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AIR POLLUTION CO TROL DISTRICT 

(916) 891-2882 
7 9287 MIDWAY, SUITE 1 A  

DURHAM, CALIFORNIA 95938 

October 11, 1993 

Dallas Safriet 
U.S. Environmental Protection Agency 
Emission Inventory Branch (MD-14) 
Research Triangle Park, NC 27711 

Mr. Safriet: 

I am providing you with information on rice dryers for 
consideration in the upcoming issue of AP-42 Section 6.9.1. In 
particular, the following information is provided.: 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 

ttSacramento Valley Air Basin Report - Emission Factorsmt 
This is a compilation of emission factors prepared for the 
Sacramento Valley Air Basin Technical Advisory Committee. 
Dryer emission factors were developed based upon data from 
reference items 2, 3, 4, 5 and 7 below. 
1981 source test of Butte County Rice Growers Richvale Dryer 
#1. 
1981 source test of Butte County Rice Growers Richvale Dryer 
#2. 
1981 source test of Butte County Rice Growers Riceton Dryer. 
1981 source test of Red Top Dryer. 
1980 source test of Rice Growers Association Dryer. 
1974 California Air Resources Board report on rice dryers. 
California Warehouse Association Letter dated 8/12/93. 

Much of the data presented in the draft Section 6.9.1 is at least 
10 years old, as is all of the information available to us. 
Industry has noted that there have been significant changes in 
the harvesting techniques and improvements in rice varieties that 
will positively impact emissions (see item 8 above). It is 
suggested that more current source test data be emphasized in the 
data analyses. 

In addition, industry has questioned whether it is the intent to 
apply the emission factor for each ton processed. Some drying 
facilities may pass each ton received through the dryer 2-3 
times. Industry feels that a process factor of 2 or 3 is not 
realistic. It is pointed out that a typical ratio of 0.3 tons 
processed per ton received is included in table 6.9.1-3 and 
6.9.1-4 for country elevator drying. It is suggested that the 
typical ratios provided in tables 6.9.1-3 and 6.9.1-4 be 
reviewed. 



Page 2 

Thank you for the opportunity to review the draft AP-42 Section 
6.9.1. 
please contact me at (916) 891-2882. 

Sincerely, 

If YOU have any questions on the information provided, 

W. IJBB- James 2 z r  
Air Quality-Engineer 

WJW: jw 
Enclosures 

(apcorres\safrietW 



SACRAMENTO VALLEY AIR BASIN REPORT - EMISSION FACTORS 

Fired Dryer 
Propane 
Fired Dryer 
Diesel 
Fired Dryer 

Sacramento Valley Air Quality 
Engineering and Enforcement Professionals 

Date: March 3.1993 

burned 
Mgal 0.4 14 0.5 0.10s 1.9 8 
burned 

burned 
Mgal 2.0 20 0.556 142s 5 9 

Source type: Rice Dryers 
SIC Codes: 0723 

Emission factors are for an  uncontrolled source and a re  expressed in pounds per unit: 



SACRAMENTO VALLEY AIR BASIN REPORT - EMISSION FACTORS 

-. Sacramento Valley Air Qualtiy 
I .  . .  Engineering and Enforcement Professionals . .  

,I :. ' 

Date: . ' -March 3, 1993 
Source type: Rice Dryers 
SIC Codes: 0723 

Rice Drying - Typical Equipment and Control Devices for Particulate Matter Only 

I I I 

* Use Cleaning "Control Device" and "Control Efficiency" where appropriate. 
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EUGENE A. W E L W N  
Route 5 Box 1405 

503/884.7538 

B W  
ASS OC I AT E S 

;. 

a Klomoth Folk. Oregon 97Ml w R 
EDWIID C. BUTCHINO 

598 Vlrb PO& D ~ I W  
Eagle Poht mqon 97514 0 

503/826-5blV Environmental Consultants 
L 

I .  . 
. I. 

S U M M A R Y  R E P O R T  .. ;. . + , 
~;; : 
I HIGH-VOLUME SAMPLING i: . . 

4: 

: PLANT NAME AND LOCATION: BUTTE COUNTY R I C E  GROWERS RICHVALE PLANT 

: SOURCE IDENTIFICATION: NEW SOURCE: GAS FIRED SCREEN DRYER 

.I ., 

!. . 

. .  

OCTOBER 29, I981 BY: E . C .  Butchino : DATE TESTED: 

R E S U L T S  

I Barometric Pressure P o  "Hg 

Moisture content Ms % 

Gas Temperature T s  OF 

Sampling Time t .  min. 

S m p l e  Volume Q scf 

Gas F low QS scfm 

Gra i n Loading 

Emission Rate E Ibs/hr 

Production Rate P t o n q h r  

Cg gr/dscf 

30.39 

3.87 

84 

40 

1IlCl .3 
i 

316659 

o.005 
13.52- 

220 . 



?eacr in t ion  
2aromctric Fressure  "Xg 

Dry aulb :'emperatwe OF 

:.!et Bulb 'yemperature "F 

Percent I,!oisture 

5H ,Q/lOO 
Orifice !\if .?ressure  "U20 

O r i f i c e  ? ~ o : J  ; is f i~ 

O r i f i c e  'rem?er;rture D 
3am?li% 'rime minutes 

To ta l  .?ample Volume zcf  

Snnj le  '.;olwe sc f  

-. -. . - . . . . . . . .. -- - 

S d m l l l C  1 
300.39 

8 4 .  

L 
3.87 

,o  387 

0,44 

84 

20.0  

600 

30.0 

12b 

3 8  7559 
0 ./SSP 

0,16498 
t 0 . 0 0 0  I 

- - . ._ 

ialnl,le 
3 .33  

84. 

&3f 
3.87 

O.* 

30.1, 

8 4  
20, 0 

boo 

e 0387 

-- 

lt7 
3,7440 
O.lBP5 

+ 0 . 0 0 0  I 
O,IBr i9  

._ 

Average T o t a l  
3#,39 

04. 

8f 

3-87 
. 0 387 
- 0.44 

89 
30.0 

20.0 

eo05 __ __ 

2 LO. - 
-. - - _ _  
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Q -:'ry :;ample Volume = ( 17.71)(Q0)(1~0) 
(1-1.1s) 

TO 

where: Qo = :;ample volume G C r i f i c e  Temperature 
To = O r i f i c e  remperature -460 

Po = Barometr ic  P r e s s u r e  
11s = :2 iIoisture/iOo 

CG-Part iculate  Concent ra t ion  m / d s c f  = 0 . 0 1 9  ! I  

, .  

r 

5% 

where: :I = P a r t i c u l a t e  weight me. 
Q = Dry Sample Volune s c f  

- 3 -.;.. . .Ass ion  sate l b s / h r  = (O.O0957)(Cg)( ' i ' )  

:/here: Cg = P a r t i c u l a t e  Concentrat ion gr /dscf  
V = T o t a l  A i r  Flow scfm 

e" - 
; H z O  - P e r c e n t  by Volume ;!ater Vapor = 2800-1.3( tw 

PO 

;:here: Po = Barometric P r e s s u r e  
t d  = ;Iry bulb temperature  Or" 

t ,  = !let bulb tcmpnrature O:? 
e" = Vaoor P r e s s u r e  of' a t  t.. i n c h e s  Nercurv 
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Environmentol Consultants 

S U M M A R Y  R E P O R T  

HIGH-VOLUME SAMPLING 

EUGENE A. WELLMAN 
Route 5 Box 1405 

Klorndh Falls. Oregon 97Ml 
503/884-7538 

. . .  
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. .  

PLANT NAME AND LOCATION: BUTTE COUNTY RICE GROWERS RICHVALE PLANT 

SOURCE IDENTIFICATION: EXISTING SOURCE: DRYER #2. 

OCTOBER 29, I981 BY: E.C. Butchino DATE TESTED: 
I 

R E S U L T S  

Po "Hg 30.39 Barometric Pressure  

Mois ture  content  

Gas Temperature 

Sampling Time 

Sanple Volume 

Gas Flow 

Grain  Loading 

Emission Rate  

Ms % 3.66 

1s OF 94.5 

t min. 40 

Q s c f  1234.4 

Qs scfm 29124 

Cg gr /dscf  0.0158 

E Ibs/hr  39.4 

Product ion  Rate  P tons /hr  L 



?escr iDt ion  
"rometric Pressure  "Xg 

D r y  Bulb 'remperature .:F 
Yet Bulb 'Temperature "F 
Percent  I4oisture 

T;H20/100 

Orifice D i f  . ? ressure  "920 

Orifice Flow acfm 

O r i f i c e  'remperature "F 
c . ~ a n p l i n g  'i'ime minutes 

cry <ample ' loluae sc f  

Total Sample 'lolime acf 

Aver e 'Potal  + 
I 

94.5 

85. 

5 6 5 5  

,03655 

0.56 

33.0 

94.5 
20 

,0150 

2 40 
. 



1.0 

where: Qo = Sample volime :?  O r i f i c e  Temperature  
To = O r i f i c e  kmpera t i l re  +460 

Po = Barometr ic  Pressure 
1.1s = :$ l.!oisture/iOO 

Cg-Par t i cu la t e  Concent ra t ion  c / d s c f  = 0.0154 II 

9 -  
vhere: :I = P a r t i c u l a t e  weight me. 

Q = Dry Sample Volume scf 

Ylhere: 'Ig = P a r t i c i l l a t e  Concent ra t ion  p / d s c f  
V = ' r 'otal  A i r  Flow scfm 

c m *  - 
:;: 1120 - P e r c e n t  b y m e  :.!ater Vapor = 

PO 

;:here: Po = Saronet r ic :  P r e s s u r e  
td = 3ry bulb temperature  ' 7  
t,, = k;et bulb t cnpe ra tu rc  "::' 
e" = Vapor P res su re  o f  5.d at t,, in -hes  Nercurg _. 
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EUGENE A. WELLMAN 
Roule 5 Box 1405 a Kbmolh Fall% Oregon 97601 

swe84.r538 , 

EDWADD C. BUIQaNO 
598 Vlaia Pork Drln  

Eoglo Polnt, oregon 97524 0 
5a/826.5673 Environmental Consultants 

. .  .).. 
:~, . 3 

. I  . .  
. I  , 

..>. 
::,,.I I t  S U M M A R Y  R E P O R T  ., .:. 
. I C  i r;.;-  
J:i: HIGH-VOLUME SAMPLING 
$:.: 

!:.i 

L 
I 'I ! . .  

, .  
j .  I 

:. PLANT NAME AND LOCATION: BWTE COUNTY RICE GROWERS RICETON P W  

: SOURCE IDENTIFICATION: 

j DATE TESTED: OCTOBER 29, 1981 BY: E.C.Butchino 
! 

I .  

N E W  SOURCE: GAS FIRED SCREEN DRYER 

', R E S U L T S  

: Ba rome t r i c Pressure  Po "Hg 30 * 39 

i Mois ture  Content Ms % 2.75 

Gas Temperature 1s OF 86 

t m i n .  4.0 j Sampling T i h e  

.Sample Volume Q scf 1150.3 

Qs scfm 177468 Gas Flow 

Grain  Loading Cg gr /dscf  

Emission Rate  E Ibs/hr  

0.0044 

6 .?o 

Product ion Rate  P tons /hr  12 5 

. -  
~ ' * & .z "'-q:- 
,' 'ctulr L 

I 1 



YescriDtion 
3arometr ic  P r e s s u r e  "Hg 

Dry aulb ' remperature  0F 
'Yet Bulb 'Temperature 

Percent  I4ois ture  

5H ,,O/lO 0 

O r i f i c e  !?if . ? r e s u r e  "H20 

Orifice ?low acfm 

O r i f i c e  ' remperature OF 

Sanpl ing  'rime minutes  

Total Sample Volume a c f  

pry $am?le 'iolruae s c f  

._ 

ialunl)l& 

50.39 
86 
1 7  

2.75 
'OlY5 

0.49 

3 o . D  

BL. 
20.0 

boo 

124 

m s  
0.1299 

+ D . O O Q /  

0.1278 



. .  I. 

.. . : 
I . .  

. .  i :  

i.:.: - (1-lls) 
. . ,  TO 

I 
i s  

i :. . .  .: : cl. -?.ry sample Volume = (17.71)(Q0)(P0) 
: .", 

i .  where: (lo = ::ample volume : ?  O r i f i c e  Temperature 
To = 0 r . i f i c e  Peinperature +460 
Po = Barometric be... cwre 
1.1s = :; i.!oisture/iOo 

CG-Particulate Concentration m/dscf  = 0.0154 IJ - 
r z -  

xhere: ';I = P a r t i c u l a t e  weight mg. 
Q = Dry Sample Volume scf 

2 -?mission ??ate l b s / h r  = ( 0  .OOS57) (Ch.)(i') 

Yhere: Cg = P a r t i c u l a t e  Concentration gr/dscf 
V = 'Total A i r  I ~ l o w  scfm 

e" - (p,-e")( td-t.. ,) 

x 100 :< 1120 - Percent  by Volume i!atcr Vapor = 2300-1.3( tw) 

PO 

Khere: Po = Barometric Pressure  
t d  = 3 r y  bulb temperature 
t ,  = Iiet bulb temperature O F  

e" = Vapor Pressure 0:' H20 a t  t, inzbes !.lercury 
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fUGENL A. WELLMAN 
R 0 " k  5 Box I405 

Klomath Follr. Or.gon 97601 
503/884-7538 

h A l  
ASSOCIATES 

Environmental Consultants 
W W R  

S U M M A R Y  R E P O R T  

HIGH-VOLUME SAMPLING 

. 

PLANT NAME AN0 LOCATION: R?D TOP RICE GROWERS B I C C S .  CALJRIRMIA 

SOURCE IDENTIFICATION: M2W SOURCE: GAS F I R E D  SCREEN DRTdR 

DATE 'TESTED: OCTOBER 10, 1981 BY: E.C.Butchino & E.A.Wellman 

Barometr ic Pressure 

Mois tu re  Content 

.Eas Temperature 

Sampling Time 

Sample Volume 

Gas Flow 

Grain Loading 

Emission Rate 

?reduction Rate . 
. .  

R E S U L T S  

Po "Hg 

Ms .% 

Ts OF 

t rnin. 

Q scf  

Qs scfm 

Cg gr /dscf  

E l bs /h r  

i c:>li:;/l!:~ 

30.18 

3.2 

84.5 

40. 

1150.79 

- 176729. 

0.015 



TescriDtion 
Barometric Pressure  "iic: 

Dry Bulb remperature 'I.' 
'.let Bulb Temperature OF 

Percent  Moisture 
YgH 20/100 
Orifice @if .?ressure "320 

Orifice ."low wfm 
Orifice remperature *.P 

Sampling rime minutes 

To ta l  Sample Volume acf 

&y Sample Volume scf  

F i l t e r  Number 

!Sross ? i l t e r  !it. p ; .  

Net ? i l te r  I l t .  e .  
Blank . ? i l t e r  V t .  p ; .  

Adj. Sample : I t .  e. 
Sampler ilash ;it. g. 

;,I ' r o t a1  Sample It . p ; .  

,;.': ?lo14 acfm 

v A i r  ?low scfm 

cg ::missions gr/dscf 
5 :missions lb s /h r  

? Product  ion  Rate t o n s / h r  

- 

Samnlc 1 
30.18 

78 
2.99 

,030  
0,- 

5 . 0  

m. 0 

2 0 . 0  

L 

-- 

I f 3  

? . a 8 7  

0.34415 

4g.ooor 

0.346 2 

. -. _- 

Average 
5.- 
6% 5- 

22x- 
3.2 
,032 

0.4f 

30.0 

79. o 

20. 

0.015 

2ao.  



i 
:Q -?ry Sample Volume = (17.71)(Q0)(P0) 

.. 
~ (1-14s) 

TO 

where: Qo = ?ample volume :3 O r i f i c e  Temperature 
To = O r i f i c e  'Temperature +4co 
Po = Barometric h-essure 
1.1s = :; I.Ioisture/IOO 

Cg-Part iculate  Concentration B;r/dscf = 0.019 1.J 

(2 

where: !.I = P a r t i c u l a t e  weight mg. 
Q = Dry Sample Volume scf 

2 - i h i s s i o n  Rate l b s / h r  = (0  .OOS57) (Cg) (V) 

:here: Cg = P a r t i c u l a t e  Concentration gr/dscf 
V = T o t a l  A i r  Flou scfm 

( P  -e" t d - t , .  

x 100 5 H20 - Percent  by Volume 'r!ater Vapor = e" - 3- 2800-1.3( t, 

PO 

where: Po = Barometric P res su re  
td = 3 r y  bulb temperature Or" 

t, = Wet bulb temperature O[: 
e" = Vapor Pressure o f  H20 at t ,  inches !.lercury 
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S U M M A R Y  R E P O R T  

HIGH-VOLUME SAMPLING 
i 

PLANT NAME AND LOCATION: 

SOURCE IDENTIFlCATION: 

R I C E  GROWERS ASSOCIATION, B I W ,  CALIFORNIA 

VERTICAL S C P N  R I C E  DRYER 
I 

DATE TESTED: OCpmER 21; 1980 BY: 3. A. WEUMAN 

Barometric Pressure 

Moisture Content 

Gas Temperature 

Sampling Time 

Sample Volume 

Gas Flow 

Grain Loading 

Emission Rate 

lsokinetic Rate . 

A l l o w a b l e  Emissions: 

R E S U L T S  

Po "Hg 29.61 

Ms .% 4.0 

1s O F  85. 

t min. 60. 

Q scf 1335.4 

Qs scfm 179694 

Cg gr/dscf 0.0118 

E Ibs/hr 18.14 

1 %  110.7 

52.2 ~ b ~ / h r  a t  110. t o n s / b  production 

flt/b Ib.ITw 



Form 3 of 5 ;Y: VELOCITY PRE-SURVEY 
I .  : '.. 
L . :  

I. , .. . . .  

f!Plnnt ~ . h'm and Location %.E emwes & . s o c ( + w ~  SW.S 
. .  .. 'Source . Location or Idontiffcation Ectsr R 1tC- l&yz.e. 
' . .:,Date /Q -2l-Bo Time /O/O WWam,) - 

._ 
. ,  a  or Pressure Syetem 0 High Pressure System - 
-,+ypa of E x h a u s t :  
:,.i.:. .. 

: .  . 0 Straight  Vertical 0 China Hat 

Goose-Neck Other (Specify) LOvdEx3n &JrS- 

Tempara:ure: Drl Bulb 55 OF Wet Bulb gs 



BWR ASSOCIATES 
f 

PARTICULATE CALCULATIONS 

PROGRAM DATA SHEET 

CLIENT: R e  Gauprs SOURCE IDENT: buy&&. 

. .  

CYCLONE EXHAUST DATA 
I "Hg ISampling Data Sheet 1 07 129,i/ I 1 

,I 08 I ,@& I 
Po 

I no I I 
H S  %/IO0 I 

I I 

EMISSION CALCULATIONS 
. Va 

.. I I I Qa 
I fpm Program C a l c u l a t e d  I 17 llZ5l.b I I 

I, 18 -941 I IBbW scfm I 

by: 
d a t e :  
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State o f  California 

AIR RESOURCES BOARD 

NO.: 74-8-8 

Date: April 11, I974 . 
ITEX: Report on Emissions from Rice Dryers in the 

Sacramento Valley Air Basin. 

=@MENDATION: Refer to the Technical Committee for evaluation. 

SUMMARY: The Board, at its meeting on March 7, 1973 deferred 
action on a proposal to hold a public hearing under 
Section 39054 to consider revised regulations for 
Glenn County E D .  The Board'at that meeting 
instructed the staff to obtain data and report back 
to the Board on particulate emissions concentrations, 
particle size distributions under 10 microns from 
uncontrolled and controlled rice dryers, the types 
of control equipment and the effectiveness of con- 
trol equipment. The staff conducted a study o f  
emissions from 21 r i c e  dryers in the Sacramento 
Valley Air Basin during the fall of 1973. 
on the study is attached. 

e 
A report 

. ; .. 
. .  

.- -I 



I. 

Sta te  of Cal i fornia  

AIR RESOURCES BOARD 

Division of Implementation and Enforcement 

April  11, 1974 

Staff Report on Emissions from Rice Dryers i n  the 
Sacramento Valley A i r  Basin 

Introduction 

As requested by the Board i n  its meeting on March 7, 1973, 
emission tests were conducted on r i c e  dryers i n  the  Sacramento 

Valley Air Basin from September 17, 1973 through November 2, 

1973- 

The regulat ions o f  the  Glenn County Air Pollut ion Control 

District spec i f i ca l ly  exclude ex is t ing  agr icu l tura l  processing 

p l an t s  from control.  I n  order t o  assess the e f f ec t  of t h i s  

exclusion, the Board asked that  data be obtained on par t icu la te  

matter concentration and p a r t i c l e  s ize  mass d i s t r ibu t ion  under 

10 microns o f  emissions from r i c e  dryers with and without 

controls ,  the  type of control  equipment used, and the effective- 

ness of the control  equipment. 

11. 

/A. Par t icu la te  matter emission concentrations from the  21 

dryers t e s t ed  ranged from 0.005 t o  0.23 gra in  per  standard 

dry cubic foot  (gr/sdcf) with an average of  0.068. There- 

fore ,  a l l  o f  these dryers  complied with the allowable con- 

centrat ion of 0.3 gr/sdcf. 

B. The three control led dryers tes ted  complied w i t h  the  process 
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I' 

weight ru l e s  of the APCDs i n  the  Basin. Six o f  the nine 

uncontrolled screen dryers  tes ted  complied and one of  

the nine uncontrolled baff le  dryers tes ted  complied. 

The par t icu la te  s ize  mass d is t r ibu t ions  on the  15 dryers 

tested show t h a t , f r o m  15 t o  65 weight percent of  the 

emissions were i n  the  s ize  range below 10 microns, with 

an average of 36 weight percent f o r  a l l  dryers. 

- 
. 

C. 

D. Seven of  the 83 r i c e  dryers i n  the Sacramento Valley A i r  

Basin have emission con t ro l s .  

/ E. For the three  control led dryers tes ted ,  control  e f f ic ienc ies  

were estimated t o  be low with emissi'ons varying from higher 

than the  average f o r  uncontrolled dryers t o  78 percent 

lower than tha t  average. 

F. The annual average daily emissions o f  par t icu la te  matter 

from heated a i r  r i c e  dryers i n  the  Basin are estimated t o  

be 3.7 tons based on the  average emissions from a l l  t es ted  

dryers and the  1972 f igures  fo r  r i c e  production. The 

comparable 1972 emissions f rom a l l  "Food and Agricultural  

Processing" i n  the Basin are 16.2 tons per  day, and from 

a l l  s ta t ionary  sources are  212 tons per day. 

4. h g i t i v e  emissions a t  most dryers were adequately controlled 

by hood systems exhausting t o  cyclones o r  baghouses. 

Fugitive emissions were considerable a t  the  dryers without 

such controls.  
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/ H. A preliminary discussion w i t h  the State  Department of  Health 

disclosed t h a t  there i s  l i t t l e  information on the health 

e f f ec t s  of r i c e  dryer emissions, but tha t  sucdemisgions 

w a d s e  - heal th  e f fec ts .  
J 

III. Rice Drying Op era t ion  

Rice i s  general ly  harvested w i t h  a moisture content of  20 t o  

27 percent. Grain a t  t h i s  moi s tu re  content deter iorates  from 

several  causes,most of them connected w i t h  the fac t  t ha t  these 

moisture contents r e s u l t  i n  high equilibrium re la t ive  humidity 

(above 70 percent) of the  inter-granule a i r .  

encourages the growth of microflora, par t icu lar ly  the aerobic 

species of molds. The r e sp i r a t ion  of the mic ro f lo ra ,  as well 

a s  increased resp i ra t ion  o f  the r i c e  i t s e l f  because o f  high 

moisture content,  produces heat  and more moisture t o  com- 

p l i c a t e  the problem. 

r i c e ,  self-heating can r e s u l t  in spontaneous combustion. 

T h i s  condition 

I n  addi t ion t o  the deter iorat ion of the 

To prevent deter iorat ion,  the r i c e  is dr ied t o  a moisture 

content o f  about 14 percent. During rapid drying, the outer 

layers  of the r i c e  kernel become d r i e r  than the center  and 

checking o f  the surface r e s u l t s  from mechanical s t resses .  

To prevent checking, the  moisture must be removed slowly by 

passing the r i c e  through the dryer  a number of times, and 

allowing it t o  cool between passes long enough t o  allow 

moisture equilibrium t o  be established. 

the r i c e  is dried t o  16 percent moisture content and f i n i s h  

dr ied i n  a deep-bed grain dryer. 

In a few dryers 
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The drying a i r  i s  usually,  but not always heated. 

a i r  temperature i n  the dryers tes ted  was llO°F wi th  a maximum 

of WOOF. 

Natural gas or l iquefied petroleum gas or d iese l  are used 

for fuel .  

The average 
(I 

T h i s  l a t t e r  i s  the maximum permissible temperature. 

Unwanted mater ia l ,  such 4s straw, j o i n t s ,  weed seeds and 

unf i l led  heads, i s  usual ly  removed by a vibrat ing screen 

when the r ice  i s  first received from the , f ie lds .  

Par t icu la te  matter i s  generated i n  the r i c e  handling operations 

by the rubbing and f rac tur ing  of  kernels o f  r ice .  

pa r t i cu la t e  matter is entrained by the drying a i r  stream and 

the smaller f rac t ions  are  exhausted t o  atmosphere. 

T h i s  

I V .  Tspes of Rice Dryers 

The f o u r  basic types o f  r i c e  dryers used i n  the Sacramento 

Valley Air Basin are  1) screen drgers, 2) baf f l e  dryers,  

3) ljouisiana Sta te  University dryer,  and 4) deep-bed grain 

dryers. 

A. Screen Dryers - The screen type dryer is schematically 

shown i n  Figure 1. The r ice  en ters  the top of the dryer 

and moves down through two l egs  or columns. The columns 

are 16 t o  60 f e e t  high by 9 t o  15 f e e t  wide (the direction 

normal t o  the  sketch) by 6 t o  12 inches deep (the 

horizontal  d i rec t ion  on the  sketch) and are  spaced f o u r  

f e e t  apar t  t o  form an inner plenum. 

faces  of the column are of s t a in l e s s  s t e e l  screen about 

1/16 inch mesh horizontal ly  and 1/2 inch mesh ver t ica l ly .  

The inner and outer 
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The r i c e  i s  metered from each column by a metering r o l l  

i n  the bottom of each column. 

a fan i n t o  the plenum and through the columns a s  shown. 

T h i s  dryer i s  housed i n  a dryer building. The a i r  from 

the dryer  exhausts through openings i n  the building walls. 

Heated a i r  i s  forced by 

B. Baffle Dryers - The baf f le  dryer i s  shown schematically 

i n  Figure 2. 

dryer except t h a t  the r i c e  moves downward through a ser ies  

of baf f l e s  i n  the columns and there  are no screen faces. 

The heated a i r  moves through the  columns as  shown i n  the 

sketch. 

T h i s  dryer i s  s imi la r  t o  the screen type 

The dryer is  housed i n  a dryer building. 

C. Louisiana S ta t e  University Dryer - The Louisiana S ta te  

University dryer i s  shown schematically i n  Figure 3. 
Layers o f  inverted trough-shaped a i r  channels a re  in- 

stalled i n  a large bin. 

one above. 

a zig-zag path. Heated a i r  en te rs  through the  underside 

of the  troughs in one layer ,  passes through the r i c e  and 

exi t s  through the troughs i n  an adjacent layer. 

Each layer  i s  of fse t  from the  

Rice flows downward between the  troughs i n  

I). Deep-Bed Dryers - The deep-bed dryer  i s  shown schematically 

i n  Figures 4a and 4b. 

up t o  a depth of twenty fee t .  

Figure 4a, air i s  forced through ducts i n  the f loor  up 

through the  r ice .  I n  another var ia t ion ,  as shown i n  

Figure Y b ,  a i r  i s  forced up through a perforated f a l se  

f l o o r .  

the  drying a i r ,  i t  may not  be done i f  the ambient a i r  i s  

T h e ' f l a t  house i s  f i l l e d  with r i c e  

I n  one var ia t ion  shown i n  

Although there  i s  usual ly  provision f o r  heating 



6 

warm and dry. 

V. Control Equipment 
f 

The four types Of control  equipment used on the dryers i n  the 

Sacramento Valley A i r  Basin a r e  1) the Cam-Vac F i l t e r ,  2)  

the  Wiedenmann Screen, 3) cyclones, and 4) a baghouse. 

W e r s  have Cam-Vac F i l t e r s ,  three dryers have Wiedenmann 

screens, one dryer  has cyclones, and one dryer has a baghouse. 

Two 

- - 

A. Cam-Vac F i l t e r  - The Cam-Vac F i l t e r  i s  a modular piece 

of  equipment mounted i n  the  dryer building w a l l .  

a hemi-cylindrical f i l t e r  screen through which a i r  from 

t he  dryer exhausts t o  atmosphere. The screen has a radius 

of about f i v e  f e e t  and length of about 10 fee t .  

be faced with another f i l t e r  material  such as porous 

It has 

It may 

polyester  foam. The inner face of t he  screen is  con- 

t inuously vacuumed by a reciprocating nozzle pivoted a t  

t he  &s of the cylinder. 

mounted i n  a w a l l  of the building which houses the  dryer. 

A group o f  such modules are  

B. Wiedenmann Screen - The Wiedenmann Screen is a c i r cu la r ,  

f l a t  f i l t e r  screen about 14 f e e t  i n  diameter mounted 

i n  the  w a l l  of the  dryer building. It i s  continuously 

vacuumed by a ro t a t ing  nozzle pivoted a t  the center  of 

the screen. 

screen t o  atmosphere. 

Air from the dryer exhausts through the 

C. Cyclones - One dryer had 10 cyclones of  conventional 

design about six f e e t  i n  diameter through which the 



VI. 

-7- 
drying air is exhausted to atmosphere. 

D. Baghouse - The RGA dryer in West Sacramento has a con- 
ventional baghouse to control emissions. 

Description of Tests 

Tests were conducted for particulate matter concentration 

from I1 screen dryers and I O  baffle dryers, including one 

Louisiana State University dryer. Particle size mass dis- 

tribution tests were conducted on emissions from six screen 

dryers, and nine baffle dryers including the Louisiana State 

University dryer. 

microscopic analysis. Tests were also conducted for parti- 

culate matter concentration in emissions' from cyclones at 

three dryers and from baghouses at three dryers, that were 

controlling fugitive emissions from sources other than the 

dryers themselves. 

Samples were taken at eight dryers f o r  

Samples were taken for particulate matter concentration with 

a Bader Hi-Vol Sampler. The sampling train in this instrument 

consists of a nozzle, a probe, an eight by ten inch filter, 

a metering,orifice and a suction blower. A thermometer in- 

dicates sample gas temperature. 

measure the pressure drop across the metering orifice. 

instrument contains an integral pitot tube to measure velocity 
head. A manometer was used in conjuction with the pitot tube. 

When the velocity was too low for the.use of the pitot tube, 

a vane-type anemometer was used. The probe WRS rinsed after 

each run and the rinsings were evaporated to determine the 

probe rinse catch. 

A manometer was used to 

The 

The filter catch was determined by weighing 
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the  f i l t e r  before and a f t e r  t he  run. Two runs were made on 

each dryer and the r e s u l t s  were averaged. (’ 

P a r t i c l e  s i z e  mass d i s t r i b u t i o n  was determined w i t h  the  use 

of  eight-stage Andersen Impactors. 

Andersen Impactor i s  shown i n  Figure 5. 

were prepared by cleaning with toluene. 

vaseline,  was dissolved i n  toluene i n  the r a t i o  of  one pa r t  

of vaseline t o  nine p a r t s  of toluene. T h i s  solut ion was 

painted onto the  co l l ec t ion  p l a t e s  and the toluene was 

evaporated f o r  two hours a t  room temperature. 

sampler was assembled and tape was wrapped external ly  around 

the  stages t o  prevent leakage. 

A cross-section of  the 

The co l lec t ion  p l a t e s  

A coating material ,  

The impactor 

The impactor sampler was attached t o  the Rader Hi-Vol Sampler Jt 
( 1 ’  tt 

as possible  t o  the  nozzle of t h e  Rader Sampler. . 1 P q u  {i 
3% 

/ v o  / I 1  1’ 

J‘ f 
and operated in a v e r t i c a l  pos i t ion  with i t s  nozzle as  near 

-Pw . fpa. / 
// 

47 mill imeter diameter mil l ipore f i l t e r ,  with a micron re ten t ion  

of  0.3 was used as backup f i l t e r .  The sampling r a t e  of  the 

impactor sampler was constant ly  maintained a t  one cubic f o o t  

per  minute f o r  30 minutes. 

After sampling the  impactor sampler was carefu l ly  detached 

from the  Flader Sampler. 

and t he  co l lec t ion  p l a t e s  were placed in t h e i r  respective 

P e t r i  dishes. 

deposit from a p l a t e  by prewashing i t  i n  toluene t o  remove 

The impactor sampler was disassembled 

A Nuclepore f i l t e r  was prepared t o  receive the 
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any soluble component, drying it  f o r  three hours nt  9OoC and 

weighing i t .  

onto the prepared Nuclepore f i l t e r  wi th  toluene. 

f i l t e r  was then dr ied f o r  th ree  hours and weighed. 

I The deposit on a co l lec t ion  p l a t e  was rinsed 

The Nuclepore 

A seven-stage Andersen Impactor was used t o  co l l ec t  samples 

f o r  microscopic observations. The co l lec t ion  p l a t e s  were clean 

and uncoated. The sampling time for these runs was 1/2 minute. 

T h i s  short  sampling time r e s t r i c t e d  the amount of  deposition 

on the sampling p l a t e s  so t h a t  t h e  microscopic analysis  could 

be made. 

pos i t ion  with i t s  nozzle as close as possible  t o  the  Rader 

Hi-Vol Sampler. The spec ia l  screen and'back-up f i l t e r  were 

not used during these runs. 

The impactor sampler was operated i n  a v e r t i c a l  

- -0 VII. Discussion o f  T e s t  Results 

A. Dryer &mission concentrations and r a t e s  - Table I and I1 

show the dryer s i z e s ,  the operating data  and the  emissions 

f o r  the screen dryers and the  baffle dryers, respectively. 

Table I shows that  the  emission concentrations f o r  screen 

dryers varied from 0.005 gr/sdcf for a controlled dryer 

t o  0.061 f o r  an uncontrolled dryer, wi?lcbeee - 
(Qpbc For uncontrolled dryers, the mass emission r a t e s  

var ied from 0.10 lb/ton of r i c e  t o  1.8. For controlled 

dryers, the mass emission r a t e s  varied from 0.12 lb/ton 

of rice t o  1.4. 

was 0.87 lb/ton of r ice .  Emissions f rom the two controlled 

dryers  and from six of  the nine uncontrolled dryers complied 

w i t h  the process weight rule .  

The average of emissions f rom a l l  dryers 
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/ Table I1 shows t h a t  t he  emission concentrations f o r  

uncontrolled baf f le  dryers  varied from 0.02 gr/sdcf t o  

0.23. 

Mass emission r a t e s  varied from 0.30 lbs/ton o f  r i c e  f o r  

t he  controlled dryer t o  3.0 f o r  an uncontrolled dryer,  

with an average of 1.4. Emissions from the  controlled 

dryer and from one of  the  nine uncontrolled dryers com- 

plied with the process weight rule.  

The average f o r  a l l  baf f le  dryers was 0.17 gr/sdcf. 

B. Emission concentrations from fugi t ive  dust controls  - 
Table I11 shows the  results of t e s t s  on emissions from 

six control  systems on fug i t ive  dust emissions other  than 

from the  dryers themselves. The t ab le  shows t h a t  the 

emissions varied f r o m  less than 0.001 t o  0.39 gr/sdcf. 

C. Dryer emission p a r t i c l e  s ize  d i s t r ibu t ions  - Figures 6 

and 7 a r e  p l o t s  of p a r t i c l e  s i ze  versus weight percent 

of par t ic les  emitted for the screen dryers  and the  baf f le  

dryers, respectively.  

the p lo t  of the average. 

Figure 6 shows f o r  screen dryers t h a t  the  pa r t i cu la t e  

emissions i n  the s i ze  range less than I O  microns varied 

from 14 t o  56 percent of the  t o t a l  emissions, averaging 

The dotted l i n e  on each f igure i s  

I 
I 

I 

about 38 percent. Emissions in the s ize  range l e s s  than 

f i v e  microns varied from f ive  t o  f o r t y  percent of the 

t o t a l  emissions, averaging about 20 percent. 

Figure 7 shows f o r  b a f f l e  dryers t h a t  the pa r t i cu la t e  



emissions i n  the s ize  range l e s s  than 10 microns varied 

from 20 t o  65 percent of  the  t o t a l  emissions, averaging 

about 36 percent. Emissions i n  the  s ize  range l e s s  than 

f i v e  microns varied from f ive  t o  40 percent of the t o t a l  

erxissions, averaging about 16 percent. 

14,' 

Figure 8 i s  the  average p l o t  f o r  a l l  r i c e  dryers t e s t ed  

o f  weight percent pa r t i cu la t e  emissions i n  a s i ze  range 

versus pa r t i cu la t e  size.  The figure shows t h a t  the r i c e  

dryers  averaged about 37 percent of  t o t a l  emissions i n  

the s i ze  range less than 10 microns, and about 17 percent 

o f  emissions i n  the  s i z e  range less than f ive  microns. 

Figure 9 cons is t s  of a p l o t ,  f o r  each category of  r i c e  

dryer t e s t e d ,  of p a r t i c l e  s i ze  versus emissions for various 

s i z e  ranges i n  pounds per  t on  o f  r i ce .  The emissions i n  

the  s i z e  range l e s s  than 10 microns varied from 0.12 pounds 

pe r  ton  f o r  the  screen dryer with a Cam-Vac control  u n i t  

t o  0.85 pounds per  ton  f o r  the Louisiana S ta t e  University 

type dryer. The emissions i n  the  s ize  range l e s s  than 

f i v e  microns varied from 0.024 pounds per  ton for the  

screen dryer with a Wiedenmann and a s e t t l i n g  room t o  0.54 

pounds pe r  ton  f o r  the Louisiana S ta t e  University type 

dryer. 

mII. Health Effec ts  

The Cal i fornia  Department of Health was contacted t o  obtain 

information on the  hea l th  e f fec ts  of  r i c e  dus t ,  and i ts  
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opinion i s  given below. 

The ef fec ts  of  par t iculate  matter on t h e  respiratory system 

i s  shown i n  Table 4. 

f 

J The health e f fec ts  of r i ce  dryer emissions are dependent upon 

the concentration of the 

of exposure, and the resGonse of  the individual. 

J e dust i n  the a i r ,  the dud t ion  

Rice dust produces a mechanical i r r i t a t i o n  t o  the s k i n ,  throat 

and eyes and may cause infections. 

sensi t izat ion (al lergic  response) and aggravate existing 

al lergies .  

It may cause al lergic  

J J f J  Acting as  a vector, the r ice  dust may carry 

fungus or spgres and cause infection. I n  high concentrations 

and long exposure times it coula resul t  i n  s i l i cos i s ,  but f o r  

ambient concentrations such an effect  i s  unlikely. 

- - 
- 

IX. Conclusions 

A. There are l e s s  emissions from screen type dryers than f rom 

baff le  type dryers. 

4 Screen type dryers are  not a regulatory problem. 

Baffle type dryers generally do not  comply w i t h  process 

weight regulations. 

-r< Although the three controlled dryers tes ted complied 

with the , m D  regulations, som0 uncontrolled dryers tested 

also complied. Therefore, the effectiveness of controls 

was not established. 
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E. There i s  no s ign i f i cant  difference i n  part iculate  emission 

s i z e  d i s t r ibut ions  among screen dryers, b a f f l e  dryers, 

control led  dryers and uncontrolled dryers. 

(. 

& The poss ib le  health e f f e c t s  of r i c e  dryer emissions should 

be further invest igated.  



R I C E  DRYERS 

I I 

Fig. 1 - Schematic o f  a i r  and r i c e  
flow i n  a screen dryer 

I Receiving Btn I 

-1 

Fig. 2 - Schematic o f  a i r  and r i c e  
f low I n  a b a f f l e  dryer 



RICE DRYER 

Fig. 3 - Schematic of a i r  and r i c e  flow 
i n  a Louisiana State University Dryer 

Fig. 4a - F l a t  House Dryer w i t h  perforated ducts on a 
sol id f loor  

Fig. 4b - F l a t  House Dryer with a perforated floor 



. 

/ 

FIGURE 5: ' ANDERSEN IMPACTOR 
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FIGURE 6 

SCREEN DRYERS 
WEIGHT PERCENT PARTICULATE EMISSIONS I N  A S I Z E  

RANGE VERSUS PARTICLE S I Z E  

I 

NOTE: C u r v e s  J and K - 
are f o r  controlled 
d r y e r s .  

WEIGHT PERCENT EMISSIONS LESS THAN 
INDICATED S I Z E  
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FIGURE 7 

BAFFLE DRYERS 

WEIGHT PERCENT EMISSIONS LESS THAN 
. INDICATED SIZE 
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FIGURE 8 
AVERAGE FOR SCREEN AND BAFFLE DRYERS 

WEIGHT PERCENT PARTICULATE EMISSIONS IN A SIZE 
RANGE VERSUS PARTICLE SIZE 

WEIGHT PERCENT MISSIONS LESS THAN 
INDICATED SIZE 
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FIGURE 9 

PARTICULATE S I Z E  EMISSIONS FRO11 VARIOUS DRYER CATEGORIES 

PARTICLE S I Z E  VERSUS POUNDS EMISSIONS LESS THAN INDICATED 
S I Z E  PER TON OF R I C E  
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TABLE I11 

EMISSION CONCENTRATIONS FROM FUGITIVE 
DUST CONTROL EQUIPMENT 

EMISSION CONCENTRATION 

I . .  



TABLE I V  

HEALTH EFFECTS OF PARTICULATE MATTER 

PART I CU LATE 
S I Z E  RANGE 

EFFECT ON RESPIRATORY SYSTEM 

5 p t o  10 p Retained by ha i r s  i n  the nos t r i l s .  Penetrat ion 
i n t o  the  pharynx and trachea region w i l l  be 
coughed up. 

Par t i c les  w i l l  be caught up by the c i l i a  i n  the 
middle bronchi and coughed up. 

W i l l  be deposited i n  the lower bronchi and may o r  
may not  be removed. Pa r t i c l es  may be retained i n  
the  a lveo l i .  

Suspended p a r t i c l e s  w i l l  be breathed i n  and out 01 
the  a l v e o l i  wi thout being deposited. 

3 p t o  5 c (  

l p t o  3 p  

0.1 p t o  1 p . 
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75-1 2- 7- .  

Consideration of Basinwide Regulations for the 
Control of Emissions from Agricultural Processing 

Operations in the Sacramento Valley 

. .  

I. INTRODUCTION . . . .  . 
. .  

On April 29, 1975, the Coordinating Council for the Sacramento Valley 

Air Basin adopted a new regulation concerning emissions from agricultural 

processing facilities. This regulation thus becomes a part of the 

Sacramento Valley Air Basin Coordinated Basinwide Air Pollution Control 

Plan. 

. .  
2 .. 

j:: 0 
, ... . :;:. 

11. THE ADOPTED REGULATION 

Basically, the regulation limits the particulate-matter increase above 

"background levels" as determined by data from hi-vol sampiers placed at 

selected sites near the plants. Agricultural processing facilities would 

not be permitted to "add to the ambient air over a populated area or any 

point more than 1/2 mile from the facility" more than 35 micrograms per 

cubic meter (ug/m3) of particulate matter. 

"Ambient samples" would be taken, concurrently at two o r  more locations 

approved by the APCO for at least one hour during a period when weather 

conditions are such that different samples taken concurrently can 

"reasonably be judged to include and exclude particulate matter emltted 

from the facility." Sampling sites would be selected by the APCO on the 
1 
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basis of "reasonable i nd i ca t i on  o f  s ign i f icance"  and must . include 

locat ions where "maximum concentrat ions as estimated by d i f f u s i o n  

ca lcu la t ions  can be expected (emphasis added)". 

regulat ion,  populated areas inc lude residences, schools, c o n e r c i a l  

establishments, Federal and State highways. 

Attachment 1 i s  the t e x t  of the regulat ion.  

BACKGROUND 

For a i r  p o l l u t i o n  cont ro l  purposes, the Sacramento Val ley A i r  Basin 

Coordinated Basinwide A i r  P o l l u t i o n  Control Plan (Basin Plan) t rea ts  

the  a g r i c u l t u r a l  business i n  two func t iona l  parts, a g r l c u l t u r a l  operations 

(plowing, plant ing,  harvest, etc.)  and ag r i cu l tu ra l  processing (canning, 

r i c e  drying, etc.). 

mat ter  emissions from a g r i c u l t u r a l  operations. The Plan a lso exempts 

a g r i c u l t u r a l  implements used i n  a g r i c u l t u r a l  operations from cont ro l  

requirements. The Plan does, however, requi re  cont ro l  o f  part icu!ete 

matter emissions from a g r i c u l t u r a l  processing plants. 

For the purposes o f  t h i s  . 

The Basin Plan does no t  requ i re  contro l  o f  pa r t i cu la te  

The Basin Plan has f i v e  r u l e s  which apply t o  ag r i cu l tu ra l  processing 

p lan ts  f o r  con t ro l  o f  par t icu la te-mat ter  emissions. Two o f  these ru les  

are the  nuisance law and the  opaci ty  law which o roh ib i t s  n f s s i a n s  of greater 

than 40% opaci ty  except for  three minutes i n  any one hour period. 

~ 

The other three ru les  are the  process-weight ra te  ru le ,  par t i cu la te -  

matter-concentrat ion r u l e  and penni t  ru le .  The process-weight r u l e  

p roh ib i t s  emissions greater than a spec i f ied  amount based on the  weight 

o f  mater ia ls  introduced i n t o  the process during a one-hour period. The 
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part iculate-matter-concentrat ion r u l e  p roh ib i t s  par t icu la te-mat ter  

concentrations i n  the exhaust a i r  greater  than 0.3 grains per standard 

dry cubic f o o t  (SDCF). The permit  r u l e  requires ex i s t i ng  p lan ts  t o  be .I 

reg is tered w i th  the l o c a l  D i s t r i c t  and new p lan ts  t o  obta in  permits t o  

operate. 

The Basin Plan was approved on September 24, 1971. 

Programs adopted by the l o c a l  a i r  p o l l u t i o n  contro l  d i s t r i c t s  (APCOs) 

i n  the  Sacramento Val ley A i r  Basin have t o  be a t  l e a s t  as r e s t r i c t i v e  

as the  approved Basin Plan. 

The Implementation 

On March 7, 1973 the Board ins t ruc ted  the s t a f f  t o  prepare a repo r t  on 

emissions from a g r i c u l t u r a l  processing operations. Rice dry ing  i s  the 

major a g r i c u l t u r a l  processing operat ion i n  the  Sacramento Val ley A i r  Basin. 

The s t a f f  conducted a study o f  emissions from 3 cont ro l led  and 18 uncontrol- 

l ed  r i c e  dryers i n  the f a l l  o f  1973. Pa r t i cu la te  matter concentrations 

and s ize d i s t r i b u t i o n s  were measured. The s t a f f  a lso  studied the types 

and ef fect iveness of con t ro l  equipment. The Board considered the s t a f f  

repo r t  on emissions from r i c e  dryers a t  i t s  A p r i l  11, 1974 meeting, and 

s o l i c i t e d  comments and suggestions from the Sacramento Val ley A i r  Basin 

Coordinating Council. 

On October 25, 1974 the  Coordinating Council submitted a r u l e  t o  regulate 

emissions from a g r i c u l t u r a l  processing operations t o  the Board. 

November 14, 1974, the Board found t h a t  the proposed r u l e  would not  be 

e f f e c t i v e  i n  c o n t r o l l i n g  emissions from a g r i c u l t u r a l  processing plants. 

On 
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The Board asked tha t  these f ind ings  be comnunicated t o  the Coordinating 

Council and ins t ruc ted  the s t a f f  t o  work w i th  the Coordinating Council 

and i t s  s ta f f  t o  develop an acceptable regulat ion t o  cont ro l  emissions 
._ 

from a g r i c u l t u r a l  processing f a c i l i t i e s .  

-. 
On February 13, 1975, the Coordinating Council submitted a revised 

agr icu l tura l -process ing regu la t ion  t o  the  ARB s t a f f  f o r  evaluation. 

On March 12, 1975, the s t a f f  advised the  members o f  the Coordinating 

Council and i t s  Technical s t a f f  by l e t t e r  t ha t  the proposed regulat ion 

was unenforceable and unacceptable. 

presented i t s  object ions t o  the  regu la t ion  a t  the meeting of the 

Coordinatfng Counci l 's Technical Advisory Comnittee (TAC). The TAC 

recomnended adoption o f  the regu la t ion  by the Coordinating Council, 

despi te  the  ARB s t a f f ' s  opinion, t h a t  the rule was unenforceable. On 

On March 14, 1975, the s t a f f  

. .  
- .  ,,. 

. .  
. .  

-.. >- '/. - '  

. .  

A p r i l  25, 1975 the Coordinating Council adopted the proposed regulat ion.  

I V .  DISCUSSION 

A discussion o f  the regulat ion fo l lows:  

A. This regu la t ion  depends upon ambient-air-qual i ty measurements taken 

some distance from the source i n  question. 

It i s  assumed t h a t  the con t r i bu t i on  o f  the source can be measured 

as the d i f fe rence between the concentrations o f  p a r t i c u l a t e  matter 

measured a t  two points  - one "upwind" o f  the source and one "down- 

wind". The existence of other sources of dust which can contr ibute 

! 

t " S  
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d i f f e r e n t i a l l y  t o  concentrations a t  both s i tes ,  i s  not  considered. .. 
Existence of other nearby sources i s  important i n  the case of 

a g r i c u l t u r a l  processing f a c i l i t i e s  because t y p i c a l l y  these f a c i l i t i e s  

are located i n  areas where other a c t i v i t i e s  (notably ag r i cu l tu ra l  

operations such as "disking", r o l l i n g ,  p lant ing,  harvesting o r  even 

burn1 ng ) can contr ibute t o  l oca l i zed  p a r t i  culate-matter-concentrati ons. 

Also, there are frequently unpaved roads i n  the v i c i n i t i e s  of these 

f a c i l i t i e s .  Thus, samples co l l ec ted  "upwind" o f  a source might show 

higher concentrat ions than samples from "downwind". 

co l lec ted  p a r t i c u l a t e  mat ter  according t o  source, when possible, 

cannot be e a s i l y  done; thus extraneous contr ibut ions t o  the measured 

concentrat ions cannot be taken i n t o  account. 

B. This regu la t ion  c a l l s  fo r  a minimum o f  two measuring s i t e s  (possibly 

more). 

the  r e s u l t s  o f  d i f f u s i o n  ca lcu lat ions.  

Separating 

The APCO i s  t o  se lec t  these s i tes ,  using good judgement and ; 

It has n o t  been establ ished t h a t  i t  i s  v a l i d  t o  use d i f f u s i o n  

equations t o  describe the  behavior o f  p a r t i c u l a t e  matter i n  the s ize 

ranges expected from t y p i c a l  a g r i c u l t u r a l  processing f a c i l i t i e s .  The 

opinjons o f  various authors d i f f e r  g r e a t l y  t o  the  p a r t i c l e  s ize  

beyond which s e t t l i n g  becomes as important as d i f fus ion .  

use o f  d i f f u s i o n  ca lcu lat ions t o  es tab l i sh  compliance w i th  the 

35 ug/m3-half-mile prov is ion i s  i n  considerable doubt. 

Thus, the 

The use of d i f f u s i o n  ca lcu lat ions t o  p i ck  s i t e s  for  sampTing involves 

p r i o r  knowledge of the  meteorological condi t ions (wind-speed, v e r t i c a l  

temperature p r o f i l e .  cloud cover and insolation). Thus, the choice of 
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sites is dependent not only on the questionable diffusion- 

calculation approach, but also on the predictability of the 

weather, which may or may not behave as expected. 

Sampling sites indicated on the basis o f  diffusion calculations 

may be inaccessible, forcing the selection of alternate sites 

that less accurately fit the stated criteria. 

An additional consideration with respect to diffusion ca:lculations ' 

is accuracy. Under the best of assumed meteorolo.gica1 conditions, 

describing the behavior of true gases or gas-like aerosols, calcu- 

lations based on the Gaussian approximation yield results accurate 

to no better than a factor of two.y Under most meteorological 

conditions, predictions may be,in error by an order o f  magnitude or 

more (a factor of 10). -_ -. 

C: The variations of meteorological conditions have a profound effect 

on the cancentrations measured "downwind" of the source in question. 

From the poorest to the best meteorological conditions for dispersion 

of gaseous pollutants, calculations of concentrations at a given 

site downwind show a variation o f  a factor of 20 in predicted concen- 

. .  

trations. 

would depend on the day chosen for the test. A facility tested on 

a poor day for dispersion may be found in violation, while another 

facility, emitting 20 times as much particulate matter, may be found 

to be in compliance, if tested on a meteorologically favorable day. 

Determination of compliance or non-compliance by a facility 
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Table 1 and Figure 1 i l l u s t r a t e  the sens i t i v ' i t y  o f  d ispersion t o  

meteorology. Table 1 contains a set  o f  emission-rates from a 

hypothet ical  source, ca lcu lated under various assumed conditions, 

'which -could- r e s u l t  i n  a concentrat ion o f  35 ua/m3. one-half m j l e  

downwtnd o f t h e  hypothet ical  source. 

. . - 

Figure 1 shows predicted concentrat ions o f  po l lu tan ts  downwind from 

two d i f f e r e n t  hypothet ical  sources, each y i e l d i n g  concentrations, 

one ha l f -mi le  downwind, o f  35 ug/m3. Calculat ions f o r  one source 

are based on the  assumption o f  -favorable condi t ions f o r  dlsper- 

sion; f o r  the  other, ca lcu la t ions  are based on the assumption of 
. . ~ .  . . ... ,, 

.. 

.i . 
~ . . . 

D. 

1 east favorable condit ions. 

Dispersion ca lcu la t ions  are based on the  assumption o f  unchanging 

wind d i r e c t i o n  and ve loc i ty ,  a s i t u a t i o n  not  l i k e l y  t o  p reva i l  i n  

the &cramento Valley. 

- .  

The s t a f f  has performed pre l iminary ca lcu lat ions o f  the e f f e c t  o f  

var ia t ions  i n  the  d i r e c t i o n  o f  the wind on measured concentrations. 

These ca lcu la t ions  i nd i ca te  t h a t  i f  the standard dev iat ion o f  the  

azimuth o f  the  wind i s  15O,  predicted concentrat ions decrease t o  

, 

only  50% o f  steady-wind predict lons.  

the azimuth i s  loo, predicted concentrations decrease t o  60% o f  

steady-wind predic t ions.  Wind speed changes were not  evaluated. 

I f  the standard dev ia t ion  o f  

I V .  CONCLUSIONS 

The adopted 

t h a t  the con t r i bu t i on  of the source i n  question t o  the par t icu la te-mat ter  

concentrat ions can be separated from the contr ibut ions o f  other nearby 

regu la t ion  i s  unenforceable; i t  i s  based on the assumption 



Consideration o f  Basinwide -a- 
Requlations f o r  the  Control 

( 

. .  

. .  
.. 

. .  

, .  ... 
, .  . .  

I , . ~  . .. . ,  

. .. 

June 12, 1975 

of-Emissions from Agr i cu l tu ra l  
Processing Operations i n  the 
Sacramento V a l  l e y  

sources - fanning operations, etc. The choice o f  s i t e s  f o r  measure- 

ment o f  concentrat ions i s  t o  be based upon d i f f u s i o n  ca lcu la t ions  whose 

a p p l i c a b i l i t y  t o  p a r t i c u l a t e  mat ter  has not  been establ ished. Variat ions 

i n  meteorology alone can Introduce a va r ia t i on  o f  a fac to r  o f  20 i n  

concentrations downwind. 

based on t h i s  regu la t ion  i s  very un l i ke l y .  The defense i n  such a case 

would undoubtedly of fer  many o f  t he  c r i t i c i s m s  o f  the  r u l e  found i n  t h i s  

repor t  as reasons f o r  having the case dismissed; the cour ts  would almost 

Successful prosecution o f  enforcement act ions 

cer ta i .n ly  r u l e  i n  favor  o f  the  defense. 

V. RECOMMENDATIONS 

The s t a f f  recomnends t h a t  the Board a f f i rm  the s t a f f ' s  posi t ion,  t h a t  

the  regu la t ion  adopted by the Sacramento Val ley A i r  Basin Coordinating 

Council on A p r i l  25, 1975, i s  unenforceable and unacceptable, and inform 

the Coordinating Council o f  t h i s  decision. The s t a f f  .recomknds tha t  

t he  Basin Plan r e t a i n  the  Opacity, 'process-weight. and par t icu la te-mat ter -  

concentrat ion regulat iocs f o r  app l i ca t ion  t o  a g r i c u l t u r a l  processina j 

Operations . i n  'the Sacramento Val ley A i r  Basin. 

- ... .. . . . 
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TABLE 1 
. . - ... 

Par t i cu la te  Emissions from a Hypothetical Rice Dryer 
Varying Meteorological Conditions* 

Emission Rate, l b s .  per Hour 

'Rind S tab i l  i t ,y  Class i f icat ion**  

Miles/Hour 

_-- _ _ _ _  .- .-. . - .. _ _  
Veloc i ty  A B C 0 E F 

. .. . 1  51 12 4.8 1.7 , 1 .o 0.57 I 
0 . .  

2 l lob 25 9.7 ' 3.5 , 2.0 1'. 1 ' . .. . 

3 

4 

, 150 37 14.5 5.3 , 3.0 1.7 

, 210 50 19.0 7.0 , 4.0 2.3 ' 
? . ' . . , .  . 5 , 260 . 62 24.0 1 . 8 . 8  I 5.0 2.8 
c.@ '7. 

. .  

.:<. .: ,.., .. . - .  . ' *  
A l l  tabulated emission rates would produce equal ground leve l  concentrations 
(35 micrograms per cubic meter) on the  plume axis, one ha l f -m i le  d o m d n d  
from the source.'assuming 35% by weight o f  emissfons.less than 10 microns. 

*A = Extremely unstable, B - Unstable, C = S l i g h t l y  unstable 
D = Neutral, E = S l i g h t l y  stable, F = Stable 

This system o f  c lass i fy ing  s t a b i l i t y  i s  based on the f ind ings o f  O r .  F. Pasqui l l .  
S t a b i l i t y  near the  ground i s  dependent p r i m a r i l y  upon net  rad ia t i on  and wind 
speed. 
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State  o f  C a l i f o r n i a  

A I R  RESOURCES BOARD 

No : 

Date: 

75-1 2-8 a 

June 12, 1975 

The Development o f  Action Plans and Abatement Strategies 

f o r  Air Pol lu t ion  Emergencies 

The s t a f f  repor t  w i l l  be d is t r ibuted  t o  the Board a t  

the meeting. 

..... . .  
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Item: Revision of the  Los. Angeles County APCD Regulation V I 1  
regarding Emergency Episode oxidant leve ls .  

Sumnary: The ox idant  episode c r i t e r i a  included i n  the Ca l i f o rn ia  
A i r  P o l l u t i o n  Emergency Plan were revised on May 15, 1975. 
The APCDs speci f ied i n  the Plan are required t o  comply 
with t h i s  rev is ion.  
n o t  g i ve  n o t i c e  p r i o r  t o  June 12, 1975 o f  i t s  i n t e n t  t o  
change i t s  episode c r i t e r i a  t o  provide such compliance, 
t he  Board should give no t ice  of i t s  i n t e n t  t o  hold a 
pub l i c  hearing for the purpose o f  rev i s ing  the appropriate 
sect ion of the  Los Angeles County APCD Regulation VII. 

, 

I f  the  Los Angeles County APCD does 

! !. 
I . .  

4. 
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TO: Sacramento Technical Advisory Committee 

FROM: Farmers Rice Cooperative and the California Warehouse Association 

DATE: August 12, 1993 

SUBJECT: 

BACKGROUND 

On April 23,1993 Gary Schmidt of Farmers Rice Cooperative and Tom Vogel of the 
California Warehouse Association attended the Sacramento Valley TAC meeting in 
Willows, California, where the proposed emission factors for rice driers were to be 
approved and implemented. Questionsregarding the origin of the proposedfactors and 
the extent of industry involvement in the process of determining the factors were raised 
but the subcommittee members who worked on the plan were not available for 
comment. Consequently, the issue was tabled until more information was available 
from the subcommittee. 

Sacramento Valley Air Basin Report - Proposed Emission Factors 

On July 1, 1993 Mike Sandrock and Gary Schmidt of Farmers Rice Cooperative, and 
Richard Matteis of the California Warehouse Association attended an Industry 
Coalition Committee meeting in Chico, California, where the proposed emission 
factors for rice driers were discussed. Members of the Sacramento Valley TAC 
subcommittee which revised the current emission standards were present to answer 
questions from the audience. 

At the July 1 meeting it was learned that the proposed factors were derived from a 
variety of sources, including information from tables in EPA AP-42, source test results 
from 13 screen driersand 10 baffledrierstakeninthe SacramentoValley Basinin 1974, 
and from the California Air Resources Board Report 74-8-8. A request was made by 
Farmers Rice Cooperative and the California Warehouse Association to have the 
proposed emission factors presented by a member of the TAC at the Rice Industry 
Warehouse meeting in Arbuckle on August 12,1993. Members of the TAC and the 
Industrial Coalition Committee agreed to present the data at the meeting and to allow 
30 days for a formal response. 

DISCUSSION 

Upon review of the proposedemission factors, there may be more accurate information 
available which depicts the current state of the industry, and relates more closely to the 
emission factors currently in use in Colusa County. In addition, as we understand it, 
the proposed factors will be applied to each pass through a drier stand or to each time 
the product is moved from one place to another, rather than being based solely on tons 
of grain processed at the facility. In effect, this could mean that the total calculated 
emissions a facility generates could increase by perhaps as much as ten times. We 
question if this is realistic. Table 6.4-1 (Country Elevators) in EPA AP-42 was used 
to obtain the TAC proposed emission factors for each process except baffle drying. 
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When the factors for unloading, cleaning, transfemng. and loading are totaled, the cumulative 
emission factors is 4.9 pounds of particulate emitted for each ton of product handled, which is close 
to the number currently being used in Colusa County. However, we feel this number should be based 
solely on tons of grain processed by the facility, and not be applied each time the product is handled. 
As stated in EPA Ap-42, "Since the amount of grain passing through each individual operation is 
often difficult to determine, it is sometimes convenient to express the emission factors in terms of 
the quantity of grain received or shipped by the elevator. Therefore, the emission factors in Table 
6.4-1 have been modified and are expressed in Table 6.4-5 as a function of the amount of grain 
received or shipped". When the same emission factors are taken from Table 6.4-5 (Country 
Elevators) they total 3.4 pounds of particulate per ton of product received, which is 1.5 pounds of 
particulate per ton of product received less than noted in Table 6.4-1 (Counuy Elevators). 

AsstatedinEPAAP-42, Section6.4.2.1, "Theemissionratecan beaffected by the quantityof foreign 
material in the grain (dirt, seeds, sticks, stones, etc., known as "dockage") and by the type of grain. 
While it is difficult to quantify the effect of dockage, observations indicate that soybeans, oats, and 
sorghum are usually very dusty, whereas wheat and corn are comparatively clean. Total particulate 
emission factors for the principal operations at grain elevators are presented in Table 6.4-1. Since 
data differentiating these emission factors by grain types are sparse, all of these factors are 
approximate average values intended to apply to a variety of grains." Table 6.4-6 gives emission 
factors in pounds of particulate per ton of product handled for various operations specific to certain 
types of grains, one of which is rice. The emission factors on Table 6.4-6 may be the most accurate 
numbers. forthey arecropspecificand arenotacompilationofemissionfactorsincluding othertypes 
of grains. 

Regarding the rice drier source test data taken in 1974, we would like to refer to additional source 
test data taken in 1981 at the Butte County Rice Growers Richvale plant where four source tests were 
performed on screen driers. At an average drying rate of 196.25 tons per hour, an average of 20.59 
pounds of particulate matter was emitted per hour. This equates to a ratio of 20.591196.25, or an 
emission factor of 0.10 pounds of particulate matter per ton of rice dried per pass in the drier. 
Depending on the time of harvest, weather conditions, etc. rice usually passes through the drier stand 
an average of two to three times. If the emission factor of 0.10 is applied to three passes through the 
drier stand, the resulting emission factor would be 0.30, which equates to the current emission factor 
being used in Colusa County and the emission factor noted in EPA AP-42, Table 6.4-6. 

These later test bring up another consideration when discussing emission factors for rice driers and 
country elevator singeneral. Thegrainismuchcleanernow when itisreceivedatthecounuy elevator 
than it was in the 1970's. The efficiencies of the harvesters are higher, but more importantly the rice 
varieties have changed significantly. In the 1970's the rice hull had more fine fibers on its exterior 
and a longer awn. Today, the rice kernel has a smoother hull with a very short awn. The smoother 
hull  and shorter awn mean that this material is no longer lost in the transfer and drying processes, 
thus yielding an overall cleaner product. 

, 
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CONCLUSION AND RECOMMENDATIONS 

. ,  . .  
. .  

To recap, all p k e s  would like to see uniform emission factors established for rice dryers and country 
.. . elevators-so a basin wide skda rd  can be devioped which will apply to all  facilities equitably.: The 

emhion factors noted for rice drying in EPA-42, Table 6.4-6 and the emission factors used in Coluia 
. ' county appearto be'subsmtiated by the.l98l'sour& test data obtained from the Butte'County Ri& 

GrowersRichvaleplaot.The~fore; we feel cukent emission standardsfor the specifccommodity based. 
.on tons'of product proces'd by the facility are accurate. Please contact US and the Industry Coalition 
Coinmi- so we can all work together to determine which emission factors are the idost representative. 
,for our industry. and on future matkrs'relatini to our industry. Both industry h d  the TAC will benefit 
fromworkingonnewpoliciesorpolicyrevisionstoge,ther,foreachpartyhassomethingtooffertheother~ . .  
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Proposed Emission Factors Compared to Other Sources 

Operation and Emission Factor - 
Pounds of Particulate Per Ton of Product Handled 

Receiving Cleaning Transfer Loading Drying Total 

TAC Proposed 0.60 3.00 1.00 0.30 0.70 5.60* 
(Table 6.4-1) 

EPA Table 6.4-5 0.60 0.40 2.00 0.40 0.20 3.60 

EPA Table 6.4-6** 0.64 _--- 5.00 _ _ _ _  0.30 5.94 

*Note: This factor is not in pounds per ton processed, 
but in pounds per ton each time the product is moved. 

**Note: These factors are currently being used in Colusa County. 

Butte County Rice Growers Association 
1981 Screen Drier Source Test Data - ___- 

Process Rate Emissions Emission Factor 
TonsMour 

@2zo 

240 

200 

125 

196.25 

Poundflour 

13.52 

39.40 

22.12 

6.70 

20.59 

0:16 

0:ll 

0.05 
O - I L  
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/0.10 




