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RAW DATA INPUT MWILL GIVE AN 2UTPUT OF AYERAGES, ADJUSTEN SLIMS CF
SQUARES AMD AN UPPER TRIANGULAR MATRIX OF SIMPLE (CORRELATIOM
COEFFICIENTS. IF ADJUSTED SUMS OF SCUARKS ARFE INPUT, AN UPPER
JTRILAMGULAROMATRIX OF CCRRELATION COSFFICIENTS WILL 3% QUTPUT,.

FOLLOWING CALCULATTON OF CORRFLATION COFFFTLIFNTS, ONF 0OR RBOTH METHONS
MULTIPLE REGRFESSTON MAY PE CALLED. :

OF

MULTIPLE REGRESSION ﬁ:lFTI“k VFTHOD
~SELECTION. OE_ALSUBSET.LOF (INDERPEMDENT VARTARLFS FeCH COF . WHICH ACCOUNTS

EQUATION, THE INVERSE OF THE MATRIX OF SUMS OF SGULARZS AMD
~PRCDUCTS BETNG . CALCULATED IN THE PROCESS,. THF MULTIPLE (ORFILATION .

FOR £ SIGNIFICANT PORTION OF VARIABLILTY OF THF DFPENDFMT VARIADLF,
PARTIAL REGRESSION COEFFICIENTS,. STAMDARD FBRORS. AND PARTIAL
CORRELATION COEFFICIENTS ARE CALCULATED,

ALL INDERENDENMT MARTIAELES ARE INTERED INTO THE REGRESSION

RES

o

COSFFICIENT IS TESTED FOR SIGNTIFICANCE ASSUMING ONF DCARSS QF #pecpim
FOR_THF-MULITPLE CORRTLATION COFEFICIENT ANMD Mal-oX OEARESS NF FRETANM
FOR EPROR, WHERE X IS THE MUMARER OF TMOFDENAEMT wARTARLES AND N [& THF
EFEFCTIVE NUMEBER GF ORSERVATIONS PFP VARTARLF. I THF TOTAL
COMTRIARUTION T& NGT SIGNTIFICANT THFE POOgEM 1S TERMINATEN, OTHEWTLE,

e e JITHECSMALLEST CONTRIEUTIOR. TM THELSET 1S TESTFR. 15 NOT SIGNTFICANT. THE

VARTABLEI IS DELETRD, THE IMVERSE MATRIX ANMD VFOTOR OF SOLUTIONS AGE
ADJUETED S _THE TWO MATRICES £3E CONDENSED. AND THE SMaplosr fﬁMTPLRU or
IS TESTED.

. DELETION, CONTINUES UNTIL . THE SMALLEST CONTRIBUTQOR TN A SUBSET 15§
STONMTETCAMT
THZ \ONQTANTC_”F THE PREDICTION SQUATION, STANDARD ERRBORS, AND

PARTIAL CORRILATION CHEFFICTFNTS FOR THIS SURSET ARE CALCULATED,

e THE_ CORDER CF VARTABLE DELETION AND THE SQUARE OF EACH MULTIPLE
COREBFLATION COFSFTCIFNT 1S RECQORDED,

- ZERQ OR NEGATIVT VALUES IN THE MAJDR DIAGNANAL 0OF THE TNVERSE.
MATRIX WILL BE DFTSCTER.

JIN CASE. OF. STINGULAR MATRIX,s (INVERSICN 1S NOT COMPLETE AMD OUTEUT

WILL S0 NOTIFY.  ——mmmmeem
. THE ROUTINE FOR QPERATION [N THIS FORY WAS OROVIDED
BY DR, JAMES N, BOLTS.

ILTIPLF REGRESSION  STERPWISE METHOD

A _NUMBEIR OF IMTERMEDIATE STERS LFT f”‘”UT- e AT EACH STED AONLY THF
VARTABLE WHICH GIVES THE GREATZST TMIRDAZE (M AONONECT 00 FIT 15
ADDED. WARTAZLES WITH NEGLIGIILE E:CTTTF APT DBRODDEDL, OMLY VARIARLES
WITH SIGMIFTCANT FREFEOTS WILL PF RETATNAD [N THT r‘“hL EOMIAT NN,

. NORELE PREZISIAN FLAATING DATNT COYNDUTATOMA TRUNMCATIN T SFEYIM QiAMICICOANT

r‘{f‘TT
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THE DPRAGRAM IS WRITTEM FOR CHRO INRYUT/CRINTER QUTRYT FOR THE 15w 2g0,
INPUT &aN[Q QUTPUT aRe N FARMAT FORM,

 THERC

A

[ -

RE NO MIGSING VALI)FE,

THE NUMBER OF wORnNe DER FARD MUST NOT FXCFED THE REAN [IST,

MAX NN
.. DEPENDENT_VARIABLES_IS. 1.

Te

be

MUMBER OF [MDEPENNENT VARTARLFS TS &, MAXIMUM NUMRFP QF

_THE__NUMBER _QF. UFG?FFS OFE FREEDOM MUST BE GRZATER THAN THE NUMBFR OF

INDEPENDENT VAQIﬁBL“S-

TH¢ MINIMUM F VALUE (S 1.00 RECAUSE SPECIFIED £ VALUS FOR ENTERING
VARIABLE MUST.BE_AT _LEAST _AS. GREAT AS THAT.FOR DROPOING A VARTARLE,

CARD PREPARATIOJ

AND TNPUT ORDER

DAQAMCTpR FAQD (6F1QQb94F5oO)
_WORH L .

1o  IDENTIFICATION, NUMRER.
2e LOT_NUMSERw _ ... . _
.g,,_ 3., TOTAL NUMBER OF. VARIABLES (M}
. b _1E AIEORM_IS_1.s. COUNT.DER VARIASLE, o -
1F ATFOPM IS 2., NDEGREES OF £OTENOY FO2 SUY NF SQUAPS
o T F\ . AL;—F}"QH‘ o )
le If ﬁEUT FW\QT<T< nr Raw DATH,
e D 1E_INPUT.CONSTETS_OF AVERAGES, ADJUSTED SLMS OF
SQUARES AND CROSS PRODUCTS.
5. AIMAIN. '
- 1.  IF DATA IS UNCHANGED BY SURROUTIME.
i 2 IF.DATA 1S OPERATED ON BY . SUBPOUTINE.
T4 EOPM. . o o
1. [F FNTRY NUMBEDS ARE THE SAMT AS VAR[AALF NUMEERS,
- Zae -. JIF CCARD WITH QRIGINAL VARTARIE MUMRFRS FOLLOWS DATA,
2. CODE. - .
0. IF BOTH REGRESSION METHODS (DILETION AND STEPWISE
| . ARE DESIRED,
1. IE OMLY DELETION METHOR (752) NFSIRED.

2 .. TF OMLY STEPWISE METHOD (718) DESIRFND,




nh o . ( ‘

. G T(“LEF’/\N”F: (USITALLY 001 .
10, AFMT,
oR I[F FORMAT SAME AS PREVIOUS LOT. .

SNRNOENUR B IFE _VMARIABLE FORMAT CARD PRECEDLES DATA.

—— 2 COMTROL CARD WITH OR wW/0 ALPHAMERIC INFORMATION IN COLS. 2-30.

e 3 JFOAFMT =149 FORMAT CARD INDICATING HOW DATA 15 TO BE READ.

el e DATA 4
S, o Ahe 0 TF INPUT 15 RAW. NATA - .

1., PUNMCH FIRST TTEM OF FACH VARTABL®, SFCONMD ITEW OF EACH
e e VARTABLE, ETCes UNTIL LAST IXEM. OF £ACH VARIABLE IS5 PURCHID.

2. THE F CRITERIA FOR 1 AND M=2s 1-AND N=3,~==, 1 AMD N-K-1
~—DEGREES OF_ERFEDOM WHERE N I8 THE FFFFCTIVE MUMBER OF :
OBSERVATIONS AND K IS5 THF NUMBER OF IMDEPENDENT VARIABLES.

— THE . SAME NUMBER OF F VALUES AS INDEPENDEMT VARIABLES ARE.
INCLUDEN AT 14F5,.0. -

Ba IF IN JT I ADJUGT D CU“S Oc %ﬁUﬂDCS AND CROSS PRODUCTS )
— 1 —PURCH AVERAGES_) THROUGH.M . . . - - e e o
Ze PUNCH UPPER TRIANGULAR MATRIX IN THE CPNFR SS{1,1)s35(142)9——
.- —— L85 1My 852521 9585 (230 ——=55(24M)a=——551M=T M} SH{MyM),
WHERE M 15 THE DFEPENDENT VARTALRLE,

—— femm e 3e CELVALUE FOR DF=1,DF-2,-=T0 MUMRER OF INDFREMDENT VARTABLES,.
THE SAME NUMBER OF F VALUES A5 INDEPEMDENT VARIABLZIS ARE
e L AINCLUDER AT 18RS e 0 e e . L -

20 L JIELFORM 2 29 CARD OWITH.OORIGINMAL VARTIABLE NUMBHERS OF IMDEPRPINDENT
VARTABLES PUNCHED ACCORDING TO FORMAT 14F5.n,.

o RLANK raPD TC TFQN NATF JCP.

DUTOT

Ir nOTH DCGQE%SION M ™ ODQ APE USERs AN INTERMNAL COMBIMNED LISTING 18 MA)
JOF THE VARTABLES SELECTED_RY._EACH METHODR, A COMPARISON QF . THIS COMBIMNED. .
LIST 15 MADE WITH THE SEPARATE VARTABLE LISTS FCR EACH METHCD. IF THE
COMBINED LIST DLEFERS FROM BOTH INDIVINDUAL LISTS, THE PROGRAM WILL PCRFORM
MULTIPLE REGRESSION ANALYSIS USING DELETION METHCD ON THOSE VARIARLES
APPEARING ON COMBIMNED LI5T. ‘
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. PROGRAM CMR
NUMBER OF INDEPENDENT VARIABLES 3 WITH 15 CCUNT.
TTINPGT IS RAW DATA. -
AV ERAGE ENTRY NO.
0.7690665C 02 ] wiedidop
0.5013332p 02 2 ,ﬂ i by
0.99998990 00 3 nbt oA Biwas
0.60635990-01 4 P
DEGREES OF FREEDOM FOR SS AND SCP = 14
ROW COL SUM OF SQUARES. VARTANCE _CR STANDARD . GV oo
COVARTANCE DEVIATICN (FER CENT)
11 0.6251314D 04 0.4493794E 03 0.2119856E 02 27.56
17772 ~0.6645102D €3 " ~0.4746501E 027 SR g
12 0.6B75651D~C4 C.4911421E-0C5 | : -
2 2 0.5395736D Q6 C.3854097E 03 0.1963185E 02 39.16
273 0. 44822690~ 0% .3201621E-05
3 32 0.894C637D-C6 C.6386210E-07 0.2527095E-03 0.03
1 4 0.3351138D 01 0.2393670E 00.
. 2 & 0.2473921D 01 C.1767CB6E €O
; 3 4. 0.54216380+07 C.3872556E-08 | - - '
4 4 0.4603156D-02 0.3287567E~03 0.1813275£-01 29.90
DEGREES OF FREEDOM FOR CORRELATIONS = 13
TCORRELATIONS ~ ROW COL
0.10000000 01 1 1
TTTIOLIIW0s 20 00 T2
0.91680910-03 1 3
0.62272150 00 1 4
0.1000000C 01 -2 2
0.64533750-03 -2 3
0.496401CD 00 2 4
0.10000065 01 3
0.84511730-03 2 4
0.1000060D 01 4 4




OELET ION METHID (BL &

T

T

7

RSO FOR 3 VARTABLES

L[S C.7136G954F

geC

ENTRY 2 {VAIIABLE

RSO FOR 2 VAR TABLES

3) IS DELETED.

1S 0.11329954E

to

B
0.5887474E-03
. 0.5310024E-03

S{B8)
6.132G6218E-0C3
C.1435256FE-C3

R{Yl. JK---)
0.7877025%¢& 00
0.7299580E Q0

ENTRY VAR
! 1
2 2

THE £ VALUE FJIR THE LOWEST PARTIAL CORR [S 13,69

ERROR DEGREES JF FREEDOM ARE 12

-0.1125954E-01 = THE Y INTERCEPT

PRED. ¥ = -~-0.1125554E-01 +

 C.5RBT4T4E-03(X 1)+

0.5310024E-03(X

2}
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STEPWISE RECRESSION .BL 718} '

THE STANDARE DEVIATION OF Y = 0.1813276D-01

EMTRY VARTARLE A ' S
1 1 C.HOBETLT40L-C3 Ce13292180-03
2 2 C.531C026D0-C2 Ce14352960D-N3

WITH MINIMUM F =13.69

STANDARL DEVIATION FROM THE REGRESSION = 0.10474270-01

¢
‘. THE INTERCEPT = -0.1125953E-C1

' RSO =  0.7139954E GO

¢ ERROR DEGREFS JIF FREEDOM ARE 12 _ -

. ) whad 4 Top rel. hum.
T PREEUY = -0.1125953tE-Cl + . C.5RE7474D-03 (X - 11+ 0.5310026L-03(X  2)
k OUTPUT IS COMPLETE. | - |
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CORRELAT [ONS AND

MUL’I PLE REGRESSION-REVISED AU!vl‘TlO

g

i SUGAR CANE PARTIC EMISSION VS WT LOSSES 7!
EXPERIMENT 10373
C LOT 1
PRIGRAM C MR
¢ NUMBER OF [NDEPENDENT VARI[ABLES 4 WITH 15 COUNT.
IMPUT TS RAW DATA. -
C
AVERAGE ENTRY NO.
c 0.95399990 01 1w o desh
0.21933330 01 2 Wi less mad
0.5739999D0 01 3 loss +op ‘
¢ 0.1747333D 02 4 Yh loss Trashdmid £ oy
0.6063999D-01 5 pi
C . DEGREES OF FREEDOM FO2 "SS AND.SCP =l1..14. . - z
ROW COL SUM OF SQUARES VARIANCE OR STANDARD C.Ve
C COVARIANCE DEVIATION {PER CENT)
1 1. D.7431609D 02 0.5308291E 01 0.2303972€ 01 24.15
¢ 1 2 0.25104020 02 0.1793143E 0Ol ' -
. 1 3 9.9066060D 01 0.64757STE 0O
5 1 4 0.1084860D 03 0.7749000E 01
e 2 2 2.2380933D 02 0.1700666E 01 0.1304095€ 01 59.46
f_ . 2 3 -0,1816599D 02 ~0.,1297570E 01
; 2 4 0.3074731D 02 0.2196236F 01 T
C .3 3 0.1830360D 03 0.1307400E 02 0.3615798E 01 62.99
: 3 4 9.1739360D 03 0.1242400€ 02 :
f A J.31316890 03 0.2236920¢ 02 0.4729609E 01 2701
L 1 5 0.6035648D-01 0.4311174E-02
2 5 -0.50355880-01 -0.3596848E~02
3 5 0.6579960D 00 0.4699971E-01 T
C 4. 5 ° 0.6679962D 00 0.47T1401E-01 . S :
5 5 0.4603156D-02 0.3287967E-03 0.1B13275E-01 29.90
C DEGREES OF FREEDOM FOR CORRELATIONS = 13
CORRELATIONS ROW COL
¢ 0.1000000D 01 1 1
0.5967991D0 00 1 2
C 0.77713362D-01 1 3
' 0.7111201D 00 1 4
0.1031941D 00 1 5
€ 0.1000000D 01 2 2
-0.2751801D 00 2 3
0.35607720 D0 2 4
'S ~-0.1521068D 00 2 5 .
N.1000000D 01 3 3
. "0.7264936D0 00 3 4
O . 0.71684810 00 3 5
' ~ 0.1000000D. D1 4 & .
0.5563612D0 00 & 5
0.1000000D 01 5 5




. T DELETTIN METHID (BL & ()

H
1S

RSO FOR 4 VARTABLES TS 0.5807922E700

ENTRY 3 (VAITABLE 3) TS DELETED.:

RSO FOX 3 VARJTABLES IS 0.5164821E Q0

ENTRY 2 (vAaRiABUE Z2) IS DELETED.

RSQ FOR 2 VARIABLES IS  0.4824524E 00

ENTRY 1 (VAIIABLE 1) IS DELETED.

RSQ FOR 1 VAREABLES 1S 0.3094260F 0O

B8 S{B) R{Y1.JIK-——-) ENTRY
0.2132252E-02 0.8836815E-03 0.5561701C 00 4

THE F VALUE FJX THE LOWEST PARTIAL CORR [S 5.87

_ERROR DEGREES JF FREEDOM ARE 13

0.2338245E-01 = THE Y INTERCEPT

PRED. ¥ = 0.2338245E-01 + 0.2132252E-021(X 4)
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.o STEPWISE RECRESSIONQBL 718}
{
THE STANDARD DEVIATION OF Y =  0.1813276D-01
& .ENTRY VARTABLE B8 : S(B)
3 3 0.3594899D-02 0.9697584D-03
¢ WITH MINIMUM F =13.74 }
- STANDARD DEVIATION FROM THE REGRESSION = 0.1311994D-01
THE INTERCEPT =  0.4000527F-01
c RSO =  0.5138711€ 00
. ERR0OR DEGREES DOF FREEDOM ARE 13
C
PRED. Y = 0.4000527E-01 + 0.3594899D0-02{X 3)
r
C
¢ ®
C




— § _____
_.  DELETIIN METHJD (8L ~ ® A

RSO FOXY 2 VAYIABLES 15— —0.5165515E Q0

“ENTRY 4 (VARIABLE %) IS DELETED. _ : m—

RSO FOR 1 VARLABLES 15 C.5138713%FE 0O

8 S{8) R{Y1. JJK===) ENTRY VAR
( 0.3594B899E-02 0.9697580E-03 0.7168481E 00 1 3
THE F VALUE FJR THE LOWEST PARTIAL CORR IS 13.74 R
- ERROR DEGREES JF FREEDDM ARE 13

L 0.4000527E-01 = THE Y INTERCEPT

PRED. ¥ = 0.4000527-01 + 0.3594899E-02(X 3}
s
DUTPUT IS COMPLETE.
L
‘_.
¥
L
(.
(--.
(.
(
.
, g
. \*
L )
-



.y COPRELATIONS anD YLLTMBE REGRESSICN~REVISEL AUC,L970

() SUGAR CANE TRASH FIR‘—— PARTIC EMISSICN (LR/25 FT)

% . gl |
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* TEXPERIMENT 16173

(i LOT 4 :

PROGRAM CHR
¢ .\IUMBER CF INDEPENDENT VARIARLES 7 WITH 17  COUNT.
INPUT 1S RAW DATA.

(

AVERAGE ENTRY NC.
________________________ P

« 0.11217650 02 L Tohl wi Obs sy £
C.14547C€D 02 2 Mok Condt Wd’ Busis

_ 1837€47D 02 3 Mepist-. cmmud 1»7 Pusrs

4 C.28E2353D 02 4 Roistive Humid
£.5254117D 01 5 Dot by
.8969956D Ol 6 S Pl N

« - 59£294CH 01 - 7 Wi fo5s C*v&ﬂdny’p*) :
C.27€29410~01 8 Parhc £wuss[ibszb5‘5w4?)

¢ . DEGREES OF FREEDGM FCOR §s.Amn SCP .= 16 ..: -
P ROW COL :. -. SUM (F SQUARES . VARIANCE CR- "STANCARE . CeVe
« S T ' CEVARIANCE: CCEVIATION: “{PER CENT) -
g T 1 0.14556460 03 0.9097787E 01 D.3016253€ 01 2€.65
HG 12 0.1744C59D 03 0.1090037E 02
2 ] 2 7.3012870D 03 0.1883043E 02
Z N & 0.3328529D 03 = 0.2080330E 02
(€ 1 E* - =0.1768816D 02 . -0.1105510F o1
Z . 1 6.v. =0,.6526586D 02 . . -0.4081241E Q1 -
2 T 7 G.12448410 03 G.T7T80257E 01 :
g 2 2 D.74628260 03 0.4666265E 02 0.6829542€ 01 645.€9
2 1 0.1148859D 04 0.7180618E 02
2 4. 0.951C419D 03 N.5944011E 02
C 2 .- 87, ~0.1772352D .03 © © -0.1107720E 02 -
.2 €& - =0.3371999D 03 -0.2107498E€ 02
Z 7 0.14€1278D 03 C.S132S858E 01
C 3 2 G.17844710D 04 0.1115294E 03 N.1056075E 02 57.47
2 4 0.1445330D 04 0.9058310E 02
2 5. —0.2635822D 03 . —-0.1647388F 02
'® 3 . 6. .—0.5056998D 03 . -0.3185623E 02
3 7 0.2556514D 03 0.1599696E 02 . .
4 4 0.54CE4TLD 04 AJ33R02G3E 03 0.1838B556A€ 02 63.176
' 4 5 =0.2221175D 03 -0.1388234F 02 :
4 ¢ ~0.6289597D 03 ~0.3931247E 02
45 7. 0.3355501D 03 0.7124744E 02 R -
' 5 5. 0.81525440 Q2 N.5095590F 01 0.2257340E OL - - 42,64
: 5 ¢ 0.158CC00D 03 0.1050000F 02 L o
5 7 —0.54C4€55D 01 —0.3415409F 00 .
. & & 6.4C2CCOLD 03 6.2550000E 02 0.5049752E Q1 5¢.11
& 1 -0.4055991D 02 ~0.2537494F 01 :
77 0.11524250 03 0.7202653E 01 0.264937715E 01 26.96
. . 1 £ 0.77C7€010 00 0.4817250E-01".
; - 0.14C75686D 01 C.2798033F-01
. ERE 0.23231410 OL 0.1451963E 00
& 4 g 0.21216870 01 N0.1326054E 00
5 ¢ —-0.1332463D 00 ~0.8327924E-02
&

T

e e e e g, e g

e A AT i i 2

o

P
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0
o

—0.33‘;8‘.& 00

067378330 00

-0.2124372€E-01
0.,4211146E-01

B

0.59554680-02

D.374716TE-03

N.1935760E~01

£S OF EREEDON

—rnoc
Dl' LW T T T [

FCR

CCRREIATIONS = 15

CORRELATIONS

C.10CACCCD

RChw COL

- ———— e ——— s e

C.5291534D
Cen311501D
C.3721347D

-C.16236€5SD
-C.26795C30
C.5611246D

€.R8250451D
C.10C0OCCCD
C.59857850

Ca47338BCSD
-C.71852358D
-G.E110GCED

C.49E2EL8D
C.6654916D
Cc.lgcoccceh

C.n6£5253D
-C.£91041¢€D
-0.5973511D

C.5644125D
C.71C2467D
€.10C0CCCD

~C.2344935D
‘C.423431!ID
C.43C6061D

C.37256120
C.10C0C0aCH
£.92113240

-0.596237666D-01

-~C.19C58471D
C.10C000CD

~0.1872357D
~0.2173246D
£.10Cacceh

C.B1C5623D
C.10C0GCCD
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BELETICN METH0D (6L WGR)

RSO*FiR 7 VARIABLE S 0.8231326FE 0O __'
FNTRY 4  (VARIABLE ")} IS DFLFTFD.

r

RSG FIR 6 VARTABLES IS  0.R205681F.00

ENTRY 2 {VARTABLE 2} IS DELETED.

RSQC FNR 5 VARIABLES IS 0.8154506F CO

EMTRY &  (VARIABLE 61 [S DELFTEC.

RS FNR &4 VYALIABLES IS 0.21046967E (G0

EMNTRY 7 {(VAPTABLE 7)1 IS DELETED.

RSQ FUR 3 VARIABLES IS N.RO7NI934E 0D

ENTRY 5 (VARIABLE 5} IS DELETED.

RSG FOR 2 YARTIABLES IS 0.7568187F GO

EMTRY 2 (VvARIABLE 3} IS5 DELETEL.

RS FUR 1 YARIABLES IS 0.6307057E GO

&) S RIY1l.JIK=-==) ENTRY VAR

C.5294G67E-02 0.9363398E-03 0.B25G489E 00 ~.. 1 1

THE F VALUE FOR THE LOWEST PARTTAL CCRR IS 31.9°P

ERROR DECREES OF FREEDGM ARE 15

A

~C.3229718E-01 = THE Y INTERCEPT

2

PRED. ¥ = —C.3225718£-01 + 0.529496TE-02({X 1)

Moare Buuiness Farms, lnc, |

~

.
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S IPRNNL. Y Y MU SR U G
STEPWISE REGRESSICN (HbT®718) , ' D
o ' \ [
THE SIANDARM DEVIATICN CF Y =  0.1935760C-01 L A
{ ENTRY VARITABLE 8 S(p) e
1 1 0.52949630-02 0.9363397C-02
( WITH MINIMUM F =31.58
STAMPARD DEVIATION FRGM THE REGRESSICA = 0.1129695C-01
(
THE INTERCEPY = ~-C.322971RE-01
( RSQ =  0.68C7059E (O
ERROR DEGREFS OF FREECOM ARE 15
(
PRED. Y = =-C.322S718E-0L +  0.5294969C-02 (X 1}
( 0UTPUT IS COMPLETE.
(
{
{
3
{
q
§
g
4
d
d
d




%m%mm.mhag

Nu! MP&R@D«WE%H. R

PEI+ . 01125953+(,000588747x[/)+(, 000531003xRl) , e
FTAC1TH2 . 4xPE e et e

W 15 p PRI LPEIAILRI

- W (rid 1o ..s.b
(bs /o5 30tt)  PE Ubs/acrt)  fhsjuss ;M,r pel Hyw 70 RSN« 7133954
B .cw:o:%m 36 95, 20740811 48,78 m 70 HEAT PET sﬁchnwhw DFREC2
0.0772426342  134.587565 92.6 Bl 0.06063998968 DFDE 412
0.0824337841  143,6326254 93.3 73 FVALUL RS!
0.08323013356  143,4018471 104, 8 60 SD PRI 14.97868356
B 0.0621208819  108.,2394246 5%.7 72 0.01532185043
0.0602821978  105.0357014 67. 60
0.0483215881 B+, 19553511 54,3 52 ST
. 0.0516050029 89.91655705 70.7 40
0.0588556366  102.5500612 75.8 48 MEAN PEIA lhs/facre ) e -
) 0. CUGE3ULE3S 81.34290UG6 425 62 105.659118- o
o 0.0907226791  158.0751961 117.3 62 K
P 0.0403u29747 _ 70.29359912 65.1 25 Sh_IrlA
£ 0.043992772 87.10740593 86 20 26.69679219 S
2 0.0489862486 85.35363956 68.8 15
: 0.0550661725 _ 95,94729B896 86.5 29 : L




Meore Business Forms, Ine. §

PETT«, 0400053+(. 00359

T 2 003984 90XILT) ——— —— ﬁps émh;}sllm%pkk,%. e e e
PEITA+17u7. :x..@?q
=]
_ - %3 15 p PEIT,BRIFAHDr T T o T T
_ Ifm.w \_ru\h,m %i.v PE .Q w.m\mn ré lly:lm_ .\mhm *om...zﬂ &K}-i Hv ‘ e
_ 0.04863306° 84,73824374 - uw MEAN PELT ;.%ww £ ) T
0.06695705 116.6833879 q.u 0.060640026 RSO+, 5138713
_ 0.06984297 121.69%3309 8.3 _ DFREC+1
0.0795495 138.6065261 7 TIiT T s S0 PETT DPDmye T T e
) 0.05007102 87.24374525 2.8 0.01299843463 FVALURE P50
0.05079 88.496496 3 13. 74188954
0.0579798 101.0240035 s T e
- 0.06445062 112,2987603 6.8
0.07343787 127.,9501447 9.3 . MEAN PRITA ). \aﬁ‘!!-.{fill.-f,- e
0.0400053 69.705235475 0 105, 6591813
0.08781747 153.0131597 13.3
0.04935204 85.9909945 2.6 5D PETIA
. 0.05905827 102.9031296 5.3 22,648,725 T e
i 0.0543849 94, 76024976 I
0.05726082 99,77125277 4.8 .

e —



F i . P

-~

N...‘ .,\\\Xvﬁ,_‘, Y x N “ ‘..

_wm ores §1' e

PEITI+ .0322972+( .00529497xTH) .

FEITIA<1742 MxPEIT] 5

83 17 p PEILI,PEITIA,TW Vb As T AT | . T

"3 2.541787300F 2  4.428827616%1 1,03000000051 .
5 3.0183L4600F 2 5.259163631F1 1.180000000E1 ” . 27.82783493
3.0183446008 2  5.259163631F1 1.18000000051 " R

Hoore Bu

Forms, Ine, f

3

- ﬁmm_vmsﬁﬂuﬁa+v PE ﬁ~&bk:xav Tobuf iL. ash
3.6537410005 2  6.366278318E1 1.300000000F1 MEAN PEIIT Hmu\uhz T
- 3.1262440008 2 S.U443682746E1 1,200000000F1 0. 02762950165 L -
1.061111000E”3  1.848879806F0 6.300000000E0 . _
2,118199700F 2 3.630751157E1 1,01000000051 8D PEIIT
b 8.048566100F 2  1.402382157E2 2,13000000051 0. 01597097964 . B -
. 3.653741000E"2  6.366278318F1 1.300000000E1
2.59L7470008 2  4.521087173E1 1.100000000F1
N 2.594747000F 2  4.521087173F1 1.10000000051 o R . :
B 2,594 747000F 2  4.521087173F1 1,10000000051 MEAN PRIITA Ibs Jacre

2.,2770U88001 2

3.967524882951

1.040000000F1

h8. 14146943

2,329998500E 2

4,059789386xK1

1.050006000081

SD PEITIA

}

1.800501500E 2.

1,8005015CG0E 2

3.137193814F1
3,137193814F1

9.500000000F0
9.500000000E0

1.6594602100F 2

2.95267469981

toe
)

9. 300000000£0

DFREG+1

DFDEV+«15

RSG+<.6807057

FVALLUE RS5Q

31.9786025 -
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TABLE 1

ESTIMATED ANNUAL PARTICULATE EMISSIONS FROM

. ) SUGAR CANE FIELD BURNING
Burned
In Crop Harvested Estimate - Emissions
State . 1.000's acres 1,000's acres 1.000's acres - Tons
State
| 1972 229.2 . . 108.5 95 4,168

1973 (Est.) 226 106 : 93 4,031
Hawaii

1572 104.6 48.0 3% 1,557

1973 (Est.) 100 : 46 ' 32 , 1,466
Kauai

1972 47.0 23.4 21 962

1973 (Est.) 46 _ 22 ' 20 916
Maui :

1972 45.5 22.7 _ 22 1,008

1973 (Est.) 46 23 22 1,008
Oahu

1972 73202 R T (S 74

1973 (Est.) 34 15 14 : 641
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Rugressi n-

A L\360

YLOAD 500 53
SAVZD 13, 07 Li 0;/L2/72
DREG :

STiBLE AND HULTIPLE REGRUSSION
Py REC X -

=y N . CATERED: 24/05/68

~ X T_) 4 fuﬂ RI/ O# OBJLIJV:"TIOHU, q2 COLJ”;’JS COPR."‘?PO 0

"'0 Tl A en Al ditn HOAG ] J.JJ._."':J.L_LUUL‘J. V1o A vaLius Ur -
POSITIVE INTEGER 5. PIS A t'J-TPr"'U" s COLULEIS. AS Afl EXA 'DLP e T
oF 7IE JJ'—';DUJ. . :T :{ HAVE © COLU ns, AllD LET ¥=(3,3,1, Ly, o

T.L.’Ef. f’ (—' y BESL L:L,Ab '—b JU&H.....; L_"'_' Ur_ .

- '~r .d+8x}(3+6'x —DxAl ““_ et SRR
11 :'.;":" oL O T TORTAE '
’ oWtz 4, 4, 0, 0, 0 . -
sows. 3, B, 57 ZHROR 0’7’ B, T-YALUE, Q
5053 5..C, 52 ZRROR OF THSVALOE, O
RoMwr 4,057 ERROR OF D, T-VALUE, 0 .
ROVS: 0, DFFOR REGRESSTON, SUii OF SQ’:AI?ES,- rEAH

. 7 S RE, - VALUE
. 3 PTy

=06 ¢, DP FO2 TREOR, SUil OF SOUARIS, MEAN SOUARZ, O :

2037+ 0, DF FGR TOTAL, s 0F SQUARES, ST ERROR OF ESTIHATE,
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\ ANE BURNING - FIELD STUDY ' ‘ '

il'a. B c D E F G H I J £

, . Trash Cane .| Pieces Ash 1
. Date Sample Stage Top Bottom 1 Total Top Middle Bottow Total 1bs. i

10/17/72_B-1 |Before | 3.5 | 8.5 | 12.0 | 31.5 | .7k | 37 [ 1i42.5 |

After 47 50 s6 | 153 .54
B2 |Before 5.5 6.0 11.5 | 37.5 125,750 43 206.25
sfter 42 . 55 46 143 1.86
10/18/72 C-1 _IBefore 8 5.25] 13.25 | 29 56 74 159
: After 51 47 62 160 4.98
C-2 |Before 5.5 13 18.5 | 29 | 62 74 165 | |
lAfter 54 |___49 59 162 2,88 |
. ' { : i
11/6/72) E-1 IBefore 13 . 5 18 43 91 | 59 193 |
After 60 71 91 222 3.8
E-2 |Before 12 8.5 20.5 50 100 40.5 1190.5 !
After , 85 65 50 200 10.9
| 1
11/8/72%  ¥-1 [Before 8.5 12.5 21 A 75 a0 176
- After 94 - 12 166 4,5 °
6 | F-2 |[Before 8.5 7.5 16 72 167 71 210
| After 76 57 73 206 5.5
i N . . ] =
11/%/721 _G-1 Ipefore 7 6.5 | 13,5 |47.5 5261 46,5 | 1495 |
; After | 53 42 45 140 8.3 '
: . |
G-2_ |Before 8 7.75 | 15.75% | 65 66,5 . 46 177.5 i
| lafter 50 49 S4 1153 2.3 !

I .

111/15/72 E-1  |Refore 5.5 4 9.5 47 36 30 113 :
: After 72 ‘51 55 178 t 3.5

E=2 iBefore . 6.5 7 13.5 40 40 45 125
! ?fte 53 - 30 83 2.5
. ‘ -
! 1
102/4/721 1 _Refore L.25 | 4.5 8.75_ 140 £7.5 1 42 129.5 ‘
T %fter 6L 56 34 153 1.24
I
M-2 Before 6 5 11 46.5 " 46 136.5 |
After 71 51 39 161 i 1.20
! : : l
127/5/72| n-1 Wefore i 5.5 .1 7.5 L 13 __ V&3.5 1 _&3_ _j__32 _11i8.5 | e
iAfter i 57 - 52 109 i 2.48
H . ! !
L 2 !
[ N-2 {Before | 5.5 6 11.5 | 38 |45 47 130 !
' Afrer 61 - 39 160 1.56_%
Y ] . i
' .
112/11/72 0-1 ibefore A 4 8 | 24 46 15 35 ]
- After ' 49 . - 40 89 2.2
0-2 iBefore 6,5 4 10,5 42 46 23 111 } : |
After 50 | - Sl _101 f 0.8 #
I J ) { | .
ﬁz/m/ﬂz 21 lBefore . 4.5 | 5.5 | 10. | 39 52.51 21 . | 112.5 | ik
! After 137 - 1 85 102 L 0.& %
- 5.5 Pefore 7 A 11 5% 3.5 1 34.5 | 13?7
After 83 - 49 132 | 1.02 ¢
! -
|
SUMMARYI 1972 DATA . :
- N - ] 2:.}:‘-2 o ' Mean 5D
. ' | !
Trash | 7ap 20 134.75 1021.8195 6.7 2.4 | 36% |
Bot ton 20 132.0 ~ 1..997.625 | 6.6 2.6 39% P
Total 20 266.75 3832.1815 { 13,3 13.3 3.8 29% 2]

Before : s -
tane & jTop 20 859.5 36460.25 i 43,0 11.5 27% |
fTEE lwigdle § 20 11218.25 561725 609 22,91 387 !

1 Bottom 20 884.5 L4451,75 \_a4,2 | 16.8 38%

d ! Total 20 12962,25 L67188.06 I 148.1 1 148.1 35.1 247%,
;M\Fter i . '
i Cane & ! Ton 20 1206 77120 60.3 15.2 1 25% .}
ETash T ecdte 12 643 35153 i 33.6 8.01  15% ;
i Bot £on 20 1064, ) 60606 . | 53.2 o 14.5 27% 4
i Total 20 -1 2913 453721 - ¢ P 145,61 145.6° 39.4 27F i

] L . | \ ; - : R S

EAsh‘ bl 20 66.24 ! 346.5%99 P 3:3 3.3 2.6 1 72% W
. ‘ A i
ifferchce (13.3+1468.1)=(165.643.3y4_ 12,5 th /25 £1-.2 3
i P ,
] Rurned _7.77 hf load 10.9 ronsfacr

Trash: | Top = 50.5% ‘___ . .

ST S RS WEERUIN PFP S S ‘
TpLecT = Top ]'J':"o SNy j
‘Trash 25 percent total © 8.3% i
! | ' i i
' Additjional DataiDesirable: Leaf materials as p?rcent of top and| middle ciane piech. !
l .; l ] ; . i E H I i i
i |
‘|Subject HAWAIT DEVELOPHMENT IRRADIATOR}
qSource i
rPeriod Covered From-— Teo Proj

I i
- NG, il
i t
wiy ) Dete Page of ) Pages f




evigsion of "ummaries I made after
. I returned to **iverside. - *hese were sent
to Honolulu and form the basis of

Dollars letter to his cooperators.
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- UNIVERSITY OF CALIQBNIA, RIVERSIDE

BEPXELEY - DAVIS » IRVINE * LOS ANGELES * RIVERSIDE * SAN DIECO * SAN FRANCISCO SANTA BARDBARA * SANTA CRUZ
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March 13, 1973 ¥
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Dear Jim: A
‘k £
- 3
It is 2 bit early in the morning and I am st arting this at \fq
home--will finish at the office. So pardon again the mistakes Lo
M

in typing but it will get to you faster this way.

h
M
Enclosed are coples of the sets of fileld data that Mel Dollar \E

sent to me and/or brought with him when he was here in December,

The first set included the raw data sheets and sumaxry sheets for

the six samples (2-25 square foot plots in each sample) B, C,VE,

F, G, and H. The second set lncluied the raw data sheets for

the remaining four samples, M, N, 0, and P and the summary of

all 10 samples or 20 fires.

*t took a little time for me to decipher the format so I will
try to give ¥ou the benefit of what I learned from these sheets,

. The first Set

B ek T ——

Using B-1-and B-2 as examples, and going first to the raw data
sheet. Sample column: Top refers to the top trash whan looking at
the Trash column and to top cane when looking at the Cane Pieces column,
Mid refers to mié& cane and there are often two entries because it
was necessary to make two packages to keep the weight of packages
within reasormable linmits. Bottom refers again to hoth trash and cane
as mimamm did tbe Top-above. The 1's and 2's refer to first ang
second &M sample. i

Unburned and Burned columns: The Unburned would be the two
samples mhmm &ollected and senb to Riverside, B-1 and B-2, each
sample representing 1 fire. In the earlier sampling, bottom cane
was sent to us but to ksep the weights within the table limits,
we did not use the bottom cane. After atout sample E, the bottom cane
was not snipced to us, althoush its weight was recorded in Hawail.
Thus for B-1l, the trash weights are noted for top and bottom anj
totaled at 12.0 pounds. The various cane welghts are noted and
totaled at 142.5 pounds ad I have noted in pencil the total plot
weight of 154%,5 poun‘'s, The total leaf trash {12 pounds) and the
total trzsh plus cane (154%.5 pounds) are then entered on the summary
sneet under Leaf JYrash "A" and Cane and Leaf Trash "B", respectively,

. for the Pexr 25 ft“columns,

The Burned column would represent the cane welght after the fireg
on the two plots that were staked out at the same tinme the two Hiverside
plots were cut and weighed. ( % am at school now and have changed
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typewriterJ). Thus it ig evident that on these sheets, there are
data from 4 plots---2 sent to “iverside and 2 sampled after the fire.
For B-1 after the fire, the cane weights are greateg# than the material
sent to Biverside. +3is happens in some other plots and accounts
for the great variation they show. {or B-1 the cane wt. after

fire is 153. *e then shows the ash weight caught in & pan of

150 square inches. “hen this is converted to pounds per plot
he gets 3.95 pounds. This amount is added to the cane wt. to

give 156.95 pounds total material on the plot after the fire.
When this amount 1s subtracted to the total wt. unburned, the

value is =2.45 and this is the net disappearance that he pu$s

on the swmmary sheet. 1In this particular case, however, he enters
-2 on the summary and I believe this is an arithmetic error if
my penciled notations are correct. There is also an error

in his arithmetic for B~2 because I show & loss of 71.67 but

he has entered 72.9. Regardless of these small errors, mmam

the explanation I have gé&ven above 13 how he has figured sach

of the entries on the raw data sheets that are tramsfered to

the summary sheet.

ihe format shwwn for B 1s followed for C and D but changed
a little in E, F, G, and H to add columns for Net Burned which
is labeled as #Hlet Disappearance on the summary sheet. Also starting with
E, the size of the pan for ashes was changed to 133 sq. in. A{f0. D .oy gpe
BacEmidmcBd Rdmdmdmdménmdm ard  Aere colamnl Aepa, g oaf £ s P s A
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Back to B for a moment. My penciled notes at the bottom of
the sheet 1s my effort to check his factor of 0.067 for converting
grams hmmmizdmpmnd ashes in the pan to pounds per 25 sq. ft. Thas
I get 0.053 instead of his value and calculating B-1 gives me
3.13 pounds instead of 3.95.

Now to E for a moment. You have two sheets for E-- an original
and one with my penciled notes. ‘he notes in the upper part of
the page just confirm the arithmetic that he shows to obtain
Het Burned. ~or E-1, the 3.8 ashes is added to the 222 burned
cane and_this aum is subtracted from the total 211 cane and trash
sent to Riverside to give a value of -lh.B net burned (which, again
is actually a gain).whmmmbnm When the total for E-2 (0.1) is
added to E-1 (214.8) his net for the 50 sq ft. is -1}{.7. *his
is converted to tons/acre (factor= .435) and the two figures are
entered on the summary shhat.

Now to the summary sheet of the first set of data (B thru H).
Whereas he has a key to the columns noted at the bottom, I have
labeled some columns/ for my own charification. For B£Y, the
total wt. per 50 square feet 1is the sumg of B-1 and B-2. 'this
should be multiplied by the factor of .435 and when I do this
1l get slightly different figures as shown roughly in pencil.
Then net disappearance is treated on 25, 50 font and acre basis.
ligre, for B using his figures the 7.9 should be 72 and the
32.6 would be 30.8. Even though there are these small erpors
I probably use the figures as shown when doing the computations
you suggest in your last letter. It has not arrived yet today
so ~ can't make any forther comments on what you want done.

The second set

The second set of data that he brought with him in December




® L
1s in two parts---the raw data sheets for M, N, 0, andf P, md

his sumaftes of all 20 plots. The format for the raw data is the
same as for E through H.

Now for the summaries. I had looked Bt these before mainly
for the purpose of seeing how he did his statistical work at the
time I was doing pjﬂ summaries in January. But now I am looking
at them in greated detail to see what I get out of them for the
purpose of writing this letter.

So here goes on what appear to be summaries of field data
only.

lhe first page is a summary of the summary that is shown

on the second page. 1 will just note the figures as I see them.
129+ 3.7 is from line 2 of second page. 14,7 +* 30 is from line
S, even though the figures shows 157. The SUM hinfmgR (1469.8)
divided by the NUMBER (10) has to be 1h7. 127 3l is from

line 11 and the 17 is from line 18. t ig this figure of

17 that interestes me the most because it is not toco far from

our loss of 15 mmmmim tons per acre as he pointed out in

the letter to Erskine Jan. 5. I think when we discussed this
on the phone mmmmmmmmhm you pointed out that the difference

may be due to the absence of mid cane in The Riverside samples.

But back to his 17 tons per acre net disapparence. Up untilr
today I have accepted this figure at face value without going
through the calculations to check where the figure came from.
Obviously from the figures we see on the second summapy page
the sum of Zhli divided by the number 20 gives 17.2. But 1 cannot
add up any figppes that give the Z 3LL Where the other numbers
in thés column/given in terms of 1lbs/25 sq ft, I can verify them
by adding up the indicated numbers for the 20 entries on the
raw data sheets. But if I add up the Net Disappearance in toas
per acre from all raw data sheets and for the sumiary sheet .
of the first set (Bshrough H) my sum is 110.6. If L add up - {} 25
the column of Net lisappearance on the basis of 50 sq. ft. I
get 316.1 which is closer to-3ll but. on_the-wrong basis.

to me that the loss in tons per acre could also be gotten by
subtracting the weight after the fire of all plots from the
weight before the fire/ for all plots. But 147 - 127 ® 20,
oh, OhJsJs , I just see something as I write this.  The 127434
showing on the first mamm summary page 1s from line 11 but
the labels are different. On the first page, the label is
M"total wt. cand and ash after burn', whereas on line 10-11

on the second page is labedled "wt. after burn (cane)" . 4t is
line 1l of the second page that matches the label on the first
page and the value here is 130 (129i8). Now, if we subtract
130 from 147, we get the 17. But L 'still don't see where the
34k came from and I will have to ask Dollar when I get together
with them later this month.

Further, unless there is something I do not see, it seems ‘&\

Un the third page of the summary, %el ap.lies the figure of
17 tons/acre to the acres harvtested and then our 7 1lbs/ton
particulate to come up with the tons of particulate/ per year.

Bwo figures need verification and/or acceptance. (1) The _
loss of 17 tons/ per acre from their field data and the 7 pounds
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of particulate per ton burned Prom our studies. Next wouldbe
the acceptance of the philogWdsophy that it is accurate to
express pearticulate in terms of material burned.

'y own point of view fmmmmminh at this stage is that the figure

of 17 tons burngd is not too bad. The concept of basing
emissions on the amount burned is certainly reasonable. And
I think that our emissiong factor is within reason. *hus the
only 4l ternative is to use the pounds particulate per acre.
if we wmse the figure of 109 and apply it to thamfilmmpmhhns
lihe 3 of the third page of the summary I get 795 tons per
year instead of the 869 Mel shows.

T have rambled on much-longer than i intended. If you
come up with somethin new on these data ™el sent, let me know.
In the mean time I will wait for your last letter with its
suggzestions and thenbe in contact with you.

Best regards.

Cordially,
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UNITED STATES GOVERNMENT .

. 2' Way memo

DATE OF MESSAGE

DATE OF REPLY

INSTRUCTIONS

Use routing symbols whenever pos-
sible,
SENDER:
Forward original and one copy.
Conserve space.
RECEIVER:
Reply below the message, keep
one copy, return one copy.
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FREDERICK C. ERSKINE
CHAIRMAN, BOASD OF AGRICULTURE

JOHN A, BURNS
GOVERNOR

WILLIAM E. FERNANDES
DEPUTY YO THE CHa RRAN
STATE OQF HAWAIL

DEPARTMENT OF AGRICULTWRE
1428 SO. KING STREET

HONQLULU., RHAWAIL 95814 [

January 4, 1973 o

Dr. Ellis ¥. Darley
Plant Pathologist
University of California
Riverside, CA 92502

Dear Ellis:

I've enclosed summary sheets for your review and comment. Some
minor errors and missing values were noted:

Pineapple burn 12-19-72 (&)
Particulate 7.2 lbs/ton wt. loss and not 5.3 1lbs.
Sugar cane burns 11-8-72 (1) (2) and (3)

Duplicate sets -~ is one set missing? i
_ {
Particulate 4.7 and 9.9 dry trash wt. loss rather than
5.7 and 12.6 respectively, if 3.3 1lbs. ash is assumed.
This would apply on all other sets of data similarly.

When calculating volume of discharge ycu have multiplied revolu-
tions by 50 - does this value recognize temperature corrections; if so,
it would give a good estimate of Btu vidlues.

If I recall correctly, the high volume filters were dried to
constant weight in a desiccator before and after the burns. If this is so
then the moisture effect should not be important.

Enclosed are the raw data sheets for each field study. This may
help you in your interpretatiouns. :

Siucerely yours,

- ~ o /?
. / s .
-~ y s s /
e
. Alexander M. Dollar, Ph.D.
: Supervisor, Hawaii Development Irradiater
o T e e : i i
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. TABLE 3 = PINEAPPLE TRASH

Summary:
Yumber of burns
Loading of table
Net burned
Volume of discharge

Particulate emissions

Burn rate

4
21.9 + 6.7 tons/acre
15.1 + 4.4 tons/acwe

2532 + 176 fr.31b. burnsd

9.2 + 2.3 1bs,./ton net burned

LMZUM—7
(

33823 + 10011 ug/m>

0.18 + .07 1bs./ft.2-min.

For comparison = field bura rates are in the

range 0.4 to 0.8 1lbs./ft.Z2-min.
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Bura

Date

{1

(1)

{(3)

()

TABLL 3

®

SUMMARY - PINEAPPLE TOWER BURNS

U, C. RIVERSIDE

DINEAPPLE TRASH

Particulate

Sample  Load Burned Burn Lk=zte
Desig~  Touns/ Tone/ 1bs/ft.2
natisn acie acre /min.
- 2?0"3 - -
D2 ASB 16.3 11.8 0.12
B5 & C3 13.1 10.9 g.12
BBEG 26,4 18.5 0.20
BCL 6.2 . 15.4 0.27

1bs/ton
burned

8.6

~!
+

3]

ve Z m3

41145
43382
27957

22810
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UNIVERSITY OF CALIFORNIA, RIVERSIDE ~ ~ - Feheee
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BERKELEY ¢ DAVIS ¢ IRVINE * LOS ANCELES * RIVERSIDE * SAN DIEGO ‘ SAN FRANCISCO SANTA BARBARA * SANTA CRUZ
n " ! ¢
. Y, . - Lo . .
STATEWIDE AIR POLLUTION RESEARCH CENTER - RIVERSIDE, CALIFORNIA 92502

. - - o QN??'%*ﬁjékf .

Nov. 24, 1972 —+0 &eo ?Qmﬁmgﬁf
o | | | Peed /5734
Dear Mr. “pangler: -

I am typing this myself, so please -expluse  the mispellings
“and strikeovers. Here are 12 more filters of 'sugar ¢ ne---
some whole cane and some leaves only. I will not send any
more of cane until you have had a chance to look at .these.to

see what differences you may want to have rEpeét fires on.’ Theﬂ‘l 3
next set of filters I will send will be from pinfpple trash fires, ;
“TTTTT Welghts on the filters follows: PR S ;
N ‘ - . “‘ . } . N . B ”
901126 Whole cane with dry and green leaves o o
3.,42985 R S
[ 6 80 ’ : ; . s . Pk
T .06005 = .12.8 pounds per ton of,fugl burned - . . "~ . “I
901127 Whole cane ' | | ’
3.36230 ' o o Ve
.32350 | - R S :
03880 = 7.1#/ton L I
.‘ " } - .} . . o * : N ';A ,"
901128--Dry leaves ouly 4
3.42330 _ _ : ‘
2. 56 é éo M 1 o Lo . ‘-' s . {:
. .05780 = 9.3#/tong - ‘ - |
. ‘ o ‘s : . e
901129 Whole cane S |
3.37045 i - o o o
[l 11 ’ ‘ i ' ' . . '
.09930 = 10.5#/ton
901130 Laeves only , - o _ o . | o

3.65300 . - A o
’ l6 86 . H ' ' , . ' . .‘ o . ' I ..’ ._

L01835 = 3.8#/tonf - | SRR e
901131 Whole cane | | - L

3.,63785 _ | \ o | | ‘ |
3.61050 : . |
' FOZ?BS = 8-0#/ton - .

2 s
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" 901132 . Whole cané

. NOTE: Filter flow was not siok&né@ic.‘,
- 3,67040 Liess air than should have been,

-+ 3.65780 . - Factor used would then give a
- .01260 £ . 5.4#/ton lower yield, o

901133  Whole cane =

13.63925 |
3,61150 -
; 402775 = . 7.9#/ton
901135 Lvs only |
3.64700 " . N
3.63h70 ' S »
w 01230 = 3.8#/tpn - o  “:" o S
901135 ‘Lvs only * - ' B | '
Y 5.62u85 .. Coe
3.61400 .. S e Ly

01085 = 3.4#/ton ~ - T I ‘. o

901136<.Lvs only. -

3.63520 . - S
3.62600 : S ' S

00920 . = 2.9#/ton.:. B S

901137 . Lvs only - S B T

363640
l62 o g .. Lo ) .
.008?0 =" 2.9#/ton o '
,Fu.v?} . )
“Whole canenw1tn ‘dry -and gresn'-leaves continue” to give hlgher
ylelds that dry-leaves alone, ilter, 901128 is an exception,
Wheén “the fuel ‘moisture data -aré worked up we may find that
tnls fimmm fuel was of higher m01sture content--or it=could Juqt."
be an odd ball, as sometlmes happens. :

Jlmd Southerland 1s coming out about the fourth of Déc. (;
think) and you may want to discuss any of your resvltﬁ with
~him.so he can make. sugreqflons whlle he is here. B e
L o L Cordial]y, R
c” / ) _ .
__El 1s r, Darley "‘ S
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B(a)P IN HI-VOL AIR FILTERS FROM HAWAII

A

Filter Number

901121
901122
901123
901124
901125
901126
901127
901128
901129

901130

901131

- 901132

901133
901134
901135

901136

901137

ng/e particulates

135
124

60.
35.

. 87
22

41,
27.
21.
32.

22

168.
181,
112,

176
76
52

404
.623
900
139
417
315
753
336
374
056
.669
254
622
195
.959
.087
.874

GEOLQGICAL RESOURCES, INC.
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TRACE METALS IN HI-VOL AIR FILTERS (ng/ms)

HAWATI
Filter Number Ni Cr : Be cd Cu

901121 2,666.4 tr 555.5. 2,888.5 5,891.6
901122 1,508.8 tr 419.1 3,688.2 7,525.0
901123 _ 2,584.3 tr 592,2 3,553.4 8,565.4
901124 0- 0 - 0 5,234.2 9,682.7
901125 0 0 0 316.1 7,183.9
901126 933.,2 2,205.8 - 339.4 1,272.6 10,990.4
901127 1,657.7 957.8 313.1 1,031.5 6,614.1
901128 ' 2,714.8 2,121.0 466.6 1,484.7 9,351.5
901129 . 2,210.3 1,277.0 294.7 1,080.6 6,921.0
901130 . 1,029.3 1,852.7 617.6 1,749.8 10,293.0
901131 - 2,748.8 tr 0 1,323.5  4,049.1
901132 No air wvolume reported Lo ' .

’ 901133 1,473.5 0 0 1,571.7 4 2,902.4

T 901134 504.,1" 0 251.8 . 1,510.6  4,577.6

901135 tr . 0 29.2 1,673.7 4,034.4
901136 0 tr - 356.4 . 1,555.4 - 7,069.9
901137 0 0 : 0 2,885.2 5,528.6
901138 997.1 1,150.5 0 1,188.9 11,156.8 -
901139 2,397.9 0 162.0 | 2,268.3 5,155.1
901140 4,155.8 0 317.2 2,296.6 3,852.5
91141 2,390.0 975.5 292.6 1,433.1 4,434,1.
901142 3,218.6 - 0 . 204.4 1,737.0 3,599.4

\

\
\
N
N
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SPECIAL PAPERS FOR SUGAR CANE FIRES

Filter NO. Weight before and after collection of

particulate and equivalent welght of
particulate per ton of fuel burned

901121 3,38485 grams
whole cane .336
with dry and L04830 = 12,.3#/ton of dry lvs.

green 1lvs

901122 whole cane with dry and green l¥s.
3.41460

3.36485
04975 = 9.1#/ton of dry leaves

901123 dry leaves only
3.38870

-3t

901124  whole cane with dry and green 1lvs.

3.37350
3.34935 :
.03415 = 5,6#/ ton dry leaves

5.8# ton dry l%s.

901125 whole cane with dry and green leaves

3.38435

) .03530 = 8,2#/ ton dry leaves.

Mr. \Spangler:

Here\are the first treated papers ¥om sent us for use on
sugar cane fires. When bozding our table with whole cane and
the dry leaf trash that goes along with it, we are able to welghf
only the dry leaves as burnable material. Some of the green
leaves do burn and we KNnow we .are 1081ng some weight (water?) from
the cane 1tself.  But for practical purposes at the moment
we are expressing yield of particulate in tems of dry leaves.,
There is a trend for more particulate to be produced from the
whole cane firesy It will be interesting to see if, you
obtain different kinds and/or amounts of materials from whole .
cane fires.

Cordlally,
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UNIVERSITY OF CALIFORNIA, RIVERSIDE

BERKELEY + DAVIS + IRVINE » LOS ANGELES = RIVERSIDE ¢ S5AN DIEGQ * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

STATEWIDE AIR POLLUTION RESEARCH CENTER RIVERSIDE, CALIFORNIA 92502

January 31, 1973

Dr. James R. Hammerle

-Chief, National Air Data Branch

and Standards
EPA
Research Triangle Park, NC 27711

Dear Dr. Hammerle:

Following the suggestion you made during your visit January 18, Minn Poe
performed the various multiple corrections on the cane and trash f1res Copies
of the various printouts are enclosed as follows:

1. UCR Correlations and Multiple Regression Program Description. Minn
points out that both the deletion and step wise regression methods
were used to derive the predicted equations. How these two methods
‘are reconciled is given on page 3 of the description.

2. Computer listing of the two raw data sheets, one each for cane and
trash only. Consecutive numbering was used for date entries and
for sample number entries. For the cane fires, if you look at the
summary sheets I sent Jim, you may identify dates by numbering
consecutively 1 through 8 starting with 10-27. You may identify
samples by numbering consecutively 1 through 15 starting with D-1,
but deleting H-1. The same system is used for trash only: Dates,

.1 through 8, starting with 10-5 and deleting 11-16; samples, 1

* through 17, deleting M-3.

3. Computer printout sheets of the three derived equations, I, II and
III. The data collected from 15 sugar cane fires and 17 trash fires
were analyzed using the above program. The correlation coefficients
and the multiple regression equation for particulate emissions (PE)
as a function of selected variables were calculated. The simple.
correlation coefficients, partial correlation coefficients, the
square of the multiple correlation coefficients, standard deviations,
etc are listed on the computer printout.

I--Sugar cane fires testing PE as a function of the several variables
observed prior to ignition. These variables are listed at the top
of the columns on the raw data listing noted in (2) above. In
addition, the total of trash 1 and trash 2, and of mid and top
cane was also used. This printout does not include all of the

~
'

T e



“V,ntl‘ ' OnIy total weight was significant, The pred1ct1oh equat1on for'PE .

. . the pertment observed variables of each fire and the pred1cted values

e e S
PoL . ‘ - o

: Dr; James R. Hammerle S 2 . January.31, 1973 »
v . ) - . - I. _' . .v . T ) . . . . ‘, o » .‘
| ,. . computer work but only those variables (weight of mid cane plus . =
o r- weight of-top cané and re]at1ve humidity) that had-a significant” -~ . ... ™

effect on particulate emission.. A1l of the others tested.fell by _.
“the way. The final pred1ct1on equat1on for PE in pounds per 25 sq.ft

- s, :
I ~ oIS eosssHeT S
PE = -. OIlQJAZ + £.000567389-% (wt. mid + top. cane)j PR
e -+ (.00856633 x relative hum1d1ty)
0P0531003

‘ II--Sugar cane- f1res test1ng PE as-a function of the various we1ght . .
. T Tosses observed after the. fire. - Only weight' loss 6f top ‘cane was Loy
»uif-uu_aqu”.~I+s1gn1f1cant ~.The..prediction equation. for. _PE 1n pounds per. 25 sq. ft e
is, - . e

4,0005"3 + (. 003594?
.' "PE = 0399034 + ( 00360011 X wt 1oss top cane)‘»,

III——Trash fires test1ng PE as a function of the severaI var1ab1es observed _
before ignition and of weight loss after the fire. The variables are - . #
- noted at the top of each.column on the computer listing of raw data. = . )

1n pounds per 25 sq.ft. is, .
PE = -.0322972 + ( 00529497 X total wt. )
4, Summary sheets where1n regress1on equat1ons I, 11 and III are app11ed to E ;;';
of PE in pounds per 25 sq.ft., and in pounds per acre are given, as well !
as the mean and standard deviation of these. va]ues The caﬂcu]ated F _
values based on R2 are also shown T S = -;j,gg~'4'ﬁ
After you have had an opportunity to rev1ew these results -1 would apprec1ate

your comments.. I have indicated to the cooperators in Hawaii that these data.. . _
. were being prepared and that I would send them the results -as soon. as you had Cor e

' peviewed them and couldassist in their interpretation. 1 hope ‘that, this" step toe
~.would help us to know how many more fires and what kind to burn.

M1nn tells me that the large R2 1ndicates ‘the good corre]at1on between PE -

- '-.and the pertinent variables.. .The, h1gh F va]ue indicates the 1eve1 of - s1gn1f1cance
- to be better than 0.5 percent . .

i For the varijables that the program selected Minn believes that we have suffx—
‘cient fires, but some 6f the variables that were dropped may require more f1res so .
-as to obtain -a wider range of experimental points. Perhaps the variables needing U
_ more replicates are moisture (some data points were missing in the current set), e
‘weight of trash, and perhaps total weight. She’also’says that we must have at
Ieast as many rep]1cates as. there are var1ab1es to be exam1ned .
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oo : t
Dr. James R. Hammerle . : 3 o . January 31, 1973 -
. : I am not- sendmg cop1es of th1s mater-1a1 to J1m and hope that you can share
the enc1osed w1th him.. : o _
e 1 certa1n1y apprec1ate your suggestwns and ass1stance. Your_:'visjt was, -
very t1me1y . '
Cordially,
./.7
, ' E111s F. Darley
. . . . Plant Pathologist ; :
! . Enclosures ' ‘ '
":J.'l : ‘F.‘.' : ' ' + ."’ i 4
o X ‘
i ‘ ‘
I A i '
: N
| -
!’I .) "




| - UNITED STATES GOVERNMENT

2. Way memo
Subject: Py~ Dévr-QMﬂls Vo lasss

sible.
r- i -_I . Forwarc-l original and one copy.
of e / -~ S v RECEIVER:
To: ;’ 1 ’ a? AD'M'U Reply beli:m;' the message, keep

one copy, return one copy.
/
L Uy @Qq:ﬁ%q‘,«w_«%

LO—

~—FOLD -
USE BRIEFa INFORMAL LANGUAGE

Telephore conviwclhmn wil By Dw% oy Muict]
/5, 1ndicate vé/m% lo wiff he salMIHy AL
sipet by M 1571 Ll 13tk G ot

A foboel: Gmne MJ:Z%/

 pot Mahi ot S Predped i
Pogestre M, Fose e Ronrsp B p, Sy
507 L/,,,\Mc,;é Wd?
sea P 25/0s5

FTs # <o ke 206 —-4‘41.?— “78/5 @M

s ferinator IOC a2~ 532
| | 2O ~54 3 -fé‘l/o/a. | ZQM

-

L" —J OPTIONAL FORM 27

OCTOBER 1962

Poe 5027 102 1. TO BE RETAINED BY ADDRESSEE SA FPMR (41 CFR) 101—11.6




L L

. g LT e o . N
ol /7 (Privileged Communication) Lo
‘ ‘ ' . : . o Appllcuhon Mumber: 1 RD!. APOOBZQ OlAI
Dual Revievs: '

* Review Group: ~ AIR pou_unom RESEARCH GRANTS ADV. COMM.
Meecting Date:  OCTOBER 1969 - AHR

Investigater:  DARLEY, ELLIS F . . : 7. Degree: PHD

. “Position:  PLANT PATHOLOGIST ' . '
" Osganicetion: - UNIVERSITY OF CALIFGRMIA o T

City, State: RIVERSIDEy CALIF ) Requested Start Dats 041 gL 10

B

 brojuct Title:: ATR POLLUTICN FRGM FOREST AND AGRICULTURAL BURNING

Recommendation:  APPROVAL } : ’ Friotity Score:
Special Hote:  Executive Secretary's Note; Communication 250
‘ Recommended; Outside Opinion Obtalncd
- Result of Mail Ballot

PRYC::.LERC"I" DHiC 5 llr.rco._nr PREVIOL_ISLY GNANTPEWIGD
o141 B9y 662 77, 33/ ,03/3/ 72

02 5543560 1,, ¢33 oY fpr[70""

03 u57,444\5 7//

RESUME: Certainly the data which the applicant proposes to obtain is worth-
while and should make a valuable contribution to knowledge and should be
obtained to provide the needed guidance for possible regulatory decision
making. However, phase 1 and 2 do not appear to bgq realistic at this time.
The recommendation is made based upon a greatly reduced budget Lo allow
continuation of the burnlng tower studies only, ‘

_'DESCRIPTION: The applicant requests $204,466 for a 3 year study of pollution

from burning, (1) Tests will be conducted in the burning tower and field

.to evaluate the performance of the burning tower. (2) Samples will be

collected in the ficld during various burn conditions. (3) Materials

" from the field will be burned in the tower to determine gaseous and parti-

culate emissions,

- CRITIQUE: The strength of this proposal is in the fact that a burning tower

is available at Riverside, Phase 3, which would be conducled in the tower,
has some merit., Cecnsiderable data have been collacted with apgricultural
waste products but little is known avout the forest materials. The tower

“has taken money aund time to construct and evaluate, so some further use of
it appears to be justified, : '

Phases 1 and 2 do mot appear.to be realistic at fhis time, It will not be
possible to determine the amount of pollutant given off during the field
purning by the proposed method. Qualitative dat:i may be of little real
value at this stage of the investigation. The Pi's proposal represents an
extremely ambitious program which could not be cempleted within the time
and morey requested,

. Elimination of the field studies from the propos:l and concentration on
.~ adequate quantification of the ''tower' burning studies should provide a
' more realistic approach to manpower and.dollars requested. -

(Over)"




~ for the research work itself. No such research support 1s 1nd1cated

CAPC S o =2- AP 00829-01Al

'.’ESTICATORS Dr. Darley appears overextended in his toLal program, Research
workers expending small percentages of their time on a project are usually
under productive unless a competent research assistant is actually responsible

: e [
. Y

"RESOURCES AND ENVIRONMENT: Good

BUDGET: Should be reduce¢ as indicated under Executive Secretary's Note,
Executive Secretary's Note: Approval bhas been recommended at a reduced budget,
Reviews have indicated that phase 1 and 2 should be deleted at. this time
Further, that due to the zmbitiousness of the study, only that portion deallng
with phase 3 be supported, Comnsequently, approval has been recommended with
the following budget deletions, Justification of equipment needs for 02 and
03 years. should be requested, ' o S

Delete - (1lst year)

Spectrometer ' _ , 0§ 22,000
Data acquisition system 9,100
-Laboratory Techrician IV : - 11,392
. .Stenographer . : _ _ 3,333
Travel : 4,000
Other expenses o .‘ ’ 2,500
.Delete -~ {years 02 and 03) .
Laboratory Techunician IV ' . 11,392
Stenographer : 3,333
Travel _ " 4,000

Other Expenses R 1,000

.- : * ' . . R .
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J SECiiun 1 . : '
LN DEPAR T GF . LEAVE BLANK (For SaS Offic:'l‘:l;e Only}) -
" HEALTH, EDUCA \ AND WELFARE TYPE PMJ. NUMBER ‘
- PUBLIC HEALTH SERVICE 1 RO1 AP 00829-01A1
REVIEW GROUP FORMERLY
~,
! APC- _
APPLICATION FOR RESEARCH GRANT COUNCIL (Monih, Vear] BATE RECEVED
A ‘Nov 69 6/19/69
/ ?/é{ [ AFFLICANT CODE D CobE
TO BE COMPLETED BY PRINCIPAL INVESTIGATOR (ltems 1 through 9 and 17A)
L. ABBREYIATED TIILE OF RESEARCH PROPOSAL (Do mnot exceed 53 typewricer spaces)
-Air Pollution from Forest and Agricultural Burning .
"} 2.7 TYPE OF APPLICATION (Check ooe}
O New PrOJECT [0 RENEWAL OF PHS GRANT NO .
REVISION OF PHS APPLICATION NO AP 00829 [0 SUPPLEMENT TO PHS GRANT NO :
]

3. DATES OF ENTIRE PROPOSED PROJECT PERIOD
{This application)

ROM THROUGH

~January 1, 1970 December 31, 1972

4. TOTAL AMOUNT REQUESTED
FOR PERIOD IN ITEM 3

$

¥ VN7

5. AMOUNT REQUESTED FOR FIRST
12-MONTH PERIOD

—FF357
$895662 (RG)

£209- 466~
217737

.

SA. NAME OF PRINCIPAL INVESTIGATOR (Last, Firat, lnitiol}

DARLEY, Ellis F.

H. MAILING ADDRESS OF PRINCIPAL INVESTIGATOR (Sircer, City, S:ate,

Zip C
Statewide Air Polluti

University of Califo
Riverside, Galiforni

ion Research Center

rnia
a_ 92502

@
F. DEPARTMENT SERYICE, LAIORATORY ok EQUIVALENT

B. DEGREE C. SOCIAL SECURITY NO. D. TELEPHONE DATA
' Area Code Telsphona Number
E. TIHLE OF POSITION

lant Pathologist

7. IDENTIFY ORGANIZATIONAL COMPCN

SCIENTIFIC ASPECTS OF PROJECT

ENT RESPONSIBLE FOR CONDUCT [=3]

Statewide Aif Pollution Research Center .

N

(See Instructions}

Statewide Air Pollution Research Center

G. MAIOR SUBDIVISION {3c¢ Instructions]

check box) [ 3]

ADD!ESS WHERE RESEARCH WILL BE CONDUCTED [if same as Item GH,

9. ARE FEDERAL FACILITIES TO BE USED FOR THIS RESEARCH?

State, Zip Code) [Sce Instructions)

Statewide Air Pollution Research Center
University of California

PUBLIC INSTITUTION:

] Feperar [ﬂ STATE

PRIVATE INSTITUTION:

Oioca

] nonero,

N/A . 1 wo a1 ves % OF TIME
TO BE COMPLETED BY RESPONSIBLE ADMINISTRATIVE AUTHORITY (ltems 10 through I5 and 17D)
10. APPLICANT ORGAMNIZATION (Name and Address-Streez, City, 12. TYPE OF ORGANIZATION (Check applicable item) D INDIYIDUAL

O oms
"] rrofir

Riverside, California 92502

1L NAME, TITLE AND ADDRESS OF OFFICIAI. TO WHOM CHECKS SHOU].D
BE MA l-ED

Mr F. J Balley, Accountlng Offlcer

13. NAME AND TITLE OF OFHCIAL SIGNIN:

Seymour D, Van Gundy

G FOR APPLICANT ORGANIZATION |

Associate Dean for Research

U i f C 1 f . Plgs AC::fOil‘JNT N;JMBER 15. EgTABU“.S;‘IED PHS INDIRECT COST RATE

niversity of California nter If known nter if known]

Riverside, California 92502 451480 S Shude - 321370
: d —=dh% 58U

nd the Act.

. |s. TERMS AND CONDITIONS. The undersigned accept, as to any grant awarded, the obligation to comply with Public Health Ser-
- . |vice Research Project Grant Regulations in effect at the time of the award (42 CFR, Part 52), the terms and conditions in the
Grants for Rescarch ‘Projects Policy Statement, and the undersigned agree to comply with Title V1 of the Civil Rights Act
of 1964 (P.L. &»8-332), and the Regulation issued pursuant thereto and state that our formally filed Assurance of Compliance
with such Regulition (Form HEW-441) applies to this project. The undersigned also certify that they have ro commitments
or obhgatmm, mc]udmg those with respect to inventions, inconsistent with compliance with such Re;,ul.ltlons, the M: mual

A. SIGNATURE OF PERSON NAMED IN ITEM A

//({C/ & A

SIGNATURES

DATE

é-//'— %4

{Use Ink. *"Per™ signotures
wmot acceprable}

B. SIGNATURE OF PERSON NAMED IN ITEM 13

's._..,--—----

o
_pHS-I98 (REV. 5.86)

/§é€4¢u¢¢¢4/ﬂf‘ /éﬁ&/

4,-/,1 G‘?

PA

- ‘.'

GE |
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.. . Form Annraved
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l’iOT FOR PUBLICATION ‘I.E;VE BLANK - (Far office wae only}

DEPARTMENT OF HEALTH, EDUCA‘T|ON, AND ‘WELFARE SIE FROJECT NUMBER
‘)R PUBLICATION .. PUBLIC HEALTH SERVICE :

REFERENCE. . ' RESEARCH OBIJECTIVES

.| ABBREVIATED TITLE OF PROJECT

Air Pollution from Forest and Agricultural Burning

il

‘| NAME, SOCIAL SECURITY NUMBER, OFFICIAL TITLE AND DEPARTMENT OF ALL PROFESSIONAL PERSONNEL ENGAGED ON PROJECT

_ Center, UC Riverside
Biswell, Harold H. 545-70-1631 Professor, School of Forestry, UC Berkeley

Broido, Abraham 345-16~9207 Research Associate, Air -Poll. Res. Center, Riv.
Green, Lisle R, 529-09-1239 Project Leader, Fuel-Break, USDA Forest Fire Lab,
: Riverside

Stephens, 'Edgar R, 021-22-7438 Research Chemist ILIL, Air Poll. Res. Center,

Darley, E1¥is F., '557~56-8064 Plant Pathologist, Statewide Air Pollution Researc

3

Palmer, Thomas Y. 515-03-6436  Project Leader, Flambeau, USDA Forest Fire Lab,Ri#.

: UC Riverside
NAME AND ADDRESS OF APPLICANT ORGANIZATION .

Statewide' Air Pollution Research Center
University-of California
Riverside, California 92502

USE THIS SPACE TO MAKE A BROAD STATEMENT OF YOUR RESEARCH OBJECTIVES

The use of prescribed burning of accumulated forest floor fuels in public and
private forest land is becoming an increasingly important and widely used factor in
reducing fiire hazard and maintaining favored plant species. Also, in California
considerable amounts of agricultural wastes are burned including brush from water-
shed and range lands contiguous to forest. lands, stubble of various cereal grains
. and field crops, and prunings from fruit orchards., As more attention is given to
all sources of pollution in the national effort to effect clean air standards, it
is important to know the relative contributions. of such burning. It is therefore
the objective of this project to determine the kinds and amounts of gaseous and

_ particulate emissions from this type of burning conducted in field studies and in
‘specialized equipment which simulates open burning situatioms. Special attention
will be given to burning under varying conditions of fuel moisture and loading.
Also, methods will be studied for keeping the forest floor debris at the least
hazardous level consistent with good ecological practice and a minimum of burning.
Where appropriate, results from Grant AP 00568, wherein the chemical process of
combustion is being studied with the aim of reducing harmful pollutants, will be
applied to the burning situations of the present proposal,

hY
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- _Renewa1'of UL 00535 - Noncombustive disposal of solid

e,

9 0LA1

. RESEARCH SUPPORT

List all other research support of the principal
investigator, including requests now being considered
as well as any proposals which the principal
investigator plans to submit to the Public Health
Service or other granting agencies, regardless of

Training Grants. Include support for this project
received from own organization, Amounts shown
should reflect total funds awuarded or pending
over, the entire grant periods indicuted in the final
column,

relevance to this apphcatlon. * Use blank continuation pages, if necessary, and follow
To be included also are current or pending contracts,’ the same format. . .

Fellowship Awards, Research Carcer Awards, and

A,

PUBLIC HEALTH SERVICE SUPPORT

GRANT NUMBER ' FERCENT TOTAL TOTAL PIRIOD
{f designated) * . TITLE OF PROJECT TIMEJEFFORT AMOUNT OF SUPPORT

: * . . ON PROJECT WITH DATES

.| ACTIVE OR APPROVID . . 3

AP 00272 Effect of dusts on vegetation - 10 | 191,527 | Sept. 1967
o | o I _ T S Aug. 1970
AP 00568 Characterization of smoke from 10 | 139,161 Feb.-1967
. : cellulosic fuels : Jan. 1970
UL 00535 Noncombustive'disposal of solid - 20 200,190 | Feb, 1967
- 1" agricultural wastes Jan. 1970

) APPLICATIONS PENDING DECISION OR PLANNED

Renewal, of AP 00568 - Characterization of smoke from cellulosic fuels

agricultural wastes
W+ ' ’

ALL OTHER RESEARCH SUPPORT

B,
X T .. s
© SOURCE AND ~ FERCENT TOTAL TOTAL PERIOD
PROJECT NO. © TITLE OF PROJECT TIMEJEFFORT AMOUNT OF SUPPORT
{I} desigrared) ON PROJECT WITH DATES
{1) ACTIVE OR APPROYED . . . R s

. .i] APPLICATIONS PENDING DECISION OR PLANNED Lo . L - o PR
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SECTION 11 - PRIVILEGED. commh’hﬂoi‘ ' .
1 DETAILED BUDGET FOR FIRST 12-MONTH PERIOD

Ai.- |

HOSPITALIZATION {Study parients) .

OUTPATIENT OR SUBJECT COSTS (Stmdy pasients)

THROUGH
(DIRECT COSTS ONLY) January 1, 1970 | December 31, 197(
. DESCRIPTION (Itemize) AMOUNT REQUESTED (Omit Cenest
PERSONNEL " TIME OR '
EFFORT SALARY FRINGE l[NEHTSl © TOTAL
) NAME TITLE OF POSITION | FalHRS, -
E. ¥, Darley Plant Pathologist 10 None None -
{H.  H, .Biswell Prof., Forestry | 15 M " - 0N
AT Broide "~ fResearch Associate 5 " " -
{ L. Green Project Leader 5. " " -
T, Y. Palmer Res. Meteorologist 5 " " - ,
E. R. Stephens Res. Chemist IIT .5 " " - l,."'
- Asst, Res. Chem I S 1| 100 11,870 1,556 13,526 |
' bab—Teeh—EV 166 FO G enenprmmad ef} 3 5 g - VA =il
Lab Tech II 100 8,520 852 9,372 |-
S Steno —Step Ll 50 336 303 333
| Richard Benner Sr Maint Man Step V 17 1,718 171 1,889
Qe&ui’«wﬂ 1S 1 €21 214Y 2.4 LYACR
. 27 205 | Ak | g i
etz =em 3918 30512
CONSULTANT SERYICES _None '
EQUIPMENY : :
1 _pas chromatograph and recorder : 3,000
—i-mase—speectrometon — R eI 2 000, oL
+ dutu“uuquiai‘iiuu Bys-£em 9—,}.99
1 Barnes IT 3 infrared thermometer 2,700
1 L&N AzAar recorder for thermometer 1,150
, VAT
SUPPLIES _ } ) : ’ g _
Calibration pases, glassware, filter paper etc, 3,000
‘ :
j 2 staff conferences .
DOMESTIC
mave trips to field plots _ZE 500
- FOREIGN - '

ALTERATIONS AND RENOVATIONS

fUSUCATION COSIs -

S s 200
; oTHEr au.'t_ru:s il ,
f T I=agnalyses of fuelsiee-résidues 2,000
- - 7 Computer Center—~ch¥re&sl 17000,
e ..l_moath entaln"Bofars real-ﬁ:.m"”?tanmng camera L PA00

T0TAL [Enter on Page 1, Iterin 5)

—
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BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE
(DIRECT COSTS ONLY - OMIT CENTS) .
- 15T PERIOD | ADDITIONAL YEARS SUPPORT REQUESTED (This application only}
DESCRIPTION (SAME AS DE- . -
- TAILED BUDGET} 2ND YEAR IRD YEAR 4TH YEAR 5TH YEAR 6TH YEAR TTH YEAR
-
mowa 24767 | 26,935 | 29017
bencfits, et} 3OS | 45660 | HF3TTHA
COMSULTANT Sﬂ'ﬂcﬁ
‘Raclude fees, travd, ccd -
b, 250 |
FadmeET 37950 | 3,000 3,000
e 3,000 | 3,000 | ‘3,000
DOMESTIC 7 . .
AR 4% 500 ¥, 500 4,500
FOREIGN
Cendy pesicnsd
OUTPATIENT OR
SUBRCT COSTS ) _ ‘ ‘ I
(Study pattentd] : . .
ALTIRATIONS AHD - ' ) : ' ’ ' R
EHOVATIONS ' ’
PUBLICATION COSTS, . 200 1 200 200
AL OTHER EXPENSES ‘. Z“, 500006 z.a__eeﬂ,wo .23’ ,_Ge,goab
T | | B | 3
TOTALS ' 89663 | 55360 | S
| 10 6%/
nier on age {2 s / /
.VTOTA‘L FOR ENTIRE PROPOSED PROJECT PERIOD (E Page 1, Item 4) =3 2027466
PEMARKS [Justify contlaxing funds where the need may not be apparent)
Jﬁsti_.fication for IBM equipment year O1:
IBM 1070 Process Communication System
1071 Terminal Control Model 2 85,860
Analog-to~digital converter 1262 2,100
Line adapter ’ 390 : .
1072 Terminal Multiplexer Model 1 390 SR R
(2) I/O Switching Modules 4663 - 360 :
79,100 (tax and freight mcluded)
;. We believe the purchase of this system 1s justified for the following reasons:
1, Save considerable time and give results very shortly after fire.is .conducted.
2. Less cost over a three year period, We estimate that the hand work involved
presently is $10.00 per fire. Eight fires per week would cost about $4000
per year.
3. Permit shorter intervals of da data acqulsltlog g gl;;gg in g;ga;g; acouracy .
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BIOGRAPHICAL SKETCHES

- ' . - {(Hoe the following Informarion for BEACH key staff member, beginning with the Princlipal
.W Investigator. Use continuation pages and foillow the same general formar for cach person.) . F

[ TITLE MRTHDATE (Mo., Day, Yr.)
Darley, Ellis F. - Plant Pathologist : Nov.. 2, 1915

PLACE OF BIRTH {City, State, Country) Pl!SENll' NATIONALITY {If non-L1.S. culun, indicate vhn stx.. .

) T atptud
Monte Vista, Colorado US Citizen : | Bmae Oremes

° EDUCATION (Begin with baccalaureate training and include postdoctorai)
Coa YEAR
INSTITUTION AND LOCATION T DEGREE COMFERRED

Colorado State University, Fort Collims, Colorado ' B.S. 1938
University of Minnesota, St. Paul, Minnesota Ph.D. . 1945

HOMNORS .

Guggenhéim Fellow, 1963-64

Fulbright Travel Grant, 1963-64 ,
Editorial Board, Air and Water Pollution 63-66, Assoc Ed Atmos Environ. 1966-todate

@

MAJOR RESEARCH [MTEREST
Identification and effects of air pollutants oh plants; atmospheric analysis;
agricultural operations as a source of air pollution; fungus root diseases of
orchard crops. : .

RELATHONSHIP TO PROPOSED PROJECT .
Principal Investigator =- Analysis of effluents from burning various plant wastes.

"[ RESEARCH AND[O%R PROFESSIONAL EXPERIENCE ¢ (Start wich present position; lise ALL axperience relevant to profect.)

1949 - date  Successively Assistant Plant Pathologist, Associate Plant Pathologist
and Plant Pathologist, University of California, Riverside

The applicant is presently engaged in research on the effects of 1ndustr1a1
pollutant dusts on vegetation. He has spent a number of years on research on the
identification of phytotoxicants in photochemical air pollution and of their
effects on vegetation. He has recently published results of an investigation on
the pollutant contributions of burning of solid agricultural wastes,

e v B
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e . BIOGRAPHICAL SKETCHES
Bisﬁell, Harold H. . ' Professor of Forestry  November 8, 1905
Fayette, Missouri U. S. Citizen . Male
Education - I
Central College, Fayette, Mo. . S ,‘ AiB. 1930
University of Nebraska, Lincoln, Neb. . o _ . M.A, 1932
University of Nebraska, Lincoln, Neb, N Ph.D. 1934
Honors:

Fulbrlght Award, 1961-62

Guggenheim Fellow, 2 months in 1961 and 2 months in 1962

Special Award for Outstanding Service from Calif. Wool Growers Assoc., 1964
Distinguished Service Award, Arizona Resources Commlttée 1966

' }

Research Interest

Ecological use of fire for forest land management; range management.

Relationship to Project

Co- lnvestlgator--conduct field -studies on burning’ various forest wastes and on the
ecological consequences of such burning.

Research and/or Professional Experience
1947-date Successively Associate Professor and Professor of Forestry

1940-47 Prinéipal Ecologist, Southeastern Forest Experiment Sﬁétion,
Asheville N.C.

1934-40 Range Ecologist, Pacific Southwest Forest and- Range Experlment Station,
’ Berkeley, California

The applicant is presently engaged in teaching and research in the use of fire in
range, wildlife and forest management, For some 28 years he has devoted much of
his time to research on the use of fire for improvement of forest lands.

A
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BIOGRAPHICAL SKETCHES

Abfeham Broido S Research Associate 9/12/24
Cherkassi, Russia U. S. Citizen Male -
Education S

University of Chicago, Chicago, Illinois B.S. 1943
University of.California, Berkeley N _ ‘Ph.D. 1950

Maior Research Interest

Chemistry of fire behavior

Relationship tec Proposed Proiject i ;
- Co~investigator

Research and/oxr Professional Experience

1959-date Pioneering Research Specialist (physical chemistry) Pacific Southwest
Forest & Range Experiment Station, Forest Service, USDA.

Curreﬁtly Consultant, University of Calif, Inst. of Engineering Research; Research

"+ Associate, University of Calif. Dept of Industrial Engineering; Research

Associate, University of Calif. Statewide Air Pollution Research Center'
Oonsultant U.S. Naval Radlologlcal Defense Laboratory.

1964-65 Guest scientist in Dept. of Organic Chemistry, Hebrew UnlverSLty of
: "Jerusalem, Israel .

1956-59 Chemlst California Forest & Range Exp. Station, Forest Service, USDA

1950-56 Chemist (radiological), Head, Thermal Radiation Branch (9/51- 7/53)
U.S5. Naval Radiological Defense Laboratory,-

1948-50 Teaching and Research Assistant, College of Chemistry and Radiation Lab.
University of Calif., Berkeley . .

1946-48 Research Cﬁemist Clinton Laboratorles Monsanto Chemical Co {later Oak
' » Ridge Natlonal Laboratory) e :

1943-46 Research Assistant, Research Chemist, Metallurgical Laboratofies,
University of Chicago (later Argonne National Laboratory)

© PHS-398 (REV, §-64) ’ . . Page § -
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ECTION 11-PRIVILEGWPCOL * NICATION Continuation page: 9 00829 01Al1

BIOGRAPHICAL SKETCHES

Green Lisle R. Fuel- Break PrOJect Leader  November 18, 1918

Ogden Utah _ T u. S Citizen Male
Educatlon-'f'. . F f::i;i

Utah State University, Logan Utah _ _ ' * B.S. 1941
Utah State University, Logan, Utah M.S, 1948
Honors -+ % 'e;“;:;:t.. SraTILIL DI i ' v

Phi Kappi Phi
Xi Sigma'Pi

Major Research Interest

Fuel hazard reduction in brush and mixed conifer types

Relationsbip to Proposed Pfoiect

Co-investigator., Assist in planning, conducting, and evaluating prescribed
- .wildland burns. ‘ '

Research and/or Professional Experience

1. Since 1960, as leader of the Fuel-Break Project, Pacific Southwest Forest and

Range Experiment Station, U,S. Forest Service, the applicant has been developing
teciniques for brush-to-grass conversion, or to other acceptable ground cover,
He has been studying the use of fire to construct and maintain fuel-break for 4
-- years in the central Sierra Nevadas; has been involved for 2 years in use of
' fire and herbicides to eliminate brushfields for timber planting, and helping
work out techniques for better use of fire in burning clearcut blocks in the .
Douglas-fir timber type.

2. Between 1955 and 1960 he taught range management at Callfornla State Poly- ;
technic College, San Luis Oblspo California, -

"3. The applicant worked as a range conservationist at the Forest Service's San
Joaquin Experimental Range, Coarsegold, Madera County, between 1948 and 1954.
This was a period of development of the rancher control burn program, and he
participated in 50 to 60 prescribed burns as observer, firefighter, and
representatlve of the Experlmental Range, At the Exper1menta1 Range,

worked out a recommended program calling for advance preparation, burnlng,
reseedlng, follow up chem1ca1 treatment and management : -,

This* €éxperience brackets ‘the" types of prescribed burning that w111 be done 1n thls
'project - .

5
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, ‘ . o ' BIOGRAPHICAL SKETCHES
Palmer, Thomas Y. Project Leader,'Project Flambeau = - Sep;; 11, 1924
‘ Kiowa, Kansas. ' U. S. Citizen '. - Male .
i Education
‘? St. Louis University, St. Louis, Missouri - B, S. 1950
University of Washington, Seattle, Washington M. S. 1961
Honors

Associate Fellow AIAA ,
Post Member AIAA Committee on Atmospheric Enviromment

Major Research Interest

Physical mechanisms of mass fires ' oo

‘ Relationship to Proposed Project
COFinveétigator. Assist in planning and analysis of prescribed fires.’

Research and/or Professional Experience

1. Since December 1957, leader of Project Elambead.

2., Since 1956 the applicant has been active in instrumentation, aerosol behavior
and intensive convective activity in the atmosphere. From 1962 to 1967 as a
Research Specialist with the Boeing Co., he developed hydrodynamic models of
convection; studied aerosol behavior and remote sensing techniques. From 1961
to 1962 he was a branch Chief in charge of instrumentation development at Air
Force Cambridge Research Laboratories, From 1956 to 1959 he was a Staff

Member of Sandia Corporation studying instrumentation and meteorological effects
of nuclear weapons. He is holder of patents in remote senSLng of atmosphere
contaminants and aerosol generatlng equlpment :

]

9. NUl [} !l': NN 1D DTFALE-DIINUINWY IVIAKINN

" From 1959 to 1961 he studled and taught Meteorology at the University of
Washington.

[T R - e
W
.

4, The applicant has worked for 11 years in the fields of convective phenomena,
instrumentation and aerocsol behavior and diffusion. This experience will be
of value in planning methods of sampling fire behavior and dispersion and
atmospheric dilution of gaseous and particulate combustion products,

L. . : -
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Biographical Sketches

Stephens, Edgar R. .Research Chemist August 26, -1924

Detroit, Michigan : U. S. Citizen " Male’
Education

Carnegie Institute of Technology, Pittsburgh, PA ' B.S.- 1945-

Princeton University, Princeton, New Jersey i M.A, 1949

Princeton University, Princeton, New Jersey o Ph.D. 1951

Maior Research Ipterest

Basic studies in photochemistry, atmospheric reactions in air pollutlon auto
exhaust emissions, spectroscopy .

l
Relationship to Proposed Project .

Co~Investigator

Research and/or Professional Experience

1963~date University of California, Riverside, Research Chemist

1959-1963 Univérsity of California, Riverside, Research Associate
--Scott Research Labs., Inc., Perk351e Pennsylvania

1950~1959 Franklin Inst. Labs., Philadelphia, PA., Senior Staff Chemist

1945-1947 Shawingan Resins Corporation, Springfield, Massachusetts, Research Chemist

For the past 10 years his studies have been concerned with the photochemistry of
air pollution, He was the first to design, build, and gather data from long

path infrared spectroscopy. He was the discoverer of peroxyacyl nitrates in
polluted atmospheres which have since been proven to be major components for
plant damage and eye irritation. He has also studied and worked out a means by
which the age of the photochemical pollution cloud can be determlned by comparing
reactLV1t1es of specific hydrocarbon compounds. :

[ ate i o ey L
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. conditions on forest and agricultural lands has been and is becoming an increasingly

RESEARCH PLAN
A. Introduction and specific aims .
Prescribed fire, the controlled open burning under specified weather and fuel

important factor as a rapid and relatlvely 1nexpen51ve method of r1dd1ng such 1ands
of unwanted plant materials.

In public and private forest lands the objective is to reduce fire hazard and the
threat of catastrophic wild fires, maintain favored plant species and, in many cases,
effect better recreational use. Prescribed fire has become an integral part of
forest management and protection, In the West slash resulting from logging opera-
tions is a principal contributor to major wildfires in the forest, Prescribed fire
reduces the concentrations of such slash and thereby reduces the fire hazard. At a
recent meeting of researchers working on pollution from fires and U.S. Forest Service
officials, it was stated that one of the most pressing problems was that of maintain~-
ing an acceptable balance between the use of fire and pollution of the atmosphere.
Some 2,919,000 acres of forest lands are burned annualy in the U.S, About 9% of this
is in the West, the remainder in the East. But because of the heavier loading per
acre.in the West (80 tonms versus 16 tons in the East) about one- third of the total
tmage burned occurs in the West. g

On agricultural lands, the objective is to dispose of the plant debris of farming
operations as quickly and efficiently as possible, Thelproblem of air pollution from
such operatlons is accentuated because such operatlons are usually closer to urban
areas, :

- As more attention is given to all sources of air pollution in the national effort
to improve air quality, it is important to know the relative contributions of such
burning. Of the two operations, the forest is least amenable to alternate methods
of disposal; various alternative methods are being studied for some types of agricul-
tural practices. -But until the feasibility of such methods is determined and because
fire will be used in the interval, perhaps even in conjunction with other methods,
more needs to be known about the pollutant contributions of controlled open burnlng
and how pollution might be reduced by modifying burning methods,

Some data have becn published recently by the applicant institution showing the
yield of several gases which participate in photochemical pollution when agricultural
wastes are burned. The tests included fruit tree prunings, grain stubble and wvarious
plants from range lands adjacent to public forests, These studies need to be expande
and conducted in-greater detail. But we know of no published work on the pollutant
effluents from opening burning of undesirable tree species and the accumulated debris
under various types of forest cover. Therefore the specific objectives of this
project are: o

1. 1In cooPeration with' fire scientists of the U.S. Forest Service, conduct tests
in the "burning tower' at Riverside to further evaluate the similarity of the
apparatus .with open burning situations. Preliminary observations indicate that
the tower simulates open burning, but confitrming data are lacking.

.2, Conduct prescribed burnlng tests on experimental plots in various forest
ty types to determine: a) smoke production in relation to burning rate and weight
of fuel consumed under varying conditions of weather and fuel moisture, b) alter-
s, .ations in smoke when the fuel has. been pretreated with herbicides or various
' combustion modifying chemicals, -and c¢) follow the subsequent ecological changes

in the several forest types in relatlon to given burnlng practices,
PHS-398 [REV 6-64) " Poge 12 ;
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"3, Collect the same forest fuels for tests at Riverside under simulated open
burning conditions to determine weight of gaseous and particulate emissions per
ton of fuel burned and the effect of fuel lbading and moisture on emissions.

4, Expand the present : :-.cent program of burning various agricultural wastes to
" determine gaseous and particulate pollutants.

B. . Methods of procedure

The project will be carried out in two parts: 1) field sudies on the University-
owned Whitaker's Forest (adjacent to Sequoia National Park) and on one or more
privately owned forest sites, and 2) laboratory studies in Riverside, principally on
the campus of the University, and occasionally in the adjacent facilities of the
U.S. Forest Service Fire Laboratory, -

Field Studies - Most of the prescribed burning will be done on the Whitaker's
Forest consisting of some 300 acres situated near Sequoia National Park and owned by
the University. Studies have been underway here for some time in an effort to learm
how to manage the forest to preserve and enhance the giant redwoods The following
procedures for field burnlng will be used, - '

1.~ Cut understory trees during the surmmer and fall months, letting them dry
before being burned. This will be done because observations have shown that green
materials burn with much visible smoke production, i

] . ) .

“ 2. Fires will be set under progressively drier conditions and in different fuel
types to help determine the weather and fuel conditions necessary for prescribed
burning with the least smoke production. On Whitaker's Forest there are five princi-
pal fuels:; ‘debris produced by giant sequoia, ponderosa pine, white fir, incense-
cedar, and bear clover draped with ponderosa pine needles, These fuels have differen
burnability levels. Probably a dozen or more tests will be made in each fuel type
to establish the desired relationship between weather and fuel conditions and fire
spread. This work will be done on plots varying in size from 6.6 x 6.6 feet up to
20 dcres, Tests will be made ‘each year until satisfactory relationships are

3. ‘Two common burning methods will be tested for their smoke production. First,
in very heavy fuels, the dead material and small understory trees will be cut, piled,
and burned, Second, fire lines will be prepared and fires will be set on the edges
of the area to ba burned, letting the fire spread through the fuel under the larger
crop trees. Most burnlng will be done in February, March, Apr11 and May when the
danger of w1ldf1re is at a low level.

-4, Atmospheric samples for particulate and hydrocarbons will be taken during
given fires. Whereas it is expected that 50 to75 fires will be conducted in any one
season, perhaps not everyone will be sampled. At the least we would make duplicate
‘samples from each fuel type at high, medium and low fuel moisture cond1t10ns. More
samples would be taken as COHdlthﬂS permlt

. For particulate sampling we would expect to use the Gelman Battery Air Sam-
pler employlng a carbon vane pump, 47 mm glass fiber filter in a suitable holder,
and a 5-20 'CEM flow meter. The maximum sampling rate of this unit.may or may not
prove to be sufficiently high. Another compact instrument is Gelman's Hurricane Air
Sampler which employs a 4 inch filter and air flows up to 225 CFM, but is less por-
table because it requires standard power socurces. The company is looking into the'

possibility of putting together a unit that is battery operated, uSing a 4 inch

" PHS-398 IREV. 6-64) . . Poge 1 3
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filter with air flows of approximately 10 CFM which mlght be adequate for short
sampllng perlods of 10 to 20 mlnutes , :

With portable equipment as outlined, we would expect to take samples down-
wind from a given fire making comparisons in weight of particulate collected at

| given flow rates and time when walking back and forth parallel to the fire line in
‘| unifoim smoke densities at two or more distances from the fire line. It is possible

to determine weight of fuel burned; it may, therefore, be possible to come. up with
some quantitative data, although they may be quite rough. We alreddy work in close
cooperation with NAPCA grantees in Oregon and Washington and would discuss our

results with them in order to effect any modifications that might improve the systems}

Gas samples for hydrocarbon analysis will be collected in 300 ml gas sample
bottles at the same time particulate samples are taken. By using split air flow
lines and suitable stopcocks, the same pump would be used for both systems. If
desirable, simultaneous gas samples can be taken at other portions of the fire by
drawing the sample through a bottle by means of a hand squeeze bulb. The samples
will be transported to Riverside and analyzed on gas chromatographs which distinguish
23 different hydrocarbons, most of them being olefins. Gas chreomatographic technique
have been developed at Riverside that permit analyses of hydrocarbons from grab
samples in the parts per billion range. The system was recently tested and proven
satisfactory with samples taken from a prescribed fire conducted by the U.S. Forest
Service Fire Lab, in a brush fuel east of Riverside. While the results are expressed
in parts per billion in the sample, it will not be possible to determine yields of
hydrocarbon per.ton of fuel burned because we will not know total air flow into the
fire. We will know the kinds of hydrocarbons and their ratio which can be compared
with similar information being taken by our laboratory and other mobile units in the
Los ‘Angeles Basin.

5. The rate of buildup in fuels after the initial burning treatment will be

{ determined. This will establish minimum control burning requirements in fire

hazard reduction. Needle and debris fall will be sampled and weighed and the rate .
of increase in understory trees and shrubs will be measured. These studies present
the possibility of guiding forest succession toward less hazardous types when fuel
manipulation for ‘fire hazard reduction will not be so essential.

- . t . .

6.  The use of chippers 1is an alternative means of reducing fire hazards with low
smoke production, The cost of chipping and the effects of chipped material on plant
successions will be measured and compared with those of prescribed burning. The
contribution of chipped materials to fire hazards, their rate of decay, effect on
tree growth, etc. will be studied,

The work crews for the field aspects of the project- will be provided from the
Miramonte Conservation Camp under agreement between the California Division of
Forestry and the School of Forestry and Conservation.on the Berkeley campus.
Supervision of these crews will be provided by the prOJect and Mr. Benner is listed
under Personnel for this purpose.

Whereas most of the field work will be conducted at the Whitaker's forest as
indicated above, the Forest Fire Lab often conducts prescribed fires in southern
California closer to Riverside. One such fire was held in the mountains east of .
Riverside on May 26. We successfully sampled this fire for hydrocarbons and would
expect to sample more of their fires in the future. : '

Laboratory Studies - Most of the research at Riverside will be conducted in a{
burning tower. This is an inverted . cone approximately 18 feet,hi ? laced over a
weighing platform 8 feet in diameter and arranged so that open gs s?%ulated but

" PHS.398 (REV. 6-64} . Poge L+
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permitting the effluent to be channeled for adequate sampling. During the buriing,
air flow and temperature at the sample site are measured continuously. Also, there
is continuous recording of €O, CO2 and of total hydrocarbon expressed as carbon.
From these data it is possible to calculate yield of CO, CO2 and hydrocarbon in .
pounds per ton of fuel burned. Grab samples for gas chromatographic analysis of
some. 23 individual saturated and unsaturated hydrocarbons are taken at spec1f1ed
-periods durlng -thesfireyr Foe very onuss i R e

The tower~has been modified recently to provide for isokinetic Sampling of
particulates and for continuous monitoring of oxygen. The particulates are collected
on standard sized high volume sampler filter paper and weighed. The sample nczzle is

is quite simple since the flow is isokinetic. Chemical analyses following the
standard procedures of the NAPCA laboratories will also be made.

. Techniques need to be developed to analyze for aromatics and various oxygenated
compounds, which at the present time are not measured. A mass spectrometer to be
used in conjunction with a chromatograph is requested for this purpose, Dr. E., R.
Stephens, a co-investigator on the project, has had considerable experience withthis
technique, having used mass spectrometry, time-of-flight spectrometry, and long path
infrared spectrometry for the identification, isolation and characterization of the
photochemically produced air pollutants, peroxyacyl nitrates. He has also used these
techniques with the parent hydrocarbons involved in photochemical reactions., It is
expected that whoever fills the position of Assistant Research Chemist will have
some knowledge of spectroscopy and that Dr. Stephens will work with h1m in the use
of the mass spectrometer and interpretation of results,

In addition to taking temperature at the sample site, we propose to,determine'
the temperature in the fire., Mr. Palmér, a co-investigator, has had considerable
success with the Barnes infrared thermometer in recording flame temperatures in
prescribed. fires, Smoke does not interfere. At his suggestion we propose to
purchase an instrument for this purpose, It has also been suggested that for a one~
month period a Bofars real-time scanning camera be leased to further characterize
flame temperatures on a number of fuels that could be burned in that period.

BTU determlnatlons of fuels for which standard values are not already knowu will
be made by the Fire Lab using the standard bomb colorimeter. Since we are currently
recording the rate of weight loss during the test fires, and know the fuel moisture
content, BIU calculations can be made easily.

In cooperation with the fire scientists in the Forest Service Fire Laboratory, a
special study will be made to further characterize the "open burning" features of
the tower. Some critics have suggested that the tower is more like an incinerator
and is actually a forced convection system rather than a free burning system. Pre-
liminary tests of comparing simultaneous fires in the tower and on the ground nearby
showed no observable differences. The Forest Service will employ their techniques
with.radiometry, water cooled anemometers, thermocouples, portable weighing platforms
and. prefabricated wooden cribs, whose flre behavior is well knowu for comparlng
bunnng behavxor in. "tower" and open f1res
the Samples of fuels from the Whltaker forest will be brought to RlverSLde burned
and the effluents measured as noted above., Previous experience has.shown that we
are able to colliect fuels and maintain the moisture during transport to the time they
are burned., Fuels at relatively high meoisture levels can be collected in sufficient
quantities to permit sub-samples to be dried to the desired level at Riverside. Our
statistician has advised us that for the objectives of the study, simple duplicates

1/700 of the area of the tower outlet so that calculation of the yield of particulates

" PHS-398 [REV. 6-64) . _ Poge I
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are sufficient but that we should have sufficient fuel for a third fire in case there
| is great variation between the two. Thus in one spring season we would burn dupli-
cates of the five fuels and three moisture levels for a minimum of 30 fires, Since
the tower is out-of-doors, burning is regulated somewhat by weather. We confine
burning to the morning hours and do not burn when windy or rainy. From 2-4 fires can
‘be _conducted: 1n .a morning, Thus the maximum number of fires durlng any week could
be Sffom10-20,. "Excépt “for- _the " very unusual rainy period thlS ‘last Winteér ‘and spring
,(21A1nches when the 64 year average is 4 little more than 10 inches) we can almost
‘always count on at least two burning:days per week. Thus the minimum number of fires
‘would be 4-8, The Whitaker program will run about 16 weeks each year from February
through May. With the minimum burning weather at Riverside we would be able to
conduct at least 64 and perhaps 128 fires, which is well over the minimum proposed -
‘and thus provide for many extra fires if needed, and would permit an examination of
different loadings. With 4 burning days per week the possibilities are doubled,
Therefore, in addition to_the Whitaker fires, we expect to burn fuel samples sent to
us from the other two U.S. Forest Service Fire Labs (Macon, Georgia, and Missoula,
Montana) in order to compare their controlled environment combustion chamber technique!
with ours. This cooperative effort is already underway, for within a few weeks we
will receive from Missoula samples of Douglas Fir from plots which have béen prepared
for burning this summer and fall. ’ :

Most agricultural burning takes place in the summer and fall and studies of these
fuels would not interfere with the Whitaker program. We have burned several fuels
to date but there are others we wish to examine, such as citrus, grape, a more
detailed study of rice and barley, and perhaps 5-6 other woody fuels. These can be
at the time of year when we can easily expect at least & and perhaps 5 burnlng days
| per week,

Where appropriate, treatment of the fuels with chemicals used to modify the com-
bustion process will be studied to determine the effect of such treatments on kinds
and amounts of effluent. A preliminary test of a commercial fire retardant will be-
started next week in cooperation with the Fire Lab,

All studies ‘will be conducted in close consultation with the California Air
Resources Board, who have displayed a keen interest in our work as they are now -
faced with the probability of publishing criteria and standards related to emissions
from forest and agricultural burning.

Data Analysis - At present, data from continuous recordings of air flow, tempera-
ture, CO, CO, and total carbon are transferred by hand to appropriate forms for each
20" second interval of the fire, A key punch operator then transfers this information
to punch cards which are processed by the computer for final calculatioms. It is
proposed  therefore to acquire an IBM 1070 Process Communication System which can be
mated with our existing computer and will provide for data points to be taken at 1
second intervals. This will save considerable time, would cost less over a three
year period (we estimate that the hand work presently involved is $10.00 per fire or

|at least $4000.00 per year for at.least 8 fires/week), permit shorter intervals of

‘data acquisition resulting in greater accuracy, permit examination of results very
shortly after- the fire is conducted, and eliminate possibility for human error.
Valldatlon and edltlng of data from the acqu151t10n system will be done by modifying
the computer program.to, plot “Ehe. curves ‘of "each Set of data. Sidce we already have
a2 pérmanent curve being made at. each instrumeént reécorder at the time the fire is
burning, a comparison of this curve with-that of the data acqu1red by the system can

be used for ed1t1ng purposes.

PH5-398 (REV. 6-64) . -+ Page 16
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" | Riverside, Arrangements have been made with Mr, C. C. Wilson, Chief of the Labora-
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' "yields were about one~tenth those of auto exhausts based on weight of fuel burned,
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.C. Significance of this research

¢ The results of this project will assist in determining the relative contribution
to air pollution from open burning of several types of plant materials, Through
cooperation with the U.S. Forest Service and PHS projects in Oregon and Washington,
a sufficiently wide variety of fuels will be burned, and results compared with co-
operating laboratories, to indicate the range of pollutant contributions throughout
the principal areas where open burning is practiced. The need for this type of
information becomes more important as the national effort to set reglonal air
quallty crlterla moves forward. : »

D. Facilities avallable

The laboratories of the Statewlde Air Pollutlon Research Center are avallable
for this project, These include the burning tower with its ancillary equipment and
a gas chromatographic laboratory. - The Computing Center has an IBM 360/50 which can
be:mated with the data acquisition system. The University-owned Whitaker Forest,
a 320 acre area of redwood and mixed conifers located adjacent to the Sierra National
Park, is also available for much of the field work. In addition, the U.S. Forest
Service Fire Laboratory at Riverside will be used for a portion of the work.

Major equipment items at the University include CO and CO, infrared gas analyzers
- total carbon analyzer, temperature recorder, air flow recorder, automatic isokinetic
partlculate‘sampler extraction apparatus for high volume filter papers, 3 gas
chromatographs, infrared spectrometer (infracord), Mettler analyt1cal balance and

E. Collaboration
Principal collaboration is with the U.S. Forest Service Fire Laboratory at

tory, for,cooperative efforts. As this laboratory is one of three such installa-
tions in the U,S,, and all of them work closely together, we are in a unique posi-
"tion of also collaborating with the other two units by exchanging materials and data,

~ We will also 'expect to do cooperative work with Dr. Adams Washington State
Unlver51ty, and Dr. Boubel, QOregon State University. These two investigators have
NAPCA projects on pollutlon from burning forest slash, Collaboration between all
agencies noted is already underway by virtue of the work conferences on "Air Pollutio
Aspects of Burning Forest Debris" that were held in 1967 and 1968. These conferences
were also attended by NAPCA representatives. Alsc some 25 grass samples have been
burned for Dr. Boubel on another of hlS projects for purposes of comparing data with
. hlS field studles

-

-

A; Previous work done in this field

As noted earlier, the applicant institution has already published work on the "
pollution emissions from the open burning of several types of plant materials. The.
burning tower was developed for this study. The results showed that hydrocarbon

Relatively little was done on effect of fuel moisture but the results did indicate
that increasing moisture increased hydrocarbon yields, At first no effort was made
to monitor particulates since.the objective was primarily to study emissions related
to photochemical pollution. Because smoke is one of the primary effleunts from open

,ewe;—has—baea—mede£aeﬂ o mollltor particulates,

. PHS-358 (R Foge 17




® ~

UNIVERSITY OF CALIFORNIA e Pobruary 27

o

subject ....Enclosures following phone. call

‘Jim Youtherland  srom.. E: Darley

For O initiat [ signature  [3J approval [ comments [ discussion [ information

Please [J file [ return [ draft veply [ action [ 1O0€ 00 memeeeieeeeeeeeeeeee

Message .Lmg. Attached are:
/- Missing raw data on fires for E-1, 2 and 3.
2Dollar s lbther. to.me_explaining. missing daba
and his summary of the hmPmmmatmmmm raw data.
3, My.response. to. Yol lar a létter
Y, Ed Lui's letter to me conderning future plans.
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The various investigators have done conSLderable work on prescribed burning,

(.the chemistry of the combustion process and on gas analyses by sPectrosc0py and gas_

chromatography

B. Personal PublicatiOns
E. F, Darlev .

Darley, E. F., J. T. Middleton, and M. J, Garber. 1960, Plant damage and eye

~ drritation from ozone-hydrocarbon reactions, J. Agric. and Food Chem,
- 8: 483 485, o )

Stephens, .E. ‘R., E, F. Darley, 0. C, .Taylor and W, E. Scott, .1961. Photo-

chemical reactlon preoducts in air pollutlon Inter. J. Air and Water Pollu-
tion 4: 79-100. ' R ‘

1

nitrates by gas chromatography with electron capture detection. Anal. Chem.
35: 589 591 .

_ 1966, Contrlbutlon of burnlng of agrlcultural wastes to photochemlcal air
pollutlon J. Air Poll. Control Assoc, 16: 685-690,

Darley, E. F.. 1969. Clean air from a working forest. Proc. 59th Western
Forestry Conf., San Francisco, pp. 65-68.

H. H. Blswell

(. Biswell, H. H. 1957. The use of fire in chaparral for game habitat improve-

ment. Proec. Soc, Amer. For., Syracuse, N, Y., pp. 151-155,

Bisweil H., H. 1959, Prescribed burning and other methods of deer range
1mprOVEment in ponderosa pine in Callfornla Proc. Soc. Amer. For., San
Frarcisco, Callf , Pp. 102- 105 '

Biswell, H. H., 1963. Research in wildlaod fire ecology in'CaLifornia" Proc.
Second Tall Timbers Fire Ecology Conference, pp. 63-97.

Biswell, H. H. 1968, TForest fire in perspective., Proc. Sixth Tall Timbers
Fire Ecology Conference (in press). ' o

A, Braio

Science 133: 1701-02.

Bfoido ‘A., and F. J. Kilzer. 1963, A critique of the present state of
knowledge of the mechanism of cellulose pyrolysis. Fire Research Abstracts.
and Reviews 5: 157-161,

Kilzer, F. J., and A. Broido. 1965. Speculations on the nature of cellulose
-pyrolysis. Pyrodynamics 2: 151-163. C ' '

Broldo A, 1966, Thermogravimetric and d1fferent1a1 thermal analysxs of
pota551um blcarbonate contamlnated cellulose

Darley, E. F., K. A Kettner and E, R. Stephens. 1963.. Analysis of peroxyacyl.

Darley, E. F., F. R. Burleson, E. H. Mateer, J, T Middleton, and V., P Osterll.

"Broido, A. . 1961, Effect of fire~ extlngulshlng agents on combustion of sucrose,
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Dear Mel:

Minn just finished the analyses of the pineppple fires for
me. Yo save time, I will again type this myself so as to
get it in the mail this afternoon---so please pardon the
errors. '

Between May 4 and 29 we ran 20 pine trash fires at times
when the humidity was generally above 50 percent. But aslweys
because : . =:: fuels and/or other conditions were not,comparable,
snalyses were done on only 1li of the fires. The results are
shown on the attached table and the analyses 8f the various
- factors for the variables listed are shown on the accompanying
sheets, one variable to sach sheet. '

. ' . 4o the table. <The fires were burned on an inclined plane (li9percent
: slope)v- head fires from the bottom, back fires from the top. .
“he fuel was arranged in a L' x li' pattern at a basic air-dr
loading of 16 pounds. This gave a bed of 10" to 12" deep. hus
the fires at the low moisture content on a dry weight basis were
burned at what ever the air dry contant was and then those at #he
) medium and high levels had the appropriate amount of water
.p” =~added to 16 pounds of fuel contained in a'éarge plastic bag and
st allowed to come to eguilibrium for about 18 hours.
z

Head and back fires on the same line of the table were burned

4 on the sqme day---sometimes the head fire first and somstimes

the back .fire first (the RH gives the clue to order of purning )

lhus for analyses there were two fires each at the low moisture,

3 each at the medium and,two each at the high. One pair at the -

low and high# (%) wer® not included in the analyses because

the trash was heavily covered with red soil and ths emissions

were dif ferent. This red soil stuff was from the flrstshipment

sent to us last winter. :

Two more head fires (1/, 2/) were sort of mistakes but I

have included them so you can see what the worst possible situation

might be. dmmhiyd In both of them the moisture was more than

I wanted and they. were hard to ignite. 1In (1/) I had neglected

to put in the bottom screen so that there was . fcor _ ventilation .
. under’ the fuel. In (2/), burned the same day, * put the screen

in but the humidity had droosped so drastically that it is

difficult to say what part the mammmm screen or the humidity

had in the lower emissions. '
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¥Minn did a two-way analysis of variance and Duncan's
Multiple Range Test of Mean Difrferences, to show the significance
lor lack of same) for head and back.fires and moisture for
g variables. R.HE. was not considered---all we tried to do

‘here was burn at humidities that might approach those found

in *“awaii during the burning Season.

Within esther the 5 vercent, 1 percent, or o.l percent
legel she has indicated 31gniflcance with the letter system
wherein different letters indicate significance and same letters
do not. L won t try to go into a discussion of this becauss
you can see them for yourself. But in general,:igh moisture
back fires are not too much worse than low moisture head fires
for particulate. “et head fires get to be pretty bad.
ihus if the grower's have the choice and could burn against the
wind they should produce the minimum of pollution but it
will take longer &hd the material should be uniform in density
ag possible so as to assure that the fire will carry.

One feature that is not present in these fires that was in

the earlier four fires we burned las t winter, is that the

stumps were dry smd ourned upn almost completely in the ‘ay
fires. Had they been present at the moisture level as collected
in “awaii, I believe that the particulate loading would have.
been higher. Another way of saying this i1s that adding moisture
to the fuels may not be the same thing as having wet stumps
in the system,

I want to get thls in the afternoon mail so will
stop here.

Best regards. : - -0

Cordially,

| o ,Z‘
cc: vYim Southerlands A “<1ffz¢7_

Uon fendricks

P.S. I have enclosed enough copies,of'the data so that
you can give them to DOH and the fineapplé people.

P.P.S. On "“inn's sheets, she has always listed means in
decending order 0¢ value so that head, back, and
lo, med and hi are not always in the same order
from sheet to sheet.
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‘Emissions,

lbs ~

BACK FIRES |

Molsture

Emissions,

1ba

t

' .
i

!

| ' Molsture Rate of burn per ton wt. loas Rate of burn per ton wt. loss
{ Fuel ]‘ R.H. ft./min[‘av. 16/min co HC Part. Fuel f R.H. ft./min [ av. lb/@in Cco _[ HE Part
Lo 8.8 L2 2.7 3.7 108.7 4.3 6.3 8.1 32 0.9 2.7 1 113.9 3.2 6.2
0.0 52 3.0 3. 102.1 . L.9 6.1 10. 65 1.1 2.3 +  100.9 .2 6.6 ¢
¥10.8 85 2.0. 3. 78.0 5.7 7.0 12.3 0.8 2.1 78.2 .9 7.0 ’
m‘l - ' l
poediam1 6,7 68 1.8 3.1 121. 6.6 8.7 | 15.6 77 0.5 1.7 ' 112.9  h.b - :’.Eg
18.4 68 1.3 2.8 91.0 5.7 8.1. 17.9 59 0.5 1.5 *  103.1 5.3 7ol
15,7 51 1.6 3.2 87.4 5.0 8.8 16.1 37 0.5 1.6 1121.5 8.2 9.2 |
. High 25.0 ahy. 1.0 1.9 131.9 11.7  28.L 25.0 65 0, 1.0 110.7 6.6 8.2
28.3 82 0.8 2.0 127.8 12.8 21.7 23.8 60 0.4 1.1 122.7 7.8 9.9
- *26.9 7h 1.1 2.5 99.3 8.4 10.5 28.3 60 0. 1.3 ', 146.0 7.2 ' 9.0}
* ‘ : ‘ i

, u '

£30.6 e 0.6 1.3 166.0 26.& 5.0 (head fires only) i
30,7 2l 0.8 1.6 126.0 17. 28.5 —- ‘ b R .

% Fuel dusted heavily with red soil. VPata not incliuded in analyses :
/U Same fuel as those analysed but at & higher molstuee than intended and screen was left off of table by mlstakﬁ

;J Same as 1/ but screen used.
Yeither of these two fires used in analyseé.

However,

humidity dropped drastically.
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Encl /1
State of Hawaili '
Department of Agriculture
Honolulu, Hawaii A ﬂyh-//
s v!,?‘-l. (/
January 5, 1973 re
MEMORAWDIRM b
To: Frederick C. Erskine, DOA
Richard Mariland, QEQC
Henri Minette, DOH
Doak Cox, UH-EC
Ed Lui, HSPA !
Ron Terry, MP ) i
Subjeck: Data Summaries from U, C., Riverside Burning Tower Studies
Ellis Darley had completed 17 tower burms for cane trash, 20 for |
restructured cane matrix and 4 for pineapple trash. Data on particulate
matter is complete while analyses of C0, CO, and hydrocarbons are incomplete.
Data available has been summarized for sugar cane trash (Table 1}, cane ‘f
]‘.
inclisding trash (Table 2) and pineapple (Table 3). R

Sugar Czne Burn Studies:

Sugar cane field studies on Qahu, 20 individual sets of data, indicate

leal trash averages 13 tous per acre, 9 percent of the total welght of cane

N
and trash., Ia the tower studies of cane plus trash the weight of leaf trash -

5y

averaged 11 tons per acre, 14 percent of the total weight of cane and trash.

h

The quantity buraned, i.e., net disappearance, in field studies was 17 toas pet

acre or 12 percent of the initial load as compared to 15 tons per acre 0*:'.2{),1\,‘l

A g A

percent of the initial locad in tower studies. 0 LAy

Surar Cane Emission Values:

These results of field and tower studies agree reasonablz well for a

range of platform loadings. Emissioa values for normal loading of the test .
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A

platform averaged 7.1 * 2.0 1bs. per net ton burned

e —

Pineapple Burn Studies:

Field studies on Oahu indicate 36-39 percent of the total trash

disappears during a burn. Farlier studles reported by the Pineanple Growers

indicated about 70 percent disappearance.

Field loads range from 25-54 tons

per acre, The net disappearance values for the 1972 field studies were 9

tons per acre and for tower studies 4.4 tons per acre. The values for the”

(Y

—_—

tower studies were for a table load of 6.7 tons per acre which is abOuE\\\\

oune-half the normal field load.

Pinecapple Trash Emission Values:

byo
N

4

Emission values for four tower burns 2.2 + 2.3 pounds per net ton

burned. These values while preliminary are reasonable estimates when consi=-

dered in parallel with the sugar cane values.

MMM
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/ TARLE 1 - SUGAR CANE TRASH ONLY

1 Surmary :
Mumber of buras
Loading of table
Net burned

Volume of discharge

Particulate emissions

Burn rate

. TABLE 2 - SUGAR CANE AND YRASH COMBINED

Summary :
Number of burns
Loading of table
Trash portion
Net burned
Volume sf discharge

Particulate emission

Burn rate

.

SUMMARY ANALYSIS OF U. C. RIVERSIDE
TOWER BURNS ,

16 ' ! ' l‘n. ! ¢ ;
ooy :
8.9 + 1.3 tons/acre U -UJL-
- : N i . L]
7.9 + 2.2 tons/acre L (
1999 + 281 £t.3/1b. burned PO
WETUEE TE
5.0 £ 1.5 1bs./ton net buraed — “ e
j’ ._Kg.a e
16517 + 3364 ug/m’ "u-r\ ZANE

L e
: 2 N ’e"‘?
0.19 x 0.03 lbs./ft.“-min.

' ! y ,‘q(’,;uwﬁ.
76.7 + 18.0 tons/acre 4P

10.8 + 4.1 tous/acre
153.0 -+ 4,2 tons/acre »,~Pﬁ1¢ﬂ~*f\*

1170 + 607 ft.3/1b. burned

. [y i . .
7.1 + 2.0 1bs./ton biraed —— oo P f “ o

Kwhg, o Thell

46312 + 11053 ug/w’

0.36 * 0.12 1bs./fr.?-min. <
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i v TABLE 1
(N

SUMMARY - SUGAR CANE TOWER RBRURNS
. U. C. RIVERSIDZ

TRASH BURNS - 1972

Load~ Particulates
Samnle ing Burned  Bura Rnte Alr lbs./
Burn Desig~ Tons/ Toas/ 1bs/ft,? 3/ ug/ ibs/
Dats nation acre acre min, §g§23d m3 acre
10.5 () A~2 8.8 7.8 0.24 3.8 30.4
(2) A=2 8.2 6.1 0.08 8.0 . 43.2
10.6 (1)  A-1 4.2 4,0 "0.13 ‘ 6.4 26.2
16.24 (1) B~3 8.8. 7.8 0.17 2233‘ 5.5 19627 43.0
11-8 (2} E-3 18.5% 16.5% .14 1555 10.4 53715*% 172.0%
11-15 (2) G-3 11.3 10.4 0.23 1777 é.f' 18631 43.0
11-16 (2)  B-3 - - 0.18 - - - “
11-22 (1)  J-1 9.6 8.5 0.19 2210 4.3 15624  37.0
. (2) b-3 9.6 8.3 G.21 2253 3.9 13883 3.2.0
éB) r-3 9.6 8.5 0.23_ - 1723 3.2 15041 27.0
{4) I-2 8.9 7.7 0.20 2256 3.3 11726 26.0
11-30 (1) J=1 9.1 8.2 0.21 | 7.3 60.0
(2) J=2 G.5 8.8 0.24 _ 5.5 48.0
(35 =M 10.0 2.0 0.23 2.7 4.0
(4) F~-M 10.2 8.3 0.10 5.0 £2.0
(5) k-1 8.3 7.9 0.1% 6.5 54.0
(6} R=-2 8.3 7.7 0.10 % | 37;0
12-5 (2) M3 8.0 7.2

0.1% 1982 5.3 210%0 32.0

mitted from data summary - double load
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Burn
Date

1G-19
10-20

10~23

10-27

11-16

SUMMARY - SUGAR CANE TOWER BURNS
U. C. RIVERSIDE

TABLE 2

CANE/TRASH BURNS - 1972

Sample ﬁgig/ Burned Bura Rate Air Particulate
Desig~ acre Tons/  lbs/ft.2 ££.3/  Ibsfton uy/
nation Total Trash acre oim, ib. burned mg
(L) B~1 99.4 - 0.3 0.16 11.0
(1) B-2 85.0 8.7 11.3 - 6.2
(1) C-1 57.5 11.8 13.3 0.36 1376 7.9 ¢5124
(2) C;Z 71.3 15.7 21.8 0.55 1528 6.8 52602
(1) -1 58.0 15.8 17.5 0.38 889 4.1 37080
(2) D=2 95.6  15.0 22,12 0.39 947 6.1 51439
kl) -1 §5.2 13.9  17.2. 0.45 1301 10.4 . 64261
(Ly F=-2. 104.0 16.3 - 23.? 0.42. 939 4.9. 41521
(1) G-I(G-Z) 62.7 13.9 11.3 0.19 15696 1¢.3 48697
(3) G2 68.3  16.3 12.8  0.25 1447 6.3 35122
(1) H-1 59.9 10.4 11.8 0.26 3.2
(3 H=-2 57.7 10.2 13.5 0.35 1406 6.1. 34385
1y el 68.3 7.4 13.1 0.37 1877 8.7 36766
(3) M2 747 8.7 16.6 0.64 1045 6.7 52143
(1) N-1 47.7 10.7 12.2 - 1593 7.0 35376
{no tops)
(2) (Zgzgps) 111.5 2.4 19.6 - G547 8.0 57536%
(1) O-1 63.7 7.0 10.3 0.30 7.3
{(2) 0-2 32.9 7;9 12.5 0.31 7.1
(3) P-1 85.4 8.0 11.5 0.34 6.5
(4) p-2 84.1 8,7 13.3 0.40 7.1

. *Double top cape
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.; ! State of Hawail
P Department of Agriculture
-'L s Honolulu, Hawaii

April 12, 1973

MEMORANDUM

TO: Frederick C. Erskine

Doak Cox, UH-EC
vEllis Darley, UC

Ed Lui, HSPA

Rlchard Marland, OEQG
- Henry Minette, DOH

Ron Terry, MP

SUBJECT: . Particulate Emissions and Net Fuel Values - Sugar Cane

Tower studies are essentially complete, Results have been reviewed Ey HSPA,
Departments of Health and Agriculture, EPA Region IX, aud U.C. Riverside..

Field net fuel loss values are representative of actual field conditioms.

Tower net fuel loss values are for reconstructed fire matrices in which the fuel
may differ significantly in moisture countent and. physxcal structure from field

. conditions.

Variations between field, and tower values should have no significant effect on
particulate emission values, except on the highside. 'The vertical flow of heat
from combustion, lower moisture in the fuel and proximity of the cane tops to
the fire zone all increase the net fuel values obtained in tower studies.

By adopting the upper 99 percent confidence limit for particulate emission
values from the tower studies the factor for particulate emissions will include
virtually atl possible values which could be expected on repeated study.

V.Vet fuel 1oss values as determlned from fleld studles represent three cane'

Net particulate emissions per acre are calculated by multiplying the mean net

“varieties, two ‘culture methods, two growing zones, and normal field wind

velocxtles._ e L e R

- e i LT i LT e, .. B T T e e TR TP I

fuel loss value for field studies by the particulate emission factor.

-

Toe Le.enmnB Tt A T R T it B T

‘Particulate Emission Values (Tower values) . ‘ '
Mean (N=15) = 7.19 pounds per ton net fuel loss:
Mean + 99% counfidence limit (t01) = 8.4 pounds per ton
Coefficient of variation (8D/mean) = 22% -

Particulate emission value recommended for control strategy

8.4 pounds per ton net fuel loss

- Recommended Factors - - .. . . o ::‘-.~ e ;j;u%,;uzh;_"
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Net.ﬁuel Loss Values (Field studies)
3
Mean (N=20) = 10.9 tons per acre
. -+ Coefficient of variation (SD/mean) =.28%
" (Note: Compares favorably with 29% for tower studLes)

Net fuel loss value recommended for control strategy

10.4 tons. net fuel loss per acre burned

Net Particulate Emissions Per Acre

91.6 pounds (8.4 x 10.9) particulate emissions per acre burned

Dartlculate emissions for each County have been estlmated (Table 1) on the
basis of acreage narvested. Virtually all acreage on Kauai, Maui, and Oahu
are burned. In contrast, an average of less than 70 percent of the acreage
harvested on Hawaii can be burned due to persistent ralnfall in growing areas.

iChanging crop acres, cultural and harvesting practices also affect estimates
of particulate emissions. Future revisions of emission estimates will decrease

a5 newver practlces are introduced.
4
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Alexander M. Dollar, Ph.D. "~
) Hawaili Development Irredlato:
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‘o UNIVERSITY OF GALIFORNIA, RIVERSIDE - _ enck 3
,  BERKELEY * DAVIS * IRVINE ¢+ LOS ANGELES * RIVERSIDE + SAN DIECO + SAN FRANCISCO GEPIDP)| sANTA BARBARA » SANTA CRUZ '\

STATEWIDE AIR POLLUTION RESEARCH CENTER ) RIVERSIDE, CALIFORNIA 92502 ) S

January 5, 1973

Mel Dollar

Don Hendricks

Ed pui .
‘ Jim Southerland
Centlemen:

Enclosed a;e three groups of documents. .related to the burniué of sugar
cane beginning October 19 and going through the last burns that we did on
December 14.

1. The raw data sﬂeets for cane five and for trash only fires.

f . 2. .Summary of pertinent data from the Tass data sheets for cane and
trash fires and the amount of ash left from each class of fires.
' 3. The calculations that I made to determine standard deviatiops
for the several columns listed on the summary sheets. For cal-
culating these I used the statisticai method that Mel Gsed in
the summaries that were sent from 0S5C field data. Since I am
not a statistician I put down all the figures so that you could
check the work in case you wished.
Following the visit of Ed Lui, Lou Herschler, Jim Scoutherland and

“Don Hendricks December 13 - 15, 1 rearranged the raw data sheets so as to

put the information in more logical form. Following the visit of Mel Dollar

d on December 27 I decided to go aliead and make up the summaries and send them

along with the raw data sheets. My original intention was just to send you
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the raw data sheets so that you could be looking at the information while

I was drawing up some of the summaries. Thus, I have spent the last several
days between Christmas and New Years doing this and it is in a rough form.
Please accept my apologies for having it in such a rough form but T believe

i; is better to send it this way so that you can have a look at the information

as quickly as possible,

RAW DATA SHEETS

First of all I will explain the raw data sheets so that you will under- .
stand the wvarious entries. The éheets are arranged chronologically by date
of burn. Tf there is more than one fire on a given date the fires are then
numbered 1, 2, 3, 4, etc. |

Cane fires, —— Torexplain these éheets please look at the 10/27/72 cane
fire designated as Dulp

Starting at the top left corner of the sheet is fire ¥o. 1, the date,

and time of day. At first we did not note the time so all I can tell you
e ————— e, - .

for this fire is that we burned in the morning; in later fires the hour is

noted. Comp notes whether we ran the fire response data through the computer

at the time the fire was burning. For all of the cane fires we did not use

e ——

the computer because difficulties in loading did not permit the precise timing
»-.—-—""—_-____‘- e ) ’

required to coordinate ignition and start of computer polling. Chr stands
, fhtadnboiudl

for chromatograph. HC is the hydrocarbon peak and T is the temperature péak
and indicates whether or not we did or did not take the sample. If you look
through all of these sheets you will note that T show a No in most cases.
However, in some fires we do have the chromatographic data but T have not
indicated all of these instances. The fuel is labeled Cane with the desig-

nation D-1 as given to us by OSC. The type of fire is indicated as F which
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stands for flat. H and B stand for Head and Back fire but with all cane every
—_—

fire will be flat. The rack indication of 36 inches refers to the fact that

we were using the rack and the screenlﬁolding the tops in the vertital position
was 36 inches above the table. Only in fires O and P do we have a second
screen; details of these fires are given later. The weather on this date was
not recorded but in later fires we tried to note gomething about weather

conditions. Immediately below the weather we note the relative humidity with

the dry and wet bulb. All of the sheets whether cane or trash will have this

——

same general arrangement of heading.
As you will recall from your visit heré, we load the bottom trash first,
followed by the midcane, the top trash and the tops. What I am showing here

in the extreme left column ig_the accumulated scale readings as these four

.

Ciﬁiﬁﬁi_gi—iggl-QEE.EUt.;n the table. Thus with D-1 the bottom trash weighed
13 1bs. 10 o=. Afée? we put on the midecane the accumulated weight was 48 lbs.
10 oz. and so on wiFh the top trash and tops. The next column to the right
gives the weight of each fuel class before ignition. Thus the bottom trash
weighed 13 1bs. 10 oz; The midcane is the difference between bottom trash‘
and accumulated weight after midcane was added and in this case.i;\35 1bs.

0 oz. The top trash.of 4 1bs. 8 oz. is the difference between the accumulated
figures fof top trash and midcaﬁe and so on to the ﬁdps. The next column to

oy
the right gives the total of all trash which is the sum of the first and thixrd

entries for plant weight before fire; in this case the total is 18 1lbs. 2 oz.

Moving to the right again we show the moisture content of the bottom and top

trash. However, in this particular case I did not take a sample of top trash.

/————-———"

Moisture values for each fuel class 1s given on both the wet and dry basis.
In summary to this point and looking at the columns from left to right on

fuel category loading, we have all the information up to the time of ignition.

Toa
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The fire is ignited and during the burning we take two pieces of

information. I have put these at the bottom of the sheet so as not to
U

clutter up the calculation I want to conduct later when we are indicating

losses. These pieces of information show fire speed and indicated weight at

_—_— e e et

two particular points; (1) at the time the fire has moved rhe five feet from
‘\._—.——-_‘-—-____7 .

one side of the rack to the other, and (2) the time when the fire went out.
T ., Prm—— —

Now go back up to the entry End Fire. This shows the indicated weight

and the elapsed time since ignition. The fire is ended when the levels of
hydrocarbon, éO and 002 on the recorders in the instrument building have
returned es;entially to the backgroupd level before ignition. The weight
noted here was 46 lbs. 8 oz. and the time was 9 min. At this point T want
to indicate significance of the numbered and lettered lines. After the end

of the fire we want to know the total weight loss during the fire. This is
——

obtained by subtracting line 2 from line 1 and enfering the value on line 3

|

which in this case is 20 lbs. 2 o=z.

Wnen the fire is over you will recall that we unload the séale in reverse
order to that im which it was loaded. This is done in order to determine the
amount of midcane and top material that was burneé during the fire. Therefore,
move down the sheet in the left hand column whichll still label as Scale.
Starting with taking the tops off, the scale reads 35 lbs. and 6 oz. as shown
on line 4. Then when we take off the midcane the residual on the scale is
3 1bs. 12 oz. and when we take off all the ashes we just record that line as 0.

Moving over to the next column we want to know the plant weight after the
fire just as we wanted to know the plant weight before the firg. Therefore,
the tops after the fire weighed 11 lbs. 2 oz. and this is determined by sub-

tracting line &4 from line 2, To determine the weight of the midcane after
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the' fire we subtract the line 5 from line 4 and this gives 31 1lbs. 10 oz.
We subtract line 6 from line 5 and that will give us the total weight of ashes.

The double * means that we assume that the ashes from the top and the midcane

make negligible contribution to the final ash. As pointed out later in this

discussion this assumption may be wrong but for the purpose of this sheet I

have done as indicated.
With the plant weights before and after the fire, it is possible to
calculate losses in varjous ways. This is what is shown in the next three

columns to the right under the heading Loss. The three categories of loss

are the weight in pounds and ounces of the individual type, the weight percent,
P B - ——
and the percent of the total loss. In making these calculations, I use

——

lines (a) and (b)'and the column labeled (c). The label (c)'may be a bit

confusing because it refers to all three lines under Wt. after fire. In other

words, I use the first line of (c) for the tops, the second line of {c) for
e s e i o -~ S
the midcane and the third line of (¢) for the trash. Thus, under weight_los§

—
=

fo£ tops I subtract {c) of 11 1bs. 2 oz. from Fb) to get 2 1bs. 6 oz. For
midcane, subtract {c) of 31 ibs. 10 oz. from (a) to give 3 1bs. 6 oz. and for
trash subtract {(c) of 3 1lbs. 12 oz. from (z) to give 14 lbs. 6 oz. TFor the
weight percent 1osg—for each category the figures in the Wt. column are divided
by (b), (a), and (2), respectively. Similarly, for the percent that eacﬁ
category contributes to the total loss, the figures in the Wt. column are
divided by line 3. For example, the weight loss of tops of 2‘155. 6 oz. is
divided by 1in973 of 20 lbs. 2 éz..to give 12 percent.

Down to this far on the data sheet we have been dealing only with what

is happening on the table, namely, putting the fuel on the table, burning

it, taking it off and recording the differerce in weight to obtain the losses.
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The rest of the sheet has to do with what happened to the filter that was
inserted in the modified high volume sample up near the top of the stack.
The first line on the left indicates the filter number. All of these large

e
numbers in the 900,000 series are those filters that were sent to us from

Norﬁh Carolina. These have been specially treated so that analysis can be
made for benz&mbyrene. All of these have been réturned to North Carolina
and Jim is having them analyzed. Other filter numbers that are in the 100
and 200 series are our own filters and are available for whatever analysis

we wish to make other than weight., The only thing that shows on the raw

data sheet in the analysis for weight in particulate collected on the filter.

e

The weight #s shown on the left side of the sheet. The first figure

is the weight of the filter after collecting the particulate; The next

-

figure is the weight of the filter before and the‘difference is shown as total
grams in the sample: This is multiplied by a constant of 1.71. The constant
is arrived at by dividing 776_by 454 grams per pound. 776 is the ratio of

our samﬁling volume to the total volume of the stack during the fire siqce our
sampling technique is isokinetic. The result is iabeled pounds in the stack
as if we had been able to sample and collect all of the particulate going out

of the stack. This figure is then multiplied by 1752 which represents that
—————————— .-

—— o)

portion of an acre represented by the 25 square feet sampled by 05C. This was
ittt .

done at Jim Southerland's sdggestion to come up with a figure of pounds of
particulate per acre assuming that our 25 square feet simulates an acre in the

field.. This final figure in pounds per acre has a dark arrow directed to it

—

just to call attention to one of the major items that you might want to take

off the raw data sheet. Then if you look over to the right side of the sheet

we are talking about the particulates per ton of fuel by three different

Grete e e R
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. methods. The first calculation is dome by the total weight loss, the
second by trash loading and the third by trash weight loss to get some
comparison with the trash fires. 1T realize that these last two items (by
trash loading and by trash weight loss) may or may not have any significance.
The main feature that was decided upon when you fellowswere here in
December was the particulate by total weight loss and that is why I am showing
the figure first. The method is to make a proportion of the total poﬁnds
particulate in the stack related to total weight loss in the fire,to what
the total particulates would haﬁe been if theré would have been 2000 pounds
weight loss. In this instance we move the figure of pounds in the stack to
be the numerator on the left side of the equation (in this case rounded‘off
to the 4th place at .0413). This is multiplied by 2000 ( = 82.6) and the
figures written above the numerator. TFor the first equation 82.6 is divided

. by the. total weight loss at line 3 to give 4.1 lbs. per ton of weight loss.
Then the numerator of 82.6 is moved to each one of the other equations and
divided by the appropriate figure for trash loading (z) and for trash weighf
loss (z-c). These figures alsc have a dark arrow geoing to them so as to
call the reader's attention to a major result item in which he would be
interested. This completes the explanation of the cane data sheet.

Trash fires.-- Look at the first sheet dated'10/5 and designate& A=-2,

The heading is essentially the same as for fires except that I have added
the percent slope to those fires that are either head or back fires. 1In
other words, for ¥, H, or B (flat, head and back) the percent slope applies
to a head fire or a back fire. Again I show the weight of.fhe trash put om

and the moisture percent both on a wet and dry basis. The weight of residue

at the end of the fire and the time since igniticn are shown next. This is
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followed by total weight loss and percent loss. When we get down to the

filter the details are the same as for cane fires except that for calculating

particulate in pounds per ton, there are only two categories: by total weight

loss and by total trash load.

SUMMARIES

There are three summary sheets: for céne fires, for trash fires, and
one combined summary of ashes from cane and trash fires.

Cane fires.-- Look again at the cane fire for 10/27 designated as D-1
which I can use as an example for orienting the columns on the cane summary
sheet. Tﬁe first four columns on the summary sheet are taken from the
heading of the raw data sheet. The moisture content figure is the a#erage
of the bottom and top trash figure on the dry weight basis to the nearest
whole ﬁercent. Since moisture was taken only on bottom trash for this fire,
moisture is entered at 19 percent..

rThe next 8 columns have to do with the loss data., The first column
list is the pounds per 25 square feet which is the same as item on line 3
from the raw data sheet (20.1 lbs.). T should have mentioned earlier that
in transfering figures I converted ounces to the nearest 0.1 pounds. The

next column {(Tot %) is not repfesented on the raw data sheet and is something

]

" I calculated as T was preparing.this summary and is merely the percentage

dérived by dividing line 3 by line 1 (20.1/66.6 = 30%). The next three sets
of paired columns are the various losses of trash, midcane, and tops, respec-
tively. Within each fuel class the pair of columns lists weight percent loss
on the left and the perceht of total loss to the right. For example, for D-1
the figures are taken directly from the losses on the raw data sheets ana

are: B0 and 72 for trash; 10 and 17 for midcane; and 18 and 12 for tops.

£
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The next 4 columns to the right have to do with particulate emissions
and are the figures associated with the 4 dark arrows on the data sheet. The
first column is pounds ﬁer acre and the next three are pounds per gén by the
three categories on the right side of the data sheet. The entries in each
column are averaged and the standard deviation given at the bottom of each
column. Examination of loss data shows that the total loss in poundé per
25 gquare feet is a iittle over 17 with a standard deviation of 4.8. This
equates to 15.1 tons per acre with a standard deviation of 4.2. This is
about 2 lbs. less than the value that Mel recengly worked out; his field data.
notes a net disappearance of 17 tons per acre. I think its rathe;_encouraging
that the figures are this close. This represents about a 207 loss as shown
by the second column under losses. Whereas it has often Eeen stated that wmost
of the weight loss in-the field was due to thg'trash, it is evident from these
figures that the tops also contribute a significant amount to the total loss.

A little more than half of the total weight loss is in the trash, but the

Riverside figures show that about 35% plus or minus 13% is lost by the tops and

a relatively smaller amount is lost by the midcane, as would be expected. Most

of the loss that is shown in midcane apparently is due to the leaves on the
midcane as shown by the detailed study that will be mentioned later in samples
0 and P. The greatest variation is in the midcane and tops and this is to be

expected because of variations in amount of leafy material and variable

~dryness of the tops. The standard deviation in the other mean values is not

unreasonable.
With particulates the greatest variation was in the pounds per acre which
has a mean of 109 and a deviation of 31.5. The low value was 70 and the high

value was a 179. This figure should be probably used with caution and if
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possible we should try to refine it and examine carefully how it was obtained.

As far as pounds per ton are concerned on total weight loss we come up with a

figure of 7.3 with a standard deviation of 1.7 which is not too bad. At this
point I am not sure of the real meaning of the pounds per ton on a trash weight
loss or trash load Easis and only list the values for the present.:

Next, look at the trash only figures and go back to the raw data sheet
dated 10/5 for the sample A-2. A summary sheet again has the first four
columns taken from the heading of the raw data sheet. The fifth column is the
total loss in éhe fire by percent. The last three columns have to do with
particulate emiésions, and are the figures associated with the three dark
arrows on the left and right sides of the sheet. Again, the entries are
averaged with the standard deviations shown at the bottom of each column. In-

addition I showed just the means for all entries compared to flat fires only,

head fires only, and back fires only. When comparing these data with the

cane fires, it appears the trash losses in trash fires is higher than trash

losses in a can@fire. This discrepancy-is‘probably due to the fact that mid
and top cane do in fact contribute to the ashes and our assumption that they
do not is wrong.

Particulate emission on a pounds per acre basis from trash fixes alone
are considerably lower than from a cane fire, the v;lues heing QS and 109,
respectively. Further, the variation in the trash fires on a percentage basis
is gquite a bit higher. This may be due to the vefy high emissions in one fire,
namely F-3 on the date of 11/8. On the pages that I submitted showing the
calculation methods I have made the comparison additiénally by eliminating
E-3, as perhaﬁs being a real odd ball fire. When this is done on the pounds

per acre basis we see that the 48 + 32 drops to 40 + 11 which is somewhat
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more reasonable. The only possible explanation that I can see at the moment
for the relatively high emission rate in E-3 is that this fire was run at a
relatively high humidity and at the highest‘moisfure content of anyiof the
fires. Since this is only one instance it would not be fair to say at this
time that the high emissions of E-3 was due totally to the high moisture
content.
When comparing particulates in pounds‘per ton on a total weight loss

basis for trash alone and cane the values are 5.3 + 2.0 and 7.3 + 1.7.

Since the standard deviations overlap it appears that there is no real
difference in the two fuels and that the main additional problem from whole
cane is the production of Hawaiian snow. Very little snow comes from our
trash fires. _ _

| ‘ .
A little bit earlier I made a comparison between field data and Riverside

da#a on the point of net disappearance or loss in terms of tons per acre. You
recall tﬁe figures being roughly 17 tons in the field and 15 fons in Riverside.
Another point of comparisan.using the figures that Mel supplied iust recently
would be that of loocking at the ash residue in terms of pounds per 25 square
feet. The figures that he supplied from field were a mean of 3.3 with a
standard deviation of 2.6. I have attempted to make a similar comparison
with the Riverside data and this is shown in the da£a summéry sheet labeled
"Leafload vs. Ashes" on the basis of trash fires only and tép and bottom

trash in cane fires, looking just at the trash loading to see what happened.
Of course this does not take into account the leaves that were on the midcane
or in the tops. 1In trash fires, using all entries where the load averaged
10.8 1bs + 1.7, the ashes averaged 1.3 + 0.7. We can also look at trash fires

and make comparisons between the same samples, i.e., where we burn leaves
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alone in the same shipment in which we receive cane (shipments D, E, G, H,
and M). The loading was 11.3 + 2.0 and the ashes were 1.4 + 0.6, both items
Being slightly higher than when using ;11 entfies. If we look at tﬁe cane we
see that the top and bottom trash load is slightly higher (12 1bs.) and ash
vield is 2.7 1lbs. which more nearly approaches the figure that Mel has in

the field. Obviously, some of the ash is coming from the midcane and tops.
When we look at fires again that can bé compared from the same sample we can
see that a‘loading of 13.3 of bottom and top trash gave us ashes of 3.5 1bs.

which is very ciose to what Mel had except that our standard deviation is a

little less.

MODIFIED FIRES

Some modifications were made in fires 0-1, 0-2, P-1, P-2. A major chanéev
was an attempt to raise the tops farther above the fire zone. This was
accomplished by having a second screen higher up in the air to try to hold thg
leaves vertical. Actually, whereas we were able ﬁo get the leaves and the
stalks away from the fire, we were not able tco make the top leaves stand
vertical. This was due to the fact that the tops were bent back to make the
package to ship to Riverside. In every fire, even though we got the cane tops
farther away from the fire zone, the top leaves always laid horizontal on
the screen to form sort of a canopy.

1 tried to indicate the upper most node for purposes of deséribing the

distance of the cane from the fire bed. In fire 0-1 the upper node ranged

7" to 20" above the rail of the rack. Whereas, by gradually raising the height
of the two screens, the nodes raised from 50" to 60" ab0vé tﬁe rail in fire
P-2. But in every case it was practically impossible to prevent the folding
green leaves from forming a horizontal canopy on the upper screen. FEven with
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these changes there did not appear to be a significant effect of raising

the green tops on the amount of particulate produced. The values ranged from
635 to 7.1, but there was no clear indication that the particulaté’became
less as the tops got farther away from the fire bed. When we first discussed
this problem with Ed and Lou, it was believed that. as the tops got farther

from the fire we should get lesg particulates but from these four fires there

is no clear indication of this. The amount of percent weight loss from within

the toﬁs did seem to be slightly less when the tops were highér. But here
again with only a few examples this is not a clear cut case.

Another thing we did in these four;fires was to get individual weight
losses on all of'the different kinds of cane. That is, within the midcane
we separated out those that had leaves from those who were bare. Within
the tops we separated the dry leafy cane frbm the green tops. In each one

of those selected we placed a metal tag in the cane weighed (grams) before

- and after the fire. These data are shown on the four sheets that accompany

the last four raw data sheets of 0-1, 0~-2, P~1 and P-2. The bare midcane

lost a little weight, averaging about 2%. Those midcanes with some leaves

lost a little bit more and this averaged somewhere around 4 - 5%. When these

were combined, that is the leafy midcane with the bare midcane, the loss

ranged from 2.4 to 3.4%. There is not always agreement between this method
of measuring weight loss on midcane an& the méss scale method usgd on the
fire table itself. Fires 0-2 and P-1 agreed fairly well, bﬁt 0-1 and P-2
did not agree too well, being off of a factor of about 2. Nevertheless it -
is safe to say that midcane loss is a.relatively small -portion of the total
loss of burning a complete field of cane. The loss in dry leafy tops ranged

from about 6 - 7% whereas the green tops ranged from about 11 - 237%

A
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. indicating that top leaves do burn and contribute a significant amount to
’ the total loss of a cane fire. TUnless you have other thoughts on these
methods, I think it is ok to use scale‘ﬁeights to derive losses of cane
} and tops.
This has been a long letter, but I wanted to be sure that you had all
the information so you could make you own examination of the data.

Hydrocarbon, CO and CO. emissions are yet to be evaluated and I will

2

send that information as soon as possible.

- Cordially,

Ellis F. Darley
Plant Pathologist

. | LEFD/vls

Attachments
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. 5' in 2 min /® sec at 5—--&'--& #
: - Lo
Flame out e pin T sec at &4 O #
} #waccsunes ashes fron -towvs and .mid fc_gne nake negligible contribution to
u_ Fait] - » N o




sUuad CANE MIHBES

173

‘l . . ; - Y
Fire Ho. / Date:g/‘g" 7L Tine 1 CO. el Chr. HC_~ T
ﬁﬁuel = Desig, £~ / Tyve: & XN, H , E
“ Fd a2l
Welilsht ons Rack 24 " : Hezther g ="
. R.H. 723 %
Scale Plant wt. Total ‘
accum, before fire _trash 7 Moisture Dry S<
det =
Bot: tr. E—0- i~ 34 5w
gpn n D
¥id cane §a-L) (a) 0. =
Top tr. £3-0 [0-D. (g} S0 3v. 5y 5 i
«2.5~ D
Tops (1) _/fo7-% (V) YI-Y. -
End Fire (2) &9-& 7
- min
Tot. loss (3) / 9-/2
A - _ . Loss
_ Wt. after - % of
Welght off: Scale fire (c) Wt. _ 4 total loss
Tops (4)_y&-& (2-4)_4/-0 (b-c)_&=7  bv)/7  (#3) Y2
Hid czne (5)_5 /L (4-5) 42 -/ (a-c) 4 =¥ (za)_3 _ (=3)_7
& © d_ (5-6)_SL s (z-c) /9=  (sz) 4 Y (£3) 5L
' \
Filter No. $0//2¢ Tk

Welghtasy particulate

After- 3, yagFe”

Syes =Rz 33 exr

Particulate,.# psr ton

by total wt loss:

- . A a5,y 7
Before~ 3 36 747 7 J0l7 X L p
Nz {100’;- gr. in sample // (3) ZA 2000 )/
x 1.71 : L
 yoa¢et #in stack  a by trash lozding:
x 1742 2908 9 o
5 ) # per Acre (z) /¢ ' /2. &

by trzsh wt loss:¥%

A

_ zesY
(z-c) /0.3

I
~.
3
X

fire speed and wt loss:

. 5" in / min 3/ sec at Z/-& #
Plame out &% min 59  sec at S9-/v4

##mosumes ashes from tons and mid c2ne make negliglble contribution to

=



s < . . N e
| ) b e P
Fire ¥o. / Dar. /-7 Time Q'+ [j .er MY Char., HC ws T ps
‘ Fual Ot he Desig. Type: ® X, H y B
’ : f=o' 423
delant ong "Back__ 34 » Heather
.\ - ) _ R.H.Ea %
FYIR IR Sczle Plzant wt, Total _ 2 5
Cop-E \ accum, before fire trash jo Moisture . - Dry 577
. ) _ det &7
Bots tr. /=Y [/-Y. B AST8 -y Y
- : 32,8 D wr
¥id cane Y-k (a) 25-% ;/“'f”
— i
, . . e &
‘Top tr. e 7-5 (z2)_lg-i> /lEs w | P
: . 247 D
Tops (1) /2375 (v)£9-% - -
(e #%) (773-5 ) :-v ‘ . . :
End Fire (2) Z¢{~¢ 4
_ - min
Tot. loss (3) L7-¥
- Loss
, : : - . Wt., after S _ . Z of
Welight off: Scale fire (c) Wt. % - total loss
Tops . . (4)_3€-2  (2-8)_g8=Y -~ (b-c) /-0 (=b) /& (+3)_#0

I";id cane (5) 4 "V (b-5) 32 ~/2% (é-C)M (£a) & (-—3) o
Trash - (6) & - (5-6) S~ sx (z-c)_/3 =& (F2)_ 22 - (‘*3) V7

. . S 5
Filter No. Z8//i& _,__-?i;-a <99 =33 efr

=
Weightsy particulate _ Particulate, # }'-JE‘.I‘ ton
. 30 : .
After- 3.3 €1 ) by totzl wt loss :
2 223U ' 43l -
Before_ = 7 7 D £ 3 = X 4 /
@ 3&e?  gr, in sample / (3)° 27,3 - 2000 %? o«
x 1.71 S A
O & ¢ Pyé #in stack by trash loading: - .
x 1742 /32.¢ _ — / _ é/
i e # per Acre (z) )2 2 . '
by trash wt losg;#*
TN o y
{(z-c) ,3, ¢ = /Q/
ire speed and wt loss: : - o e /5/ Cau i YAGSN Lot
- ' . _ - N N R and prase of
L [4 - £
. 5' in (. _min %" sec at J0/-0 # lon burned. G ead o
Fleme out__ A min 30 gec at 97-§& # Free thie giere sF U Soae

ol A 4qr.«e: Fes oa e A, s

L ko,
¥z csumes ashes from ton: and mid cane make negligible contribution to
1

nal ash




Dt CAND IO

Dat. [/ =2L Time 2.0 @ cnr.w
E

& w/’iév’;} Type: ¥ X, H )

- H
Fire Ho,. /

o Fu.el & Desig.
. P R4
delant oni Rack_ 3 & " Hemther e
@ RE. J2 7
i 5 Sezle Plant wt, Total .
“ < ' accum, before fire _trash i lMoisture Dry 57
i | - tet e
I Bot: tr, S—1L £ P 4o
3 1 ’ { & ) If;
%id czne 2F-0 (a) A3-¢ Ken
\\; Bot § -2 j i - T2
Teb tr, 3 Sl (=12 (2) /2-%& / W
_ vl D
Tops (1)_72°0 (b) 3¢-9 7
_End Fire (2) $7-0 7
- min
Tot. loss (3)_/3-0
) Loss
Wt, after _ % of
Ueight off; Beale fire (c¢) Wt. % total loss
Tops () 28&  (2-4)_33 =% (b-c) 2 =2  {(=b)_&  (£3) 22
14 cane (5)_¢-Y (b-5)_2/-¢ (a-c) 2-©  (za)_¥ _ (+3) /5
“"rash (6)__ O “(5-6)_# Y s (z-c)_ g~ (z) &£ (=3) ¥
Filter No. 7o/ 2% o ISy
27050 T 770 & '
Weightsy particulate Particulate, # per ton.
After- 3,370yfr by totsl wt loss:
3y
Before. 3. 237757 /””’P 0672 X /
03933 gr. in sample 4 (3) /3 0 = %000 _ /0'7/&"
x 1,71 h_,,w/// .
,0¢7203  #in stack ' by trash loading: .
x 1742 _ /38y ‘/(j, 5 Q{/
""""""9 //7 i 7 per Acre - (Z)_-M- /._Z.)"" : .
: ' by trash wt lossiws '
/3y /6. /
(z-c) g 3 .

T2t Seres

Sesd ALy
£ Ly

' Fire speed and wt loss:

.: 5' in min _ Jov sec at §/-2 #
min _#°® sec at 5 7-Y #

¥Flame out

2
>

#%pn Ssumes ashes from toos and mid ¢zne nake negliglble contribution to

o £inal ach



‘..

;e A

~

Srrpoeg Ly

et R

(2

OUall LANE MIgo

: 2 — G
Fire No. 2 Datl@ /12 Tine g oo @ v cnr.ouc T
“Fuey (Camg Desig, (— ~ 2 Type: F A, H , F
- . f‘- "'J’ WE { ‘_“_
;delsnt ons Rack___4& v dezther
0 Scale Plznt wt, Taotal )
sccum, bafore fire trash % lMoisture - Dry €3
G- ten - det gL
_Boti tr. §=/ s/l et
—_— - —>
Kid cane o=l (2.) 2= Z .
Top tr, 36-1L C-9 () f=1v 1y y paried Gl ¥ GoL
- o ' /0.3 D .
Tops (1) _727-0 (v)42-5% —
End Fire (2) ¢ Y-Y 7
o min
Tot, loss (3) ] Y-/ :
Loss
_ Wt. after % of
Weight off: Beale fire (c¢) Wt. S % total loss
Tops (B)_2£35-9 (2-4)29-4 (b-c)_ 2- 0 (#b)_/  (+3) 20
Mid cane (5) _Z-/L _(4-5)22'--4/ (a-c)_ L -/ (2a). // (=3) /2
"“ras‘n (6)_ O {(5-6) Aol .. (z-c) T~ 0O (z) 76 (*3*3)_){6/
‘ v27
Filter No._JO//3/ 7% % s

Welghtsy particulate

After- 2 €27 &¢

/3

Particulate, # per ton

by total wt loss:

Before- 2 /050 >
G A735 gr, in sample e
x 1.71 ‘//
OY4 2¢7 i#in stack by
: X 1742
-cm-;—-s g"/ # peT Acre
. oy

Fire speed and wt loss:

at §&-/1_ #

. 5' in / nin Y9 sec

@ 3. _
X AN+ _ X .

trash lozding: E

?3.¢ _ P 'i/
{2y 7% 7
trash wt loggi#%

?3( o4 m/
(Z—c) ?,0 / / Ve

##xassumes ashes from tovs and mid czne make negligible contribution to

f£inal ook



SUUnll ChAnD FLR0OD

Fire Mo, / Date.f’f'"/é' /L Tine /)30p C. Y Cnr. HCT T__
~Fuel (2 nd Desig. _ H-/ Type: ¥ 4~ H__, B
. Fd csf
Jeieht ong Rack _" ez ther " _
® R.H._ 53 %
Sczle Plant wt. Totzl ‘
accum, tefore Tire trash 7 Molsture, - Dry &4
| - _ det o/
'BO'_U‘Z. tr, Y-/l A = I v }'\,-"!.',""" _ W
- D
¥%id cane ll.’l‘f () 47 & 17 KA
Top tr, ‘ 24-& B 3 -4 (z) SPep . W !
D .
Tops (1)_¢é-iz (b) 13\7‘/
End Fire (2) £75~Y 4
e min
Tot. loss (3)_ [ 3-%
: i Loss
_ Wt, after A % of
Weight off: Bcale fire (c) Wt, A - total loss
Tops (4)_/2-6  (2-b) 35-/2 (R-c)_7Z =5 &b)_/7  (+3) 5%€

-

(ae) O (ta) O (=3)_O

D

’“‘ash' (6)___© (5-6) A28 i (z-ch_g-0 (%Z.) 257 3)_753 .

fid eane (5) A0 (L-5) }7-5

St e et e

Filter No. JO8// 32 et (1i7esele.

Weightsy particulate Particulate, # par ton

After- 3. {76Yvv by total wt loss:
> (-

- *
Before- .67 LOXN _ X

~ .
g7 60 gr. in sgmple (3) ,%_;-— B 2000 = 3%
x 1,71 / \ :
OLIS YT #1n stack by trash leading:

x 1742 / A)@,.o A ,\J

- ; 34 # per Alere : (z) g'\c\;
=7 . by trash wt losgi*# - :
451,@ Lo . V3 ‘ |
r pead LI : 2 - 72 o
- / | (z-c) o :
Fire speed and wt loss: : wgﬂ' /\ _ ﬁ(
T . \ T 2 &
. 5' in / min 3§ sec at ¢F-C # '?‘Mn all 775
. . o ‘ Yprhebly Low
Flame out A _min 20 seec at I5-S# [k / //a/% 1o feme it

— ot

##gosumes ashes from tops z2nd mid;c.é.pe ke negligible contribuvtion. to

final ool




\

SUwaaAll VAN [MICLO

. . /70
Fire No._ 5 Datel@/ 7470 Tine A CEp_ta Chr. HC_—Tn
« Fuel (Cane Desig. //—2, Type: F &, H y B
delzht on: Rack 3/ " ez ther "
RII—I. 5—2"___15
Scale Plont wt, Total < P
accui, before Tire trash % Voisture Dryvf/
. et £/
ty tr, =¥ -y AR
e /7.9 D
¥id cane L5/ (a) 22 =&
Top tr. 3 =& S 1% (zY /2-0 3w
' /5.7 D
Tops - (1)_6¢-¥ (b)3/=12 ——
End Fire (2) §0-/. 7
o min
Tot. loss (3)_/5 -§ :
' Loss
Wt, after % of
Weight off: Beale fire (c) WE. % total loss
- Tops (4)_24-¢ (2-0) 2¢~ /2 (b-c) 5~ 0 =b) /6 (+3) 32
Fid cane (5) 3-% (b-5) 20~/ (a-c) / =12 (za) & (=3)_/+
‘rash (6)_& - (5-6)_2-Y s (z—c)_&- /2 (%z) 732 (=3) £7
¥34 4
s e L I o g
FPilter No. F0//33 '2’7}?;‘-‘7”""2(" “‘ _
Welghtsy particulate Particulate, # per ton ‘ |
After- 3.{3¢#24 by total wt loss: |
: 2570
Beforer 3. ¢ /757 /‘”"w? OY7 4 = X u g | &
rac - ) '

o 237758
x 1.71

A5

gr. in safiii///// (3) L%
oY7vs3 #ln stack by trash loading:

x 1742

2

Fire speed and wt loss:

. 5' in f

Flame out

# per Acre

min _2}9

2 _min 4?2 sec

7570
(zy /27
by trash wt losss
£
(z-c) o g
sec at jif'y'#
at’ 5ﬁﬂ'5’#

2000

2.9 <~
<

et

= /0¥

z#gcsuines ashes from toovs and mid czne make negligible contribution to




SUGARR CANE FIRES

fire No, Z Dat. ll—§- 7L Time /0-"/f ‘p M1 Chr. HC {s T.p9
- Fuel el Desig. A=/ Type: ¥ ’/,’ H , E
) Fed 22y ,
velznt ong Rack " Hezther CSon L
\ R.E. 40 %
8 Secale Plant wt. Total |
accum, vefore fire_. trash # Hoisture " Dry 473"
det w3~
Bot: tr. ad /- A LW
. - ' ' 2,0 D
71d cane 25-L (2) 3/ /7 B
Top tr. _7o-Y 72 (2) -4 /£.3 W !
2. D
Tops (1) 79-2 (b) 3&-/%
.End Fire (2) (Y-0 £
. - min
Tot. loss (3) /50 |
S ' Loss
Wits after . Z of
Welght off: Scale fire (c) Wt, % " total loss
Tops | (4).32-0°  (2-4) 32-0 (b-c)_¢=12 (b)_4& (+3)_4ys~
iid cane (5)_/=Y  (4I5)r30-/2 (a-c) /=~ (a)_3  (=3)_7.
e (6)_O (5-6) L _nn (z-e)_z2-2  (82) %5 (+3)_Y7
s lar ! 2L 3(51 R T
Filter No. Y0//3& —Fa S RS 30

Weightsy particulate

' Partliculate, # per ton

After- 73 ¢i3/3/7 by totalnwt losss
- /3

Before- 3.57327 7 6o X . /

V02 EPY gr.-in sznmple /‘/ (3) 15 g 2000 = ?7 24

X 1»?1 ’ ’ - - .

L6 yeén  #in stack ——// by trash loading: :

x 1742 : /24 - ; . _//
' > //3 # per Acre (z) g v /f( .

by trzsh wt lossi®*

-Fire speed and wt loss:

-

.Flame out

5% ip / min 24 sec at &§-O #

2. nmin 29 sec

at € Y-C ¥

/20
,7' /

= /&3

o

(z-c)

*%ncsumes ashes from-toons and -mid czne make negligible contribution to

N




Fire No.__ .3 atelf L=V 772 Tine_s2:ov C@prio_ Chr. HC Jerp s
« Fuel Carh¢ Desig. /A — 1 Type: F o+~ , H y B
- Fd ¢o92Y
delant ons Rack 3 < " Heather o /oo oy
4 ra J 7-,-—@.-,,}.4.,,[‘ 2_’)‘: ?.., - o
7 . R.H., Y5 %
Scale Plant wt. Total )
accum, = before fire .trash % Molsture = Dry &%
' . B . et _«3,/~
Bobs tr. ~  Y~¥% ef -5 /0 W
—— — 5D
¥id cane 240 (a)_3/-%
Top tr. 54{/:'5*. -5 (z) Jo© /7L W
L .- 244D
Tops (1)_E5=it (0)4 44 '
End Fire (2) £4-1x £
- AR
Tot. loss (3) /%0
' Loss .
Wt. after % of
Weight off: Bcale fire (c) We, Z tot’él loss
Tops (4) 3/-1 (2-4)_2 50 (b-c)_92-# Eb)_20 (£3)_¥F
.Mid cane (5)./*5/. (b=5) 2h -4 (a-c) /—-% (£a) %’ (=3) 7
‘rash (6)_O_=* (-45)_t-5 (z-c)_§-£  (ez) &£ (+3)_Y¥9~
397,
Filter No._70//% 0 =%%p, »pr=2rd
Welghts; particulate Particulate, # per ton
After- 3.L 7070 by total wt losss
- - /2 F
Before- 35.£3279 cE Ye X {7
O 37¢0 gr. in sample SN 2000 "
o aEGly #1in stack by trash loading: .
o x 1742 _ /27,2 /2.9 ¢&’d’//
:? 772 # per Acre SN - '
by trash wt loggi®#
| (200 yeim ¢/
. (jZ"C' g‘r e - e o
ﬁ Fire speed and wt loss:
.' 5 in / min 3 sec at {70 #
Flame out % min /¢ sec at 57“0 #

WwArall WEVNEG T L ODWGD

Y .

#»#acsumes ashes from tonc and _mid cane mke negligible cantribution to

ol EEV P e B W1 Y




|
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SUGAR CANE FIRES

Fire No._ / Dat’/z'7"7 L pime /5

.up i Chr. HC___ T_

" Fuel il cwec $lyc Desig. N~/ Type: F X, H ~, B
' . _ Fe asl )
deiaht ong Rack 3Q- " Wezther < /owdy
. R.H, £2—%
Scale Plant wt, Total , o .
@ accunl, before fire-- trash /7 lMolsture Dry 2.
| ‘ . Wet o7, o
Bops tr. 7-¢ 70 2L Ly
?'i‘?‘! C? D
Mid cane Y75 {2.) 21-‘5' :
Top tr. YL 524 (g) - JeE gy
. ] N z?l L D
JFops > ) T MPELi(D)
End Fire (2) ¢6-/% g
- min
Tot: loss (3) /4-O
Loss
o W, after % of
Welight off: Scale fire (c) Wt. % total loss
Tops - () — (2-4) — (b-c)} — (=b) —" (+3) "
. z__ ! . .
iid cane (5)_/=¢_  (¥-5)37-/2 (a-c)_2 /2 (ta)_7  (£3)_20
.L‘rash (6)_2 (5-6)_7/=2 sun (z—c) /Y #z) 92 (=3)_&/
s ¢ .
Filter No. F0/lY/ 1Y% 287 Cu gt

—37, 340 -7

weights; rarticulate

After- 3, §50747
Before- 3.£ 5 2a6 >
O 2 ENT gr. 1n szample //
x 1.7 /
Lo¥9,¢2  #in stack —m" by
_ x 1742
;'} P # per Acre
¥
CARSPN o,
o \ S
37 ¥
32,
\
Fire speed and wtyl’é)ss: //a]’— f“fg"”"
. 5' in . min - sec at
Flame out_ ~ min . seec at

2

I

FdazsUume s anns

by total wt loss: .

from tovs and " mid cz2ne make negllgible contribution to

Particulate, # per ton

0l 51 /
: - X . .
(3) /v 0 ,200057‘0 =

trash lozading:

75.Y
JL:3

(z)

trash wt lossy

&y
(2557773




sSUGAll CANE FIRES //‘.
.. : ‘J_-_‘.-“
Prre oo 2 pate@/2-7-72 wive pyre c@_p0. chr.wcl T
S Fuel (ol Desig. /=2 Type: F A, H , B
. Doabic fals jod ey ’ P
delaht ong Rack_3(- Wezther___ ~/sa ¢
RH. 42 7%
Sczle Plant wt. Total C g
accum, before fire .. trash & Molsture Dry 551
‘ Wet y2.¢
Botz tr, y St il & 28,2y
. 2.3 D
Mid cane 50 ~0. (a) ¥y =<5
Top tr. 5= g -%  (z2) /o 284\
9" Tops (1) /l?“‘i (b) 72-7% r
End Fire (2)./05~& 7
: ‘ - min
Tot., loss (3) 2A>¥
- Loss
- 7 Wt., after % of
Welght off: Bcale - fire (c) Wt. 4 ‘total loss
Tops (4)_YE-0  (2-4) L 9~§ (b-c) /3~ (b) 17 _ (£3) éo
i1d cane (5)_L=/Y (B84 =2 (a—c)o— € @a)< [  (+3) </
@ (02 -0l a (zo) gotf (s2) 52 (3)_0
. . L -
Filter No. ‘?0//?1  '3ﬁﬁ:%77r521yd”£
Welghtsy particulate Particulate, # per ton
After- 3 ¢ 9 5% r by total wt lossi - ‘
. /29,1
Before- 3, £ ¥ 3% 5 > IR _ X . 4/
£ D8 +7% gr, in sample // (3) 22, 9 - 2000 - 2;20
x 1,71 ‘ ' a
©77¢0¢ #in stack by trash loading: -
x 1742 ' /72 % Ve 4 éi,z//
«m@ ,;(J / # per Acre (Z) /O'? / ' o

Flre speed and wt losst
o 5

Flame out

in —

‘min

~ min —T

by trzsh wt lossi#s

NO,VL. fn [Cet

— —
seec at - .

s

sec at #

lz-c) gy

/72 2

w#qssumes zchas from tone and.-mid. cans make negligible contribution to




L

Fire No. /

» i“uel \_/O_M

1L .
Date.z /.é"f‘u- Time OO0

Desig. O —/

GAR CANE FI

L]

Wdelaht ong

Rack

Fd asy

o Wea

WS

,5 b f‘f‘:r‘: & {;;S.I ¢ h .w’:’) ;.1)

‘tasﬁ
Filter No. /fhé

Welights; varticulate

Type: F &7, H

c. P Chr., HCHA? T pii

B

ther O.Cam - Goiel

R.H, AH. 5%

Scale Plant wt. Total -
accum, before fire _ . trash % Moistuvre Dry 5
_ o - et 28
 Botu tr. 3-0 2-0 28U %
_=2¢ 1D
¥1d cane f{7"9 (a) &Y-55
Top tr.  S2-& 520  (2) §-0 2L€ W
. 22,9 D
Tcy(-]:)' 7)-‘2P (b) Q-—/O
End Fire (2)&/-%# 7
- min
. Tot. loss (3) //-/4
_ . Loss
Wt, after % of
Weight off: Scale fire (c) Wt. % total loss
Tops (4 _43-  (2-4) /8~ 0O (b-e)_2-/0  (+D)_s3__ (+3)_22
lid cane (5)__/“-2-_ (b-5) 422 (a—c)_z,_:i @a) 5 (£3) 20
(6)_O- " (8-6) =2 s (z=)_C=1¥  (£2)_ 85 (+3) 47

Particulate, # per ton

After- 342270 by total wt losss:
ge¢.&8
- Before- 1.4 0335 -.0’/3:';;/"" X m73 2
. .0.2%53F gr. in sample (3 /7.9 2000 g
T e x 1,71 ‘
N ©93%5  #in stack by trash loading: -
", > 25 # per Acre (z) &0 /07 -~

by tresh

wt loss:

g

nt

Fire speed. and wt loss: \ L ower ceret™ Qo U por k. hek
Capa

R 20 - . |

. 5' in / min sec at 6J 7/# Hide b — 25" o

Flame out L mi

from tors-and mid cane rake: negligible conbribution to

n_2¢ sec at §/-F#



E‘.lri'et., No'.

R

Pruel CAME

SUGANR CANL, FIHLG

Date.l““‘f*?-'-’\ Time

Ok L

Desig.

WHelght on

Fe i v

Rack 2 b CUGAC' "

"EA CKL;A# l:" J

Chr. dCAMs T Ne

Pype: ¥, H , B

Weather CL&EAR

about R.E, Q0 %
Scale Plant wt, Totsl , f
acculle before fire _ trash  Holsture Dry ;07
o - ) Wet
. - 3 - li
Bots tr, 3 -6 _3-6 14 ¢ i ,,ffwt
O ie. 7
114 cane §0 -, () Y7~
Top tr. LY s/t (2) F~d 158 W
_ . . (7.7 D
Tops (1)_7{-3%~ (v) _38-/Y _
End Fire (2)_&0-Ia g
J_ min
Tot. loss (3) ¢ 7 4
Loss
_ Wt., after _ % of
Weight off: Bcale fire (c) Wt, 4 total loss
Tops (4)_ &) (2-4) 332 -/0 (b-e)_5>¢  &b)_/Y (+3)_32
Hid cane (5)_ /-9 (425)_y4~2 (a-c)_/=0  (za)_A  (=3)
& (60O (8-6)_/70 s (z-c)_gF=k  (z) 89 (+3)_S%
Filter No. /| 27
Weightss particulate Particulate, # per ton
After- 33 /(772r by Totzl wt loss:
/19 Lo _
Before. 2.2§ 740 » > 6512 _ A,
02 7%% gr, in sanple (3 /97y 20 R
X 1-71 B : ’ ’ .
Lo8570%Y #in stack by trash loading: .
x 1742 /0L - // R GE"//(
. 23? # per Acre (z) 2.7
by trash wt losg##* -
192 . [2.( ;:/
(2-0) 2./ : . .
| ‘ \”ié no- i . : -
© Fire speed and wt loss: A Lo Tlaetn o fuég_ynd
| . 5' in ] min _ 202 sec at K 3-&# T ,
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August 11, 1977

i

Mr. Bill Arlington

Florida Sugar Cane League, Inc.
Post Office Box 1148

Clewiston, Florida 33440

Dear Mr. Arlington:

In May, as I recall, I was contacted by representatives of the

Palm Beach, Florida Health Department regard1ng .the use of the emis-
sion factors for sugar. cane burning as given in AP-42. 1 had been
involved previously in the factor deve]opment work with Dr.-Darley
(of the University of Ca11forn1a) and various groups in Hawaii. 1
was not directly involved in the preparation of the current AP-42
section, however, and thus had to go to the references for back-
ground. In discussions with the Palm Beach office, I indicated that
-the. sugar cane tests were on Hawaiian cane, but that the emission
factors should be essentially the same. 1 indicated, however, that

1 would question the loading factors as being appropr1ate for canes
other than ‘those similar to the Hawaiian cane.

According to the understanding of the information given to me
be the Palm Beach office, however, about 30-35% of the F]or1da cane
weight was believed to be consumed by the burning operation. Based
on this figure, and applying data I had on Mississippi cane produc-
tion of roughly 35 tons/acre, I surmised that perhaps the 11 tons/
acre "loading factor" would not be too far off. They replied that
it was the only information they had and would use it in their emis-
sion inventory caiculations.

Since these discussions, you have assured me that the "30-35%
burned" figure is not typical and is too high, perhaps by a factor
of two or more. 1 have no basis to refute this figure, but do not
feel I can initiate a revision of AP-42 on this level of informa-
tion. I do plan to add a footnote to the existing loading factor
in AP-42 to make it clear that it is applicable to Hawaiian cane and
probably differs elsewhere.

q"" 4’&:_'\.-"?""‘ X3 Femmiolts .n.".-é_...a.u pt .:t ? A:!uwft?'i? ._4.%" o 1’:’.‘! ey qurﬁu&u}'{&gﬁw pl L "} -
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My

T " West Palm Beach, Fla. 33401

; : 2

You have-indicated an interest in conducting a test, or series
of tests, to provide-a more appropriale number. I encourage such a
study and suggest that either Palm Beach County Health Department,
the State of Florida and/or some level of agricultural agency be
involved to assure that there would not be claims of bias and that
such data would be generally accepted. I would be willing to include
such results in AP-42 for use by other groups.. If interest warrants,
[ will also try to investigate the development and inclusion of load-
ing factors specific to Mississippi, Louisiana, and Texas canes if
they are found to differ significantly. ‘ :

Currently, we- do not have any funds available for assisting in
the study of these loading factors. [ do not think the expense would
be great, however. Perhaps one of the other groups mentioned might
have funds or manpower available to assist. If the Tevel of emissions
involved were of such consequence as to involve a State Implementation
Plan revision, perhaps EPA Region IV offices in-Atlanta would be
interested. : ' '

I have had a copy of Supplement 7 to AP-42 mailed to you under
separate cover and you should receive it shortly. ~

I appreciate your interest in these loading factors and will be
interested, in turn, in any results which we can use-to further improve
AP-42. 1 await the results of any study that you might develop and
stand ready to assist to the level that I can.

‘SincereTy yours,

ool Seabhialo )

James H. Southerland, Chief
Source Analysis Section
Air Management Technology Branch

cc:,. John Bosch, MD-14 -
cl,il.Rohent Martin, Palm Beach Counth Health Department
Mr. G. T. Helms, Chief, Air Branch, Region IV, Atlanta

M fLe- .
-Mr. Rebert Martin
“Palm Beach Counth Health Dept.
826 Everina St. ‘ .
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5. N. KNIGHT, 5R. FIRST VICE-PRESIDENT : '-w.,_ o . ROPERT D. APELGREN c. o. LEW:S
ALFONSO FANJUL. SR, SECOND VICE-PRESIDENT JOMN B, BOY A. R. MAYD
BILLY ROGERS THIRD VICE-FRESIDENT . ALVARDO CARTA \‘BILLY ROGERS
HORACE C. GODFREY f‘ FOURTH VICE-PRESIDENT . e “ATWOOD DUNWODY GECRGE H. SALLEY "
J. NELSON FAIR&ANKS]‘ FIFTH VICE-PRESIDENT AND GEN. MGR, - \ ALFONSO FANJUL. JR. Q. H, SHE"PA“P
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August 8, 1977 A
' ° ’ ’ - - h “:"’
. .. ) PR e
Mr. Jim Southerland Environmental Eng:l.neer
Office of Alr Quallty Planning and Standards D
Environmental Protection Agency’ '
" Research Tm.angle Park North Carolina, 27711
Dear Jim: . ‘ ' /
: As. per our phone conversation of last Friday, I have enclosed
e- \ a copy of Ed Lui's July 26th letter to me and a copy of the data
he supplied. I believe the data verifies that the fuel loading

factor for sugarcane field burning shown in the supplement No. 6

to the AP-42 ‘originated in Hawaii. :Your confirmation of this will
be appreciated. ‘

Again, thanks for all the help and c:ooPeration. ' '..
Slncerely,

Bill !—‘mlmgton
Environmental Specialist

BA/cw

Enclosure

~

"REPRESENTING FLORIDA SUGAR CANE GROWERS AND PROCESSORS"
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Clewiston, Florida 33440

July 26, 1977

Mr. Bill Arlington
Environmental Specialist
Florida Sugar Cane League, Inc.
P.0. Box 1148

Dear Bill:

Enclosed is. information that may be helpful to you in solv1ng
your present. problem.

The first is a table showing the dates of sampling, the field
being harvested, the variety harvested and the sample designa-
tion. As shown in the table, three varieties were included in
the test. No significance should be attributed to the varieties

tested or to the number of samples of each variety. Selection

of the variety samples was based strictly on the field selected

for  harvest by the plantatlon.

The second enclosure contains.the data and analysis for the
field weight loss study. These data were used to calculate the

- amount of fuel actually burned per acre during the test, I

have hlghllghted the average welght loss in yellow. This flgurc

.- was used in’ calculatlng the emission rate for cane burning in
- Hawaii.

I am sure you have a copy of the Darley report but I enclose one

- anyway since it describes the procedures used in the test. The

weight loss procedures are described generally on pages 3 and 4.

- I have hlghllghted the appropriate sections.

On pages iv and 12 of the report, Darley shows maximum particu-
late emissions of 8.4 lb/ton and 133 lb/acre at 99% confidence.
The basis for the weight (lb/ton) factor is obvious. The basis
for the area (lb/acre) factor is the area (5' x 5') from which
the sample was harvested extrapolated to a full acre. The area
factor was rejected for use in Hawaii because the burning con-
ditions in the test tower were not exactly the same as those in
the field., .On the other. hand, it was.felt that the weight
factor would likely be representative in spite of the differences.
Thus the emissions of particulate matter from cane burning in
Hawaii are (8.4 1b/ton) x (10.9 tons/acre) x (number of acres

burned). ;
Gl

HAWAIIAN SUGAR PLANTERS' ASSOCIATION
99-193 AIEA HEIGHTS DRIVE. ® PH:(808) 487-5561 & MAILING ADDRESS: PO BOX 1057 » AIEA » HAWAII 96701
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Mr. Bill Arlington
page 2

July 26, 1977

We do not believe that any of the area emission factors
computed by Darley can be generally applied. The difficulty
you face is in determining the weight loss for your conditions.
While it may seem obvious that your weight loss would be less
than ours due to lighter cane tonnages, I would hate to
speculate on the amount. You should plan your own testing
program to determine a figure. :

I hope this information is of use to you. Please call me if
you have any gquestions. . i

Very_truly‘yours,

Edward J. Lui
Director of Environmental Affairs

EJL/slp

Enclosures




FIELD - VARIETY UNBURNED _ BURNED
10/17/72 029 49-3533 . B-1, B2 - B-1, B-2
10/18/72 .043. . 50-7209 -1, ¢-2 ¢, c-2
. 10/24/72 050 57;5025: D1, D2 -—
10/25/72 1 050 o _— p-1, D-2
11/6/72 023 49-3533 - E-l, B2 --=
11/8/72 023 v (%) F-1, T2 E-1, E-2
T F-1, F-2
11/13/72 006 " 61, G-2 —
11/14/72 006 . H-1, H-2 —
11/15/72 " 006 " —- -1, G-2
 Be1, H-2
11/20/72 006 50-7209 I (Trash Only)
;Q 11/21/72 - - -006 " 3 "
e 063 " K J
11/28/72 063 " L "
12/4/72 004 " M1, M-2 -
12/5/72 004 " Nﬂl,.N—z M-1, M~2
| - N-1, N-2
12/11/72 004 . " 0-1, 0-2 D
12/12/72 004 " P-1, P-2 041, 0-2 .
' -1, P-2
084 49-3533

Hawaiian Sugar Planters' Association

POLLUTION STUDIES

CANE BURNING TESTS

at Oahu Sugar Company

12/20/72

(*) "F" Series samples ruined;
arrival of samples.

30 Bags Top Trash

Airlines failed to notify Dr. Darley about




C D E F G H I J S
Trash Canc Picces |. . ..’-\Sh l
| Staze Top  Bottom | Total Top Middle Bottom | Total lbs.,
[Bafore 3.5 8.5 12.0 31.5 § .74 37 (2P 142.5 '
jAftec I 47 50 56 153 A 5s i
i . i
TBefore 5.5 6.0 | 11.5 | 37.5 125,75 43 f2) 206.25
After B 42 55 46 143 1,85 4
, i _ —-
718779 _G-1__‘potore § 1 5.25! 13.35 | 29 56 7h_fah159 .
lAfrer R 47 62 160 4,98 |
] . 4 ! ]
C-2_ lBefore 5.5 ] 13 18,5 1 29 €2 76 [agh 165 | '
lafrer | 54 . t 49 59 162 . L ._2.8% ¢
i _ ‘ ~ i G
1/6/72 E-1 taefore | 13 |5 18 43 91 59 /4193 1 o7
] [Afrar 60. 71 91 N 222 3.8
| _ H
E-2  |Bafore |, 12 8.5 | 20.5 150 100 . 40.5A9/190.5 o
After | 85 65 50 T 200 10.9 "F
. | .
i _F-1_Igafora ! 8.5 ! 12.5 | 21 41 25 40 176. i
: iAfter 9 72 166 4.5 !
F-2 _iBsfore | 8.5 1 7.5 | 16 72 67 711210 |
|After 76 57 73 206 i 5.5 i
! - - | |
c-1_ 3a2fore 7 6.5 | 13,5 | 47.5 SLA L 445401495 | !
it fror ‘ 53 - 42 45 M ap U P T
} ! '
G=2. '3cfore 8 7.75.1 15,75 1 65 _66.5 1 46 (uN\i77.5 | )
- lafter | 50 49 | 54 k{lﬁ | 2.3
i ' ..
F=1 _i3efore 5.5 4 - 9,5 i 47 16 30 [y} 113
Nfrerw 72 ‘51 55 MAze L as
E=2 3efore | 6.5 7 13,5 40 40 145 (151125 ;
‘Afcer A {53 L= i 30 {83 2.5 I
Q2447721 31 __Sefgre £.25 4.5 8.75 14q £7.5 1 42 fic)199.5 _
; SO Nirer : 61 56 36 153 124
. : i ‘ —_ : _E
M-2  3efore 6 5 11 b6 .5 [ 46 /oM 136.5 | !
Aiter 71 51 39 —]1sl | 1.720
] f i | : L o
13/5/72] -1 wofore ! 5.5 | 7.5 | 13 53.5 1 43 57 oy 118.5 i
After ' 57 - [ - -~ 52 JAT09. 0 r4s
! - i i ! ‘
I 1 N-2 irefore | _5.5. 1. 6. | 11.5 |38 1 45 IS/ANTE i
sfror | ! 61 - 3921360 11,85 &
| gl /i1/72 (-1 izefore | 4 A 8 25 45 | 15 (g s ¢
ﬁ ! infrer | 49__ - 40 59 2.2
T A ! T | .o B
' 0-7 Bafore 6.5 | 4 10,51 &2 46 23 (4} 111 2
After 50 ' - 51 101 0.8 |
§ - . _ } - [ l_'
J 1 37/12/32 P-1 lBefore 6.5 5.5 1 10 39 525121 pf112.5 1 ;
& 1 Afreg 17 Y 02 06




:;\itor ; ! nl N1VE 1 ) — i._._—-t..a.
: - I - 1 .
Me?  Noefore |6 N 5 11 bo.5 N 46 136.5 _§
After . ™~ A 71 51N i 39 161 j 1.20
T . T a T g H
-~ T‘\ ﬁ\\\ ‘Rx U SN
-1 RNofore I~ 9.9 7.5 W13 £3.5 3 43 3 F118.5 -
Afber ~ | < 157 = SN__ 1109 2,40
\ N N N _ N
"N-2  iPefore N 5.5 6 . 11.5 N33 | 43 47 iN139 _
AN 8fror 1IN o~ 61 - 39! 109 1.5
! N L ™~ - N -
0-N' ;Before h N & <8 | 2% SGA6 | IS 85 N T
NAfrer N S| 49 > &0 89 _ N 2.7
0-2 _ Zo¥ore. 6.9 % N1 10.5 ¢ &2 46 ~23 (i1 N
PAfE R ' N 50 | - s~ | 101, I__0.8
N b ~ ;
“P-1 IBeforeNi 4.5 5.5 ] 10\ 39 52,5 1 21 12.5 f .
After AT - 1 g% 162 o0&
et e e ; = T B -
T - =} PO i
D=1 iRefore 7 4L ] 11 . - 54 i 43.5 | 4.5 132“{T %y
After - 83 ~ 49 132077 1.¢
. = i
il { !
rA ] i ]
R o Fx2 ! | Yean - | So
L ] ]
20 13%4. 75 1021..8125 6.7 2.4 ) 36"
20 132.0 997,625 6.6 2.6 ! 3y
20 266.175 3632.1815 13,3 ! 13.3 3.8 3 2
: |
20 859.5 . 9460.25 43,0 11.5 27"
! 20 1218.25 % B&172.5 609 ! 22.9 130
| Rotton 20 A84.5 94351,75 t4.2 | 16.2 35
: | Toral 20 12962,25 462188.06 t 148.1 ! 148.1 35.11 2&
: 20} 1206 77120 i _€0.3 15.2 §__2:
12 . 643 35153 | | 33.6 | 8.01 ' 15
20 1064. .1 60606 . 1. 53.2 ) ] 14,5 27
20 2913 -..] 453721 | _145.6__} 145,:6" 39,4 2
, - L. ! -1 : B
20 66 . 24 346.5292 . ', 33 3.3 - 2.6} 20
. f -
(1335168 1)= (145.6+3.3)2__ 12,5 _Nhs, /25 £6.2
§ [ N .
Purned__ 7.2%7 of load (T; «10:9~ fﬁ'gn‘ii‘fac:ré"i'\\
. . ' ] N
Top = 50,57 . . - I e R—— e N
i n]‘“‘ ' ‘H" N R . e el - ! ' “t’.
i AR T AN 5 -
~y.percent total 8.3% Meia / = i . )
| ‘ N | i |
'fu;tl qe;qibesirablc: “Lealf materials as percent of top sudimiddle cane piecus.
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POST oFFICE BOX |14e
CLEWISTON, FLOR!DA 33440

(813) 933 9|$| ™ ‘;

OFFICERS CIRECTORS

R It ]
=W ARTHUR KIRSTEIN. 11l PRESIDENT / S ‘b: !.‘.: JOSE ANTUNA - S. N. KNIGHT, Sh.
S, N. KMIGHT, SR. FIRST VICE-PRESIDENT '1“.".. - _ROBERT D. APELGREN C. D. LEWIS
ALFONSC FANJUL. BR. SECOND VICE-PRESIDENT i JOHN B. BOY A, R. MAYOD
BILLY ROGERS THIRD VICE-PRESIDENT ALYARO CARTA BiILLY ROGERS
HORACE D. GODFREY N FOURTH VICE-PRESIDENT ATWOOD DUNWODY GEORGE M. SALLEY
] NELSON FAIRBANKS FIFTH VICE-PRESIDENT AND GEN. MGRH, / - ALFONSO FANJUL, JR. O. H. SHEPPARD
H. T. YAUGHN. JR. SECRETARY-TREASURER ALFONSD FANJUL, SR, FRITZ STEIN
ATWOOD DUNWODY ASS|STANT SECRETARY-TREASURER . LEWIS FRIEND . AOY VANDEGRIFT, JR.
December 9 1977 WALTER RAUTZ H. T. VAUGHN. JR.
i ' 4 ARTHUR KIRSTEIN, 11) GEORGE M. WEDGWORTH quem
© JOHM A YAUN
, Mr. T. G. Helms, Chief
i Air Branch, Region IV
: United States Environmental
Protection Agency
345 Courtland Street )
Atlanta, Georgia30308 , : _ TN
' P .
and ' U W -
S
Mr. James H. Southerland, Chief . L
Source Analysis Section - N T

United States Environmental
Protection Agency
Office of Air Quality Planning
and Standards
Research Triangle Park, North Carolina 27711

W

Gentlemen:

This letter is intended to serve as a basis for our
discussion with you in Atlanta on Monday, December 12, 1977.
The purpose of the meeting is to discuss the need and
justification for -reducing the "fuel loading" factor as
: previously used in EPA manual AP-42 for burning sugarcane
| : as it relates to Florida.

As you know, the emission and loading factors have been
based on studies done on Hawaiian sugarcane by Dr. Ellis
DarTey 6f the University of California at Riverside and the _
Hawa11 State Department of Agriculture. Pecently, Dr. E. R. e
Hendrickson of Environmental Science and Engineering talked
with Dr. Darley and hel strongly emphasized that the Hawaii
loading factors should not be used for Florida because the
nature and amount of cane are so different. Hawaii's average
production per acre is 92 tons and in Florida it is 33 c&mﬂ
tons (five year average, 1970-75). 1In Hawaii the cane Nd“w
grows for 2 years before harvest and in Florida cane is
harvested after 1 year or less of growth,

; 5’5 M‘\MJL
23y X1 =345 |

[ \\
"REPRESENTING FLORIDA SUGAR CANE GROWERS AND PRQOCESSORS”
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Mr. T. G. Helms

Mr. James H. Southerland
Page Two

December 9, 1977

Based on the position of Dr. Darley and our own
knowledge of the dissimilarities between sugarcane in the
two areas, the Florida Sugar Cane League believes EPA
should adopt a more realistic loading factor for Florida.

We believe the tonnage ratio is adequate justification
for EPA to revise its loading ‘factor for Florida because
the vast majority of combustible material is sugarcane —f¥¥
leaves that have dried. Since leaves form at about the same
interval on the stalk during the growing period, the taller,
longer and more dense growth produces proportionately more
leaves and thus more dry combustible material. This ratio
would produce 3.9 tons per acre for Flori as opposed to y, bfé?
11 tons for Hawaii%&i?f92-x*TT'E“3ﬂ§ﬂESi;?f) - _123? :
. . N ('i’ M!!-n: 1,
Following our meeting with Palm Beach County officials l?@’ i
on August 25, 1977, on’' this matter, we agreed to cooperate
in a research study to more precisely quantify the loading
factor for Florida, provided funding could be arranged. We
reiterate our willingness to cooperate in such a study, if
EPA feels a study is necessary. However, in recent weeks .
Dr. Joe Orsenigo, Director of Research for the League, has
searched the literature and found some studies which lend
support to the premise that combustible material is highly
correlated with tons of cane per acre. We felt you would want
to have the benefit of this data and the following summary,
with attachments, is provided:

Evans and Hardy, reporting from Trinidad in 1948, ;ﬁﬁéhk%/jZL
concluded that the ratio of sugarcane stems (stalks) to * 67

.gkotal trash stripped from the plants is about 4:1. They

/
concluded that a 40 T/A crop will be accompanied by about :
/ P P y 25% =

W™ 10 T of trash consisting of tops, green leaves and dry leaves.

s’Not all of the trash is combustible. (Evans, L. J. C.

and F. Hardy. 1948. Yields of Sugarcane Trash. Trop. .
Agr. 23 (12):224,225.) . |

The trash content of Cl. 41-223 sugarcane in Florida -
was determined by Clayton and Churchill in the 1971-72
season. Table 1 of their article lists green and total
trash contents. They concluded that 8 to 10% trash was
burned off in pre-harvest: They do not cite the cane ton-
nages or methodology used, but in a. personal communication,
Mr. Clayton stated that the tabular values were based on the ¢’
averages of three 400-pound samples per date working in cane
of about 35 T/A.

With reference to Table 1, on 12-16-71, a total ‘trash
content of 27.9% in unburned cane was reduced to 18.0%.
following burning; a reduction of 9.9%. If we assume a 3:1
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Soc. Sugar Cane Tech. 1976 Mtgs. Proc. 6(NS):53-57.)
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relationship between millable stalks ané non-millable

above ground cane (trash), the 35 T/A yield would translate
to about 47 T/A total plant material in the field. The
9.9% applied to 47 T/A yields about 4.7 T/A trash burned
off in 35 T/A cane, equivalent to about[ﬁi4 T/A for 33 T/A
cane. (Clayton, Joe E. and Donald B. Churchill.I973=
Cleaning Sugarcane During Harvest: Cleaning Rolls or
Pneumatics. Amer. Soc. Sugar -Cane Tech. 1972 Mtgs. Proc. 2

(NS):143-146.)

Irvine partitioned CP 65-357 sugarcane in Louisiana.

Dead leaves which had shed from the plant were not recovered.
He reports only dead leaves attached to the plant at sampling

and all percentages are based on a total plant basis, :

including stubble and roots. Table 1 illustrates the following
percentages of total plant weight for these respective parts

subject to combustion: leaf blade, 11.1%; leaf sheathes,

4.3% and dead leaves, 4.3%. Expressed proportionately on an

aerial plant portion basis, these percentages are equal to:

12.4, 4.8, and 4.8, respectively. The estimated burnable

portions of the above fractions are: 20, 25, and 100%,

respectively which suggests that fire consumes about 2.5%

leaf blade, 1.2% sheathes, and 4.8% dead-leaves for a total ﬂuAh~@&6?
of 8.5% of the above ground plant. If 1,5%)is added for

unrecovered -dead leaves, a total of Y0¥ of the above ground

plant material is burned. This would equal 4.0 T/A for 40

tons total cane per acre. (Irvine, J. E. 1977. Distribution

of Carbohydrates and Potassium in Sugarcane Parts. Amer

The University of Florida "green vs burned cane" study
was not designed to answer the fuel loading question, but
it may be applicable to estimating the amount of material

- consumed in the pre-harvest burn. This study indicates

trash values of 4.74% for burned cane and 13.04% for green

‘cane, a trash reduction of 8.30% (Table 10). If we can

assume that this trash reduction represents the actual
percentage loss applied proportionately to the standing
crop on a 3:1 relationship betweenmillable stalk and non-

millable above ground cane, 40 tons total cane per acre

would yield about 30 tons of millable cane and 10 tons of

non-millable material. At the equivalent 11% trash redyction
through burning, the fuel load would equal abou
per acre (40 x 11%). (Orsenigo, J. R. 1978. A Harvest

- Comparison of Green and Biirned Sugarcane. Univ. of Florida -

IFAS Tech. Bul. 794.. IN PRESS.)

We believe this data adds support to our contention that
cane tonnage and the amount of combustible material are
highly correlated and that Florida cane produces on the order
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of 4 tons of combustible material per acre. The League
believes that EPA is fully justified in revising thé AP-42
manual accordingly for Florida sugarcane. In the interest
of fairness, we therefore make the request that you do this
in the manual now being revised.

Should EPA later wish to have a study conducted in
Florida, and the necessary funds are obtained, we, of course,
would be willing to cooperate.

) YOUZAM

_ J. Nelson'Fairbanks
Vice President & General Manager

JNF:dd
Enclosures
cc: Environmental Quality Committee
' Technical Subcommittee
Mr. Frank J. Gargiulo - PBCHD
Mr. Eugene J. Sacco - PBCHD
Mr. Mike Martin - PBCHD
Dr. E. R. Hendrickson
Dr. J. R. Orsengio
Mr. Bill Arlington
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Palm Beach County Health Department
P.O. BOX 29, WEST PALM BEACH, FLORIDA 33402

CL.BRUMBACK,M.D.,MP.H. «~ = ‘o % .
DIRECTOR . ¢ -
P!ease Address i
Reply To:  EgE-WPB

January 13, 1978

Mr. James H. Southerland

Environmental Engineer

Chief, Source Analysis Section

Office of Air Quality Planning and Standards
U.S.E.P.A., Mail Drop-lh '

Research Triangle Park, N.C. 27711

Dear Mr. Southerland-

On December 21, 1977, I met with Mr. Barney Eiland, Agrlcultural Engineer,Sugarcane
Harvesting Research Un1t United States Department of Agrlculture Belle Glade,
Florida to discuss and take part in a trash determination study. The research

unit concentrates its work on new varieties of sugarcane which is being considered
for commercial use. Mr. Eiland stated that these research varieties are quite
similar to commercial varieties and would give me an idea of the amount of
material which would be capable of being burned during a typical Florida sugar-
cane burn.

Mr. Eiland's trash study involved eleven research varieties and one commercial
variety. A five stalk sample taken from each group was cut. The cane was
cleaned and separated into five sections to be weighed. These sections are:

A. Clean 5 -~ Stalk Weight

B. 5 - Stalk Dry Attached Leaves

C. Dry Ground Trash

D. 5 - Stalk Green Leaves Weight, and
E. 5 - Stalk Top Weight. '

An assumption was made that all the dry attached leaves and dry ground trash
was consumed during a burn.

In addition to the actual weight of material per the above divisions, the number
of plants (cane stalks) per acre would be needed to determine the.loading factor.
The number of plants per acre varied between 25,000 to 35,000, average being
about 30,000. Using the average allowed us to set up a simple problem to find
the amounts of material per acre which can be burned. The total dry trash weight
multiplied by the # plants/acre divided by 2,000 (conversion of pounds to' tons)
divided by the number in our sample yields the tonnage of material burned. \

Example: Total dry trash X # plants per acre + 2,000 ¢ 5 = Tons material
burned. ’
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The following is a summary of the data collected for two varieties which repre-
sents the two major commercial varieties harvested in Florida. Each data peint
represents the average of three samples:

1. Variety: CP74-1028 (a research variety similar to commercial variety
CP63-588, which comprises approximately 35% of the sugarcane acreage)

Clean 5-Stalk Weight : 24.0 1lbs.
5-Stalk Dry Attached Leaves : 1.0 1bs.
Dry Ground Litter : 0.71 lbs

5-8talk Green Leaves : 2.34 lbs.
5-8talk Top Weight : 1.0 1bs.

This variety would have a total dry weight of 1.71 1bs.
(1.71 X 30,000 = 2,000 = 5 = 5.13 Tons)

2. Variety: CL41-223 (commercially grown, 15% of the sugarcane acreage).

Clean 5-Stalk Weight : 14.08 1bs.
5-Stalk Dry Attached Leaves : 0.96 lbs.
Pry Ground Litter :; 0.28.1bs,

5-8talk Green Leaves : 3.13 1bs,
5-Stalk Top Weight : 1.31 lbs.

This variety would have a total dry weight of 1.25 1lbs.

(1.25 X 30,000 ¢ 2,000 = § = 3.75 Tons)

If we were to take the Total Dry Weight for the twelve samples that comprised

the Trash Test (the two varieties above would be included), the average for

the twelve varieties would have an average total dry weight of 1.67 lbs. o
(1,67 X 30,000 * 2,000 = 5 = 5,01 Tons)

It would appear that the loading factor for Florida sugarcane may be in the 5 ton
per acre range. However, this factor would be increased when the fields had been
treatéd with chemicals, paraquat or polaris, or the result of freeze damage.
Paraquat is a defoliant and polaris is a sucrose enhancer. Both affect the.
moisture content of the green cane leaf. Although the actual affect on the
loading factor is not known, it was estimated that approximately 1 Ton per acre
could be added to the fire load.

Another problem that may enter into the loading factor determination is that of

a second burn which reduces the amount of trash left in the field after harvesting.
This agency is aware that this practice is used occasionally but the numbers of
acres and quantity of material burned is not known.

Also enclosed for your information are copies of several studies which may be
of some help to provide a realistic fuel loading figure for Florida sugarcane.
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James H. Southerland

Should you have any further questions concerning this matter, please contact
the undersigned.

Sincerely,

For the Director, Division of Environmental
Sciences and Engineering

Michael Martin
Pollution Control Specialist I
Air Pollution Control

FJG/MM/SLP

Enc.

L
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25 nodes per stalk, Florida cane

= 10

stalk and 12-15 dry leaves per stalk,
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(

-1l green leaves per

1/3 of yield of cane per acre is the total trash content.

1/2 of the total trash content is combustible material.

- -

Average yield of cane per acre
%{- wd = M News Wik o
1/3 of 33T/acre = 10.89 total trash

1/2 of total trash 10.89 = combustibles .
10.89 = 5,445 acre burned.

1/2 of

Dessicants

575’

{

33T/acre

)/uzlc’{ 37 : S'..S’T el -

(paraquaf) applied to a cane field can make up to
a 5% difference in trash .content. :

5.445 T/acre x .05 - 0.27225

5.445 + 0.27225 = 5.71725 Loading factor.

Hawaii Cane
Aver
with

age yield 90T facre
about 12% combustible

Twice as much leaf material.
.12 = 10.8 T/acre combustible.

90 x

Hawaii

VA

10 1b. Stalk |

20 dry leaves

Tl

Florida -

A

10' High

10 dry leaves = 10% trash
¥ 1lb. dry leaves=31% tota)
bﬁi__“ . trasl

s 1b. dry leaves = 17% total trash




Study

Factors: _
Yield per acre - heavy medium, light Sample taken from a row
25'-35' in length. : ‘ '
5 to 10 samples
Hand strip samples
Take sample - 3 rows inside field
. 100 ft. from end of row.
Take as soon as possible, .

~






