow-plant systems of farming 
tend to maintain vegetative residues o n  the surface when the land is fal- 
low. Stubble mulching is a year-round system in which all tilling, plant- 
ing, cultivating, and harvesting operati.ons are performed to provide pro- 
tection from erosion. This practice requires the use of tillage implements 
which undercut the residue without soil inversion. The effectiveness of 
various tillage implements on residue maintenance is shown in Table 50. 
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TABLE 50 .  RESIDUE MAINTENANCE WITH TILLAGE IMPLEMENTS'6 

Average r e s i d u e  
remaining a f t e r  Range o f  r e s i d u e  

each  t i l l a g e  remaining 
Type of  implement o p e r a t i o n  (%) (%I 

Subsurface  implements 
Blades (36 i n .  o r  wider )  
Sweeps (24 t o  36 i n . ) ,  
Rodweeders, p l a i n  rod 
Rodweeders, w i t h  s e m i c h i s e l s  a 

Mixing implements 
Heavy- d u t y  c u l t i v a t o r  

Heavy du ty  c u l t i v a t o r  

One-way d i s c  (24 t o  26 - in .  pans )  
Tandem O K  o f f s e t  d i s k s  

(16 t o  1 8 - i n .  sweeps) 

( 2 - i n .  c h i s e l s ,  12 i n .  a p a r t )  

90 
93 
90 
85 

80 

75 

50 
50 

70-113 
60-112 
80-115 
55-105 

50-100 

30-90 - 

a The rodweeder i n v o l v e s  t h e  i n s e r t i m  of  a h o r i z o n t a l  rod no more than  
3 i n .  below the s o i l  s u r f a c e .  As t he  rod i s  p u l l e d  through the s o i l  
it i s  a l s o  r o t a t e d .  Th i s  a c t i o n  up roo t s  weeds and loosens t h e  s u r f a c e  
s o i l .  

5 . 2 . 3  Aspha l t  Cover 
Chep i l  experimented w i t h  cu tback  a s p h a l t  and a s p h a l t  in -water  emul- 

s ion ."  T e s t s  were performed t o  demons t r a t e :  ( a )  e f f e c t i v e n e s s  and s t a -  
b i l i t y  of  a s p h a l t  f i l m s  a g a i n s t  e r o s i o n  by wind when sprayed  on s u r f a c e ;  
(b )  e f f e c t s  o f  the f i l m  on seed g e r m i n a t i o n ;  and ( c )  e f f e c t s  of a s p h a l t  on 
e r o s i o n  and seed  growth when mixed i n t o  t h e  s o i l .  

The conc lus ions  o f  t h e  s t u d y  were a s  f o l l o w s :  

+ From 100 t o  200 g a l .  o f  a s p h a l t  p e r  a c r e  p r o t e c t e d  h i g h l y  e r o d i -  
b l e  s o i l  a g a i n  e r o s i o n  by wind. 

+ The f i n e r  t h e  s p r a y ,  the b e t t e r  t h e  s u r f a c e  coverage ;  hence ,  a 
s m a l l e r  amount of  a s p h a l t  was needed. 

D i l u t i o n  of  t h e  cu tback  a s p h a l t  o r  t h e  a spha l t - in -wa te r  emulsion 
i n c r e a s e d  dep th  o f  p e n e t r a t i o n  and s t a b i l i t y  of f i l m .  

Amount of  d i l u t i o n  needed depended on s o i l  and c l i m a t e  condi -  
t i o n s .  

+ 

fc 
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:? S u r f a c e  f i l m  d i s i n t e g r a t e d  most r a p i d l y  on c l a y  s o i l s .  

E r o s i o n  was c o n t r o l l e d  f o r  a t  l e a s t  2 months wi th  200 g a l . / a c r e  
of cu tback  o r  400 g a l . / a c r e  of emul s ion .  

75 Aspha l t  c o n t a i n s  s t i c k y  s u b s t a n c e s  which c o n s o l i d a t e  s o i l  p a r t i -  
c l e s .  However, mechanical  t i l l a g e  and d i f f e r e n t i a l  expansion and 
c o n t r a c t i o n  by a l t e r n a t e  ,wetting and d r y i n g  or f r e e z i n g  and thaw- 
ing  broke  up t h e  s o i l  c r u s t .  The r e s u l t a n t  a g g r e g a t e s  were wa te r -  
s t a b l e  b u t  were t o o  sma l l  t o  res is t  wind e r o s i o n .  

Table  5 1  shows t h e  e f f e c t s  of  a s p h a l t - i n - w a t e r  emulsion on e r o d i b i l -  
i t y ,  and Tab le  5 2  i l l u s t r a t e s  i t s  e f f e c t  on c rop  y i e l d .  

5 . 2 . 4  T i l l a g e  P r a c t i c e s  

The s o i l  s u r f a c e  can  be made c loddy and rough i n  o r d e r  t o  c o n t r o l  e r o -  
s i o n  by deve lop ing  a s u r f a c e  b a r r i e r .  Such p r a c t i c e s  i n c l u d e :  ( a )  r e g u l a r  
t i l l a g e  p r o c e s s e s  t o  p r e p a r e  seedbeds  and t o  c o n t r o l  weeds f o r  c rop  produc- 
t i o n ;  and (b)  emergency t i l l a g e  p r a c t i c e s  used s p e c i f i c a l l y  t o  b r i n g  c l a y  
t o  the s u r f a c e  f o r  p o s s i b l e  i n c r e a s e d  cloddiness and t o  roughen the l and  t o  
p r e v e n t  wind e r o s i o n .  

5 . 2 . 4 . 1  Regu la r  T i l l a g e - -  
I t  i s  i m p o r t a n t  t h a t  a l l  t i l l a g e  o p e r a t i o n s  be conducted s p a r i n g l y  be- 

cause  t i l l a g e  l e a d s  t o  s o i l  s u r f a c e  smoothing and c lod  p u l v e r i z a t i o n .  S o i l  
mo i s tu re  a t  t i m e  o f  t i l l a g e  has  an  e f f e c t  on c l o d d i n e s s .  D i f f e r e n t  s o i l s  
have d i f f e r i n g  m o i s t u r e  c o n t e n t s  a t  which s o i l  p u l v e r i z a t i o n  is most se- 
v e r e .  More c l o d s  a r e  produced if t h e  s o i l  i s  e i t h e r  ex t r eme ly  d r y  or m o i s t  
t h a n  i f  it c o n t a i n s  an  i n t e r m e d i a t e  m o i s t u r e  c o n t e n t . 2 1  

The t y p e  o f  t i l l a g e  implement used a l s o  has  a n  i n f l u e n c e  on s o i l  c lod-  
d i n e s s  and s u r f a c e  roughness .* '  A s t u d y  conducted w i t h  a moldboard plow, a 
one-way d i s c ,  and a s u b s u r f a c e  'sweep i n  c o n t r o l l e d  s o i l  mo i s tu re  c o n d i t i o n s  
demonstrated t h a t  c l o d d i n e s s  i s  more dependent  on t h e  type of machinery 
than  s o i l  m o i s t u r e  c o n t e n t .  The moldboard plow produced a roughe r ,  more 
c loddy s u r f a c e  w i t h  h i g h e r  mechanical  s t a b i l i t y  of c l o d s  t h a n  t h e  one-way 
d i s k  or s u b s u r f a c e  sweeps. T i l l a g e  implements used i n  s tubble-mulch farm- 
i n g ,  w i t h  t h e  e x c e p t i o n  of c h i s e l  c u l t i v a t o r s ,  u s u a l l y  do n o t  l e a v e  a 
r i d g e d ,  rough s u r f a c e .  Subsur face  sweeps p r o v i d e  a smooth s u r f a c e  and are  
advantageous i n s o f a r  a s  t h e y  a l low t h e  v e g e t a t i o n  t o  remain e r e c t .  

I t  i s  impor t an t  t h a t  p l a n t i n g  and s e e d i n g  equipment p r e s e r v e  a s  much 
r e s i d u e  a s  p o s s i b l e ,  keep t h e  s o i l  s u r f a c e  rough and c l o d d y ,  and a l s o ,  
p l a c e  t h e  seed  i n  m o i s t ,  f i r m  s o i l  t o  promote r a p i d  ge rmina t ion .  Major 
t y p e s  of p l a n t e r s  a v a i l a b l e  f o r  s m a l l  g r a i n s  i n c l u d e  hoe ,  s i n g l e  and double  
d i s k ,  deep fur row d r i l l s ,  and seed ing  a t t a c h m e n t s  on one-ways and c u l t i v a -  
t o r s .  

I 
I 
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TABLE 51. AVERAGE EFFECTS OF ASPHALT-IN-WATER EMULSION AND T I E  PERIOD 
AFTER TREATMENT ON SOIL ERODIBILITY BY WINDzo 

Amount of  a s p h a l t  Time e l a p s e d  a f t e r  S o i l  e r o d i b i l i t y  
added (by we igh t )  t r e a t m e n t  by wind 

(%I (months) Mg/km2 ( t o n s / a c r e )  

- 

I 
I 
I 
I 

0 (check) 
3 
6 

1 2  

0 (check) 
3 
6 

12 

0 (check)  
3 
6 

1 2  

0 (check)  
3 
6 

1 2  

1 8  

36 

60  

134 ( 0 . 6 )  
4 4 . 8  ( 0 . 2 )  
4 4 . 8  ( 0 . 2 )  a 
1 1 . 2  ( 0 . 0 5 )  

112 ( 0 . 5 )  
4 4 . 8  ( 0 . 2 )  
4 4 . 8  ( 0 . 2 )  
2 2 . 4  (0.1) 

8 9 . 6  ( 0 . 4 )  

336 (1.5) 
8 9 . 6  ( 0 . 4 )  

112 (0.51, 
426 (1.91, 

470 ( 2 . 1 )  

202 (0 .91 ,  

2 ,020  (9.01, 

TABLE 5 2 .  EFFECTS OF ASPHALT-IN-WATER EMLTLSION ON 
YIELD OF CROPS IN GREENHOUSEz0 

Y i e l d s  o f  dry fo ragea  
Mg/km2 ( t o n s / a c r e )  

h o u n t  of  a s p h a l t  5 y e a r s  a f t e r  
added (by we igh t )  6 months a f t e r  t r e a t m e n t  t r e a t m e n t  

(%I Corn Oats  sorghum 

0 (check) 1 , 7 2 0  ( 7 . 7 0 )  822 ( 3 . 6 7 )  228 ( 1 . 0 2 )  
3 1 , 2 4 0  ( 5 . 5 2 )  7 2 1  ( 3 . 2 2 )  1 8 1  ( 0 . 8 1 )  
6 1 , 0 8 0  ( 4 . 8 2 )  6 6 1  ( 2 . 9 5 )  220 ( 0 . 9 8 )  

12 797 ( 3 . 5 6 )  186 ( 0 . 8 3 )  235 (1.05) 

a 
N, P, and K a t  1 1 , 2 0 0 ,  2 2 , 4 0 0 ,  and 1 1 , 2 0 0  kg/km2 (100,  2 0 0 ,  and 100 lb/ 
a c r e ) ,  r e s p e c t i v e l y ,  were added t o  corn and o a t  c r o p s ,  b u t  no f e r t i l i z e r  
was a p p l i e d  t o  sorghum. Amount of  s o i l  a v a i l a b l e  f o r  growth of  corn and 
Oats was 3 . 6  kg ( 8  lb) and f o r  sorghum 1.5 kg ( 3 . 3  l b )  f o r  e a c h  d u p l i -  
c a t e d  sample.  
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5.2.4.2 Emergency Tillage-- 

measure, and its only purpose is to create an erosion-resistant soil sur- 
face in a short period of time. It is a last resort measure to be imple- 
mented when vegetative cover is depleted by excessive grazing, drought, im- 
proper o r  excessive tillage, o r  by growing crops that produce little o r  no 
residue o r  when potentially severe erosive conditions are expected. 

Emergency tillage to provide a rough, cloddy surface is a temporary 

The most common implements used are listers, duckfoot cultivators, and 
narrow-tooth chisel cultivators. The effectiveness of any of the above in 
creating cloddiness depends upon soil moisture, texture, and density. 
Cloddiness of soil is increased markedly by increasing density; also, the 
cloddiness potential of soils with a high clay content is greater than for 
sandy soils. Speed of travel, depth of tillage, spacing between tillage 
point-carriers, and type of part also influence the degree of cloddiness. 
Speeds of 5.6 to 6.4.km/hr (3.5 to 4.0 miles/hr) provide the optimum degree 
of cloddiness. 

As for depth, 7.6 to 15.2 cm ( 3  to 6 in.) brings up compact clods. 
Spacing of lister and chisel must be governed by severity of erosion and 
the presence or absence of crops. Close spacing creates a rougher surface; 
however, if a crop is involved and there is a possibility of saving part of 
it, then wide spacings of 122 to 137 cm (48 to 54 in.) should be used to 
both provide roughness for control and permit the crop to grow. 

Listers and narrow chisels are most effective types of tillage points. 
Listers produce a high degree of roughness and are especially effective in 
sandy soils where clods can be produced by deep tillage. Chisel cultiva- 
tors require less power and destroy less crop than do listers. 

5.2.5 Windbreaks and Wind Barriers 

Windbreaks consist of trees o r  shrubs in 1 to 10 rows, crops in narrow 
rows, snowfences, solid wooden o r  rock walls, and earthen banks. Windbreaks 
function as surface barriers to control wind erosion; i.e., they take up o r  
deflect a sufficient amount of the wind force to lower the wind velocities 
to the leeward below the threshold required to initiate soil movement. The 
effectiveness of any barrier depends on the wind velocity and direction, 
shape, width, height, and porosity of the barrier. 

Nearly all barriers provide maximum reduction in wind velocity at lee- 
ward locations near the barrier, gradually decreasing downwind. Percentage 
reductions in wind velocities f o r  rigid barriers remain constant no matter 
what the wind velocity. l6 

Directior! o f  wind influences the size and location of the protected 
areas. Area of protection is greatest for perpendicular winds to the bar- 
rier lengch and least for parallel winds. 

The shape of the windbreak indicates that a vertically' abrupt barrier 
will provide large reductions in velocity for relatively short leeward dis- 
tances, whereas porous barriers provide smaller reductions in velocity but 
for more extended distances. 
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Height  o f  t h e  b a r r i e r  i s ,  p e r h a p s ,  t h e  most i m p o r t a n t  f a c t o r  i n f l u e n c -  
i n g  e f f e c t i v e n e s s .  Expressed i n  m u l t i p l e s  o f  b a r r i e r  h e i g h t ,  t h e  zone o f  
wind v e l o c i t y  r e d u c t i o n  on t h e  leeward s i d e  may e x t e n d  t o  40 t o  50 times 
t h e  h e i g h t  o f  t h e  b a r r i e r ;  however, s u c h  r e d u c t i o n s  a t  t h o s e  d i s t a n c e s  a r e  
i n s i g n i f i c a n t  f o r  wind e r o s i o n  c o n t r o l .  I f  complete c o n t r o l  is  d e s i r e d ,  
t h e n  b a r r i e r s  must be p l a c e d  a t  c l o s e  i n t e n r a l s .  

Tree windbreaks,  c rop  b a r r i e r s ,  and v a r i o u s  a r t i f i c i a l  b a r r i e r s  a r e  
d i s c u s s e d  below. 

5.2.5.1 Tree Windbreaks-- 
One-, two-, t h r e e - ,  and f ive-row b a r r i e r s  o f  t r e e s  a r e  found t o  be  t h e  

most e f f e c t i v e  arrangement  f o r  p l a n t i n g  t o  c o n t r o l  wind e r o s i o n .  The type  
o f  t ree s p e c i e s  p l a n t e d  a l s o  has a c o n s i d e r a b l e  i n f l u e n c e  on t h e  e f f e c t i v e -  
n e s s  of a windbreak.  The r a t e  of growth governs t h e  e x t e n t  of p r o t e c t i o n  
t h a t  can be r e a l i z e d  i n  l a t e r  y e a r s .  

F i g u r e  40 shows t h e  r e d u c t i o n  o f  wind v e l o c i t y  of a windbreak. 

Table  53 i l l u s t r a t e s  t h e  amount o f  a r e a  p r o t e c t e d  a s  a f u n c t i o n  of t h e  
l e n g t h  o f  t h e  t r e e  windbreak. 

Table  54  shows t h e  e f f e c t  of t h e  number of rows and season  on wind 
e r o s i o n  c o n t r o l  a f f o r d e d  by t r e e  windbreaks.  

5.2.5.2 A r t i f i c i a l  B a r r i e r s - -  

f e n c e s ,  e a r t h e n  banks ,  h a n d - i n s e r t e d  s t r a w  rows, and rock w a l l s  have been 
used f o r  wind e r o s i o n  c o n t r o l  on a r a t h e r  l i m i t e d  s c a l e .  Because of t h e  
h i g h  c o s t  of b o t h  m a t e r i a l  and l a b o r  r e q u i r e d  f o r  c o n s t r u c t i o n ,  t h e i r  u s e  
h a s  been l i m i t e d  t o  where h i g h  v a l u e  c r o p s  a r e  grown o r  where overpopula-  
t i o n  r e q u i r e s  i n t e n s i v e  a g r i c u l t u r e .  

Snowfences, fences  c o n s t r u c t e d  o f  board  o r  l a t h ,  bamboo and willow 

In t h e  United S t a t e s ,  t h e  a p p l i c a t i o n  of a r t i f i c i a l  b a r r i e r s  f o r  wind 
e r o s i o n  c o n t r o l  has been l i m i t e d .  Snowfences c o n s t r u c t e d  from s t r i p s  of 
l a t h  he ld  t o g e t h e r  w i t h  wire have been used f o r  p r o t e c t i n g  v e g e t a b l e  c r o p s .  
Such f e n c e s  p r o v i d e  only  a r e l a t i v e l y  s h o r t  zone of p r o t e c t i o n  a g a i n s t  e r o -  
s i o n ,  approximate ly  10 times t h e  h e i g h t  o f  t h e  b a r r i e r .  

5.2.5.3 Crop B a r r i e r s - -  

c rop  p r o v i d e s  p r o t e c t i o n  t o  t h e  o t h e r .  In C a l i f o r n i a ,  i n t e r r o w  p l a n t i n g  of 
b a r l e y  p r o t e c t s  t h e  asparagus  c rop .  T a b l e  55 g i v e s  t e s t  r e s u l t s  showing 
how e f f e c t i v e  a row o f  Sudan g r a s s ,  g r a i n  O K  f o r a g e  sorghum, o r  broomcorn 
would be  a s  a n  i n t e r p l a n t e d  row. T h i s  t a b l e  i l l u s t r a t e s  t h e i r  h e i g h t ,  e f -  
f e c t i v e n e s s  i n d e x ,  and a f f o r d e d  p r o t e c t e d  d i s t a n c e .  

Annual c r o p s  can be  i n t e r p l a n t e d  i n  narrow s t r i p s  o r  rows s o  t h a t  one 
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Heighh 

Wind Velocity Percent 

60 to 70 90 to 100 

Note - T h e  octual field of -protection of o windbreak 19 heights long, with an 
average density of 50percen t  but more open i n  the lower than in the upper 
half. The air pushes through the opening at the bottom and shook upward 
on the leeward s ide.  The wind was measured 16 inches above ground. 

F i g u r e  40 .  E f f e c t i v e n e s s  of t r e e  windbreak. 
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TABLE 5 3 .  PROTECTED AREA AS A FUNCTION OF 
WINE BARRIER LENGTHz2 

Length ,  q ( r o d s ) a  Area p r o t e c t e d ,  km2 (sq rods )  

30 (6) 
60 (12) 

362 (72) 
805 (160) 

0.000228 (9 )  
0 .000911 (36) 
0 .0328 (1 ,296)  
0 .113  (4 ,464)  

a One rod = 1 6 . 5  f t .  

T.ABLE 54 .  EFFECT OF NUMBER OF ROWS AND SEASON ON AHOUNT OF WIND 
EROSION PROTECTION PROVIDED BY TREE 

Windbreak 

g P r o t e c t e  
E f f e c t i v e n e s s  d i s t a n c e  

indexa (H u n i t s )  

2-Row mulber ry  
5-Row plum, c e d a r ,  mulber ry ,  e lm,  o l i v e  
1-Row Osage orange  
3-Row c e d a r  (21 ,  sh rub  
1-Row S i b e r i a n  elm 
1-Row j a c k p i n e  

Summer c o n d i t i o n s  
55 .9  18.0 
42 .6  
3 2 . 4  
30.8 
2 7 . 1  
1 9 . 7  

1 5 . 0  

1 1 . 0  
9 . 5  

- 
- 

Winter  c o n d i t i o n s  
10-Row c e d a r  (11, deciduous (9) 46.6 - 

5-Row plum, elm ( 2 ) ,  c e d a r ,  honeysuckle  24.9 9 . 2  
1-Row Osage o ranze  24.9 1 2 . 0  
7-Row a s h - ( 2 ) ,  eim, cottonwood (2.1, 

Osage o range ,  c o f f e e  
7 . 2  - 

a 
E f f e c t i v e n e s s  index  i s  computed by summing the  p roduc t s  ( v e l o c i t y -  
r e d u c t i o n  r a t i o  a t  a g i v e n  leeward l o c a t i o n  times t h e  d i s t a n c e  of  t h e  
l o c a t i o n  from t h e  b a r r i e r  expres sed  i n  H uni ts) .  

Based on 64 !un/hr (40 m i l e / h r )  wind a t  15 m ( 5 0  f t )  h e i g h t  and a 40 km/ 
h r  ( 2 5  rn i l s /h r )  t h r e s h o l d  v e l o c i t y  a t  the 15 m ( 5 0  f t )  h e i g h t .  

H = average  h e i g h t  of  trees i n  a s ing le- row windbreak and average  h e i g h t  
of t a l l e s t  t r e e s  i n  a mul t ip le - row windbreak.  
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TABLE 5 5 .  EFFECTIVENESS OF SOME ANNUAL CROP BARRIERS FOR 
WIND EROSION C0NTROLl6 

Crop 

Protecteg 
Effective ess distance 

m (ft). Heighta F m (ft) index 

'Kochia 1.1 (3.5) 
Sudan grass 0.91 (3.0) 
Grain sorghum 0.61 ( 2 . 0 )  
Forage sorghum 0 . 4 6  (1.5) 
Broomcorn 1 . 2  ( 4 . 0 )  

17.0 
1 1 . 4  
10.7 

7 . 9  
3.9 

12.8 ( 4 2 . 0 )  
6.86 (22.5) 
3.66 (12.0) 
1.8 ( 6 . 0 )  
1.2 ( 4 . 0 )  

a Harvested height. 

Effectiveness index equals sum of product (velocity-reduction ratio at 
a given leeward location times the distance of the location from the 
barrier expressed in H units). 

Based on 64 h / h r  (40 mile/hr) wind at 15 m ( 5 0  ft) height and a 40 km/ 
h r  (25 mile/hr) threshold velocity at the 15 m (50 ft) height. 

5 . 2 . 6  Strip Cropping and Row Crop Spacing 

Crop strips function a s  soil traps designed to reduce soil avalanch- 
ing. Strip cropping is a method of farming, usually involving two or  more 
crops, whereby strips of erosion-resistant crops are planted between strips 
of erosion-susceptible crops. The strips are generally all the same width. 

Row crop spacing involves only one crop and consists of planting crops 
at different r o w  spacings to trap erodible soil. 

These two farming practices as they relate to wind erosion control are 
discussed in the next two sections. 

5 . 2 . 6 . 1  Strip Cropping-- 

ternate strips of erosion-resistant crops and erosion-susceptible crops o r  
fallow. Erosion-resistant crops are the small grains and other crops that 
cover the ground rapidly. Erosion-susceptible crops are cotton, tobacco, 
sugar beets, peas, beans, potatoes, peanuts, asparagus, and most truck 
crops. 

The practice of strip cropping consists of dividing a field into al- 

Strip cropping controls erosion by reducing soil avalanching, which 
increases with width of  eroding field. Since avalanching depends on field 
erodibility, the appropriate width of strips required varies with factors 
that influence erodibility, such a s  soil texture, wind velocity and direc- 
tion, quantity of crop residue, and degree of soil cloddiness and surface 
roughness. 
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Table 56 indicates the effectiveness of crop strips in relation to 
soil texture and direction of erosive winds. These data indicate that 
directional deviation of erosive winds from the perpendicular requires nar- 
rower strips, and that required width of the strip increases as soil tex- 
ture becomes finer, except for clays and silty clays subject to granula- 
tion. 

Strip cropping alone will not fully control wind erosion; it must be 
used in conjunction with other measures, such as stubble mulching, to be 
fully effective. In combination with strip cropping, the supplementary 
practices need not be as intensive as they would have to be f o r  large 
fields. 

5 . 2 . 6 . 2  Row Crop Spacing-- 
The relative effectiveness of different row spacings f o r  wind erosion 

control has not been fully evaluated. In theory, the closer the row spac- 
ing, the more effective is the protection afforded against erosion. Most 
close-spaced crops are erosion-resistant once they are established. S o r -  
ghum, corn, cotton, and other crops normally planted in rows 102 to 107 cm 
( 4 0  to 4 2  in.) apart are not s o  resistant. 
some of these crops can be grown in closer spaced rows without being detri- 
mental to crop yield. 

Experiments have shown that 

Orientation of crop rows to the prevailing erosive winds has an effect 
on erosion. The relative amount of erosion from soil planted to wheat in 
rows 2 5 . 4  cm (10 in.) apart is six times greater when the wind is blowing 
parallel to rows than when it blows perpendicular to the rows.I6 

5 . 2 . 7  Limited Irrigation of Fallow Field 

The periodic irrigation of a barren field controls blowing soil by 
adding moisture which consolidates soil particles.and creates a crust upon 
the soil surface when drying occurs.23 
of each irrigation during fallow to maintain a desired level of control 
would be a function of the season and of the crusting ability of the soil. 
The drawback to irrigation control concerns the availability of water, cost 
of water, and interference with farming activities on the cropland.24 

5 . 3  PROJECTED IMPACTS OF MODIFICATIONS IN AGRICULTURAL PRACTICE ON IP 

The amount of water and frequency 

EMISSION INVEEPTORY 

5.3.1 Baseline Emissions Calculation 

In order to estimate the impact of implementing the control techniques 
described in Section 5 . 1 ,  a baseline must first be established. Table 57 
displays an IP emissions inventory based on the 1978 data provided in Ap- 
pendix A .  
are shown in Appendix B. 

The detailed emission rate calculations on a crop-by-crop basis 

The following criteria were used to perform the IP emissions inven- 
tory: 
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TABLE 5 7 .  1978 AGRICULTlJRaL I P  EMISSIONS INVENTORY 

I P  e m i s s i o n s ,  
V a l l e y  Crop t y p e  O p e r a t i o n  Mdyr ( t o n s / y r )  

Sacramento 

I m p e r i a l  

San J o a q u i n  F i e l d  

Vegetable  

F r u i t  and n u t  

F i e l d  

Vegetable  

F r u i t  and n u t  

F i e l d  

Vegetable  

F r u i t  and n u t  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
Harves King 

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a  t i o n  
Harves r i n g  

S o i l  p r e p a r a t i o n  
C u l t i v a t i o n  
H a r v e s t i n g  

A l l  o p e r a t i o n s  

31,000 ( 3 4 , 2 0 0 )  

29 ,000 ( 3 2 , 0 0 0 )  

3,100 ( 3 , 4 3 0 )  
996 (1,100) 
850 ( 9 3 8 )  

7 , 2 3 0  ( 7 , 9 6 0 )  

1 , 0 6 0  ( 1 , 1 7 0 )  

1 0 , 8 0 0  ( 1 1 , 9 0 0 )  

8 , 0 0 0  ( 8 , 8 2 0 )  

2 0 , 1 0 0  ( 2 2 , 1 0 0 )  
2 , 8 7 0  ( 3 , 1 7 0 )  

1 4 , 0 0 0  ( 1 5 , 4 0 0 )  

2 , 0 9 0  ( 2 , 3 0 0 )  
474 ( 5 2 2 )  
357 ( 3 9 3 )  

693  ( 7 6 3 )  
2 ,130 ( 2 , 3 4 0 )  

280 ( 3 0 9 )  

6 , 2 5 0  ( 6 , 9 0 0 )  
1 , 2 6 0  ( 1 , 3 9 0 )  
3 ,690 ( 4 , 0 7 0 )  

846 ( 9 3 3 )  
424 ( 4 6 7 )  
282 ( 3 1 1 )  

Neg 1 i g  i b  l e  

148,000 ( 1 6 3 , 0 0 0 )  

I 
1 
1 
i 
1 
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1. Only agricultural operations in the 18 counties of concern were 
considered. These counties comprise the three largest agricultural valleys 
of the state. 

2. Only crops with greater than 10,000 acres per agricultural valley 
were inventoried. 

3 .  Operations thought to produce little dust were not listed in the 
inventory in Appendix E. 

4 .  

5 .  The IP emission factor for soil preparation in the San Joaquin 

The inventory was performed only for IP emissions 

Valley was calculated a s  the average of the measured IP emission factors 
for tests N-3 through N-6 as 393 kg/km2 ( 3 . 5  lb/acre). 

6. The IP emission factor for soil cultivation in the San Joaquin 
Valley was estimated a s  one-half of the soil preparation emission factor 

7 .  The IP emission factor for soil preparation in the Sacramento 
Valley was calculated as the average of the measured IP emission factors 
for tests N-8 through N-13 as 393 kg/km2 ( 3 . 5  lb/acre). 

8. The IP emission factor for soil cultivation in the Sacramento 
Valley was estimated a s  one-half of the soil preparation emission factor. 

9 .  The IP emission factors for soil preparation and cultivation in 
the Imperial Valley were estimated to be the same as for the San Joaquin 
and Sacramento valleys. 

10.  The IP emission factor for harvesting emissions via digging for 
all the valleys was calculated as the average of the measured IP emission 
factors for tests R-1 through R-6. 

11. The IP emission factor for harvesting via methods other than dig- 
ging for all the valleys was calculated as one-half the average of the mea- 
sured IP emission factors for tests R-l through R-6. 

The results of the inventory are summarized in Tables 57 through 61. 
The following conclusions are gleaned from the tables: 

1. Soil preparation is the largest agricultural source of emissions 
in each of the three valleys comprising 4 4 . 9 %  of the total in the San Joaquin 
Valley, 5 3 . 3 %  of the total in the Sacramento Valley, and 5 5 . 7 %  of the total 
in the Imperial Valley. 

2 .  The San Joaquin Valley yields the largest portion of agricultural 
emissions from the three valleys combined with 62.2% originating in the 
San Joaquin Valley, 2 9 . 1 %  originating in the Sacramento Valley, and 8.7% 
originating in the Imperial Valley. 
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TABLE 58. 1978 IP EMISSION RATES IN MG/YR BY OPERATION 
AND BY CROP FOR W THREE VALLEYS 

Soil preparation Cultivation Harvesting Total 

Field crops 57,400 

Vegetables 6,040 

14,900 

1,890 

46,700 

1,490 I. 119,000 (80.5%) 

9,420 (6.4%) 

Fruit and nuts 7,920 10,100 1,340 19,400 (13.1%) 

Total 71,400 (48.3%) 26,900 (18.2%) 49,500 (33.55) 148,000 (100%) 

I 
I 
I 
I 

TABLE 59. 1978 IP EMISSION RATES IN MC/YR BY OPERATION 
AND BY CROP FOR THE S I N  JOAQUIN VALLEY 

Soil preparation Cultivation Harvesting Total 

Field crops 31,000 10,800 29,000 70,800 (77.0%) 

Vegetables 3,100 996 850 4,950 (5.3%) 

Fruit and nuts 7,230 8,000 1,060 16,300 (17.7%) 

Total 41,300 (44.9%) 19,800 (21.5%) 30,900 (33.6%) 92,000 (100%) 
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TABLE 6 0 .  1978 I P  EMISSION RATES I N  M G / Y R  BY OPERATION 
AND BY CROP FOR THE SACRAMENTO VALLEY 

~ 

S o i l  p r e p a r a t i o n  C u l t i v a t i o n  Harves t ing  T o t a l  

F i e l d  c rops  20,100 2 , 8 7 0  14,000 3 7 , 0 0 0  ( 8 6 . 0 % )  

Vegetables  2,090 474 357 2 , 9 2 0  ( 6 . 8 % )  

F r u i t  and n u t s  693 2 , 1 3 0  280 3 , 1 0 0  ( 7 . 2 % )  

T o t a l  2 2 , 9 0 0  ( 5 3 . 3 % )  5 , 4 7 0  ( 1 2 . 7 % )  1 4 , 6 0 0  ( 3 4 . 0 % )  43 ,000 (100%) 

T.ABLE 6 1 .  1978 I P  EMISSION RATES I N  M G / Y R  BY OPERATION 
AND BY CROP FOR THE IMPERIAL VALLEY 

S o i l  p r e p a r a t i o n  C u l t i v a t i o n  H a r v e s t i n g  T o t a l  

F i e l d  crops 6 , 2 5 0  1 , 2 6 0  3 , 6 9 0  1 1 , 2 0 0  ( 8 7 . 8 % )  

Vegetables  846 424 282 1 , 5 5 0  ( 1 2 . 2 % )  

F r u i t  and n u t s  0 0 0 0 (0%) 

T o t a l  7 , 1 0 0  ( 5 5 . 7 % )  1 , 6 8 0  ( 1 3 . 2 % )  3 , 9 7 0  (31.1%) 1 2 , 8 0 0  (100%) 

! . .  
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3 .  F i e l d  c rop  o p e r a t i o n s  y i e l d  t h e  l a r g e s t  p o r t i o n  of  emiss ions  i n  
each  of t h e  t h r e e  v a l l e y s  compr is ing  77% of t h e  t o t a l  i n  t h e  San Joaqu in  
Va l l ey ,  86% of  t h e  t o t a l  i n  t h e  Sacramento V a l l e y ,  and 87.8% of t h e  t o t a l  
i n  t h e  I m p e r i a l  V a l l e y .  

4 .  The t o t a l  I P  emis s ion  r a t e  f rom a g r i c u l t u r a l  o p e r a t i o n s  i n  t h e  
t h r e e  v a l l e y s  combined i s  148,000 Mgjyear (163,000 t o n s j y e a r ) .  

5 . 3 . 2  E s t i m a t i o n  of  Emiss ion  Reduct ion  Due t o  Con t ro l  

The c o n t r o l  e f f i c i e n c e s  of t h e  t e c h n i q u e s  d i s c u s s e d  i n  S e c t i o n  5 . 3 . 1  
were e s t i m a t e d .  I t  shou ld  b e  emphasized t h a t  t h e s e  a r e  c rude  e s t i m a t e s  
made s imply  t o  g i v e  a f e e l  f o r  t h e  r ange  of emis s ion  r e d u c t i o n  v a l u e s  one 
might  e x p e c t .  The e s t i m a t e s  of c o n t r o l  e f f i c i e n c y  f o r  each  t echn ique  a r e  
shown i n  Table  62. 

The emiss ion  r e d u c t i o n s  f o r  each  c o n t r o l  t echn ique  by crop  and by v a l -  
ley were c a l c u l a t e d  u s i n g  t h e  c o n t r o l  e f f i c i e n c e s  of  Table  6 2  and t h e  un- 
c o n t r o l l e d  emis s ion  e s t i m a t e s  of Appendix B .  Tables  63 through 65 showed 
t h e  emiss ions  r e d u c t i o n  a t t r i b u t a b l e  t o  each  c o n t r o l  t echn ique  on each  crop  
i n  each  v a l l e y .  A s  d i s c u s s e d  i n  S e c t i o n  5 . 1 . 2 ,  on ly  e i g h t  c rops  were 
s e l e c t e d  a s  c a n d i d a t e s  f o r  s tudy  i n  terms o f  c o n t r o l  t e c h n i q u e s .  

Tables  63  th rough  65 can  be used by the r e a d e r  t o  c a l c u l a t e  a n  emis- 
s i o n  r e d u c t i o n  g iven  v a r i o u s  combina t ions  o f  c o n t r o l s .  For  example,  con- 
t r o l  of  c o t t o n  p r o d u c t i o n  i n  the  San J o a q u i n  Va l l ey  by a combinat ion of 
punch p l a n t i n g  and s p r i n k l e r  i r r i g a t i o n  would y i e l d  an e s t i m a t e d  emiss ion  
r e d u c t i o n  of  4,550 Mgjyear.  S ince  c o t t o n  p r o d u c t i o n  i n  the  San Joaqu in  
Va l l ey  i s  c u r r e n t l y  e s t i m a t e d  t o  c o n t r i b u t e  2 3 , 2 0 0  Mgjyear t o  che  atmos- 
p h e r i c  p a r t i c u l a t e  bu rden ,  t h i s  example combinat ion of c o n t r o l s  would e f -  
f e c t  a n  e s t i m a t e d  20% r e d u c t i o n  i n  e m i s s i o n s .  

In c o n c l u s i o n ,  novel  c o n t r o l  concep t s  do e x i s t  f o r  a g r i c u l t u r a l  f u g i -  
t ive d u s t  and a t  p r e s e n t ,  t he i r  impact  on a i r  q u a l i t y  can be  e s t i m a t e d .  
However, much more t e s t i n g  t o  q u a n t i f y  c o n t r o l  e f f i c i e n c i e s  should y e t  be 
done. These and o t h e r  conc lus ions  and recommendations a r e  developed i n  t h e  
f r o n t  o f  t h i s  r e p o r t .  
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GLOSSARY 

B a l e r  - A machine drawn by a t r a c t o r ,  o r  can be  s e l f - p r o p e l l e d ,  used t o  
b a l e  (b ind  w i t h  wire o r  bands) a l f a l f a ,  o a t ,  g r a s s ,  o r  any type  of hay.  
A c t i v i t y  i s  c a l l e d  b a l i n g .  

Bankout - Term used i n  r i c e  p r o d u c t i o n ;  means h a u l i n g  t h e  r i c e  from f i e l d s  
o u t  t o  t h e  r o a d .  

Bedding - See L i s t  

Block - To make b o r d e r s  o r  r i d g e s  w i t h  a blocking  machine ( a  t r i p l e  d i s c  
type  machine) t o  e n a b l e  t h e  w a t e r  t o  s p r e a d  o u t  more e v e n l y  o v e r  t h e  beds.  

B o r d e r  d i s c  - A s m a l l  d i s c  w i t h  t h r e e  b l a d e s  on each s i d e  ( u s u a l l y ) ;  s e t  s o  
t h a t  when i t  is p u l l e d  by a t r a c t o r  i t  throws up a b o r d e r  o r  r i d g e ;  a l s o  
s e e  Block. 

Broadcas t  - A method o f  apply ing  seed o r  f e r t i l i z e r  t o  a f i e l d  by u s i n g  a 
b r o a d c a s t  s p r e a d e r  which runs o f f  o f  t h e  power t a k e o f f  of a t r a c t o r .  T h i s  
machine a p p l i e s  t h e  m a t e r i a l s  on t h e  s u r f a c e  of the  s o i l .  

Brush rake  - A rake  used  f o r  p i l i n g  b r u s h ,  u s u a l l y  mounted on t h e  front o f  a 
t r a c t o r .  Many d i f f e r e n t  t y p e s ;  some a re  drawn behind t h e  t r a c t o r ,  o t h e r s  
pushed in f r o n t .  

Brush s h r e d d e r  - A shredding  machine used t o  s h r e d  pruned l i m b s  from c i t r u s ,  
w a l n u t ,  p r u n e s ,  o r  any t y p e  of t r e e  o r  v i n e  c r o p .  The brush i s  run  
through t h e  machine,  o r  t h e  machine may p i c k  t h e  b r u s h  up and s h r e d  i t .  
The s m a l l  c h i p s  t h e n  come o u t  of t h e  machine and a r e  f i n e  enough t o  be 
t u r n e d  under .  

Buck b r u s h  - To p i l e  b r u s h  i n  s t a c k s  ( s e e  a l s o  Brush rake)  

Burn s t u b b l e  - To burn  g r a i n  s t u b b l e  o r  any crop r e s i d u e .  

Check b r e a k e r  - A s m a l l  d i s c  wi th  two gangs s e t  o p p o s i t e  e a c h  o t h e r  t h a t  
throw t h e  s o i l  i n  d i f f e r e n t  d i r e c t i o n s  s o  t h a t  when i t  p a s s e s  o v e r  t h e  
check (an o b s t r u c t i o n ) ,  i t  smoothes t h e  s o i l .  

C h i s e l  - An implement used on t h e  back of a t r a c t o r  t h a t  has shanks s e t  1 
t o  3 f t  a p a r t ;  used t o  break  t h e  upper  s u r f a c e  of t h e  s o i l  t o  a d e p t h  of 
10 t o  18 i n .  

Cleaning  d i t c h e s  - Hay be done by b u r n i n g ,  by u s i n g  a V-plow, o r  a s c r a p e r  
a t t a c h e d  t o  a t r a c t o r ;  done t o  f r e e  the  d i t c h  o f  weeds so t h a t  i r r i g a t i o n  
water  may pass  more f r e e l y .  
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Clipping  p a s t u r e  - Hay be done by u s i n g  a s e l f - p r o p e l l e d  swather ,  a s i c k l e  
b a r  mower a t t a c h e d  t o  a t r a c t o r ,  or by a s h r e d d e r  which i s  p u l l e d  by a 
t r a c t o r  ( l i k e  a r o t a r y  lawn mower). New p a s t u r e s  a r e  c l i p p e d  so t h a t  t h e  
p a s t u r e  p l a n t s  w i l l  s t o o l  o u t  and become t h i c k e r ,  and t o  reduce week 
growth. 

Combine - A machine used t o  h a r v e s t  s m a l l  g r a i n s  such a s  wheat ,  b a r l e y ,  
o a t s ,  and m i l o .  Has a s i c k l e  mower a t t a c h e d  t o  t h e  f r o n t  which c u t s  t h e  
g r a i n s ,  which go through t h e  machine and through a ser ies  of s c r e e n s .  
The g r a i n  i s  s e p a r a t e d  from t h e  stems o f  t h e  p l a n t s  and goes i n t o  a 
s t o r a g e  b i n ;  t h e  stems go o u t  t h e  back o n t o  t h e  ground. 

C u l t i v a t o r  - A machine a t t a c h e d  t o  a t r a c t o r ;  used on row crops  t o  l o o s e n  
up s o i l  f o r  t h e  f o l l o w i n g  p u r p o s e s :  ( a )  t o  r e t a i n  m o i s t u r e  (by k i l l i n g  
weeds, mulching t h e  s u r f a c e ) ;  (b)  t o  deve lop  p l a n t  food;  ( c )  t o  a e r a t e  
s o i l  by a l l o w i n g  oxygen t o  p e n e t r a t e ;  and (d)  t o  promote a c t i v i t y  of 
microorganisms. 

C u l t u r a l  d rag  - See Drag. 

Disc  - An implement t h a t  i s  used t o  break  up t h e  s o i l  a t  a sha l low d e p t h ,  
f o r  weed c o n t r o l  and t o  l e a v e  r e s i d u e  t o  p r e v e n t  e r o s i o n .  P u l l e d  behind 
a t r a c t o r  t o  p r e p a r e  g r a i n  f i e l d s  and t o  break  up c l o d s  a f t e r  plowing.  

D r a g  - An implement p u l l e d  behind a t r a c t o r  t o  c r u s h  c l o d s ,  l e v e l  b e d s ,  
level l a n d ,  or f i r m  t h e  s o i l  around t h e  s e e d s  t h a t  have j u s t  been p l a n t e d ;  
it i s  u s u a l l y  homemade from wood t o  f i t  a f a r m e r ' s  p a r t i c u l a r  needs .  

Dress ( s i d e )  - This  i s  a method of a p p l y i n g  f e r t i l i z e r  t o  t h e  s i d e s  of t h e  
beds i n  row c r o p s ;  it i s  a p p l i e d  a s  a gas  (or l i q u i d )  i n t o  t h e  s o i l ;  i s  
p u t  on a t r a c t o r  and t h e  m a t e r i a l  goes through a c u l t i v a t o r  shank i n t o  
t h e  s o i l .  

Dri l l  - A machine p u l l e d  behind a t r a c t o r  t o  p l a n t  seeds  i n  fur rows .  

Duster  - A machine used t o  d u s t  c rops  such a s  g r a p e s ,  o r a n g e s ,  w a l n u t s ,  
and some v e g e t a b l e  c r o p s ;  u s u a l l y  s e l f - p o w e r e d ;  used b a s i c a l l y  f o r  
a p p l y i n g  s u l f u r .  

F e r t i l i z e r  - Four b a s i c  t y p e s :  ( a )  b a r n y a r d ;  (b)  commercial; ( c )  l i q u i d ;  
and (d)  g r a s s .  A p p l i c a t i o n  i s  by: ( a )  manure s p r e a d e r ;  (b)  b r o a d c a s t i n g  
(by t r u c k ,  t r a c t o r ,  o r  a i r p l a n e ) ;  ( c )  p u t t i n g  i n t o  i r r i g a t i o n  w a t e r ;  and 
(d)  s i d e  d r e s s i n g  ( s e e  D r e s s ) .  

F l o a t  - A type  of a drag  used t o  water  l eve l  l a n d .  

Furrow - The bottom of a narrow t r e n c h  made i n  t h e  s o i l  by a l i s t e r  ( s e e  
L i s t ) .  

G i r d l i n g  - The c u t t i n g  o f  a r i n g  around a t r e e  o r  branch wi th  a k n i f e .  



Harrow - An implement p u l l e d  behind  a t r a c t o r ;  used f o r  seedbed p r e p a r a t i o n ;  
s t i r s  the s o i l ,  b reaks  up c l o d s ,  smooths t h e  s o i l ,  and k i l l s  weeds.  Three 
t y p e s :  s p r i n g  t o o t h ,  s p i k e  t o o t h e d ,  and d i s c .  

Hea te r s  ( o r  smudge p o t s )  - Used t o  h o l d  o i l  and a r e  s e t  a f i r e  t o  p r o t e c t  
many types o f  f r u i t  t r e e s  from f r o s t  damage; sometimes used i n  v e g e t a b l e  
p r o d u c t i o n  a s  wel l .  

Hot capping  - Paper  caps t h a t  a r e  p u t  o v e r  young p l a n t s  such a s  tomatoes 
f o r  p r o t e c t i o n  from t h e  c l i m a t i c  e l e m e n t s ,  i n c l u d i n g  p r o v i d i n g  more warmth 
f o r  them. 

Land p l a n e  - A l a r g e  machine on wheels p u l l e d  behind a t r a c t o r  f o r  l e v e l i n g  
l a n d .  Has a b l a d e  o r  bucke t  a c r o s s  t h e  middle  t o  c a r r y  the s o i l .  T h i s  
b l a d e  o r  bucket  can  be p r e s e t  f o r  t h e  level  d e s i r e d  o r  t h e  t h i c k n e s s  o f  
s o i l  t o  be moved. They come i n  v a r i o u s  s i z e s ,  18 t o  80 f t  long .  

L i g h t i n g  - See H e a t e r s .  

L i s t  - To make fur rows  and beds f o r  row crops  with a l i s t e r ,  an implement 
t h a t  a t t a c h e s  t o  a t r a c t o r .  The l i s t e r  has  sweeps o r  p low- l ike  shove l s  
on it t h a t  make t h e s e  fur rows  and beds .  

Mulching - The loosen ing  of  the s o i l  on t h e  s i d e  of  t he  beds ,  u s u a l l y  wi th  
a r o l l i n g  c u l t i v a t o r .  Any type  o f  m a t e r i a l  i s  worked i n t o  t h e  s o i l  t o  
keep it l o o s e  ( s t r a w ,  e t c . ) .  

P i ck ing  machine - Various  k inds  o r  t y p e s  of  machines used t o  mechanica l ly  
h a r v e s t  c r o p s ,  u s u a l l y  s e l f - p r o p e l l e d  (cott .on p i c k e r s ,  co rn  p i c k e r s ,  
e t c . ) .  

P l a n t  - See ( g r a i n )  Drill and Broadcas t .  - 

P l a s t i c  mulch - P l a s t i c  p u t  ove r  beds  t o  p r o t e c t  young p l a n t s  such a s  s t raw-  
b e r r i e s  by h e l p i n g  the p l a n t s  t o  r e t a i n  m o i s t u r e ,  k i l l i n g  weeds, and pro-  
t e c t i n g  young p l a n t s  from the c o l d .  

Plow - A n  implement p u l l e d  behind a t r a c t o r  which w i l l  t u r n  t h e  s o i l  com- 
p l e t e l y  ove r  t o  a dep th  of  6 t o  36 in. deep .  There  a r e  many d i f f e r e n t  
t ypes  o f  plows;  one o f  t h e  most p o p u l a r  i s  t h e  moldboard.  

Prune - The removal of  dead o r  d i s e a s e d  wood from t h e  t r e e  o r  s h r u b ;  a l s o  
used t o  shape t h e  p l a n t ;  may b e  done by hand o r  by machine. 

Rake - An implement p u l l e d  behind a t r a c t o r  t o  r ake  hay ,  g r a i n ,  s t u b b l e ,  o r  
g r a s s e s  i n t o  windrows. There a r e  many d i f f e r e n t  t y p e s ,  such  a s  s i d e  
d e l i v e r y ,  bunch, swath ing  machine ( b o t h  c u t s  and r a k e s ) .  

Ridger  - See Border  d i s c  and K. 

Ripping - Refe r s  t o  b reak ing  up t h e  s o i l  from 20 in. t o  6 f t  deep.  The 
s u b s o i l e r  machine i s  p u l l e d  by a heavy t r a c t o r ,  and has  from one to 
t h r e e  shanks which b reak  up hardpan o r  compacted s o i l - - u s u a l l y  done eve ry  
2 t o  3 y e a r s  i n  row c r o p s .  
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Rogueing - Thinning o u t  o r  g e t t i n g  r i d  o f  u n d e s i r a b l e  p l a n t s .  

R o l l e r  - Implement p u l l e d  behind a t r a c t o r  t o  b reak  up c l o d s  and t o  f i r m  
up and level  t h e  s o i l ;  s e v e r a l  k i n d s ,  such  a s  r i n g  r o l l e r s ,  s o l i d  r o l l e r s ,  
e t c .  (can  be  used t o  f i r m  beds a f t e r  p l a n t i n g ) .  

R o t o t i l l e r  - An implement p u l l e d  behind a t r a c t o r  f o r  p u l v e r i z i n g  t h e  s o i l  
s u r f a c e  t o  a dep th  of  about  6 i n .  Used f o r  weed c o n t r o l .  

Sca lp ing  - C u t t i n g  t h e  t o p s  o f f  of  s u g a r  b e e t s  w i th  a machine b e f o r e  t h e y  
a r e  dug. 

Sc rape r  - An implement f o r  moving s o i l  p u l l e d  by or a t t a c h e d  t o  a t r a c t o r .  
Can be  used t o  l e v e l  o r  can be a d j u s t e d  on an a n g l e  t o  c u t  d i t c h e s .  
a b l a d e  t o  remove s o i l  from revo lv ing  d i s c s  o r  wheels  on f i e l d  implements . )  

(Also 

Shape beds - An implement (bed shape r )  f o r  shaping  beds which f l a t t e n s  o f f  
t h e  t o p s  and smooths t h e  s i d e s .  

Shredder  - An implement p u l l e d  behind a t r a c t o r  t o  s h r e d  s t a l k s  such  a s  
c o t t o n ,  m i l o ,  o r  any o t h e r  t y p e  of  l i g h t  s t a l k s ;  l ooks  l i k e  a r o t a r y  lawn 
mower. Shredding makes it e a s i e r  t o  d i s c  t h e  r e s i d u e  unde r .  

Sled - (See Shape beds)  - Could a l s o  be a n  implement f o r  p u l l i n g  p r o d u c t s  
o u t  of  t h e  f i e l d .  Also a machine used f o r  shaping  bed.  

Sp r ing too th  - See Harrow. 

S takes  - Used f o r  s e c u r i n g  new p l a n t i n g s  such  a s  o rcha rd  t r ee s ,  a l s o  used 
f o r  beans ,  tomatoes ,  and many o t h e r  types o f  p l a n t s .  

S tocks  column (or Column s t o c k s )  - V a r i e t y  of  c u t  f l owers  grown i n  Orange 
County. Ma t th i a l a  i n c a n a ,  many s t r a i n s  a v a i l a b l e ;  t h e s e  p l a n t s  a r e  un- 
branched and grow 2 t o  3 f t  t a l l .  
rows and a r e  i d e a l  f o r  c u t t i n g .  

Can be  p l a n t e d  6 t o  8 i n .  a p a r t  in 

S t u b b l e  - The base  p o r t i o n  of t h e  stems o f  p l a n t s  l e f t  s t a n d i n g  a f t e r  c u t -  
t i n g  ( f o r  example,  b a r l e y ,  o a t s ,  a l f a l f a ,  e t c . ) .  

S u b s o i l e r  - See Ripping .  

Summer P inch  - The p i n c h i n g  back of  buds and f r u i t  t o  i n c r e a s e  t h e  q u a l i t y  
of  b o t h .  

Swede harrow - See Harrow. 

Sweep - A double-bladed V-shaped k n i f e  on a c u l t i v a t i n g  shank.  Also a 
sweeper f o r  sweeping almonds; used t o  sweep almonds i n t o  rows. 

Threshing  - The p r o c e s s  of  s e p a r a t i n g  t h e  seeds  from the s tems on smal l  
g r a i n s .  Done by mechanical  means. A t h r e s h i n g  machine s e p a r a t e s  t h e  
g r a i n  and p u t s  t h e  cha f f  i n t o  a s t a c k .  
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Wind falls - Refers 
wind. 

Windrow - See Rake. 
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f rui t that falls from the trees because of 
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ABBREVIATIONS 

CAREI - California Air Resource Board. 
The sponsor of this project. 

CI - Cascade Impactor. 
The Sierra slotted high volume cascade impactor was used in this report 
to size particles. 

EPA - Refers to the United States Environmental Protection Agency. 
FP - Fine Particulate. 

Particles smaller than 2.5 pm in aerodynamic diameter 

FR - Flow Ratio 
Ratio of a profiler head intake speed to the wind speed. 

I - Isokinetic Sampling. 
The sampling of a moving air stream in a rectilinear fashion using a 
probe. 

IP - Inhalable Particulate. 
Particles smaller than 15 pm in aerodynamic diameter. 

MRI - Midwest Research Institute. 
The prime contractor for this project. 

N - Nonisokinetic Sampling. 
The sampling of a moving air stream in a nonrectilinear fashion using 
a probe. 

SCFT - Spinning Cup Fog Thrower. 
A device used to control particulate emissions by generating elec- 
trically chaqged water droplets which attract the dust. 

SSI - Size-selective Inlet. 
A device placed atop a high volume sampler which captures 15 pm aero- 
dynamic diameter particles with a 50% collection efficiency. 

TP - Total Particulate. 
Particles of all sizes. 

TSP - Total Suspended Particulate. 
Particles captured by a high volume sampler. 

USDA - United States Department of Agriculture. 
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KVB i n i t i a t e d  a survey of 1978 a g r i c u l t u r a l  o p e r a t i o n s  i n  t h e  San 
Joaquin,  Sacramento,  and I m p e r i a l  Va l l eys  by c o n t a c t i n g  t h e  farm a d v i s o r s  
i n  each county and r e q u e s t i n g  t h e  county Crop Repor t s  ob ta ined  from 18 
county a g r i c u l t u r a l  commissioner o f f i c e s ,  and t h e  crop C o s t  t o  Produce 
s h e e t s .  

The h a r v e s t e d  a c r e a g e  i n  1978 was t a b u l a t e d  f o r  each  c o u n t y ' s  vege- 
t a b l e ,  f i e l d ,  s eed ,  and f r u i t  and n u t  c r o p s .  These da ta  were a v a i l a b l e  i n  
t h e  1978 A g r i c u l t u r a l  Crop R e p o r t s .  The Crop Repor t s  l i s t  seed crop 
ac reage  s e p a r a t e l y ,  b u t  a l s o  i n c l u d e  t h a t  a c r e a g e  i n  t h e  t o t a l  h a r v e s t e d  
a c r e s .  

p a r e n t h e s e s  n e x t  t o  t h e  t o t a l  h a r v e s t e d  crop a c r e a g e .  

T h i s  was a l s o  t r u e  f o r  c rops  used a s  f o r a g e  and s i l a g e .  To avoid 
double c o u n t i n g ,  t h e  f i e l d  crop t a b l e s  l i s t  t h e  a c r e s  of a seed crop i n  \ 

The p r e s e n t a t i o n  o f  ha rves t ed  ac reage  was s i m p l i f i e d  by l i s t i n g  only 
crops t h a t  had more than  500 h a r v e s t e d  a c r e s  i n  any county.  T h i s  number 
was a r b i t r a r i l y  chosen,  b u t  t h e  r a t i o n a l e  was t o  avoid d e s c r i b i n g  t h e  
t y p i c a l  f ann ing  o p e r a t i o n s  f o r  a minor c r o p .  We a l s o  omi t t ed  i n  t h e  t o t a l s  
ha rves t ed  ac reage  l i s t e d  a s  "o the r "  or "misce l l aneous  , "  This  ac reage  was a 
sma l l  p e r c e n t a g e  of a v a l l e y ' s  t o t a l  crop a c r e a g e  and was n o t  conducive t o  
de t e rmin ing  what t y p i c a l  farming o p e r a t i o n s  were involved i n  producing  t h e  
v a r i o u s  c r o p s .  

The county crop r e p o r t s  o f t e n  l i s t e d  t h e  ac reage  of each major v a r i e t y  
of a p a r t i c u l a r  c rop .  The ac reage  of t h e  v a r i e t i e s  of a crop were summed 
i n  t h e  t a b l e s  s i n c e  t h e  t y p i c a l  farming o p e r a t i o n s  were cons idered  t h e  same 
f o r  each v a r i e t y .  If the  p l a n t i n g  o r  h a r v e s t i n g  d a t e s  of each v a r i e t y  d i f -  
f e r e d ,  t h e s e  were s o  i n d i c a t e d  i n  t h e  p l a n t i n g  and h a r v e s t i n g  c a l e n d a r  p r e -  
s en ted  i n  t h e  t a b l e s .  

Tables  A - 1  t h rough  A-79 f o r  t h e  San J o a q u i n ,  Sacramento,  and I m p e r i a l  
Val leys  a r e  g e n e r a l l y  p r e s e n t e d  i n  a s i m i l a r  f a s h i o n .  The t y p i c a l  land 
p r e p a r a t i o n ,  c u l t i v a t i o n ,  and h a r v e s t  o p e r a t i o n s  as  i n d i c a t e d  by t h e  crop 
s p e c i a l i s t s  a r e  p r e s e n t e d  on t h e  l e f t - h a n d  s i d e  of  t h e  t a b l e .  The number 
o f  t imes each  o p e r a t i o n  i s  performed i s  shown by an "X ."  A gross, q u a l i -  
t a t i v e  e s t i m a t e  of t h e  s o i l  mo i s tu re  c o n t e n t s  i s  made, and an arrow i n d i -  
c a t e s  t h a t  t h e  e s t i m a t e  i s  i d e n t i c a l  f o r  each  o p e r a t i o n .  

A p l a n t i n g  and h a r v e s t i n g  c a l e n d a r  i n d i c a t e s  t h e  span of months i n  
which t h e s e  o p e r a t i o n s  t a k e  p l a c e .  I n  many c a s e s ,  numerous crop v a r i e t i e s ,  
a s  w e l l  as  long p l a n t i n g  and h a r v e s t i n g  p e r i o d s ,  make t h e s e  p e r i o d s  merge 
or reduce t h e  c u l t i v a t i o n ,  g r o w t h ,  and lay-by  p e r i o d .  

When p l a n t i n g  o r  h a r v e s t i n g  t imes  come t o g e t h e r ,  it i s  u s u a l l y  not  due 
t o  a s h o r t  o r  n o n e x i s t e n t  c u l t i v a t i o n  o r  growing p e r i o d ,  b u t  r a t h e r  rhat an 
e a r l y  p l a n t e d  crop w i l l  be ha rves t ed  e a r l y  and t h i s  h a r v e s t  may occur  
s h o r t l y  a f t e r  t he  p l a n t i n g  of a l a t e  h a r v e s t e d  c rop .  

Notes a r e  used in t h e  t a b l e s  t o  e x p l a i n  o r  c l a r i f y  unusual  s i t u a t i o n s .  
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TYPICAL FARMING OPERATIONS 

The Cost t o  Produce p u b l i c a t i o n s  c o n t a i n e d  t h e  p r e h a r v e s t ,  c u l t u r a l ,  
and h a r v e s t  c o s t s  l i s t e d  by o p e r a t i o n  f o r  a p a r t i c u l a r  crop i n  a county  or 
i n  a v a l l e y .  Each C o s t  t o  Produce s h e e t  r e f l e c t e d  a county farm a d v i s o r ' s  
o p i n i o n  a s  t o  t h e  optimum p r o d u c t i o n  methodology t o  ach ieve  a maximum har -  
v e s t .  KVB f e l t  t h a t  it would be cumbersome a s  w e l l  a s  i n e x a c t  t o  s imply  
l i s t  the  o p e r a t i o n s  inc luded  i n  t h e  Cos t  t o  Produce sheets,  so Dr. J. B .  
S i e b e r t ,  A s s i s t a n t  Vice P r e s i d e n t  of t h e  Coopera t ive  E x t e n s i o n ,  U n i v e r s i t y  
of C a l i f o r n i a ,  was c o n t a c t e d .  D r .  S i e b e r t  a u t h o r i z e d  KVB t o  c o n t a c t  t he  
a g r i c u l t u r a l  s p e c i a l i s t s  a t  t h e  U . C .  campuses t o  o b t a i n  a v a l l e y - b y - v a l l e y  
p i c t u r e  of c rop  o p e r a t i o n s .  

San Joaqu in  Va l l ey  and Sacramento V a l l e y  

On November 1 9 ,  2 6 ,  and 3 0 ,  1979, KVB p e r s o n n e l  i n t e r v i e w e d  s p e c i a l -  
i s t s  on v e g e t a b l e ,  f i e l d  and seed ,  and f r u i t  and n u t  c rops  a t  t h e  Davis 
Campus. Each group of s p e c i a l i s t s  i d e n t i f i e d  a county whose Cost t o  Pro- 
duce s h e e t s  were t y p i c a l  f o r  t h a t  v a l l e y  or l i s t e d  t h e  t y p i c a l  f ann ing  
o p e r a t i o n s  i n  t h a t  v a l l e y .  The t y p i c a l  crop o p e r a t i o n s  for t h e  San Joaqu in  
Va l l ey  a r e  p r e s e n t e d  i n  Tab le s  A - 1  th rough A-38 and f o r  t h e  Sacramento Val- 
l e y  i n  Tables  A-39 through A-75. 

I m p e r i a l  Va l l ey  

On November 16, 1979 ,  KVB p e r s o n n e l  v i s i t e d  D r .  William Isom and 
Mr. Hunter Johnson a t  t h e  R i v e r s i d e  Campus r e g a r d i n g  farming o p e r a t i o n s  i n  
t h e  I m p e r i a l  V a l l e y .  
d e f i n i n g  farming o p e r a t i o n s  f o r  a v a l l e y  were a t t r i b u t a b l e  t o  d i f f e r e n c e s  
i n  s o i l s ,  l o c a t i o n  i n  t h e  v a l l e y ,  weather  c o n d i t i o n s ,  and p e r s o n a l  p r e f e r -  
ences  and t h e  needs of t h e  p a r t i c u l a r  f a r m e r .  But they o f f e r e d  t h e  fol low- 
i n g  g u i d e l i n e s  which were i n c o r p o r a t e d  i n t o  Tables  A - 7 6  th rough A - 7 9 :  

Isom and Johnson p o i n t e d  o u t  t h a t  t h e  d i f f i c u l t i e s  i n  

1 .  

2 .  

3 .  

4 .  

Farming o p e r a t i o n s  i n  t h e  I m p e r i a l  Va l l ey  a r e  g e n e r a l l y  s i m i l a r  
f o r  a l l  v e g e t a b l e ,  f i e l d  and s e e d ,  and f r u i t  c r o p s .  

The only f r u i t  and n u t  c rops  ove r  500 a c r e s  were c i t r u s  c r o p s ,  
and t h e s e  crop o p e r a t i o n s  were t y p i c a l  of Coache l l a  Va l l ey  opera-  
t i o n s  f o r  which C o s t  t o  Produce s h e e t s  were a v a i l a b l e .  

E s t i m a t e s  of s o i l  mo i s tu re  were most d i f f i c u l t .  Normally on ly  
t h e  top 2 t o  4 i n .  of a s o i l  i s  t i l l e d ,  and t h i s  l a y e r  i s  gen- 
e r a l l y  d r y .  A s o i l ' s  c a p a c i t y  t o  ho ld  wa te r  r anges  from 8 t o  
20%. 
is a t  t h e  lower end of t h e  m o i s t u r e  c a p a c i t y  c u r v e ,  about  8 t o  
13%. 
w i t h  t h e  t a b l e s .  

The p l a n t i n g  and h a r v e s t i n g  c a l e n d a r  f o r  v e g e t a b l e  and f i e l d  
c rops  i s  found i n  C i r c u l a r  104, "Gu ide l ines  t o  P roduc t ion  Costs  
and P r a c t i c e s , "  I m p e r i a l  County, 1979. 

Land p r e p a r a t i o n  i s  normal ly  done a t  a time when t h e  s o i l  

E s t i m a t e s  of s o i l  m o i s t u r e  for each  crop type  a r e  p r e s e n t e d  
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5. The t y p i c a l  land p r e p a r a t i o n ,  c u l t i v a t i o n ,  and h a r v e s t  o p e r a t i o n s  
a r e  shown i n  t h e  t a b l e s .  The number of times each o p e r a t i o n  i s  
performed i s  i n d i c a t e d  by a number t i m e s  "X." 

Land p r e p a r a t i o n  o p e r a t i o n s  a r e  t y p i c a l l y  more d u s t y  than c u l t i -  
v a t i o n  or h a r v e s t  o p e r a t i o n s  because  of t h e  d r y e r  soils. Nor- 
mally land p r e p a r a t i o n  beg ins  w i t h  t h e  s o i l  mo i s t  o r  f i r m ,  and it 
g r a d u a l l y  g e t s  d u s t y  wi th  each s u c c e s s i v e  o p e r a t i o n .  

Land p l a n i n g  i s  normally t h e  d u s t i e s t  o p e r a t i o n .  

6. 

7. 
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This  appendix c o n t a i n s  t h e  d e t a i l e d  c a l c u l a t i o n s  of  t h e  emis s ions  gen- 
e r a t e d  by c rop  and by a g r i c u l t u r a l  o p e r a t i o n s  in  t h e  San J o a q u i n ,  Sacramento,  
and I m p e r i a l  V a l l e y s .  
h i e r a r c h y :  

The t a b l e s  a r e  o r d e r e d  acco rd ing  t o  t h e  f o l l o w i n g  

I .  Level  1 
A. San J o a q u i n  Va l l ey  
B .  Sacramento Va l l ey  
C .  I m p e r i a l  Va l l ey  

11. Level  2 
A .  F i e l d  and Seed Crops 
B .  Vegetab le  Crops 
C .  F r u i t  and Nut Crops 

111. Level  3 
A .  S o i l  P r e p a r a t i o n  O p e r a t i o n s  
B.  C u l t i v a t i o n  O p e r a t i o n s  
C .  H a r v e s t i n g  O p e r a t i o n s  

The i n v e n t o r y  was performed u s i n g  t h e  c r i t e r i a  l i s t e d  i n  S e c t i o n  5 . 3 .  
Since  t h e r e  were no f r u i t  and n u t  c r o p s  o f  s i g n i f i c a n t  ac reage  (> 40.5  kmz) 
i n  t h e  I m p e r i a l  V a l l e y ,  t h e r e  a r e  no t a b l e s  f o r  o p e r a t i o n s  on  t h e s e  c r o p s .  

The method f o r  c a l c u l a t i n g  t h e  I P  emis s ion  r a t e  by v a l l e y  was t o  
m u l t i p l y  a r e p r e s e n t a t i v e  emis s ion  f a c t o r  t imes t h e  number of o p e r a t i o n s ,  
and f i n a l l y ,  t imes  t h e  land a r e a  h a r v e s t e d .  The number o f  o p e r a t i o n s  and 
t h e  a r e a  h a m e s t e d  were bo th  taken from t a b l e s  i n  Appendix A .  
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