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ETHANOL EMISSIONS AND CONTROL 

FOR WINE FERMENTATION TANKS 

Th is  r e p o r t  presents  an es t ima te  o f  e m i s s i o n s  f rom f o u r  1400 g a l l o n  w i n e  

f e r m e n t a t i o n  t a n k s  and t h r e e  e t h a n o l  c o n t r o l  techniques.  These emission 

est imates a re  based on t e s t s  p e r f o r m e d  by  t h e  A i r  Resources  B o a r d  ( A R B )  

s t a f f  u s i n g  ARB t e s t  methods. The r e s u l t s  have been reviewed by the  S t a f f  

and are b e l i e v e d  to be accurate w i t h i n  the  l i m i t s  o f  t he  methods. However,  

d a t a  a r e  u s u a l l y  a f f e c t e d  by t e s t  methods and process v a r i a b l e s  which a re  

sometimes n o t  apparent d u r i n g  the  t e s t s .  The data should not, t h e r e f o r e ,  be 

n e c e s s a r i l y  c o n s l d e r e d  t y p i c a l  o f  a s p e c i f i c  source or I n d u s t r y  u n t i i  t he  

e f f e c t s  o f  such Var iab les  are known and taken I n t o  account.  

L 
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STATE OF CALIFORNIA 
AIR RESOURCES BOARD 

Ethanol Emissions and Con t ro l  
f o r  Wine Fermentat ion Tanks 

I .  SUMMARY 

Ambient a i r  q u a l i t y  standards f o r  ox idan t  are f r e q u e n t l y  v i o l a t e d  in 

many o f  C a l i f o r n i a ’ s  a i r  bas ins .  E m i s s i o n s  from w i n e  f e r m e n t a t i o n  t a n k s  

c o n t r i b u t e  t o  o x i d a n t  c o n c e n t r a t i o n s  through the re lease  of ethanol  vapor 

through vents  i n  the r o o f  o f  the tank. The re leased ethanol  vapors r e a c t  i n  

s u n l i g h t  t o  form photochemical o x i d a n t .  

A proposed Suggested Contro l  Measure ( S C M )  f o r  C o n t r o l  o f  E t h a n o l  

E m i s s i o n s  f rom Wine ry  F e r m e n t a t i o n  t a n k s  has  been considered by the  A i r  

Resources Board (ARB o r  Board).  The Board has d e f e r r e d  a c t i o n  o n  t h e  SCM 

p e n d i n g  outcome o f  a demonstrat ion program t o  f u r t h e r  eva lua te  the  methods 

t o  reduce emissions from winery fe rmen ta t i on  tanks. 

Phase I o f  t h e  demons t ra t i on  program was conducted d u r i n g  the  1987 

fermentat ion season. i t  cons is ted  i n  p a r t  o f  a p i l o t  p rog ram t o  e v a l u a t e  

s c r u b b i n g ,  c a r b o n  a d s o r p t i o n  and c a t a l y t i c  i n c i n e r a t i o n  as technologies t o  

reduce the  ethanol  content  o f  f e rmen ta t i on  tank exhaust gases. 

The ARB Engineer ing Eva lua t i on  Branch (EEB) performed emission t e s t s  

on four  wine fe rmen ta t i on  tanks and t h r e e  e t h a n o l  c o n t r o l  d e v i c e s  d u r i n g  

f o u r  w i n e  f e r m e n t a t i o n s  as  p a r t  o f  the Phase I program. Two r e d  wine and 

two w h i t e  wine fermentat ions were c o n d u c t e d  i n  f o u r  1400 g a l l o n  c a p a c i t y  

t a n k s  a t  t h e  C a l i f o r n i a  S t a t e  U n i v e r s i t y  a t  F r e s n o .  The w h i t e  w i n e  

fermentat ions l as ted  about 10 days, w h i l e  the  r e d  wines were fe rmen ted  o v e r  

a 4 t o  5 day p e r i o d  
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The EEB conducted cont inuous a n a l y s i s  f o r  oxygen. carbon d i o x i d e  and 

t o t a l  hydrocarbons a t  the I n l e t  and o u t l e t  o f  each c o n t r o l  dev l ce .  Samples 

were a l s o  taken f o r  de te rm ina t ion  o f  mo ls tu r ,e .  s e l e c t e d  v o l a t l l e  o r g a n l c s  

and hydrogen S u l f i d e  concen t ra t i ons .  D e t a i l s  on these analyses can be found 

I n  the t e s t  r e s u l t s  s e c t i o n .  

Table S-1 g l v e s  a summary o f  the c a l c u l a t e d  t o t a l  amounts o f  ethanol  

e n t e r i n g  and ieav lng  each c o n t r o l  dev ice f o r  each f e r m e n t a t i o n .  The t o t a l  

amount o f  e t h a n o l  r e l e a s e d  b y  t h e  Tank 4 ( n o  c o n t r o l  e q u i p m e n t )  was 

d i f f i c u l t  t o  measure due t o  low emission f l o w  and t h e  v a l u e s  r e p o r t e d  a r e  

l o w  compared t o  t h e  other  tanks.  Though the  t o t a l  mass o f  e thanol  e m l t t e d  

may seem low. I t  should be kept  i n  m i n d  t h a t  o n l y  about  1000 g a l l o n s  pe r  

tank  were f e r m e n t e d  I n  t h i s  p i l o t  p rog ram.  .Tanks o f  over 600,000 g a l l o n  

capac i t y  can 'be  found a t  t he  l a rge r  w i n e r i e s .  

F i g u r e  S - 1  shows t h e  a v e r a g e  c o n t r o l  e f f i c l e n c e s  for each c o n t r o l  

device as c a l c u l a t e d  from the da'ta in  Table S - 1 .  A s  can  be s e e n ,  each o f  

t h e  c o n t r o l  d e v i c e s  I s  c a p a b l e  o f  o b t a l n l n g  a t  l e a s t  90% e f f l c l e n c y .  

3 



I + > 

U 

* * a  2 0 0 0  
O d U O  

Ql 
3 w 
W 
Ql 
4 

E 
.* 
.I 
4 

m 
4 m 
U 
w 

.* 
I 

3 
K 

a 

a 



6 
7 w 

0 
0 

6 
7 a 
I 
t- w 

I I I I I I 
0 0 0 0 0 0  
o c o ( D * c u  
7 

u 
0 
I 

r. cc 
I 

U 

5 



I I .  lCllRODUCTION 

A t  t h e  r e q u e s t  o f  t h e  A i r  Resources  Board  ( A R B )  and under  t h e  

superv i s ion  o f  t he  Ad Hoc Advisory Committee. t h e  E n g i n e e r l n g  E v a l u a t i o n  

Branch ( E E B )  p e r f o r m e d  emissions t e s t s  on four  wine fe rmen ta t i on  tanks and 

th ree  ethanol  c o n t r o l  devices d u r i n g  f o u r  wlne f e r m e n t a t i o n s .  Each o f  t h e  

c o n t r o l  d e v i c e s  was c o n n e c t e d  t o  a f e r m e n t a t l o n  t a n k .  The f o u r t h  tank, 

which was n o t  connected t o  a c o n t r o l  dev i ce ,  was used as a re fe rence  tank.  

The t e s t e d  t a n k s  and c o n t r o l  d e v i c e s  were l o c a t e d  a t  C a l i f o r n i a  

S t a t e  U n i v e r s i t y  a t  F r e s n o  ( C S U F )  w h i c h  o p e r a t e s  p i l o t - s c a l e  w i n e  

f e r m e n t a t i o n  f a c i l  l t i e s  as p a r t  o f  i t s  V i t i c u l t u r e  and Enology programs. 

The f o u r  w l n e s  - 2 r e d s  and 2 w h i t e s  - were f e r m e n t e d  b y  t h e  E n o l o g y  

Department of CSUF under the  d l r e c t l o n  of D r .  Ca r los  M u l l e r .  

The o b j e c t l v e s  of t he  emlsslons t e s t s  were: 

A. D e t e r m i n e  emissions o f  e t h a n o l . ,  carbon d i o x i d e .  and o the r  

compounds. 

B. D e t e r m l n e  f l o w  r a t e s  a n d  m o i s t u r e  con ten ts  o f  t he  va r ious  

exhaust streams. 

C. Determlne c o n t r o l  e f f i c i e n c i e s  f o r  the t h r e e  d i f f e r e n t  types 

o f  c o n t r o l  equipment f o r  e thanol  emissions. 

D u r i n g  w i n e  f e r m e n t a t i o n .  e t h a n o l  emissions a re  u s u a l l y  vented t o  

the  atmosphere a long  w l t h  produced carbon d i o x i d e .  The re leased  ethanol  may 

reac t  i n  s u n l i g h t  to  form photochemical o x i d a n t .  

T h i s  r e p o r t  inc ludes a d d i t l o n a l  i n f o r m a t i o n  on  w i n e  f e r m e n t a t i o n ,  

t h e  c o n t r o l  d e v i c e s ,  d e s c r i p t i o n  o f  t h e  s a m p l i n g  methods and t h e  t e s t  

resu  I t s . 
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I I I .  PROCESS DESCRIPTION 

For this study, four wines were fermented by the CSUF Department O f  

Enology. Each fermentation used four nearly identical 1400 gallon general 

purpose wlne fermentation tanks. T h e  f e r m e n t a t i o n s  w e r e  d o n e  w i t h  

t e c h n i q u e s  generally used throughout the wine industry. A general 

descriptlon of wine fermentation is included in this section. 

The three ethanol control devices were a catalytic incinerator, a 

carbon adsorption unit. and a wet (water) scrubber. All were pi lot scale 

Units sized for the 1400 gallon fermentation tanks. A description of each 

of the units is described in this section. Figure 3.1 is a schematic of the 

setup. 

A. WINE FERMENTATiON 

Fermentation is the process that makes wine from the julces of 

fruits such as grapes. Fermentation Is the anaerobic (without free oxygen) 

breakdown of organic compounds b y  the action of microorganisms or their 

extracts, to products simpler than the starting substrate. With wine', this 

breakdown I s  caused by yeast. The yeast provides compilcated enzymes that 

create alcohol, carbon dioxide gas, glycerln and other products from the 

sugar in the juice. 

The concentrat ion of alcohol in wine Is based upon sugar content, 

extent o f  fermentatlon. and losses or additions of alcohol. Wine grapes 

generally contain 15-25 percent sugar. One percent sugar yields about 0.55 

percent alcohol b y  volume. in general. the theoretical chemical reaction 

for convertlng sugar to alcohol is: 

C6H1206 - 2 C H OH + 2 C 0 2  2 5  

7 



According t o  the above equat ion,  sugar should y i e l d  5 1 . 1  percent a l c o h o l  by  

w e i g h t ,  b u t  i n  r e a l i t y  sugar o n l y  y i e l d s  about 47 percent r e t a i n e d  a l coho l  

b y  w e i g h t  o f  t h e  sugar  f e r m e n t e d  ( g l u c o s e ) .  The r e s t  goes I n t o  o t h e r  

p r o d u c t s  such  as  g l y c e r i n ,  hydrogen S u l f i d e ,  methyl and e t h y l  mercaptans, 

and l o s t  a l c o h o l .  

The f e r m e n t a t i o n  i s  i n i t i a t e d  by adding the yeast i n n o c u i a t i o n  t o  

t h e  g r a p e  j u i c e .  The J u i c e  i s  "pumped o v e r "  e v e r y  6 h o u r s  t o  p r o m o t e  

u n i f o f m  fe rmen ta t i on .  The fe rmen ta t i on  chemical r e a c t i o n  re leases heat and 

the temperature i s  c o n t r o l l e d  by c i r c u l a t i n g  c h i l l e d  water through t h e  t a n k  

" J a c k e t s " .  I f  t h e  t e m p e r a t u r e  i s  n o t  k e p t  under  c o n t r o l .  t h e  r a t e  o f  

f e rmen ta t i on  can e s c a l a t e  t o  the p o i n t  where a foarnover can o c c u r .  T h i s  

" b o i l i n g  o v e r "  o f  a f e r m e n t a t i o n  t a n k  occu r red  d u r i n g  Red Wine I o f  t h i s  

s tudy.  

D u r i n g  t h e  f e r m e n t a t i o n .  a l c o h o l  i s  l o s t  w i t h  e s c a p i n g  c a r b o n  

d l o x i d e  ( C 0 2 ) .  The losses can range from less  than 0.1 p e r c e n t  t o  o v e r  10 

p e r c e n t .  T h i s  a l coho l  loss i s  a f f e c t e d  by the  a lcohol  c o n c e n t r a t i o n  w i t h i n  

the wlne, a g i t a t i o n  of t h e  ferment ing l i q u i d .  t h e  presence of a pomace c a p ,  

f e rmen ta t i on  temperature, and the r a t e  a t  whlch carbon d i o x i d e  i s  produced. 

6. CATALYTIC INCINERATOR 

The c a t a l y t  I C  i n c i n e r a t o r  used' a ceramic c a t a l y s t  c o n t a i n i n g  noble 

meta ls  to  i n c i n e r a t e  ethanol  emisslons pumped f rom t h e  f e r m e n t a t  i o n  t a n k .  

The c a r b o n  d i o x i d e  and e t h a n o l  e m i s s i o n s  f r o m  t h e  fe rmen ta t i on  tank a re  

pumped i n t o  the c o n t r o l  device a t  a c o n s t a n t  f l o w  r a t e .  D i l u t i o n  a i r  i s  

added as needed a t  t h e  v e n t  o f  the fe rmen ta t i on  tank t o  m a i n t a i n  constant  

f l ow .  The f l o w  o f  gases from a fe rmen ta t i on  tank vary as t h e  f e r m e n t a t l o n  

p r o c e e d s .  The combined f e r m e n t a t i o n  and d i l u t i o n  gases a r e  h e a t e d  t o  

temperature by an e l e c t r i c  heater and then en te r  the Ca ta lY t iC  r e a c t o r  where 

a 



the ethanol is incinerated. Fol'iowing the catalytic reactor, the gases are 

then vented to the atmosphere. Figure 3.2 i's a diagram of the incinerator. 

C. CARBON ADSORPTION '.. 
The carbon adsorption unit used carbon to adsorb and hold the 

ethanol emlsslons pumped from the fermentation tank. Like the incinerator 

unit, carbon dloxide and ethanol emissions are pumped into the control 

device at a constant flow with dilution air added as needed to make up for 

the flow varlations In carbon dloxide and ethanol. Prior to entering the 

carbon bed. the gas stream is cooled and then heated to make it as "dry" as 

practical. Then the gases are routed through the carbon and vented to the 

atmosphere. 

AS the ethanol passes through the carbon bed, it is collected and 

stored o n  the surface of the carbon particles. Eventually the carbon bed 

cannot adsorb any more ethanol and breakthrough occurs. At that time, the 

gases are routed to the standby carbon bed. Then the used bed I s  purged 

with steam to desorb the ethanol and carry it out of the bed. Outside the 

bed, the steam and ethanol are allowed to cool and condense. The water and 

ethanol are then disposed, and the carbon bed is put on standby unti I the 

other carbon bed begins to show signs of breakthrough. Figure 3 . 3  is a 

diagram of the carbon adsorption unit. . 
0. WET SCRUBBER 

The wet scrubber unit uses locally avai lable tap water to remove 

ethanol from the gas stream. As with the other two control units, carbon 

dioxide, ethanol. and make-up air are all pulled into the unlt at a constant 

flowrate. The gas stream enters a vertical column near the bottom and water 

enters near the top. AS the water cascades down the column, the gases are 

drawn up through the column. hjetal packing material in the column breaks-up 



the two f lows t o  h e l p  t h e  w a t e r  abso rb  t h e  e t h a n o l .  The w a t e r  w l t h  t h e  

e t h a n o l  Is c o l l e c t e d  a t  t h e  bot tom o f  the column and r e c y c l e d  back to  the  

top o f  the column. Dur ing the process, some of the r e c y c l e d  w a t e r  I s  b l e d  

o f f  f o r  d i s p o s a l  a long w l t h  the c o l l e c t e d  e thano l .  Fresh water I s  added a t  

the top o f  the column t o  makeup f o r  the water tha t  i s  b l e d  o f f .  F l g u r e  3 . 4  

I s  a diagram o f  the wet scrubber .  
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IV. TEST P R O C W  

Sampling was performed at the inlet and outlet of each o f  the three 

control units and the outlet of the reference tank. The components analyzed 

for this test as well as the sampling methods are shown in Table 4.1. 

Speciflc Information is given below. 

A. GASEOUS EMISSIONS 

S a m p l i n g  for the g a s e o u s  c a r b o n  dioxide, oxygen, and total 

hydrocarbons was performed In accordance with California Administrative Code 

Sect ion 94114, which Incorporated by reference “&thod 100 - ocedures for 

:. ” This test method Is used for 

determining gaseous emissions from stationary sources. (See Figure 4.1.) 

Two sets of gaseous sampling instruments were avaliable so the inlet 

and outlet of a control unit were sampled simultaneously. However. the 

inlet and outlet of  only one control unit could be sampled at a time. For 

the reference tank:, both sets of gaseous sampling Instruments simultaneously 

sampled the tank vent. 

C a r b o n  dioxide concentrations,were measured by non-dispersive 

Infrared (NDIR) spectroscopy. O x y g e n  content w a s  measured with a 

paramagnetic Instrument. Total hydrocarbon concentrations (mostly ethanol) 

were measured by an analyzer equipped with a flame ionization detector 

( F I D ) .  D ata from the Instruments was recorded on s t r i p  charts and a 

computer data acqulsition system. The analyzers were calibrated in the A R B  

Sacramento t.aci1ities before the emlssions test and in the field before and 

after each tank or control device was sampled. Sampling periods for the 

control devices and reference tank varled in duration from one-half hour to 

overnight. 

15 



E. VOLATILE ORGANICS 

Bag samples and charcoal tubes were used to measure volatile organic 

compounds. The bags were filled wlth clean nltrogen and prechecked for 

contamlnatlon before they were used for s a m p l i n g .  Bag s a m p l e s  w e r e  

collected by placing a bag In a rlgld container and evacuatlng the contalner 

until the bag was properly Inflated ( s e e  Figure 4.2). Tube samples were 

collected In charcoal tubes by pulling a measured amount of gas through the 

tube. 

After a sample gas was collected, both bags and tubes were stored in 

contalners to avold exposure to sunlight. The tubes were also kept In cold 

storage. Cold storage was not needed for the bag samples because they were 

analyzed In an ARB moblle laboratory parked nearby. The tubes were analyzed 

In Berkeley by the Department of Health Servlces AIr and lndustrlal Hyglene 

Laboratory (AIHL). 

C. MOISTURE CONTENT 

Molsture content of the sampled gas streams was determlned b y  ARB 

Test Method 4 for statlonary sources. A measured volume of gas Is pulled 

through a moisture trap conslstlng of lced lmplngers followed by a contalner 

of silica ge l  (see Flgure 4.3). 

After the molsture content was determlned, a sample of the lmpinger 

liquid was Iced and transported to AIHL to be analyzed for ethanol content. 

D .  FLOW RATE 

Flow rates Into the control devlces and analyzers were measured wlth 

rotameters. All other flow rates, such a s  the flow out of the reference 

tank, were measured wlth posltlve dlsplacement or dry gas volume meters. 

16 
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TABLE 4 . 1  

SUMMARY OF SAMPLING AND ANALYTICAL METHODS 

O2 

co2 

co 

Ethano I 

Molsture Content 

V o l a t l l e  Organlcs 

L l Q U l d  Catches 

- 
Contlnous Analyzer 

Contlnous Analyzer 

Contlnous Analyzer 

Contlnous Analyzer 

Method 4 

Grab Bag 

Grab (Speclmen J a r )  

ANALYTICAL METHOD 
or - 

Paramagnetic 

NDlR 

NDlR 

F ID  

Volurnetrlc 

GC/FID. GC/ECD 

GC/FID, GC/ECD 

C-87-041 
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Stack 

'Sample L ine and Probe 
(Heat- traced i f necessary > 

S t r i p  
Chart 
Recorders 

S impl i f ied  schematic o f  Method 100 apparatus. D e t a i l s  not shown 
inrlude c n l i b r a t i o n  gas plumbing. onalyzer exhaust plumbing, 
opt  i ona I P I to t  and thermocoup I e arrangements, e tc , 

F i g u r e  4.1 
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V.  JEST RFSULTS 

The t e s t  r e s u l t s  are presented as f o l l o w s :  

A .  C o n t i n u o u s  a n a l y z e r  d a t a  a n d  c a l c u l a t e d  c o n t r o l  

- 
e f f i c i e n c y  

€4. Flow r a t e  and mo is tu re  content  data 

C .  Bag sample data 

D. Aqueous sample data 

E. Carbon tube data 

F .  C a l c u l a t i o n  o f  A lcohol  Loss 

A .  CONTINUOUS ANALYZER DATA 

The cont lnuous analyzer data for e t h a n o l  ( E t O H ) ,  oxygen  (021, and 

c a r b o n  d l o x i d e  ( C 0 2 )  gas concen t ra t l ons  i s  presented separa te l y  fo r  each o f  

the four  fermentat ions.  Each data p o l n t  r e p r e s e n t s  a t lme-ave raged  v a l u e  

f o r  t h e  t i m e  sampled a t  t h a t  t a n k .  The c o n t i n u o u s  hydrocarbon analyzer 

measured the  ethanol  emlsslons as ppm propane. T h l s  has been c o n v e r t e d  t o  

ppm ethanol  based on a f a c t o r  o f  1.72 ppm E t O H  - 1 Ppm propane. Th ls  f a c t o r  

was ob ta ined  by observ lng the hydrocarbon analyzer response to  a known E t O H  

concen t ra t i on .  

The percent ethanol  c o n t r o l  e f f l c l e n c y  I s  c a l c u l a t e d  as f o l l o w s :  

( E t O H  I n  - OH O u t 1  x 100 
( E t O H  I n )  

21 



Due to the difficulties inherent in measuring and comparing low ppm 

ethanol concentrations, the calculated control efficiencies near the start 

of the fermentations may not be representative of actual conditions. 

22 



WHITE WINE I 

The COntlnUOUS emission data for Vihite Wine i is I isted in Tables 

5 . 1  through 5 . 4 .  Selected portions of this data are plotted in Figures 5 . 1  

through 5.8. For each tank, the control efficiency over the course of the 

fermentation is plotted on the same page as the inlet and outlet ethanol 

emission data. 

TANK 1 

The catalytic incinerator outlet temperature was 250 deg F or less 

during the f irst f ive days of the fermentation. This may account for the 

generally low efficiency during this period. However, the efficiency of the 

catalytic incinerator was greater than 85% for the second half of the flrst 

fermentation. A graph was developed to show the relatlonshlp between the 

outlet temperature and the control efficiency. This graph is shown in 

Figure 5.8. 

TANK 2 

Th e  second half of t h e  f e r m e n t a t i o n  s h o w s  t w o  p o s s i b l e  

"breakthrough" conditions in the carbon bed. Otherwise, this control method 

was able to attain over 95% control efficiency. 

TANK 3 

After day 4 of the fermentation, this unit consistently showed 

better than 95% control efficiency. This is in spite of some operational 

problems with the scrubber. On Day 3 ,  the water pump broke down and was 

replaced. Also, occasionally the water flow through the scrubber was too 

high, and would restrict the air flow from the tank. 
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.I ., . 
TABLE 5 . 1  ., 

WHITE WINE I - ENlSSlDN DRTR FOR CRTRLYTIC INCINERATOR 

ETOH 1N EIOH'OUT C02 IN C02 OUT 02 IN 02 OUT 
T A N K  DATE Tin€ HOURS wpn) wpn) x EFF 11) 1%) 1%) 111 

I 19-Rug-87 11130 0.0 
20-Rug-87 13:OO 25.5 
20-Aug-87 16130 2 9 . 0  

' 21-Rug-87 07:OO 43.5 
21-Rug-87 11:OO 47.5 
21-Rug-87 14:30 51.0 
22-Rug-87 08:OO 68.5 
22-Rug-87 10:OO 70.5 
22-Rug-87 l4:30 75.0 
23-Rug-87 10:30 95 .0  
23-Rug-87 15:20 99.8 
24-Rug-87 1O:OO 118.5 
24-Rug-87 13:15 121.7 
24-Rug-87 17:lO 125.7 
26-Rug-87 07:OO 163.5 
26-Rug-87 17:OO 173.5 
27-Rug47 08:30 189.0 
27-Rug-87 17100 197.5 
28-Rug-87 06150 211.3 

3.44 
1.72 

86 
48,Ih 
34.4 

15.48 
25.8 
25.8 
189.2 
232.2 
258 

412.8 
430 

86 
146.2 
68.8 
120.4 
103.2 

3.44 
20.64 
1.72 
25.8 

20.64 
6.88 
15.48 
27.52 
149.64 

154.8 
0 

51.6 
43 

3.44 
1.72 
1.72 
8.6 

5.16 

0.00 0.0 0 20.9 20.9 
0 0.0 0 20,9 20.8 

98.00 0. I 0 20.8 20.9 
46.43 0.7 0.6 20.2 20.9 
40.00 1.3 1.0 20.0 20.5 
55.56 3 ,5  2.2 
40.00 5.3 5.0 20.0 20.2 

0 7.3 7.5 19.3 19.8 
20.91 12.0 11.0 18.5 19.0 
33.33 12.0 10.5 . 18.3 18.5 
100.00 9.0 7.0 19.5 20.0 
87.50 11.5 10.0 18.5 19.0 
90.00 11.5 9.0 19.0 19.0 
96.00 4.0 3.0 20.4 20.5 
98 .82  4.0 7.5 19.6 19.8 
97.50 2.2 5 20;2 19.5 
92.86 2.3 5 20.3 20.1 
95.00 2 3 20.5 20.6 

OUTLET 
TEilP F 

200 
280 
225 
220 
250 
225 
220 
210 
220 
350 
310 
325 
450 
I60 
470 
390 
450 

IRBLE 5.2 

WHITE WINE I - EilISSION DRTA FOR CARBON RDSDRPTION UNIT 

IRNK DRTE TlnE HOURS EIOH IN EIDH OUT 1 EFF CO2 I N  COZ OUT 02 'IN 02 OU1 

2 19-Rug-87 11:30 0.0 
19-Rug47 14:30 3.0 
20-Rug-87 l4:OO 26.5 
20-Rug-87 17100 29.5 
21-Rug-87 08:OO 44.5  

21-Rug-87 11:30 48.0 
21-Rug-87 15:OO 51.5 

22-Rug-87 09:OO 69.5 
22-Rug-87 10:45 71.2 
22-Rug47 l5:OO 75.5 
23-Rug-87 07:30 92.0 
23-Rug-87 11:15 95.7 
23-Rug-87 16155 101.4 
24-Rug-87 14155 123.4 
25-Rug-87 06150 139.3 
25-Rug-87 11145 144.2 
26-Rug-87 08:OO 164.5 
26-Rug-87 11:30 171.0 
27-Rug-87 11:OO 191.5 
27-Rug-87 11130 192.0 
27-Rug-87 17:50 198.3 
28-Rug47 07:40 212.2 

21-nup-87  IO:^ 47.0 

21-Rug-87 17:oo 53.5 

1.72 
3,44 
3.44 
86 

51.6 
60.2 
34.4 
13.76 
lf.76 
24.08 

25.8 
103.2 
232.2 
283.8 
473 

261.44 
273.2 
154.8 
189,2 
120.4 
120.4 
I29 

60.2 

0 . 100.00 0.1 0 20.6 20.9 
1.72 50.00 0.0 0 2 0 , 9  20.9 
5.16 0.00 0.1 0.5 20.9 20.8 
1.72 98.00 0.4 0.25 20.8 20.9 
5.16 90.00 0.6 0.5 20,2 20.9 

12.04 80.00 0.5 0.4 20.2 20.9 
6.88 80.00 1.5 0.6 20.9 20.3 
8.6 37.50 1.2 0.5 20.6 20.5 
1.72 87.50 6.0 3.5 20.3 20.2 
0.86 96.43 7.0 5 . S  19.8 20.0 
3.44 86.67 8.4 6 , s  18.8 19.6 

0 100.00 12.5 8.5 18.0 19.0 
6.88 97.04 15.4 13.0 17.5 18.0 
1.72 99.39 14,2 12.8 I6,B 17.7 
8.6 98.18 14.0 10.0 18.0 18.0 

151.8 40.79 11.5 7.0 18.8 20.0 
1.72 99.38 11.3 7.5 I9,O 19.8 
2.58 98.33 2.2 2.0 20.5 20.6 
3.44 98.18 5.2 7.5 20.0 20.0 

72.24 40.00 3 6 . 5  20,3 20.3 
1.72 98.57 3 6.5 20.3 20.3 
5.16 96.00 2. 4 3 20.5 20.0 
1.72 97.14 2 2.5 20.8 20.8 
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2 
2 

5 
258 
103 
38 
15 
15 
28 
38 

120 
258 
292 
378 
564 
550 
433 
52 

258 
172 
120 

5 

TABLE 5.4 

1) I~)~>.O0 
2 0.00 
2 1d.33 
; 23.33 
j 98.67 
7 93.33 
7 81.82 
9 4 4 . 4 4  
2 88.80 
0 100.1)o 
3 90.91 
2 98.57 
7 97.33 
0 100.01) 
5 98.b4 
4 99.24 

10 98.13 
3 99.21 
2 96.57 
2 99.33 
3 98.00 
3 97.14 

- .- 

WHITE MINE I - NO CONTROL EQUlPNEHl 

iAnK DATE TItlE HOURS 

4 19-Auq-87 l1:3P 0 

21-aug-87 o9:i:. 45.7 

19-Aug-87 1::50 4.10 

?<I-Auq-87 16:OO 28.5 

2 1 - h y - 8 7  I;:?.? 50.9 
21-4uq-87 ?1:00 57.5 
??-buq-87 13:45 74.2 
??-Rug-B! 1 5 : M  76.5 

24-Rug-87 l5:25 124.9 
25-Aug-87 , ) ? : ! 5  141.7 
?E-kuq-87 15:45 148.2 
26-Aug-87 10:45 167.2 
27-kuq-87 14:15 194.7 

24-Auq-87 12:Oil 1 3 . 5  

ETOH 

36 
536 

I462 
1720 

69  
1 4 6  
181 
860 

1032 
860 

1 032 
3354 
I032 

0. I 6) 2 0 . 5  50.9 
0.0 (I ?O.? 2 0 . 9  
IO.0 0 ?(I.? 20 .9  

0.5 0.25  2ii.a 20.9 
20.5 X.9  1.3 

1.2 9.3 ?I).? 20.5  
1.8 0.7 20.5 70.5 
5.8 1.5 20.3 20.8 
9.0 2 . 5  1?.5 20.5 

11.2 2 .5  13.5 20 .4  
12.3 2.8 18.8 20 .8  
16.5 4 . 3  17.0 20.3 
15.3 0.3 15.8 20.8 
16.0 5.3 17.7 20 .2  
22.5  5.0 16.5  29.2 
21.0 3,') 17.0 20.0 
15.5 8.0 18.0 20.5 
?. 3 0.5 20.2  20.8 
b . 5  1.0 20.0 20.4 

6 3 20.0 19.8 
5 2 . 5  20 20.3 

_ _ _  $1 ?*I.? _ _ _  
_ _ _  

C02 Ill CO2 OUT 02 I N  02 GUT 

0.1 
0. b 
1 * v 
1.8 
5-11 

27.0 
21.0 
31.0 
28.0 
27.0 
27.0 
?O+ 
20+ 

7 '  

23 .9  2 0 . 9  
2 0 . ?  ?(1.8 

20.q 20.9 
20.5  21 .c  
2 Q . 4  21.0 
! I .+ 

12.5  
14.0 14.0 
13.5 13.5 
l j .8  14.0 

1.i) 1.0 
14 15.0 

_ _ _  
a.0 11.0 _-- 

E-87-041 
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F i g u r e  5 . 2  
TANK 1 ETOH RESULTS - WHITE WINE I 

CATALYTIC INCINERATOR 
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RED WINE I 

Grap j u l c e  fc t h i s  f 

- 

rment t i o n  was ob ta ined  from t h  rush o f  ed 

g r a p e s  f r o m  t h e  F r e s n o  S t a t e  v i n e y a r d s .  The t a n k s  were f i l l e d  and 

fe rmen ta t i on  i n i t i a t e d  on t h e  a f te rnoon  o f  August 31, 1987. Tanks 1, 2 .  and 

3 e x p e r i e n c e d  foamovers t h e  m o r n i n g  o f  September 1 .  Consequent ly ,  t he  

e a r l i e s t  d a t a  c o l l e c t e d  f o r  t h e  t e s t  was d u r i n g  t h e  l a t e  a f t e r n o o n  o f  

September 1 .  The tank hatches were not  t i gh tened  u n t i l  September 3 due t o  

the foamover t h r e a t .  

O n  September 2 .  t he re  was a problem w i t h  condensa t ion . i n  the sample 

l i n e s .  To p r o t e c t  the analyzers and t h e  sample pump, d r y  imp lngers .  were 

p l a c e d  i n  i c e  wa te r  i m m e d i a t e l y  u p s t r e a m  o f  the sample pump. Th is  cou ld  

reduce the amount o f  e thanol  reaching the a n a l y z e r s ,  as . t h e  e t h a n o l  c o u l d  

condense and 'be trapped i n  the impinger.  

The fermentat ion was completed about noun on September 4 .  The d a t a  

i s  l i s t e d  i n  Table 5 .5  and p l o t t e d  i n  F igu res  5.9 through 5.15.  

TANK 1 

O n l y  one d a t a  p o i n t  showed a c o n t r o l  e f f i c i e n c y  l ess  than 90% and 

t h i s  was f o r  an o u t l e t  temperature o f  460 deg F .  For a i l  t h e  o t h e r  d a t a  

points, the o u t l e t  temperature was i n  the range o f  5 2 0 . t o  550 deg F. 

TANK 2 

The s e c o n d  d a t a  p o i n t  wh ich  shows a c o n t r o l  e f f i c i e n c y  o f  23% 

documents a "breakthrough" c o n d i t i o n . f o r  carbon bed t 2 .  



TANK 3 

The scrubber u n i t  cont inued t o  show good c o n t r o l  e f f i c i e n c y  i n  s p i t e  

o f  some o p e r a t i o n a l  problems w i t h  the r e c i r c u l a t i o n  pump. 

TANK 4 

I t  s h o u l d  be noted tha t  emissions from Tank 4 are  not s l g n l f l c a n t l y  

d i l u t e d  by ambient a i r  as the i n l e t  concen t ra t i ons  I n t o  the c o n t r o l  dev ices.  

T h i s  i s  due t o  t h e  hood c o l l e c t i o n  systems on Tanks 1 ,  2 and 3 to p rov ide  

the constant f l o w  r a t e s  r e q u i r e d  by each o f  the c o n t r o l  dev ices.  
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TABLE 5.5 

RED WINE I - ENISSION DATA FOR CATALYTIC HEATER 

TANK DATE TINE HOURS ETOH I N  ETOH OUT X EFF EO2 I N  COZ OUT 

I 31-Aug-87 12:OO 0.0 
01-Sep-87 19:OO 31.0 2881 1075 62.69 19.0 18 
02-Sep-87 l8:40 54.7 860 43 95.00 11.0 10 
03-Sep-87 08:35 68.6 344 I2 96.50 3.0 3.5 
03-Sep-87 14:50 74.8 1290 17 98,67 12.5 12.5 
Ok-Sep-87 O6:45 90.8 292 10 96.47 5.0 5.5 
04-Sep-87 11:45 95.7 344 17 95.00 4.0 5.3 

RED WINE 1 - ENISSION DATA FOR CARBON ADSORPTION UNIT 

TANK DATE TinE HOURS ETOH IN ETOH OUT Y EFF c02 IN c02 OUT 

01-Sep-87 I 6 8 3 0  25.5 3784 1075 71.59 )20 )20 
02-Sep-87 1 3 1 5  46.2 3554 2980 23,08 17.0 11 
03-Sep-87 09:lO 66.2 722 163 77.38 12.5 7.5 
03-Sep-87 13135 70,6 1247 s 99.59 13.2 8.5 
Ok-Sep-87 07:55 E8.6 344 26 92.50 7.7 9.8 

2 31-Aug-87 1 3 0 0  0 

RED WINE I - ENlSSlON DATA FOR WATER SCRUBBER 

TANK DATE TINE HOURS ETOH IN ETOH.OUT XEFF CD2 I N  CO2 OUT 

3 31-bug-87 17:OO 0 
02-Sep-87 09:20 40.3 E60 0 100.00 19.0 0 
02-Sep-87 l6:OS 47.1 1600 17 98.92 18.0 0.6 

' 03-Sep-87 12:OO 67.0 826 52 93.75 10.8 0.2 
04-Sep-87 08:OO 87.0 301 5 98.29 3.8 0.8 

RED WINE I - NO CONTROLS 

TANK DATE TlHE HOURS ETOH IN ETOH OUT Y EFF CD2 I N  C02 OUT 

4 31-Aup-87 19:15 0 
02-Sep-87 . 12:OO 40.8 6880 68EO 0,OO )20 )20 
03-Ssp-87 l 6 : M  69,3 7740 7740 0.00 )20 )20 
04-Sep-87 1O:OO 86,8 4300 4300 0.00 >20 )25 

OUTLET 
02 I N  02 OUT TEHP 

13 14.5 460 
18.5 18.7 550 
20.2 20.2 520 
18 17.5 53s 

20.2 20.2 520 
20.3 20.5 520 

02 I N  02 OUT 

I4 15 
17.5 18 
19.2 19 
18.5 18.8 
18.8 20 

02 I N  02 OUT 

I 6  21 
17 20.6 

19.5 21 
19.5 20.9 

02 I N  02 OUT 

I 6  I 6  
13 12,s 

9.3 10 

C-87-041 
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Figure 5 . 9  
TANK 1 EFFICIENCY - RED WINE I 
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Figure 5.11 

TANK 2 EFFICIENCY - RED WINE I 
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F i g u r e  5 .13  
TANK 3 EFFICIENCY - RED WINE I 
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Figure 5 . 1 5  
TANK 4 ETOH RESULTS - RED WINE I 
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RED WINE l i  

Grape j u i c e  f o r  t h i s  fe rmen ta t i on  was again fu rn i shed  by the crush 

o f  red  grapes from the Fresno S t a t e  v i n e y a r d s .  The t a n k  were f i l l e d  and 

fermentat ion i n i t i a t e d  on September 10, 1987. 

The fermentat ions were completed about  noon on  September 1 4 .  The 

d a t a  f o r  t h i s  f e r m e n t a t i o n  was a l s o  r e c o r d e d  a t  5 minute i n t e r v a l s  by a 

data logger .  The data I s  summarized i n  T a b l e s  5 . 6  and 5 .7  and p l o t t e d  I n  

Figures 5.16 through 5.22. 

TANK 1 

A i l  o f  the  data for t h i s  fe rmen ta t i on  show the c a t a l y t i c  i n c i n e r a t o r  

o p e r a t i n g  a t  b e t t e r  than 90% e f f i c i e n c y .  Tempsra tu res  o f  t h e  i n c i n e r a t o r  

exhaust ranged from 540 t o  615 degrees F .  

TANK 2 

Steam was u n a v a i l a b l e  f o r  regenera t i on  o f  the carbon a d s o r p t i o n  u n i t  

on September 12 and 13. in s p i t e  of t h i s ,  o n l y  one d a t a  p o i n t  was t a k e n  

which showed an e f f i c i e n c y  less than 90%. 

TANK 3 

On September 11,  t h e  s c r u b b e r  was d l s a s s e m b i e d  and t h e  p a c k l n g  

rearranged to t r y  and reduce the pressure drop. Some water was s t i l i  b e i n g  

o b s e r v e d  d r i p p i n g  f rom t h e  s c r u b b e r  pump e x h a s t  p i p e  i n d i c a t i n g  wa te r  

ca r ryove r .  Fu r the r  scrubber o p e r a t i o n  adjustments were made on September 12 

and no water carryover  was then observed. 

The scrubber appeared t o  be o p e r a t i n g  a t  b e t t e r  than 95% e f f i c i e n c y .  
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TANK 4 

Emission data was not taken near the end of  the fermentation. Total 

emissions estimated b y  integrating the curve in Fig. 5.22 would be lower 

than the actual emissions. 
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TABLE 5 . 5  

RED MINE I 1  - EHISSION D A T A  FOR C A I L Y T I C  INCINERATOR 

ETOH IN ETOH OUT 02 I N  02 OUT C02 IN C02 OUT OUTLET 
TANK D A T E  T i n E  HOURS w p n )  (mi x EFF 1x1 (%I 1 % )  11) I E h P  F 

I 10-Sep-87 13:OO 
11-Sep-87 11:20 
11-Sep-87 15:lO 
11-Sep-87 19:50 
12-Sep-87 08:30 
12-Sep-87 12150 
12-Sep-87 22100 
13-Sep-87 0O:OO 
13-Sep-87 91100 

PO 13-Sep-87 Oh05 
13-Sep-87 04:OO 
13-Sep-87 0b:OO 
13-Sep-87 14:55 
13-Sep-87 19:40 

ro 13-Sep-87 20:io 
14-Sep-87 09:25 

0.0 
22.3 1593 83 94.8 16.2 15.0 19.7 23.0 
25.2 1044 64 93.8 17.3 16.0 12.1 14.3 
30.8 3194 53 98.4 13.4 12.0 26.S t 3 . 9  t 
43.5 I781 18 99.0 15.8 15.6 20.2 22.6 
47.8 1932 49 97.5 16.7 16.0 17.3 18. 6 
57.0 1093 65 94.1 18.2 18.3 11.8 11.8 
59.0 856 15 98.2 18.7 18.9 9.7 9.4 
60.0 685 -1 100.0 18.9 19.1 9.2 8.9 
61.1 244 - 4  100.0 20.1 20.6 I . ?  1.1 
63.0 455 -2 100.0 19.0 19.2 7.8 7. I 
65.0 294 -1 100.0 19.2 19.8 4.6 4,3 
73.9 382 36 90.6 19.9 19.9 3.5 3.7 
78.7 649 28 95.6 19.2 20.2 6 . 5  6.1 
79.2 233 22 90.8 20.5 20.5 0.2 0.3 
92.4 331 2 99.5 19.1 19.6 5.8 4 # 2  

RED WINE I I  - ENISSION Dl lTA FOR CARBON ADSORPTION UNIT 

ETOH IN ETOH OUT 02 I N  02 OUT C02 I N  C02 OUT 
TANK DATE i i n E  HOURS w p n )  w p n )  r. EFF 1%) I!) 1 % )  1%) 

2 IO-Sep-87 11:42 

11-Sep-87 16:39 
11-Sep-87 20150 

81 12-Sep-87 08:55 
B2 12-Sep-87 99130 

I?-Sep-87 13155 
13-Sep-87 10100 
13-Sep-87 17: 15 
13-Sep-87 20145 

PO 13-Sep-87 21:45 
14-Sep-87 00100 
14-Sep-87 02:OO 
14-Sep-87 03125 

PO 14-Sep-87 05:15 
14-Sep-87 06130 
14-Sep-87 11:15 

11-Sep-87 19110 
0.0 
22.5 342 10 97.0 18.8 18.8 10.3 8.0 
28.8 1144 17 98.5 Ib,8 17,7 15.4 14,5 
33.1 2184 10 99.5 13,9 15.1 16.8 I: 30.1 t 

45.2 1992 29 98.6 15.9 17.2 20.2 18.2 
45.8 1970 17 99.1 16.3 17.5 19.2 16.8 
50.2 1780 23 98.7 17.8 17,l 15.5 17,k 
70.3 749 278 62.9 IB.8 19.5 11.4 8 .4  
77.6 1075 57 94.7 18.7 19.8 IO.? 8,8 
81.1 562 47 91.6 19.2 17.1 9.1 7.9 
82 .1  265 29 88.9 20.7 20.6 1.2 1.0 
84.3 574 32 9k.5 19.7 19.6 7#4 5.8 
86.3 689 32 95.4 19.4 19.5 8.3 h , 5  
07.7 896 33 96.3 19.1 19.6 7.4 5.9 
89.6 489 29 94.1 20.3 20,6 1.1 0.9 
90.8 374 28 92.4 20.0 20.4 2.6 2. I 
95.5 413 34 91.7 19.6  19.6 6.0 4. k 

520 
560 
550 
550 
615 
605 
590 
580 
555 
540 
550 
545 
550 
570 
555 -_- 

PO - Puapover occurred durinq this sampling period. 
t - Extrapolated va lue  l o f f  the calibrated scale of  0-25%) 

C-87-041 
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TRBLE 5.7 

RED NINE I 1  - EMISSION DRTR FOR YRlER SCRUBBER 

ElOH I N  ETOH OUT 02 IN 02 OUT CD2 I N  C02 OUT 
TRNK DRTE TIME HOURS (PPI!) IPPW 2 EFF 12) (XI 12) 1%) 

3 IO-Sep-87 
ll-Sep-87 
11-Sap-87 
11-Sep-87 
12-Sep-87 
12-Sep-87 
12-Sep-87 
12-Sep-87 
12-Sep-87 
12-Sep-87 
13-Sep-87 
13-Sep-87 
14-Sep-87 
14-Sep-87 

10: IO 
12: I5 
17:25 
23150 
02100 
W O O  
Obi00 
07100 
10:15 
15:30 
09:OO 
18:20 
08: 10 
.l2:00 

0.0 
2b.l 171 8 98.k 20-k 20.0 2.1 1.0 
31.3 368 4 99.0 17.7 20.7 13.3 1.2 
37.7 434 7 98.4 19.5 21.5 8.6 0. I 
39.8 1379 6 99.5 15.9 21.2 20.4 0.1 
kl.8 lb57 6 99.6 Ib.0 21.2 19.5 0.1 
43.8 IkBb 6 99.6 17.0 21.2 15.1 0. I 
44.8 1269 7 99.5 1b.k 19.0 17.3 0.0 
48.1 I808 5 99.7 16.9 21.1 16.8 0.4 
53.3 1584 5 99.7 18.2 20.8 12.1 0.1 
70.8 1155 b 99.5 17.5 21.1 17.7 0. I 
80.2 897 26 97.1 19.2 21.b 6.0 0.1 
9k.O 3bk 4 98.9 18.9 20.0 7.3 2.3 
97.a 597 24 96.0 I9,5 16.9 9.2 4, I 

RED WINE I I  - NO CONTROLS 

ETOH I N  ETOH OUT 02 I#  02 OUT CO2 I N  CO2 OUT 
TANK DRTE TIME HOURS IPPIO (PPI0 X EFF 1%) (7.) (2) ( % I  

k IO-Sep-87 
IO-Ssp-87 

IO-Sep-87 
IO-Scp-87 
IO-Sep-87 
ll-Sep-87 
11-Sep-87 
11-Sep-87 
11-Sep-87 
11-Sep-87 
11-Sep-87 
12-Sep-87 

PO 12-Sep-87 
12-Sep-87 
13-Sep-87 

IO-sop-87 

09:30 
I5:1 
17100 
18:OO 
20:00 
22:oo 
00100 
02:oo 
0k:OO 
Ob:00 
07:OO 
l2:49 
11:15 
17:OO 
l8:30 
12:30 

0.0 
6.4 
7.5 
8.9 
10.5 
12.9 
14.5 
lb.9 
18.5 
20.9 
21.5 
27.,3 
49.8 
55.5 
57.0 

7 
k 
3 
6 
4 
k 
30 
58 
74 
82 
14 

421k 
2978 
6171 
8789 

20.9 21.1 0.2 0. I 
20.9 21.0 0.3 0.2 
20.7 21.1 0. k 0.3 
20.2 20.9 1.1 0.9 
20.1 20.9 1.2 1.0 
19.3 21.0 0. b 0.5 
18.2 20.7 0.7 0,5 
18.5 20.7 0.8 0. b 
18.5 20.b 1.3 1.0 
18.3 20.5 1,7 1.4 
20.5 19.9 1.2 0.9 
4-3 k . 3  29.5 4.9 t 

l4,5 13.9 21.2 26.8 t 
3.7 3.0 29.2 t 44.b + 
2.9 3.2 31.9 t 50.7 t 

PO - Pumpover occurrad during this sampling period.' 
t - Extrapolated value ( o f f  thr calibrated 5CalO of 0-25L) 

E-87-041 
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Figure 5.16 
TANK 1 EFFICIENCY - RED WINE I I  
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Figure 5.17 
TANK 1 ETOH RESULTS - RED WINE II 
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F i g u r e  5.18 
TANK 2 EFFICIENCY - RED WINE I I  
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F i g u r e  5 .20 

TANK 3 EFFICIENCY - RED WINE II 
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F i g u r e  5 . 2 2  
TANK 4 ETOH RESULTS - RED WINE II 
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i WHITE WINE i i  

W h i t e  g r a p e  j u i c e  f o r  t h i s  f e r m e n t a t i o n  was p rov ided  by G a i i o  v i a  

tank t r u c k .  The tanks were f i l l e d  and fe rmen ta t i on  i n i t i a t e d  o n  September 

16,  1987. 

I n l e t  hydrocarbon concen t ra t i on  on the  a f te rnoon  o f  September 16 was 

found  t o  be h i g h  due t o  c o n t a m i n a t i o n  from t h e  i n - l i n e  i m p i n g e r .  The 

lmpingers were then removed from the sampi lng l i n e s .  

F r e s n o  APCD p e r s o n n e l  a s s i s t e d  w i t h  d a t a  c o l l e c t i o n  on Saturday, 

September 19.  ins t ruments were shut down a t  1615 hours due t o  w a t e r  i n  t h e  

s a m p l e  l i n e s  and pump. Water i n  t h e  i l n e s  was p r o b a b l y  due t o  wa te r  

c a r r y o v e r  f r o m  t h e  s c r u b b e r .  P r o b l e m s  w i t h  t h e  s c r u b b e r  c o n t i n u e d  

throughout the remainder of the fe rmen ta t i on .  

The r e f r i g e r a t i o n  uni t  compressor went out about noon o n  September 

20. i t  was r e p a i r e d  by 1500 hours. T h i s  r e f r i g e r a t i o n  u n i t  i s  used t o  keep 

t h e  f e r m e n t a t i o n  t a n k s  w i t h i n  t h e  opt imum t e m p e r a t u r e  r a n g e  f o r  w i n e  

f e r m e n t a t i o n .  W h i l e  t h e  u n i t  was b e i n g  repa i red ,  c o l d  water was run over 

the tops o f  t he  tanks t o  slow down the  r i s e  in temperature. 

The fe rmen ta t i ons  were completed on September 24. The da ta  f o r  t h i s  

fermentat ion was r e c o r d e d  e v e r y  5 m i n u t e s  by  a d a t a i o g g e r .  The d a t a  i s  

Summarized i n  T a b l e s  5 . 8  t h r o u g h  5.11 and p l o t t e d  i n  F igu res  5 . 2 3  through 

5.29 .  

TANK 1 

The c a t a l y t i c  i n c i n e r a t o r  achieved b e t t e r  t h a n  95% e f f i c i e n c y  f o r  

t h i s  f e r m e n t a t i o n .  The low e f f i c i e n c i e s  shown in F igu re  5 . 2 3  from 0 t o  80 

hours i n t o  the fe rmen ta t i on  a re  a r e s u l t  o f  measurement e r r o r  p r e s e n t  i n  
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compar ing  low ppm e thano l  emissions. The I n c i n e r a t o r  exhaust temperatures 

ranged from 525 t o  600 deg F .  

TANK 2 

The carbon adso rp t i on  u n i t  averaged b e t t e r  than 95% e f f i c i e n c y ,  i n  

s p i t e  o f  some d a t a  p o i n t s  showing breakthrough o f  t he  carbon bed. Again, 

e f f i c i e n c i e s  shown i n  F igu re  5.25 from 0 t o  80 hours i n t o  t h e  f e r m e n t a t i o n  

may not be r e p r e s e n t a t i v e  o f  a c t u a l  c o n d i t i o n s .  

TANK 3 

A f t e r  t h e  80 hour mark, t he  water scrubber averaged b e t t e r  than 95% 

e f f i c i e n c y ,  In s p i t e  o f  o p e r a t i o n a l  p r o b l e m s  w i t h  t h e  s c r u b b e r  as  n o t e d  

ear I ler. 

TANK 4 

F i g u r e  5 .29  shows t h a t  emlssions peaked a t  about 120 hours, the same 

as t h e  o t h e r  t h r e e  t a n k s .  However,  Tank 4 e m l s s i o n s  d i d  n o t  d r o p  o f f  

s l g n i f l c a n t i y  u n t i l  a f t e r  200 h o u r s ,  w h i l e  t h e  o t h e r  t h r e e  tanks had a 

considerable drop in E t O H  concen t ra t l on  a t  140 hours.  
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TANK DATE TINE 

I 15-Sep-87 1 l : O O  
16-Sep-87 1 k 4 5  
17-Sep-87 98: 15 
17-Sep-87 11:55 
17-Sep-87 l6:35 
18-Sep-87 08:35 
18-Sep-87 13:30 
19-Sep-87 02:OO 
19-Sep-07 04:OO 
19-Sep-87 Oh00 
19-Sep-87 08: 15 
20-Sep-87 13140 
20-Sep-87 22:OO 
21-Sep-87 0O:OO 
21-Sep-87 02:OO 
21-Sep-87 04:OO 
21-Sep-87 07:OO 
21-Sep-87 11105 
21-Sep-87 19:30 
22-Sep-87 12:OO 
22-Sep-87 15:OO 
23-Sep-87 09:35 
23-SepL87 13:30 
24-Sep-87 08: 15 

TANK DATE TIME 

2 15-Sep-87 11:OO 
17-Sep-87 18:30 
18-Sep-87 09:30 
18-Sep-87 17:45 
19-Sep-97 12:25 
20-Sep-87 14:25 
21-Sep-97 10:OO 
21-Sep-87 12:20 
21-Sep-87 17:lO 
21-Sep-87 22:OO 
22-Sep-87 00100 
22-Sep-87 02:OO 
22-Sep-87 04:OO 
22-Sep-87 Ob:30 
22-Sep-87 13:45 
22-Sep-87 16:50 
23-Sep-87 ll:O5 
23-Sep-87 15: 10 
24-Sep-87 0O:OO 
24-Sep-87 02:OO 
24-Sep-87 0k:OO 
24-Sep-87 Ob:40 

Table 5.8 
WHITE WINE I 1  - EMISSION DATA FOR CATALYTIC INCINERATOR 

ETOH I N  ETOH OUT 02 I N  02 OUT CO2 I N  C02 OUT OUTLET 
HOURS (PPI I I  

3.0 
29.8 13.0 
45.3 0.9 
48.9 2.2 
53.6 3.9 
69.6 . 2.3 
74.5 18.7 
87.0 48i4 
09.0 57.5 
91.0 70.4 
93.3 76.6 

122.7 1782.9 
131.0 1079.7 
133.0 806.4 
135.0 748.3 
137.0 661,8 
140.0 524.1 
144.1 869.9 
152.5 b15.9 
lb9.0 473.2 
172.0 383.7 
I90.b 284.9 
19k.5 269.2 
213.3 ' 47.2 

IPPN) 1 EFF 

7.4 42.58 
5.7 
0.0 100.00 
4.8 
3.1 
k.5 75.72 
1.1 97.65 
0.7 90.70 
0.7 99.07 
0.4 99.51 
5.6 99.69 
b.8  99.37 
2.5 99.68 
1.2 99.8) 
0.2  99.97 
5.8 98.89 
L O  99.31 
0.0 100.00 
7.5 98.12 
7.9 97.94 
2.2 99.23 
1.3 99.52 
0.6 98.70 

--_ 
_ _ _  
__- 

1%) 

20.7 
20.5 
20.0 
20. I 
20.4 
18.9 
17.9 
18.3 
18.0 
18. I 
l k . 9  
lb .5  
16.9 
16.6 
lb .7  
17.3 
17.6 
18.2 
19. I 
19.3 
19.1 
19.4 
20.2 

1%) 1%) 

20.4 0.0 
20.9 9.1 
20.4 0.3 
20.5 0.1 
19.8 1.2 
19.4 7.0 
19.0 12.7 
10.9 12.5 
18.7 13.4 
18.8 12.9 
51.5 26.1 
16.6 22.2 
17.b 19.9 
17.5 19.9 
17.7 19.0 
18.2 18.5 
18.0 17.9 
17.4 15.0 
19.6 10.4 
19.4 9.0 
19.5 8.0 
19.7 7.8 
20.9 2.3 

0. I 
0.1 
0.5 
0.3 
1 . 4  
6.8 
11.2 

12.8 
12.5 
25.8 
22.5 
19. I 
19.6 
18.7 
16.8 
16.3 
13.6 
9.3 
7.9 
8.7 
7.2 
2.3 

11.8 

535 
530 
525 
535 
530 
540 
545 
550 
550 
550 
600 
590 
580 
575 
570 
5bO 
565 
580 
555 
555 
540 
545 

Tab le  5.9 
WHITE WINE I I  - EMISSION DRTA FOR CARBON ADSORPTION UNIT 

ETOH I N  ETOH OUT 02 1N 02 OUT COZ I N  C02 OUT 
HOURS IPPI I )  

0.0 
55.5 0.8 
70.5 9.8 
78.8 21.4 
97.k 141.8 

123.4 2037.3 
143.0 896.2 
145.3 948.6 
150.2 901.8 
155.0 426.2 
157.0 365.8 
159.0 363.6 
1b1.0 366.5 
163.5 3b4.2 
170.8 520.3 

192.1 272.b 
196.2 239.8 
205.0 136.7 
207.0 lb2.1 
209.0 1k7.9 
211.7 126.9 

173.a 401.9 

IPPM) 

0.9 
2.9 

10.8 
5.5 

20.8 
5.3 
6.8 

113.1 
1.9 
0.6 
1.1 
0.6 
0.5 
6.4 

12.b 
6 - 4  

14.7 
27.7 
20.9 
16.6 
13.6 
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X EFF 

_ _ _  
70.30 
49. b3 
96.11 
98.98 
99.kI  
99.28 
87.4b 
99.55 
99.84 
99.70 
99.83 
9 7 - 8 7  
98.77 
96.86 
97.64 
93.89 

87.13 
88.80 
89.28 

79.71' 

1%) 

20. 4 
19.7 
19.5 
17.2 
14.2 
17.5 
17.5 
17.9 
18.3 
18.4 
18.0 
17.6 
17.8 
19. I 
19.0 
19.4 
19.5 
19.9 
1 9 - 4  
19.4 
19,4 

12) ' 1%) 

20.5 0.1 
20.7 4.7 
19.4 7.7 
18.k 16.7 
54.5 27.b 
18.6 18.8 
18.b 18.3 
17.7 15.6 
19.0 13.7 
19.4 11.8 
19.5 11.0 
19.5 10.8 
19.5 10.7 
19.5 11.9 
19.1 11.5 
20.0 7.3 
20.0 7.8 
20.5 4.0 
20.4 5.2 
20.5 4,9 
20.5 4.5 

1x1 

0.3 
1.5 
6. I 

Ik,3 
31.0 
14.k 
14.3 
12.1 
10.9 

9.8 
9.6 
9.7 
9.7 
8.9 
0 . 3  
6.3  
5.5 
3.9 
4;7 
4 - 4  
4.0 
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Table 5.10 

Y H I T E  i l l N E  11  - E N l S S I O N  DATA FOR WATER SCRUBBEP. 

ETOH i N  ETOH OUT 02 I N  02 OUT CO? I N  C02 OUT 
IANY DATE TIRE HOURS iPPM1 (PPII! Y. EFF ( 2 )  ! 1 )  (1) (11 

3 15-5ep-87 11:OO 
17-Sep-87 09:45 
17-Sep-87 15:10 
17-sep-87 19:45 
18-Sep-87 10:30 
19-Sep-87 ?2:00 
19-Sep-87 2209 
19-Sep-E7 16:15 
29-Sep-87 16:20 

' 21-Sep-87 08:30 
22-sep-87 l6:OO 
23-Sep-87 11:45 
23-sep-87 16: 15 

TANK ' DATE TIME 

4 15-Sep-87 11:OO 
16-Sep-87 15:30 
Ib-Sep-87 19:45 
16-Sep-87 22:OO 
17-Sep-87 0O:OO 
17-Sep-87 02:OO 
17-Sep-87 04:OO 
17-Sep-E7 O6:30 
17-Sep-87 ll:OO 
17-Sep-87 16:OO 
17-Sep-87 22:OO 
18-Sep-97 00:00 
18-Sep-87 02:OO 
18-Sep-87 04:OO 
18-Sep-87 06:45 
18-Sep-87 11:45 
20-sep-87 lk40 
?l-Sep-87 14:30 
22-Sep-87 08:30 
22-Sep-37 09:30 
22-Sep-E7 l3:34 
22-sep-87 20:05 
22-Sep-E7 22:OO 
23-Sep-87 00:uO 
23-Sep-87 0200 
23-Sep-87 04:OO 
23-Sep-87 06:45 
2Xep-87 18:45 
24-Sep-87 09: 15 

0.0 
46.8 1.3 
52.2 2 . 8  
56.8 9.0 
71.5 15.0 
83.0 6 4 . 9  
34.0 79.? 
101.3 448.0 
125.3 2139.8 
141.5 437.9 
173.0 361.1 

197.3 174.7 
192.8 311.8 

0.0 100.00 20 .2  20.7 0.0 0 . 2  
3. I _ _ _  20.u 20.7 0 . 2  0.3 
0.8 __- 20.5 20.6 0.5 0.5 
2 . 8  81.02 19.5 2'1.0 5. 6 3.6 
1.3 98.Q2 19.1 17.8 13.1 7.2 
0.0 100.00 18.2 15.4 14.3 6.9 
3.5 99.22 15.0 19.4 21.9 7.2 
7.9 99.63 14.8 21.0 24.1 0.6 
5.2' 98.81 13.4 21.2 15.1 0.9 
23.8 93.40 19.4 20.2 8.4 2.6 
22.5 92.78 19.2 20.5 9.2 3.3 

5.4 96.90 19.7 20.6 6.0 1.6 

Table 5.11 
YHITE WINE I f  - NO CONTROLS 

ETOH I N  ETOH OUT 02 I N  02 OUT C02 I N  CO2 OUT 
HOURS 

0.0 
28.5 
32.8 
35. 0 
13.0 
39.0 
41.0 
43.5 

53.0 
59.0 
37.0 
63.0 
65.0 
67.8 
72.8 
127.7 
147.5 
165.5 
166.5 
175.5 
177. I 
179.0 
157.0 

185.0 

199.8 
214.3 

48.0 

183.0 

187.8 

2 4 . 1  22.5 
0.7 -0.4 
0.7 2.3 
0.5 2.0 
4.5 3.8 
4 . 5  3.2 
3.8 3.0 
4 . 1  3.4 
8.5 9.4 

11.5 11.5 
18.2 18.1 
27.2 27.2 
34.2 31.1 
25.0 30.6 
123.7 117.7 
5568.0 5564.5 
5125.0 
4298.7 4513.3 
4934.4 5114.0 
5122.9 5123.3 
4626.0 4742.4 
4190.9 4025.5 
3958.7 41?1.8 
4297.5 4560.5 
4260.1 4548.5 
4218.9 4501.1 
5020.3 5668.7 
1425.4 

_ _ _  

_ _ _  
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20.7 20.6 0.1 
20.5 20.3 0.0 
20.8 20.8  0.0 
20.8  20.8 0.0 
20.7 20.8 0.0 
20.8 20.8 0.0 

20.'1 20.5 0.6 
20.0 20.5 0.7 
2 0 . 3  21.0 1 .4  
20.1 21.0 2.2 
19.8 20.6 4.1 
19.2 20.0 7.1 

10.8 11.6 33.3 
-0.1 -0.4 33.1 
-0.5 -0 .2  36.6 
-0.2 0.0 36.8 
-0.3 0.0 35.8 
-0.3 0.0 39.1 
-0.3 0.0 39.2 
-0.4 0.0 39.3 

1.0 1.3 39.2 
-0.2 0.0 39.4 
-0.3 -0.1 39.2 
-0.4 -0.1 39.3 
-0.3 -0.1 53.8 
5.0 5.9 32.9 

20.8 20.9 0.1 

18.3 19 .2  11.4 

(I) 

0.2  
0. I 
0 . 2  
0.2 
0.3 
0.3 
0.3 
0.8 
0.8 
1.3 
2. I 
3.8 
6.5 
10.8 
4 4 . 4  
52.2 
1b.5 
52.0 
51.7 
52.2 
52. I 
52.0 
51.9 
52.0 
52.0 
52.0 
52. I 
31.6 



Figure 5.24 

TANK 1 ETOH RESULTS - WHITE WINE I 1  
CATALYTIC INCINERATOR 
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F i g u r e  5.25 
TANK 2 EFFICIENCY - WHITE WINE II 

CARBON ADSORPTION UNIT 
100 

90 

80 

7 0  

60 

so 

40 

30 

20 

10 

0 

0 2o 40 bo 80 100 120 140 160 180 200 220 

HOURS 

I \ 
I 

1 \ 
I 

F i g u r e  5 .26  
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Figure 5 . 2 7  
TANK 3 EFFICIENCY - WHITE WINE It 

WATER SCRUBBER 
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F i g u r e  5 . 2 9  

TANK 4 ETOH RESULTS - WHITE WINE II 
NO EMISSION CONTROLS 
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B .  FLOW RATE AND MOISTURE CONTENT DATA 

T a b l e s  5 . 1 2  t h r o u g h  5.15 p r o v l d e  observed (uncorrected)  gas f l o w s  

together  w l t h  correspondlng temperature and p r e s s u r e  d a t a .  For t h e  t h r e e  

t a n k s  w l t h  c o n t r o l  equlpment (Tanks 1 .  2 and 3) .  the gas f l ow  measurements 

were made by I n - l l n e  r o t a m e t e r s  l o c a t e d  n e a r  t h e  i n l e t s  t o  t h e  c o n t r o l  

equ lpmen t .  For  Tank 4 (no c o n t r o l  equipment), t he  f l o w  from the Vent was 

measured p e r l o d l c a l l y  u s l n g  a Roots gas f l o w  meter.  

Table 5.16 summarizes the  Method 4 m o l s t u r e  t r a l n  r e s u l t s .  As mlght 

be expected, t he  mo ls tu re  con ten t  was c l o s e  t o  s a t u r a t l o n  f o r  Tank 4 ( n o  

c o n t r o l  equ lpmen t ,  t h e r e f o r e  n o  d l l u t l o n  a i r )  and Tank 3-OUT ( t h e  water 

scrubber o u t l e t ) .  
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TRBLE 5.12 

RIY MTIl - UHITE YIR I 

TAH( 1 TlwH 2 T R "  3 TlwH 4 

woo!  
1030 I 
1130 I 
1300 I 
1500 I 
1600 : 
1700 ! 

8-21-07 0730 I 
03oOI 
loo0 I 
1230 I 
1410 I 
1620 I 

e-a-87 oBo5I 

7 
7 79 
7 94 
7 88 
7. 
7 95 
7 93 
7 64 
7 75 
7 81 
7 .  96 
7 102 
7 99 
7 64 

: 7  
I 6.75 
I 6.8 
: 6.8 
I 6.75 
I 6.8 
I 6.8 
I 7  
: 7  
: 7  
: 6.75 
: 6.75 
I 6.8 
: 7  

75 
83 
80 

88 
a6 

76 
100 
88 

100 

69 
1oo0: 7.25 02 : 7  
1450 I 7 98 : 7  
1615 : 7 98 I 7  

5-23-87 0830 : 7.25 64 I 7.25 70 
10401 7 87 I 7  80 
1415 : 7 98 I 7  92 

8-24-87 0845 I 7 67 1 7  73 
1035 : 6.75 89 : 7  
1345: 6.75 101 -5 :  7 
1730 ! 7 1 03 -6 :  7 

8 - m 7  w :  7 -5.5 I 7 
I211 I 5 101 -4 :  7 
1618 I 7 106 I 7  

8-8-87 0730 I 7 -5.5: 7 
1315 I 7 105 -5.5: 7 
1 6 8  I 7 105 1 7  100 

8-27-87 0703 I 7 67 -5.5 I 7 
w 4 5 :  7 a6 : 7  88 
1300 I 6.75 I03 I 7  
1728 I 7 105 : 7  99 

8-28-87 0740 1 7 67 -6 :  7 66 

-16 I 
-16 I 
-16 I 
-16 : 

-16 I 
-16 ,I 

-16 : 

-17 : 

4 
4 

4.3 
3.5 
3.5 
3.5 
3.3 

2.75 
2.75 
2.75 
3. 75 
3.25 
3.25 
275  

3 
3.5 

3 
2. 25 
2.75 

3 
2.5 
2.5 

(2 
3.25 
2.1 
3.5 

3 
3.3 
2*2 

2-75 
2.25 
2.25 
4.2s 

2 
12 

78 
94 
87 

90 
88 
52 
73 
80 
98 

100 
92 
65 
80 
93 
92 
66 
89 

100 
67 
52 

105 
89 

102 
98 

1 07 
97 
65 
a 

105 
97 
68 

I O  78 

: o  

: o  

I O  

I O  106 
0 75 
: 0.14 90 

109 
I 0.13 113 
:~ 0.21 76 
I 1.12 100 
: 1.18 109 
I 1.1 81 
: 1.1 104 

-2 I 1.1 111 
-2: I 103 

-3 I 0.n 1 07 
: 0.8 117 

-3 I 0.53 
-2.4 I 0.56 I17 

I 0.49 114 
-2.5 I 0.4 63 

: 0.38 97 
I 0.24 I12 

I15 
-0.01 I 0.24 69 

-2.5 I 0.75 

' 

Bo 

87 
88 
6 

70 
73 

87 
92 
64 

0.02 : 75 
I 88 

0.04 I 92 
64 
79 

0.05 I 86 
0.35 : 66 

83 
0.05 : 88 
0.05 I 95 
Lo5 I 
0.01 I 90 
0.02 I 46 
1.05 : 

95 
(.e: 100 
L(b? : 67 

I 79 
LO1 I 90 

: 100 
1.01 : 67 

C-87-041 
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TABLE 5.13 

now DllTR - m WINE I 

TW 1 T R "  2 TRw( 3 

~~, ~~~~~~~~~~~ 

8-31-87 1945 I 0 93 I O  : o  92 
3-1-87 M O  : LINES DISZWiECTED WE TO EXPECTED FoRllwERs I 

1650: 6.23 105 - 5 :  7 -18 : 4.5 101 -4 : 
1900: 6 P) I 7  : 5  89 

9-2-87 0635 : 7 73 a: 7 -17 1 5.75 73 -5 I 
1m: 7 104 I 7  I 5  105 
1500: 7 53 I 7  I 4.25 97 
1919 I 7.75 87 -6 :  7 -16 I 4.75 87 - 4 :  

9-3-87 0705 I 7 71 : 7  14.75 71 
1130 I 7 100 : 7  I 4.75 101 
1m: 7 108 -5.5: 7 -16 I 5 102 -5 I 
m :  7 87 : 7  : 5.25 e5 

'9-4-87 0700 : 7 e -5.5: 7 -16 I 5 63 -5 I 
1025: 7 87 I 7  I 5.25 92 

0.05 

2.5 

2.9 
1.6 
1.3 
1.6 
0.99 
0.2 
0.91 
0.63 
0.67 
0.59 

92 

111 

73 
118 
108 
86 
68 
I12 
114 
a4 
60 

102 

0.02 : 93 

1.01 : I02  
95 

Oil0 I 73 
0.06 I 97 
0.05 I 97 
0.02 : ea 
0.02 : 71 
0.02 I 93 
0 .02:  102 
0.02 I 87 
0.02 I E2 
0.02 I a4 

C-87-041 
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TR" 2 TR" TIW 4 

9-10-87 1605 7.6 
9-11-87 0715 I 7.25 

m :  7.25 
1245 I 7 
1 5 3 :  7 
1700 I 6.75 
m :  7 

9-12-87 0805 I 7 
13JoI 7 
1600: 7 
2010 : 7 

9-13-87 0710 : 7 
0950: 7 
1450:  7 
1750 : 7 
2025: 7.25 

9-14-87 0700 : 7 
Ill0 I 6.75 
1220 I 6.5 

93 
56 
70 
92 
93 
90 
74 
58 
88 
89 
76 
55 
69 
85 
e4 
71 
57 
81 
88 

-6 I 7.8 
1 7  
: 7.25 
: 7.25 
: 7  
: 7  
I 7  

-6 : 7.5 
-6 :  7.25 
-6 :  7 

1 7  
: 7  

-6 :  7 
I 6.75 

- 6 :  6.75 
- 6 :  A75 

: 6.75 
5 . 5  : A75 
S 5  : 6.75 

-13 I 5 2 5  BB 
51 56 
e2 e2 
84 I 7.25 95 
88 : 7  90 
87 : 5.5 86 
76 : 5  73 
60 -17.5 : 6.5 58 
e2 -17.3 
85 -18 
75 
56 
76 -17.5 
81 
80 -18 
71 -17.5 
58 
79 -17 
e2 -16.5 

7.25 90 
6.75 87 

7 74 
A 5  55 
7.5 76 

7 84 
7 . 8  79 

7 71 
6.75 58 
7.25 86 

7 94 

-5 : 0 
: o  
I O  
: o  
I O  
: o  
I O  

-6 ! 1.72 
-7.5 : 2.5 

-6 :  2.93 
: 2.8 
: 1.7 

-7.5 : 1.5 
: 1.3 

-7 : 1.2 
-7.5 : 0.97 

I O  
-6.5 : 0 

-7 I 0 

103 
56 
88 
97 

105 
100 
71 
65 

111 
105 
76 
62 
e2 

109 
91 
71 
J6 
90 
96 

87 
56 
69 
86 
86 
86 
74 

0.25 : 57 

0.w 1 84 
0.50 I 75 
0.04 : 5)  

0.06 I 69 
0.04 : 78 
0.04 I 79 
0.04 I 72 

57 
75 
e2 

0.50 : n 

C-87+1 
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TRBLE 5.15 

noy DATR - WlTE U I H  11 

, ~~~~~ 

9-16-87 1315 I 7 
1550: 7 
17x1: 6.75 
2030: 7 

9-17-87 OM5 I 7 
1035: 7 
1345: 6.75 
1630: 7 
1950 I 7 

9-18-87 0715 : 7 
1030: 6.75 
1 2 3 :  7 
18401 7 
2300: 7 

9-19-87 05% I 6.8 
1245 I 6.8 
1630: A 9  
2010 I 6.8 , 9+0-87 OB3 : 7.2 
1225 I 6.75 
IPJO I 6.75 
1930: 6.75 

9-21-87 0700 : 7 
1009: 7 
1354: 6.75 
1721 I 7 
I%?: 7 

9-22-87 0705 I 7 
1010 : 7.5 
1324 : 7 
1603: 7 
a34: 7 

3-23-87 07J2 : 7.5 
1016 : 6.75 
1207 I 6.75 
1615 I A75 
2132 I 7 

9-24-87 0710 I 7.25 

TEUP PRESSURE: noy TEUP PRESSURE: noy 
I D E ~  F) (IN teo) : irn) IDES F) (IN H~D) : mn) 

-I-- 

95 1 7  84 : 6.5 
96 - 6 :  7 88 -16 : 6 
92 1 7  86 : 7  
76 - 6 :  7 73 -17 : 7 
53 -6 :  7 53 -16 I 7 
86 -5.5 : 7 87 -16 7.25 

100 -61 7 m -16 I 7 
100 : 7  93 I 7  
79 -61 7 76 -16 I 7 
59 I 7  58 : 7  
a3 - 6 :  7 87 -17 : 7 

100 1 7  91 : 4.75 
85 : 7  89 I 7  
72 1 7  68 : 7  
72 : 7.2 75 : 7  

101 I 6.8 91 : 6.8 
101 : 6.9 55 : 6.8 
79 : 7.1 76 : 5.5 
67 : 7  65 I 6  

102 -6 :  7 93 -18 : 7.25 
101 : 7  94 : 6.25 
e4 -5.5 : 7 78 -18 : 7 
58 -6 :  7 57 -17.5 I 7.5 
a3 1 7  90 : 6.75 

103 : 7  91 : 4.75 
98 - 6 :  7 94 -18 : 4 
78 -6 :  7 79 -17 : 5.75 
62 -61 7 62 -17.5 : 6 
86 : 7  90 I (2 

104 : 7  96 : 2.75 
99 -51 7 95 -16 : 2 
76 : 7  74 , :  2 
64 -6:  7 63 -16 : 3.5 
e3 5.5 I 7 85 -17 : 4.5 
97 1 7  90 : (2 
93 : 7  88 : 3  
75 I 7  73 : (2 
61 -61 7 60 -16 : 4.5 

57 

TEUP PRESSURE: now 
M 6 F )  IINMIO : IMI) -__ 6- 

99 
92 -6.5: 0 
86 : o  
74 -6.5 : 0 

5353 -7 : 0 
94 -7 I 0 

1 03 - 6 :  0 
92 I O  
76 -7 I 0 
58 I O  
90 -7 I 0 

103 : o  
a4 I O . 3 8  
71 : 0.46 
71 : 0.4 

1 03 I 0.7 
94 : 0.87 
76 : 0.74 
€4 : 1.09 

104 -7 I 1.85 
94 : 2.08 
79 -6 :  1.36 
58 -7 : 0.91 
93 : 0.98 

I# : 0.80 
93 -4 :  0.86 
77 -6 I 0.76 
62 -9.5 : 0.71 
95 : 0.79 

1 07 : 0.64 
97 - 2 1  
75 I O . 4 8  
64 - 6 :  0.50 
88 -3 I 0.48 
98 : 0.53 
90 
74 : 0.33 
61 -4 : 0.36 

TEUP PREssURE:MB1IBIENT 
(DE6 F) (IN MI) :TEMP fF) 
---I_ j 

105 86 
107 BB 
101 89 
73 75 
50 54 
99 86 

109 92 
108 94 
76 78 
55 60 
99 82 

110 91 
e3 85 
68 74 
a2 72 

119 95 
111 96 
75 79 
72 €4 

1% 0 .06:  92 
119 95 
77 0.04 : 81 
58 0.04 I 58 

105 0.05 : 86 
120 0.03 : 94 
109 0.03 : 92 
74 0.02 I 78 
59 0.03 I 62 

106 0.03 I 89 
I24 0.05 : 97 
107 95 
73 0.03 : 76 
62 0.01 I 63 
96 0.03 : 83 

110 0.01 : 90 
103 90 
72 76 
59 0 . 0 2 :  62 

C-87-041 



T a b l e  5 .16  

MOISTURE T R A I N  DATA 

FERM 

RED I 

WHITE I 

RED I1 

WHITE I1 

DATE TIME 

8/22/87 1325 
8/22/87 1610 
8/23/87 ,1133 
8/23/,87 1336 
8/25/87 1608 
8/25/87 1811 
8/26/87 1600 
8/26/87 1720 
8/27/87 1626 
8/27/87 1602 
8/27/87 1733 

9/2/87 940 
9/2/87 1105 
9/2/87 
9/2/87 1317 
9/2/87 1530 
9/2/87 1836 
9/3/87 1119 

9/11/87 1023 
9/11/87 1217 
9/11/87 1459 
9/11/87 1630 
9/13/87 1034 
9/13/87 1110 
9/13/87 1524 
9/13/87 1649 

9/21/87 1037 
9/21/87 1130 
9/21/87 1420 
9/21/87 1530 
9/22/87 0953 
9/22/87 1141 
9/22/87 1318 
9/22/87 1430 
9/23/87 1408 
9/23/87 1540 

LOCATION 

1 -OUT 
2-OUT 
3-OUT 

4 
3-IN 
3-OUT 
2-IN 
2-OUT 
1 -OUT 
1 - I N  

4 

1 - I N  
1 -OUT 
2-IN 
3-IN 
2-OUT 
3-OUT 

4 

1 -OUT 
3-OUT 
3-OUT 

4 
1 - I N  
2-IN 
3-IN 

4 

1 - O U T  
1 - I N  
2-IN 
2-OUT 
3-IN 
3-OUT 

4 
4 

2 - I N  
3-IN 

PERCENT 
MOISTURE 

CONTENT 

1.1 
0.4 
1.7 
1.6 
0.3 
0.7 
1.9 
0.8 
1.1 
1.2 
1.6 

2.9 
1 .4  
2.3 
3.0 

' 4.0 
4 .1  
7.6 

2.4 
3.9 
3.9 
1.7 
0.5 
1.5 
1.6 
2.3 

1.7 
1.6 
1.3 
1.7 
0.3 
2.1 
5.0 
3.3 

.2 .4  
1.0 

GAS 
TEMP 

(DEG F) 

217 
90 
78 

108 
95 
89 

370 
1 OS 
115 

80 
570 

106 
97 
86 

105 

550 
83 
90 

104 
68 
76 
84 

105 

560 
90 
91 
90 
95 
87 

124 
124 
89 
95 

C-87-041 
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C. BAG SAMPLE DATA 

Table 5.17 contalns hydrogen sulfide concentrations found In Tedlar 

bag samples analyzed In the ARE mobile laboratory. These samples were 

collected and analyzed on September 21. 1987, about 150 hours Into the White 

Wine I 1  fermentation. 

Table 5.18 shows the concentrations of selected volatile organic 

compounds for Tank 1 Inlet and outlet. the area where the tanks were located 

and Inside the cellar building. With the exceptlon o f  1,l.l-trlchloroethane 

(TCA), none of the selected volatile organic compounds were detected. The 

detection of TCA was attrlbuted to Its use as a cleaning solvent In the 

vicinity. 
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TRRLE 9.17 

BRQ SRMPLE RESULTS FOR HYDROQEN S U L F I D E  

SRMPLE 
LOCRT I ON 

TRNK I INLET 
TFINK 1 OUTLET 

TRNK 2 INLET 
TFINK 2 OULET 
TRNK 3 INLET 

TRNK 3 OUTLET 

---------------- 
CONC. REPORTIND 

( P P R V )  L I M I T  ----------------- 
eo0 SO 
360 50 
500 SO 
550 SO 
SO0 SO 

ND 50 

BFIMPLE 
I D  

1-1-ei 
9-0-E1 
5 - 1 - 2 1  
6-0-E1 
4 - 1 - 9 1  
3 - 0 - 2 1  

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

FIMBIENT UPWIND ND SO 7-R-91 
NEAR MOBILE LFIB ND 50 VRN FIMR 

ND -Nmt D a t m c t a d  

C - 8 7 - 0 4  1 

60 



TABLE 5.18 

Location 

Sample ID 

Vinyl chloride 
Benzene 

Chloroform 
Carbon tetrachloride 

l,i, 1-trichloroethane 
1,2-dichloroethane 

Tri chl oroethene 

HAG SAMPLE RESULTS FOR SELECTED HALOGENATED 
AND AROMAT IC ORGAN i C COMPOUNPS 

Bag samples collected. September 8, 1987 

Ambient 
Cellar Ambient 

1 AC 2A 

ND ND 

ND ND 
ND ND 

22+4.7* ND 
ND ND 
ND ND 

** ** 

Ambient Tank 1 Tank 1 
Cell ar In1 et Out 1 et 

3 A  4-1-1 5-O-1 

ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND NP ND 
ND ND N D 

** ** ** 

: Report i ng 
I Limit 
: (ppb) _-__- 

2.5 

cl. 1 

4.9 
20 

5.0 

-- 
c 

c -  
cl . 4 

c 

I7 

i,2-dihromoethane I ND ND ND ND ND -I. 1 
..I. 0 Tetrachloroethene I ND ND ND ND ND 

________________________________________-------------_------------------ 

* probably contamination from cleaning solvent 
used to clean chart recorder 

** coelution problems - not analyzed 

ND - Not detected 

C-87-04 1 
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D .  AQUEOUS SAMPLE DATA 

T a b l e  5 . 1 9  p r o v i d e s  a q u a l i t y  C o n t r o l  c h e c k  on t h e  e t h a n o  

c o n c e n t r a t l o n  measured by the  cont inuous hydrocarbon ana lyzer .  The amoun 

o f  e t h a n o l  f o u n d  I n  t h e  l m p l n g e r s  o f  e a c h  w a t e r  t r a i n  I s  u s e d  t o  

b a c k c a l c u l a t e  t h e  average c o n c e n t r a t i o n  o f  e t h a n o l  I n  t h e  sampled gas 

stream. Th is  back-ca lcu lated ethanol  c o n c e n t r a t l o n  I s  shown I n  t h e  EQUIV 

P P M  c o l u m n .  The P P M  ON CHART I s  t h e  c o n c e n t r a t l o n  measured by  t h e  

hydrocarbon cont inuous analyzer .  

The comparison shows a reasonable agreement between the  two methods, 

w i t h  t h e  c o n t i n u o u s  a n a l y z e r  v a l u e  o f t e n  l o w e r .  T h i s  m i g h t  be due t o  

c o n d e n s a t i o n  o f  water  In the  sample l i n e s  and absorp t ion  of  e thanol  In the  

water .  A lso,  for some of  the  t e s t i n g ,  an Iced d ry  implnger was p l a c e d  as  a 

knock-ou t  ups t ream o f  t h e  ana lyze rs  and again condensat ion and absorp t ion  

cou ld  account f o r  some of the  l o s t  e thano l .  

T a b l e  5 .20  l i s t s  t h e  e t h a n o l  concent ra t ions  found I n  the  scrubber 

water e f f l u e n t .  

A l l  o f  these aqueous samples were analyzed a t  t h e  A i r  and I n d u s t r i a l  

Hygiene Laboratory  (AIHL) I n  Berkeley u s i n g  gas chromatography. 
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TABLE 5.20 

SCRUBBER WATER ETHANOL CONCENTRATIONS 

SAMPLE 
ID 

sw- 1 
sw- 2 
sw- 3 
sw- 4 
sw- 5 
SW- 6 
sw- 7 
SW- 8 
sw- 9 
sw-IO 
sw-11 
sw-12 
SW-13 
SW-14 
SW-15 
SW-16 
SW-17 
SW-18 
sw-19 
sw-20 
sw-21 
sw-22 
SW-23 
SW-24 
SW-25 
SW-26 
SW-27 
SW-28 
SW-29 
SW-30 
SW-31 
SW - 32 

DATE TIME 

21 -Aug 1240 
22-Aug 1200 
23-Aug 1115 
24-Aug 1136 
25-Aug 1230 
26-Aug 1400 
27-Aug 1130 
28-Aug 0730 
02-Sep 0650 
02-Sep 1400 
03-Sap 0830 
03-Sep 1250 
03-Sep 1700 
04-Sep 0645 
11 -Sep 1650 
11 -Sep 2100 
12-Sep 1000 
12-Sep 1730 
13-Sep 0800 
13-Sep 1450 

14-Sep . 0730 
14-Sep 1530 
16-Sep 1545 
17-Sep 1240 
18-Sep 1430 
20-Sep 1630 

13-Sep 2100 

21 -Sep 0910 
22-Sep 1000 
22-Sep 2045 
23-Sep 0730 
23-Sep 2130 

X ETOH 
(v/v) 

< 0.5 
< 0.5 
< 0.5 
0.09 

0.101 
0.06 ~ 

< 0.5 
< 0.5 
1.86 
1.40 
0.08' 
0.59 
0.47 
0.14 
0.083 
0.242 
1.06 
0.097 
0.656 
0.717 
0.534 
0.146 
0.526 

< 0.5 
< 0.5 
< 0.5 
2.032 
0.892 
0.369 

< 0.5 
0.888 

< 0.5 

c-87-041 
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E .  CARBON TUBE DATA 

Carbon tubes were used f o r  sampling e thano l ,  a r o m a t i c  h y d r o c a r b o n s  

and ha logenated  hydrocarbons. The ethanol  r e s u l t s  were Inconc lus lve  and are  

not  Included here. I t  I s  b e l i e v e d  t h a t  t h e  h i g h  m o i s t u r e  c o n t e n t  o f  t h e  

s a m p l i n g  s t r e a m  I n t e r f e r e d  w i t h  t h e  a b i l i t y  o f  e thano l  t o  absorb on the  

carbon tubes. 

The r e s u l t s  f o r  t h e  aromat ic hydrocarbon carbon tubes are  shown i n  

Tables 5 . 2 1  and 5 . 2 2 .  Traces o f  many of the  aromat ic  compounds were found ,  

w i t h  concent ra t ions  o f  to luene and xylene I n  the  mid-ppb range. 

Over 2 0  s e t s  o f  t u b e s  were t a k e n  f o r  a n a l y s i s  o f  h a l o g e n a t e d  

v o l a t l l e  o r g a n i c  compounds. None o f  t h e  c a r b o n  t u b e s  showed l e v e l s  o f  

h a l o g e n a t e d  compounds s l g n l f l c a n t l y  d i f f e r e n t  f rom t h e  b l a n k  l e v e l s .  



5 . . . .  

TABLE 5.21 

ARONATlC HYDROCARBON CARBON TUBE RESULTS ( o i c r o g r a o s  per sanple!  
Cor rec ted  b l a n k  va lues  [ s u b t r a c t e d  2 x b l a n k  va lue )  

............................................................................................................................ 
SRMPLE Ci lRBON i I ETHYL 1 P- I I!- I I 0- I HESI- I NAPTH- I SAMPLE 

LOC TUBE ID DATE TINE I BENZENE I TOLUENE I BENZENE IXYLENE IXYLENE ICUNENE IXYLENE ITYLENE ITHALENE I VOL I I )  

YW 1 I-OUT Cl-IO 9.2, 3 15k3- I..... ....I....l....I....... . . I 1  ...... I ....... I ....... I ....... I ....... I ........ i 109.2 
............................................................................................................................ 

CT-1OB 

CT-IIB 

CT-12B 

0730 I ......... I ......... I.,. .... ..I.. ..... I ....... I ....... I ....... I ....... I ........ 1 

0730 I. ........ I ......... I ......... I. ...... I ....... i ....... I ....... I ....... I ........ 1 
3-OUT C l - I ?  9.?, 3 1700- I 0.33 I ......... I 0.35 I 0.13 I 0.19 I ....... I 0.14 I 0.03 I ........ 1 125.4 

0730 I.... ............... I.........I... .... I ....... I ....... I ....... I... .... I ........ 1 
BLANK C1.13 . 9-3 1. .  ....... I.........I.........1.......1.....1.1.......,.......1.......1........, 

zoo0 .......... I ......... I ......... I., ..... I ....... I ....... I ....... I ....... I ........ 1 

2 - a u ~  c i - i i  9.2, 3 164s- I ......... I ......... I.,,,. .... I 0.05 I ....... I ....... I ....... I.# ..... I ........ 1 87 

4 Cl-16 9-3 1200- I ......... I.........I....... ..I ....... I ....... I O.Ob I 0.09 I 0.29 I 0.03 I 40.2 
Cl-168 

R# I I  I - I N  Cl-21 9-12 1835- I ......... I 0.55 I ......... I....... 1 1.50 I ....... 1 ....... I.......:..... ... 1 13.67 

2-IN Cl-22 9-12 1 8 3 7 - 1  1 . 4 k I  4 . 5 0 1  ......... I ....... I 4 . 5 0 :  ....... I 1 . 2 0 1  0.061 0 . 0 k I  13 

3-IN CT-23 9-12 1840- I ..... ....I 0.50 I ......... I ..... ,.I 1.55 1.......1.. ..... I.......I..... ...I 27.03 

4 CT-24 9-12 I8k3- I.,. ...... I 2.15 I ......... I. ...... I 0.40 I.. ..... I.......I....... I 0.06 I 26.b4 
0.06 1 

BLANK Cl-25 9-12 I ......... I ......... I.........I.......I....... I........ ....... :.......I........ I 
I-OUT Cl-26 9.12, 13 2100- I ....... ..I.....l...I......... I ....... I 0.60 I.......I.. ..... :.......I........ 1 57.17 

I ......... I.. ....... I ......... I ....... I ....... I ....... I ....... I ....... I ........ 1 
54 3-OUT Cl-27 9.12, 13 2100- I.. ...... 1I.........I.........I.......I.......I.......I.......I.......1....... .I 

I ......... I ......... I. ........ I ....... I 0.15 I., ..... I ....... I ....... I ........ 1 
2-OUT Cl-32 9-13 0905- I ......... I 1.90 .......... I... .... I 0.75 I. ...... I.......I..... ..I 0.01 I 19.61 

1115 .......... I ......... I. ........ I., ..... I ....... I., ..... I ....... I ....... I ........ 1 
18 2-OUT Cl-38 9-13 0905- I ......... I 0.10 I.... ..... I....... I 1.00 I.... .. .I.......I.......I.... .... 1 

1115 I. ........ I ......... I . ..,..... I.. ..... I ....... I ....... I ....... I ....... I ........ 1 
2- IN Cl-39 9-13 1555- I ......... I 0.05 I ......... I.( ..... I 0.50 I.... ... I....... I ...... .I ........ 1 26.71 

lb50 I ......... I ......... I ......... I....... I ....... I.... ... I ....... I . . . .  ... I........ 1 
I I I I I I I I 

Cl-b6B 1945 I ......... I ......... I 1 l l l . l l l . I . l l l . l . I  ....... I., ..... I.. ..... I.......I....... .I 

CT-67B 1945 I ......... I ......... I ......... I ....... I ....... I ....... I ....... I ....... I ........ 1 

C1-68B 1915 I. ........ I ......... I ......... I ....... I ....... I ....... I ....... I ....... I ........ I 
Cl-b9B 1945 I ........ .I.. . . l . . . . I . . . . . l . . . I . ~ . . . . .  I 0.04 I.,.,.,.I 0.02 I ....... 1.... ....I 

BLANK CT-70 9-22 1700 I.,.,. .... I ......... I ......... I ....... I ....... I ..... -.I. ...... I ....... I ... .... 1 
1-OUT CT-71 9.22, 23 2030- I 1.46 I 6.30 I 0.88 I 0.80 I 2.60 I 0.06 I 0.80 I 0.06 I ....... .I 73.95 

Cl-718 I., ....... I.. ....... I ......... I ....... I ....... I ....... I. ...... I ....... I ........ 1 
2-OUT CT-72 9.22, 23 2030- I. ........ I ......... I . .,.. .... I ....... I ....... I.,., ... I. ...... I. ...... I ..... 8 . -  1 73.87 

CT-728 I ......... I.,.# ..... I ....... ..I.... ... I....... I ....... ..................... ....I 

Cl-218 

Cl-228 

CT-23B 

2045 I ......... I ......... I I  ........ I ....... I., ..... I ... , ... I ....... L ..... ..I ........ I 
2Ok5 I.,.,. .... I ......... I ......... I I ...... I 0.10 I ....... I ....... I. ...... I ........ 1 

2045 I ......... I.. ....... I. ........ I ....... I.. ..... I.,. .... I ....... I ....... I ........ 1 

I CT-24B 2045 I.. ....... I ......... I ......... I ....... I., ..... I. ...... I ....... I ....... I 
Ob30 

Ob30 

Cl-2bB 

Cl-278 

'Cl-328 

Cl-388 

CT-398 

W W  I1  I - I N  Cl-b6 9-22 1700- I ......... I 1.15 I 0.08 I 0.05 I 0.45 I.. ..... I 0.05 I 0.01 I ....... !I 17.88 

2-IN CT-b7 9-22 1700- .......... I 1.40 I 0.08': ....... I 9.20 I ....... I 0.10 I.... .. .I..... ...I 36.36 

3-IN Cl-68 9-22 1700- I., ....... I 0 .IO I ......... I .  ...... I.. ..... I ....... I ...... .I. ...... I ........ 1 18.19 

4 Cl-b9 9-22 1700- I 0.01 I 1.80 I 0.13 I 0.20 I 0 . 4  I.,.,,,,I 0.05 I 0.01 : 0.06 I 18-23  

0 8 4  

08k5 
3-OUT CT-73 9.22,23203 0. I 0.26 I 0.35 I 0.08 I. ...... I 0.20 I. ...... I 0.12 I 0.04 I.... .... 1 138.14 

CT-738 0845 I ......... I.,,. ..... I 0.03 I.... ... I ....... I.......I..... .. I.......I........ I 

i B denotes back-up carbon t u b e  
, , , . , . , f o r  va lues  loner than  t w i c e  t h e  b l a n k  value o r  n o t  d e t e c t e d  . 
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TABLE 5 . 2 2  

ARONATIC HYDROCARBON CARBON TUBE RESULTS (PPB) 

SANPLE CARSOH 4 I ETHYL I P- I M- I I 0- I NESI- i NAPTH- I 
!OC TUSE ID DATE TInE I BENlENE I TOLUENE I BENZENE IRYLENE IXYLENE ICUHENE IRYLENE IIYLENE ITHALENE I ................................................................................................................... 

gW i !-OUT CT-IO 9-2,3 1543- I .,...,... I .....,.,. I ...,..... I ,,.,... I ....... I ....... I ....... I ....,.. I .,...... I 
CT-IO8 0730 I,.,,.,...I ,....,.,. I .,....... I ,..,.., I ....,.. I...,...I .,..... I ...,,,, I .,.,.. ,, I 

!-OUT C T - I 1  1645- I ......,.. I ......... I . . ,  ..,.,. I 0.13 I ....,.. I ....... I ....... I ....,,. I .,...... I 
CT-119 0730 I.,.,...,,I ......... I ......... I .,..... I ...,... I...,...I ....... I ...,,,. I .,.... ,, I 

3-OUT CT-12 9-2,s 1700- I 0.81 I.........I O,63 I 0.23 I 0.34 I.....,.I 0.25 I 0.05 I,....,..I 
CT-I28 0730 I.......,.I .,.,,,.,. I ......... I ,,.,,.. I ,...... I ....... I .....,. I .,... , , I  ...... ,.I 

!LANK CT-13 9-3 I , *  ,,.,... I ....... * . I I .  ....... I .....,. I.I.I...I ....... I .....,. 4 ......, 1 1 1  ...... I 
4 CT-16 9-3 1 2 0 0 - 1  ......... I ...,.,., .I..... .... I ...,.,. I....,,.I 0 . 3 0 1  0 . 5 1 1  1 , 4 4 I  0 . 1 4 :  

CT-l6P 2000 I.,... ..#,I .,.,..... I . I . , . ,  # , .  I#  ...... I ....... I .,.,,..I .....,. I ....... I I . . , . . . .  I 

9-2,3 

8 . 1  

%M I I  I - I N  CT-21 9-12 1835- I,. .,. .... I 10.50 I .... , .... I...... . I 24.86 I....,.. I.....,. I..... ,. I..., .. . I 
2045 I. .... ,. I ,  I, ,.. .. . . . I. ,, ,.,. ,. I .  .. , . ,. I. ,. I . I .  I .,., ... I. I ,. ,.. I I I ,,. I I I I . . . . I  I I I 

?-IN CT-22 9-12 1837- I 34.11 I 90.35 I.....,...I.......I 78.41 :.,.....I 20.91 I 0.92 I 0.58 I 
2045 I (  ,,,.,.,. I .....,.,, I ,..,..... I ,..,.,,I 1.74 : . , . , . , . I  .,.,.,. I . . . I I I . I . I . I I . . . I  

3-IN CT-23 9-12 1840- I .....,,,. I 4.83 I . l . l l . , . . I . . , . . . l I  12.99 I.......I.....,.I,,.....I...~~~..I 
2045 I. .. ,. I .,, I, ,, , ,. ,. . I, ,, ,.,. .. I ., . . . ,.I.. ., I I I I .,. . . .. I.. ,. .. . I I I 

4 CT-24' 9-12 1843- I .,,,.,.,. I 21.07 I .,...,... I .,,,, . . I  3.40 I.,,,...I. ,.,. .. I...,,,.I 0.42 I 
2045 I ,,.,. l l l . I  ,...... #.I .,,..,.,. I .,.,.,. I ,,.,.,. I . l . l . l . I . I I . I . .  I...,.,.I 0.42 I 

I-OUT CI-26 9-12,13 2100- I..,,,,.,,I .,.,,..,. I. ..,,,,,. I ...,.,, I 2.38 I . . . , . , . I  .,.,,,. I . . . I I . . I . I I I I I . I I  
I...,.,.,.I., , , .,. ,. I ...,.., .. I. ,., .,.I. ,. ,... I..., . , , I ...., ,. I. ,... ,. I., .I I ,., I. 

3-OUT 9-12,13 2100- I ,. ,, , , , , , I,, , , . , . . . I I ,. , . , . . , I .. . . . I I. I I I ,. I I .. . -1. I...,., I I... ,. . I... - - s I 
I.,.,,,.,.I.,. ... , , , I., ,, ..., , I, ,.,.,.I 0.63 I,,. ,... I .  .. ,. ,. I. ,.., ,. I.,.,. ,..I 

2-OUT CT-32 9-13 0905- I ,,,,,,,,, I 25,29 I I I I I .  ,.,. I.,,,.,,I 8 .66  I . , ~ ~ . ~ . I . l . l . l l I 1 l l , ~ ~ . I  0.10 I 
1115 I,..,# ,.,, I .....,.,, I ,,.,..... I.* .,.,, I .,.,,.. I .....,. I ...,.,, I ..... I .  I ... I... # I  

2-OUT CT-38 9-13 0905- I . l . , . , , , ,  I 1.45 I,,,,, ,... I...,,,.I 12.58 I . . . . l l . I . l . l l l . I . , . . ~ l ~ I ~ l ~ l ~ ~ l l I  
1115 I ..... ,,.,I .,,,.,,, .I.. ,,.,... I . . 1 1 . . 1 I . . . . 1 1 . I 1 1 1 . . . . I . 1 . 1 . 1 . I 1 1 . . . 1 . I . . . 1 1 1 . . I  

2-IN CT-39 9-13 1555- I ...,..,,. I 0.49 I.,,.. ,... I.,,..,.I 4,24 I . l . l . l . I . l l l . . . I . ~ ~ l ~ l ~ I ~ ~ ~ l ~ l l l I  
1650 I. I ,. I ,. * I  I,, , , . . . , . I.. . , I 

I I I I I 1 
I I W  I I  I - I N  CI-66 9-22 1700- I .,.,...,. I 16.79 I 1.01 I 0.63 I 5.70 !.,.,...I 0.63 I 0.11 !...*..-.I 

1945 I .,,,.,... I .....,.., I,. .,..... I ,,.,.,, I ,,..... I ,..,.,.I ...,.. . I I I . I . . . I I I I . . . . .  I 
2-IN CT-67 9-22 1700- I ....,.,.. I 10.05 I O.SO'I.......I 1.25 I.,.,.,.I 0.62 I,......I...,.-~~I 

1945 I .,... ... , I.. , , , , , ,.I .. .. . ,. , , I,, ,. , I.. . . . ,. I,. I I .. . I . .  .. .,. I ,  ,.. ... I.. I .  .... I 
3-IN CT-68 9-22 1700- I ....... ,. I 1.43 I.. . . .,, , , I. ,,. . .. I. . . . ... I .,.,...I.. .. I ,. I...... . I. I .  . . a .  e I 

1915 I,, ,, .,. , , I ,, , , , ,.,. !,,,,.,...I ., ,, .., I., ,, . ..I .. I I I ,. I.. .. ., . I, I I ..I.,, I I I .. I 

CT-21B 

17-228 

CT-238 

CT-248 

I ,. . . I. ,.. I 

BLANK' CT-25 9-12 I ...... I .,I ...,.,... I . I . . . , , , .  I ..,.... I . . a  I . , .  I . I . . . . .  I . I . , . . .  I I , . . . . .  I . . . . a .  ..I 

CT-268 
CT-27 

CT-278 

CT-32B 

CI-SEE 

CT-398 

0630 

0630 

, I,, . . . I I I. I . ,  ,. I I. ,. . , , . I.. . ,. ,. I. ,,. ,.. I., . I I 

CT-b6B 

CT-678 

CT-6BB 
4 ' CT-69 9-22 1 7 0 0 - I  0 , 1 7 1  2 5 . 7 7 :  1 . 6 2 1  2 , 4 9 1  4.971.....,.1 0.621 0.11I 0.62 

CT-698 1945 I,,.,.,,,.I ...... . l . I . l l l . l l l . I . l ~ l l l . I  0.50 I.,.,,,.I 0.25 I . I . I . I I I . I I I . . I I  
BLANK CT-70 9-22 I I < 

I - O U T  CT-71 9-22,25 2030- I 6.08 I 22.24 I 2.70 I 2.45 I 7.96 I 0.16 I 2.45 I 0.16 I 1 l l l l l . I  
CI-718 0845 I ,,...,.,, I ...,.,.,, I .,.,.,,., I ,,,,.,, I . . . I . . I I . I . I . I . I . I . I I I . I . . . . I I . I . . I I . I I I  

2-OUT CT-72 I -  I., s - 0 s 

CT-728 0845 I.,.,,,.,.I., , , ., ., . I, ,.,, , ,.. I ,. ...., I ,  I ,, . . . I.*. .... I. ,. I . I  I I, ,,.. .. I. ,. . . ... 
3-OUT CT-73 9-22,23 2030- I 0.58 I 0.66 I 0.13 I....,,.I 0.33 I.-.a.,,I 0.20 I 0.06 

1700 I . . , I , I , , I  I,, , , . . , . . I.. I ,.. . , . I., . . . . . I.. , .,I. I... I.. . . , . I. I I. I 

9-22,23 2030- I., ,.., ,,, I,, , , .. . ,. I., I ,.. ... I. .. ,.,. I I .., - - I s  8 - - I  I - . . . I  I -  a 

0 CT-738 0845 I I , , .  . . I. . . . a I 0.05 I , . I  - a I. - I a I. e a I - a I. a I ,  I I e a a a + a I a a .  a a - 
t B denotes back-up carbon tube 

, , . . . . . f o r  va lues  l o n e r  than t w i c e  t h e  blank value or not  de tec ted .  
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F.  CALCULATION OF ALCOHOL LOSS 

Tab le  5.23 g i v e s  a summary o f  t h e  mass o f  e t h a n o l  e n t e r i n g  and 

l e a v i n g  each c o n t r o l  d e v i c e  for  each f e r m e n t a t i o n .  These v a l u e s  were 

Obtained by i n t e g r a t i n g  the ethanol  concen t ra t i on  curves over t h e  c o u r s e  o f  

t h e  f e r m e n t a t i o n .  D e t a i l s  o f  t h i s  c a l c u l a t i o n  can be found i n  Appendix B. 

Though the  t o t a l  amount o f  e thanol  em i t ted  may seem low, i t  s h o u l d  be k e p t  

i n  mind  t h a t  o n l y  about 1000 g a l l o n s  o f  grape must per tank were fermented 

i n  t h i s  p i l o t  program. 

Table 5.24 g ives  a summary o f  t h e  data used t o  c a l c u l a t e  the percent 

o f  ethanol  l o s t  by each t a n k .  The d a t a  used t o  c a l c u l a t e  t h e  amount o f  

t o t a l  e thanol  produced over the fe rmenta t ion  (ga l l ons ,  % E tOH)  were ob ta ined 

from CSUF data summaries. The data f o r  each tank i s  p l o t t e d  in  F i g u r e  5 . 3 0  

as a f u n c t i o n  o f  f e r m e n t a t  i o n  temperature. A lso  shown on F igu re  5.30 are  

r esu 

are 

D a t :  

t s  from s i m i l a r  s t u d i e s  on fe rmenta t ion  tank emissions. The re fe rences  

i s t e d  below the  graph. 

Most o f  the Phase I data a re  in f a i r  agreement w i t h  p r e v i o u s  work .  

s c a t t e r  f rom Red Wine I i s  probably  due t o  the  l i m i t e d  number o f  data 

p o i n t s  a v a i l a b l e  f o r  t h i s  fe rmenta t ion  due to  foamover p rob lems .  When t h e  

data from Red Wine I are  removed from the  graph, as i n  F igure  5.31, the  p l o t  

shows an improved c o r r e l a t i o n .  
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T a b l e  5.24 

sunnnRv OF o m  USED TO CAtcuLRiE PERCENT ETHANOL LOST 

I N I T I A L  AVAIL AVAIL GRAMS X OF 
SUGAR TENP GALLONS GRAMS ETOH TOTAL 

FERN TANK GALLONS 1 ETOH (DE6 BRIl) (E6 F) ETOH ETOH LOST ETOH LOST 

WY 1 1 
2 
3 
k 

RY 1 1 
2 
3 
4 

RW 11 1 
2 
3 
k 

w w  I 1  I 
2 
3 
k 

IO86 
IO86 
IO86 
1086 
736 
736 
736 
736 
701 
701 
701 
701 
1083 
1083 
1085 
1083 

10.3 
10.3 
10.3 
8.6 

14.11 
11.17 
lk.3 
13.65 
11.83 
13.00 
12.44 
12.54 
10.83 
10.73 
11.27 
9.95 

20.1 59 112 3.3Et05 
20. I 59 112 3.3E105 
20. I 57 112 3.3Et05 
20. I 59 93 2.8Et05 
24-1 78 104 3.1E105 
23.9 78 101 3.IEt05 
23.9 79 109 3.1Et05 
2k-3 75 100 3.OEt05 
25.4 80 83 2.5Et05 
2k.8 78 91 2.7Et05 
25. I 76 87 2.6E*05 
25.5 81 88 2.6Et05 
22.3 57 117 3.5E105 
22.3 57 I16 3.SEt05 
22.3 57 122 3.6Et05 
22.3 57 108 3.2Et05 

601 
672 
306 
26k 
2561 
k054 
969 
605 
2238 
2108 
1708 
I162 
1688 
1926 
1688 
1688 

0.18 
0.20 
0.09 
0.09 
0.83 
1.30 
0.31 
0.20 
0.90 
0.77 
0. bh 
0.4k 
0.48 
0,55 
0.46 
0.52 

C-87-041 
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Figure 5 . 3 0  

PERCENT ETOH LOST VS. FERMENTATION TEMP 
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F i g u r e  5 .31  

PERCENT ETOH LOST VS. FERMENTATION TEMP 
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VI .  U I T Y  CONTROi 

Q u a l I t y  Contro l  (QC) procedures are  necessary t o  mln lmlze random and 

S y s t e m a t i c  e r r o r s  I n  s a m p l i n g  t h a t  c o u l d  l e a d  t o  I n c o r r e c t  r e s u l t s ,  o r  

Incor rec t  conclusions. Procedures  t o  document t h e  a c c u r a c y  o f  r e p o r t e d  

samp l ing  and a n a l y t l c a l  r e s u l t s  have been e s t a b l i s h e d  by the  ARB I n  A l r  

Mon l to r l ng  Q u a l l t y  Assurance Volume VI .  S tandard  O p e r a t l n g  P rocedures  f o r  

S t a t  l o n a r y  Source  E m l s s i o n  M o n l t o r l n g  and Tes t l ng .  These q u a l i t y  c o n t r o l  

procedures Inc lude t h e  use  o f  a u d i t  samples,  f l e l d  and l a b o r a t o r y  b l a n k  

samples. and m u l t i p o l n t  c a l l b r a t l o n  o f  cont inuous mon l to rs .  

S p e c l f l c  QC p r o c e d u r e s  used In  t h e  w l n e  f e r m e n t a t l o n  s a m p l i n g  

program are  dlscussed below. 

A. ANALYZER Q.C. 

P r l o r  t o  movement t o  t h e  s a m p l i n g  s i t e ,  the f l e l d  analyzers were 

turned on and Inspected. Any necessary r e p a l r s  o r  malntenance were noted I n  

t h e  a n a l y z e r  logbook.  O n s l t e  the inst ruments were tu rned on, Inspected , 

and zeroed and spanned w l t h  n l t r o g e n  and c a l l b r a t l o n  gases. The Instruments 

were a l s o  zeroed and spanned when sw i t ch ing  from one tank or  c o n t r o l  dev lce 

t o  the  nex t .  D l f f e r e n t  c o n c e n t r a t l o n s  o f  span gases for  t h e  h y d r o c a r b o n  

a n a l y z e r s  were m a l n t a l n e d  o n - s l t e  t o  a l l o w  the  span of those ana lyzers  t o  

Increase and decrease as e t h a n o l  c o n c e n t r a t l o n s  I n c r e a s e d  and dec reased  

t h r o u g h o u t  t h e  fe rmen ta t l ons .  I n  a d d i t i o n .  the  hydrocarbon analyzers were 

checked to  Insure t h a t  h lgh  carbon d l o x l d e  l e v e l s  d i d  no t  I n t e r f e r e  w l t h  the  

measurement o f  e t h a n o l .  And t h e  hydrocarbon analyzers were c a l i b r a t e d  t o  

develop a response r e l a t l o n s h l p  between propane, the analyzer span gas ,  and 

e thano l .  
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6 .  GRAB SAMPLES Q . C .  

Grab samples Inc lude mois tu re  t r a l n s ,  tube samples, bag samples and 

o ther  c o l l e c t e d  samples such as water from the scrubber .  A l l  g r a b  samples 

were l a b e l l e d  upon c o l l e c t l o n .  The labe ls  Inc luded the job  number, sampllng 

date,  sample number, sample l oca t i on .  type o f  samples, cha ln  o f  c u s t o d y  l o g  

numbers f o r  t h e  samples, and i n l t l a l s  of the person c o l l e c t l n g  the  sample. 

The Samples were then logged into a c h a i n  of custody logbook and a copy o f  

the  label  p laced on to  a cha ln  o f  custody sheet.  The logbook remalned o n s l t e  

and the cha ln  o f  cus tody  sheet  t r a v e l e d  w l t h  t h e  sample.  As t h e  sample 

changed hands, the cha in  o f  custody sheet was l n l t l a l e d  by the  next  hand ler .  

I f  any samples were damaged o r  the i n t e g r i t y  quest loned, a no te  I s  made and 

l n l t l a l e d  by the  person d e l l v e r l n g  the  sample. F l e l d  b lanks and sp lkes  were 

handled the same as o ther  samples. 

P r l O r  t o  bag s a m p l i n g ,  new sampl lng bags were made out o f  Ted lar .  

The new bags were purged 10 t imes w l t h  n i t r o g e n ,  l e f t  I n f l a t e d  over 24 hours 

t o  check f o r  l eakage ,  and then  sampled by gas chromatography t o  check fo r  

contamlnat lon.  

C .  LABORATORY QC 

From the  t lme the samples were c o l l e c t e d ,  t h e y  were logged and a 

c h a l n  o f  c u s t o d y  was m a i n t a i n e d  by t h e  f l e l d  personnel u n t i l  t h e  samples 

reached the  l abo ra to ry .  A t  t h a t  p o i n t  l a b o r a t o r y  p e r s o n n e l  m a i n t a l n e d  a 

s e p a r a t e  l o g  s h e e t .  Th ls  way the t lme between c o l l e c t l o n  and a n a l y s l s  can 

be determlned. P r e c l s l o n  and accuracy o f  the  measured concent ra t ions  can be 

a f f e c t e d  b y  t h e  amount o f  t l m e  lapsed between c o l l e c t l o n  and ana lys l s ,  

sample hand l ing ,  the  c o n d l t l o n  o f  the c o n t a l n e r ,  and I n s t r u m e n t  a c c u r a c y .  

I n s t r u m e n t  a c c u r a c y  I s  de termlned by t h e  labora tory  personnel us ing  known 
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s t a n d a r d s ,  a u d l t  samples,  f i e l d  and l a b o r a t o r y  b l a n k s  a n d  m u l t l p o l n t  

c a l l b r a t  ion. 



APPENDIX A 

WINERY TEST DATA SHEETS 





A I R  RESOUaCES BOARD 

W i n e r y  F e r m e n t a t i o n  T a n k  T e s t  - CSUF 

FLOWMETER, TEMPERATURE, PRESSURE DATA SHEET 

TANK: 
F e r m e n t a t i o n :  D a t e  

C-07-04 1 



AIR RESOURCES BOARD 

Winery Fermentatlon Tank Test - CSUF 

CONTINUOUS ANALYZER DATA SHEET 

Sarnp I e T H C  I C 0 2  co 02 Read I ngs 
(ppm (percent) Dilution (pprn) (percent) taken by: 

I 1 ::Iw ! 
Time 1 Point 

propane) 
I ! 

Fermentatlon: Date 



S t a t e  of  C a l i f o r n i a  

Time 

F i l e  KO. c 8 7 - 0 ’ f /  

Gas Volune Impirger  Meter O r i f i c e  V o l m e  of  Water 
Through Nete r  Temp. Temp. P r e s s u r e  C o l l e c t e d  i n  Impinger 

(vm), Ft3 ( T i ) ,  OF (Tm), OF (Ah) , in .  HzO !VI,), m l  - 
. F i n a l  

- I n i t i a l  

--- 
Net (71,) - 

A I R  RESOURCES BOARD Date 

Stat ionary Source Control Division T a n k  / 

Engineering Evaluation Branch Location I N  OUT 

WATER VAP34 CALCUUTIOSS 

Standard-Condi t ions  - .  6 8 F  and 29.92 in .  Hg 
.. 

. .- _ _  - - .  - - _  . 
Ambient Condi t ions  -OF and - i n .  Hg -. 

B. Vo lme  of Water C s i l e c t e d  (Vwstd) 

C. Moisture Content i n  Stack Gas ( B w )  i n  Percent 

B ( x 100 = 
1 

Bw = A+B X 100 = 
( 

D. If ca lcu la ted  moisture content ( c )  i s  

9e.s . 212OF o r  below) use the  t a b l e  
f o r  moisture content .  

r ea t e r  than a t  s a tu ra t ion  ,temperature 
% OF H20 AT S A T U R A T I O N  

IO0 

120  1 1 . 5  I 175 

% I T E M P . 1  % i 

15.11  I80 51.11 
19 .7  185 57 .0  

28.7 195  70.6 
5 2 . 3  2 C 5  7 6 . 6  
3 6 . 4  205 87.0 
CO.8 210 9 6 . 2  
4 5 . 7  2 1 2  100.0 

2 5 . 3  190 63.6 

\ 
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APPENDIX B 

C a l c u l a t i o n  o f  Ethanol Los t  

Th ls  s e c t i o n  o u t l i n e s  the procedure used t o  i n t e g r a t e  t h e  e t h a n o l  

concent ra t lon  curves f o r  each fermentat ion.  

1. C a l c u l a t e  t h e  t l m e  i n t e r v a l  b e t w e e n  c o n s e c u t i v e  e t h a n o l  

measurements a t  a tank .  

2 .  Take the ,ar l thmet lc  average o f  the  ethanol  c o n c e n t r a t l o n  a t  t h e  

beginnlng and a t  the end of  the  t ime I n t e r v a l .  

3. M u l t i p l y  the average e t h a n o l  c o n c e n t r a t l o n  f rom s t e p  2 by t h e  

t ime I n t e r v a l  o f  s tep  1 t o  g l v e  a number w i t h  u n i t s  o f  ppm-hours. 

4 .  M u i t l p l y  b y  the  f l o w r a t e  and a p p r o p r l a t e  c o n v e r s i o n  f a c t o r s  t o  

g l v e  an ethanol  mass value for tha t  t lme i n t e r v a l .  

5. Sum a l l  the mass va lues of each t l m e  I n t e r v a l  t o  g e t  t h e  t o t a l  

mass o f  ethanol  l o s t  du r ing  the  fe rmenta t ion .  

In termediate va lues fo r  these c a l c u l a t l o n s  a r e  d i s p l a y e d  I n  t h e  f o l l o w i n g  

tab les .  



YHITE WINE 1 

TRNK DATE TIHE HOURS 
1 19-Rug-87 11:30 0.0 

20-Rug-87 13:OO 25.5 
20-Rug-87 I6:N 29.0 
21-Rug-87 07:OO (3.5 
21-Rug-87 11:OO k7.5 
21-Rug-87 1k:30 51.0 
22-Rug-87 08:OO 68.5 
22-Rug-87 l0:OO 70.5 
22-Rug-87 14:30 75.0 
23-Rug-87 10:30 95.0 

2k-Rug47 1O:OO 118.5 
24-Rug-87 13:15 121.7 
24-Rug-87 17:lO 125.7 
26-Rug-87 07:OO 163.5 
26-Rug-87 17:OO 173.5 
27-Rug-87 08:30 189.0 
27-Rug-87 17:OO 197.5 
28-Rug-87 06:50 211.3 

25-nug-87 15:zo 99.8 

YHITE WINE 1 

TRNK DRTE TINE HOURS 
2 19-Rug-87 11:30 0.0 

19-Rug-87 14:30 3.0 
20-Rug-87 1k:OO 26.5 
20-Rug-87 17:OO 29.5 
21-Rug-87 08:OO 44*5 
21-Rug-87 10130 47.0 
21-Rug-87 11:IO 48,O 
21-hug-87 15100 51.5 
21-Rug-87 17:OO 53.5 
22-Rug-87 09:OO 69.5 
22-Rug-87 10145 71.2 
22-Rug-87 15:OO 75.5 
23-Rug-87 07:IO 92.0 

23-Rug-87 l6:55 101.k 
2k-Rug-87 14155 123.4 
25-Rug-87 O6:50 139.3 
25-Rug-87 11145 144.2 
26-Rug-87 08100 164.5 
26-Rug-87 14130 171.0 
27-Rug47 11:OO 191.5 
27-Rug-87 11:30 192.0 
27-Rug-87 17:50 198.3 
28-Rug-87 07140 212.2 

Z J - R U ~ - B ~  I I : I ~  95.7 

TABLE 

- EllISSION DRTR FOR CRTRLYTIC HEATER 

TIRE ETOH ETOH ETOH ETOH HRSS ETOHllRSS ETOH 
ETOH I N  ETOH OUT INTERVRL I N  IN OUT OUT FLOW I N  OUT 

(PPll l  IPPHI (HOURS1 PPI( RV6 PPI(-HOUR PPH RVG PPH-HOUR ISCFI(1 IGRAIIS) IGRAI(S) 

3.k4 3.44 25.5 1.7 43.9 1.7 13.9 7 1.0 1.0 
1.72 20.64 3.5 2.6 9.0 12.0 k2. l  7 0.2 0.9 
86 1.72 14.5 43.9 636.0 11.2 162.1 7 lk.2 3.6 

k8.16 25.8 4.0 67.1 268.3 13-8 55.0 7 6,O 1.2 
34.1 20.64 3.5 41.3 144.5 23.2 81.3 7 3.2 1.8 

15.48 6.88 17.5 24.9 k36.k 13.8 240.8 7 9.7 5. 4 
25.8 15.48 2.0 20.6 41.3 11.2 22.4 7.25 1.0 0.5 
25.8 27.52 k . 5  25,8 116.1 21.5 96.8 7 2.6 2.2 
189.2 149.64 20.0 107.5 2150.0 88.6 1771.6 7 k8.0 39.6 
232.2 154.8 1.8 210.7 1018.4 152.2 735.7 7 22.7 16.4 
258 0 18.7 2k5.1 (575.2 77.) 1414.8 6.75 98.5 31.1 

412.8 51.6 3.2 335.1  1090.0 25.8 83.8 6.75 23.5 1.8 
k30 13 3.9 421.4 1650.5 47.3 185.3 7 36.9 4. I 
86 3.44 37.8 258.0 9761.0 23.2 878.5 7 218.0 19.6 

lk6.2 1.72 10.0 116.1 1161.0 2.6 25.8 7 25.9 0.6 
68.8 1.72 15.5 107.5 I6b6.3 1.7 26.7 7 37.2 0 .b  
12O.k 8.6 8.5 94.6 804.1 5.2 k3.9 7 18.0 1.0 
103.2 5.16 13.8 111.8 154b.6 6.9 95.2 7 34.5 2. I 

TOTRL 6RRIS ETOH: 601.1 133.6 
OVERRLL EFFICIENCY: 77.81 

- Ell lSSlON DRTb FOR CARBON ADSORPTION UNIT 

TinE ETOH ETOH ETOH ETOH HRSS ETOHtIRSS ETOH 
INTERVRL I N  I N  OUT OUT FLOW I N  OUT 

ETOH I N  ETOH OUT IHOURS) PPll AV6 PPI(-HOUR PPH RV6 PPI(-HOUR ISCFIO , IGRRHSI IGRAI(S) 

1.72 0 3.0 
3-11 1.72 23.5 
3.41 5.16 3.0 
86 1.72 15.0 

51.6 5.16 2.5 
60.2 12.04 1.0 
3k.k b.88 3.5 
13.76 8.6 2.0 
13.76 1.72 1b.O 
24.08 0.86 1.7 
25.8 3.k4 4.3 
103.2 0 16.5 
232.2 6.88 3. 8 
283.8 1.72 5.7 
173 8.6 22.0 

26l.kk 154.8 15.9 
275.2 1.72 1.9 
IS4.8 2.58 20.3 
189.2 3.k4 6.3 
12O.k 72.2k 20.5 
120.4 1.72 0.5 
129 5-16 6.3 

60.2 1.72 13.8 

0.9 
2.6 
3.4 
44.7 
68.8 
55.9 
47.3 
24.1 
13.8 
18.9 
24.9 
64.5 
161.7 
258.0 
378. 4 
367.2 
268,3 
215,O 
172.0 
154.8 
120.4 
124.7 
9k.b 

2.6 
60.6 
10.3 

670.8 
172,O 
55.9 
165.6 
48.2 
220.2 
33. I 
106.0 

IObk.3 
628.9 
lk62.0 
8324.8 
584k.9 
1319.2 
k353.8 
1118.0 
3173.1 
60.2 
789.8 
1308.6 

0.0 0.0 7 
0.9 20.2 7 
3,4 ' 10.3 7 
3.4 51.6 7 
3 . 4 .  8.6 7 
8.6 8.6 7 
9.5 33.1 7 
7.7 15.5 7 
5.2 82.6 7 
1.3 2.3 7 
2.2 9. I 7 
1.7 28.4 7 
3 - 4  12.9 7 
4,3 24.4 7 
5.2 113.5 7 
81.7 1300.4 7 
78.3 384.8 7 
2,2 43.3 7 
3.0 19.6 7 
37.8 775.7 7 
37.0 18.5 7 

3.4 21.8 7 
3.4 47.6 7 

TOTAL 6RRBS ETOH: 
OVERRLL EFFICIENCY: 

0. I 0.0 
l , k  0.5 
0.2 0.2 
15.0 1.2 
3.8 0.2 
1.2 0.2 
3.7 0.7 
1.1 0.3 
k09 1.8 
0.7 0.1 
2.4 0.2 
23.8 0.6 
1k.O 0.3 
32.6 0.5 
185.9 2.5 
130.9 29.0 
29.5 8.6 
91.2 1.0 
25.0 0-k 
70.9 17.3 

1.3 0.4 
17.6 0.3 
29.2 1.1 
671.6 65.7 

90.2% 
C-87-041 



- 3  TABLE 

WHITE WINE I - ENlSSION DRTR FOR WATER SCRUBBER 

TINE ETOH ETOH ETOH ETOH MASS ETOHNRSS ETOH 
INTERVAL IN IN OUT OUT FLOW IN OUT 

TANK DRTE TINE HOURS ETOH IN ETOH OUT [HOURS) PPN RV6 PPM-HOUR P P I  AV6 PPN-HOUR (SCFN) 16RRNS) (EARNS) 
3 19-Rug-87 11:30 0.0 

19-Rug-87 15:OO 3.5 2 0 
20-bug-87 09:30 22.0 2 2 
20-Rug-87 14:30 27.0 5 3 
20-Rug-E7 17:30 30.0 5 3 
21-Rug-87 08130 4S.O 258 3 
21-Rug-87 12130 k9.0 103 7 
21-Rug-87 15:30 52.0 ' 38 7 
21-Rug-87 17:30 5k.O 15 9 
22-Rug-87 09:30 70.0 15 2 
22-Rug-87 11:30 72.0 28 0 
22-Rug-87 15130 76.0 38 3 
23-Rug-87 08:30 93.0 120 2 
23-Rug-87 11:48 96.3 258 7 
24-Rug-87 08:30 1'17.0 292 0 
24-Rug-87 l l : l 5  119.7 378 5 

ZS-Rug-87 08:OO 110.5 550 IO 
25-Rug47 1k:OO 116.5 433 3 
26-Rug47 09:OO 165.5 52 2 
26-Rug-87 15:30 172.0 258 ' 2 
27-Rug-87 O6:SO 187.0 172 3 
27-Rug-87 13100 193.5 120 3 

21-bug-87 15115 12k.2 561 k 

3.5 0.9 3.0 
18.5 1.7 31.8 
5.0 3.4 17.2 
3.0 5.2 15.5 

15.0 131.6 1973.7 
1.0 180.6 722.1 
3.0 70.5 211.6 
2.0 26.7 53.3 
16.0 15.5 247.7 
2.0 21.5 k 3 . 0  
k - 0  32.7 130.7 
17.0 79.1 13k5.0 
3.3 189.2 62k.4 
20.7 275.2 5696.6 

2.8 335.1 922.k 
4.5 471.3 2120.8 
16.2 557.3 9055.8 
6.0 k91.9 2951.5 
19.0 2k2.5 4607.9 
6.5 154.8 1006.2 
I5,O 215.0 3225.0 
6.5 Ik6.2 950.3 

TANK DRTE 
k 19-Rug-87 

19-Rug-87 
20-Rug-87 
21-Rug-87 
21-Rug47 
21-Rug-87 
22-Rug-87 
22-Rug-87 
24-Rug47 
24-Aug-87 
25-bug-87 
25-Rug-B7 
26-Rug-87 
21-Rug-87 

WHITE WINE I - NO CONTROL EQUIPNENT 

TINE HOURS 
11130 0 
IS130 k . 0  
l6:OO 28.5 
09:15 15.7 
13130 50,O 
21:oo 57.5 
13:kS 7k.2 
l6:00 76.5 
12:OO 120.5 
l6:25 124.9 
09:15 1k1-7  
15:45 118.2 
10:kS 167.2 
14115 194.7 

ETOH 

36 
636 
I462 
1720 
69 

I46  
181 
860 
1032 
860 
1032 
335) 
1032 

TINE 
INTERVAL ETOH ETOH 

(HOURS) ppn R V ~  PPII-HOUR 

k . 0  18.1 72.2 
2k.5 336.3 8238.) 
17.3 1049.2 18098.7 
1 . 3  1391.0 6761.8 
7.5 894.4 6708.0 
l6,7 107.5 1800.6 
2.3 163.4 367.7 

k k - 0  520.3 22893.2 
k , 1  9k6.0 1178.2 
16.8 9k6.0 15924.5 
6.5 946.0 6149.0 
19.0 2193.0 k1667.0 
27.5 2193.0 60307.5 

0.0 0.0 4.6 
0.9 15.9 k . 0  
2.6 12.9 3.5 
3 . k  10.3 3.3 
3.4 51.6 2.8 
5.2 20.6 3.8 
6.9 20.6 3.3 
7.7 15.5 3.3 
5.2 82.6 3.0 
0.9 1.7 3.0 
1.7 6,9 3.5 
2.6 k3.9 2.3 
4.3 14.2 2.8 
3 .k  71.2 2.5 
2.6 7.1 2.5 
k.7 21.3 3.3 
7.3 118.8 2.1 
6.9 k l - 3  3.0 
2.6 k9.0 3.3 
1.7 11.2 2.8 
2.6 38.7 2.3 
3 .k  22.1 4.3 

ToTnt GRRIIS ETOH: 
OVERALL EFFICIEMCY: 

0.0 
0. k 
0.2 
0.2 
17.3 
8.6 
2.2 
0.6 
2.4 
0. 1 
1.5 
9.7 
5.5 

k 5 ,  k 
7.4 

22.0 
60.7 
28.2 
48.5 
8,8 
23. I 
12,9 
305.9 

FLOW NRSS ETOH 
(SCFM) IGRAIIS) 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0. I 0,7 
0. I 0.2 
1.1 8 0 , 3  
1.0 13.3 
0.8 kO.6 
0.8 . 15.7 
0.5 66.5 
0.2 46.2 

TOTAL ERRNS ETOH: 263.5 

0.0 
0.0 
0.0 
0.0 
2.9 
0.6 
0. I 
0.0 
0.6 
0.0 
0.0 
1 . k  
0.2 
10.3 
0.2 
1,5 
23.0 
3.7 
7.6 
0.3 
2.9 
0.9 
56.2 
81.6% 

C-87-0 k I 



TABLE 

RED WINE I - EHISSIDN om FOR CATALYTIC HEATER 

TIHE ETOH ETOH ETOH ETOH ndss ETOHHASS ETDH 
INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

TANK DATE T M E  HOURS ETOH I N  ETOH OUT IHOURS) PPH AV6 PPH-HOUR PPI( AV6 PPI(-HOUR ISCFIO (6RRIIS) IGRRAS) 

I 31-Auq-87 12:OO 0.0 
01-Sep-87 19100 31.0 2881 1075 31.0 Ik40.5 4k655.5 537.5 16662.5 6.0 85k.7 318.9 
02-Sep-87 18:kO 5k.7 860 13 23.7 1870.5 k42b8.5 559.0 13229.7 7,8 109k.k 327,l 
03-Sep-87 08135 68.6 3k4 I2 13.9 602.0 8377.8 27.5 383.0 7.0 187-1 8.6 

04-Sep-87 O6:45 90.8 292 10 15.9 791.2 12593.3 13.8 219.0 7.0 281.2 k.9 
0k-Sep-87 11:45 95.7 3kk 17 5.0 318.2 1591.0 13.8 68.8 7.0 35.5 1.5 

TOTAL GRAMS ETOH: 2567.0 663.0 
OVERALL EFFICIENCY: 7k.21 

03-Sep-87 1k:50 74.6 1290 17 6.3 817.0 5106.3 11.6 91-4 7.0 11k.O 2.0 

RED NINE I - EHISSION DATA FOR CARBON ADSORPTION UNIT 

TIME ETDH ETOH ETOH ETOH H I S S  ETOHHASS ETOH 
INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

TANK DATE T l n E  HOURS ETDH I N  ETOH OUT IHOURS) PPH AV6 PPH-HOUR PPH AV6 PPH-HOUR (SCFH) IGRAHS) 16RAHS) 

2 31-Aug-87 15:OO 0 
01-Sep-87 l6:30 25.5 3784 1075 25.5 1892.0 482k6.0 537.5 13706.3 7.0 1077.3 306.1 
02-Sep-87 13115 k6,Z 33% 2580 20.7 3569.0 71056.7 1827.5 37920.6 7.0 1653.7 846.8 
03-Sep-87 09110 b6.2 722 163 19.9 2038.2 40994.1 1371.7 27319.7 7.0 906.5 610.0 

0k-Sep-87 07:35 88.6 3 4  26 18.0 795.5 14319.0 15.5 278.6 7.0 319.7 6.2 
TOTAL 6 R M S  ETOH: k054.3 1777.k 
OVERALL EFFICIENCY! 56.21 

03-Sep-87 1335 70.b 12k7 5 k.k 98k.7 k3k9.1 81.3 372.2 7.0 97.1 8.3 

RED WINE I - Ef l ISS lON DATA FOR WATER SCRUBBER 

TIHE ETDH ETOH ETOH ETOH nilis ETOHHASS ETDH 
INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

TANK DATE TIME HOURS ETOH IN ETOH OUT IHOURS) PPH AV6 PPI-HOUR PPH AV6 PPH-HOUR (SCFHI (6RAI(S) IGRRHS) 

3 31-bug-87 17:OO 0 
02-Sep-87 09:20 40.3 860 0 10.3 k30.0 173k3.3 0.0 0.0 5.5 304.3 0.0 
02-Sep-87 l6:05 17.1 1600 17 6.8 1229.8 8301.2 8,6 58.1 1.5 119.2 0.8 
03-Sip-87 12:OO 67.0 82b 52- 19.9 1212.6 24151.0 34.1 685.1 k.8 369.9 10.4 
04-Sep-87 08:OO 87.0 301 5 20.0 563.3 112b6.0 28.4 567.6 5.0 179.7 9.1 

TOTAL 6RbM ETOH: 969.1 20-3 
RED WINE I - NO CONTROLS OVERALL EFFICIENCY: 97.91 

TANK DATE TIHE HOURS ETOH 

k 31-Rug-87 19115 0 
02-Sep-87 12:OO kO.8 6880 
03-Sep-87 16130 69,3 7140 
Ok-Sep-87 1O:OO 86.8 )SO0 

TIME 
INTERVAL ETOH ETDH FLOY MASS ETOH 

(HOURS) PPH bV6 PPH-HOUR (SCFMI i6RAHS) 

1.b 715.5 10.8 3440.0 140180.0 
28.5 7310.0 208535.0 0.9 6Ok.8 
17.9 bO20,D 105350.0 0.6 198.3 

TOTAL GRAI(S ETOH: 1518.5 

C-67-041 



1 1oSep-87 13:OO 0.0 
11-Sep-87 11:a 22.3 
ll-Sep-87 15:lO Z.2 
IlSep-87 19:50 30.8 
l2Sep-87 M:30 43.5 
12-Sep-87 12:s 47.8 
12-Sep-87 2300 57.0 
13-Sep-87 OO:OO 59.0 
13-Sep-87 01:OO 60.0 

13-Sep-87 0):OO 63.0 
13Sep-67 06:OO 65.0 
13-Sep-87 14:55 73.9 
13-Sep-87 19:M 78.7 

W 13Sep-87 20:lO 79.2 
14-Sep-87 03:25 92.k 

w 13-sep-m w : ~  61.1 

1593 
IOU 
3194 
1781 
192 
1093 
E56 
685 
244 
455 
294 
B2 
649 
233 
331 

83 22.3 
64 3.8 
53 4.7 
18 . 12.7 
49 4.3 
65 9.2 
15 2.0 
-I 1.0 
-4 1.1 
-2 1.9 
-1 2.0 
36 8.9 
28 4.7 
22 0.5 
2 13.3 

796.7 ms.7 41.7 930.4 7.0 397.3 2u.8 
1318.5 m . 3  73.9 283.2 7.0 112.9 6.3 
2118.7 9887.2 58.6 273.3 7.0 220.8 6.1 
2487.3 31505.9 35.1 445.2 7.0 703.5 3.9 
1056.4 8044.5 33.2 143.9 7.0 179.6 3.2 
1512.7 13866.2 56.9 521.9 7.0 309.6 11.7 
974.8 1949.5 40.1 80.2 7.0 43.5 1.8 
770.7 770.7 7.1 7.1 7.0 17.2 0.2 
464.8 503.5 -2.5 -2.7 7.0 11.2 -0.1 
349.6 670.0 -3.0 -5.7 7.0 15.0 4.1 
374.7 749.3 -1.5 -3.0 7.0 16.7 -0-1 
3j&l 3014.7 17.4 155.3 7.0 67.3 3.5 
515.2 2447.4 2.1 152.4 7.0 54.6 3.4 
441.0 220.5 25.0 12.5 7.3 5. I 0.3 
2&23 3740.8 11.7 154.6 7.0 03.5 3.5 

0.0 
2 2 5  
28. 8 
33.1 
4s. 2 
45. 8 
50.2 
70.3 
77.6 
81.1 
a. 1 
84.3 
86.3 
87.7 
83.6 
90. 8 
95.6 

342 
1 I44 
2184 
1992 
1970 
1780 
749 
1075 
s2 
265 
574 
689 
896 
489 
374 
413 

10 22.5 
17 6.3 
10 4.3 
29 12.1 
17 0.6 
23 4.4 
278 a.1 
51 7.3 
47 3.5 
a 1.0 
32 2,3 
32 2.0 
33 1.4 
29 1.8 
2a 1.2 
34 4. 8 

- pwpwer ormrred during this sampling period. 

171.0 3842.7 5.2 
7k3.2 4707.1 13.6 
1664.3 7212.0 13.4 
-1  m31.2 19.4 
1980.9 1155.5 22.9 
1874.7 IK79.8 19.9 
1264.1 25387.9 150.2 
911.8 6610.7 167.1 
8187 2865.3 52.0 
413.7 413.7 38.4 
419.5 W3.8 30.5 
631.4 1m.8 31.7 
792.6 1122.8 2 . 4  
692.5 1269.5 31.0 
431.1 538.9 28.7 
393.1 1867.3 31.4 

115.8 7.3 
86.2 7.0 
58.0 7.0 
233.9 7.5 
13. k 7.5 
87.9 7.3 

3016.7 7.0 
1211.8 6.8 
w. 1 6.8 
38.4 6. 8 
68.6 6.8 
63.5 6.8 
45.9 6.8 

35.9 6.8 
149.0 6.8 

56.8 6.8 

00.9 2.7 
105.1 1.9 
161.0 1.3 
603.7 5.6 
27.6 0.3 
191.5 2.0 
%9 67.4 
142.3 %.I 
61.7 3.9 
8.9 0.8 
a. 3 1.5 
27.2 1.) 
24.2 1.0 
27.3 1.2 
11.6 0.8 
40.2 3.2 

TOTAL GRbMS ElW: 2108.5 121.1 
WEARU EFFICIENCY: 94.3 



3 IC-Sep-87 1O:lO 0.0 
11-Sep-87 l2:15 26.1 
11-Sep-87 1755 31.3 
11-Sep-87 23:s 37.7 
I2-Sep-87 K300 39.8 
12-Sep-87 W:00 41.8 
12-Sep-87 0603 43.8 
12sep-87 07:00 44.8 
l2-Sep-67 10:15 46.1 
12Sep-87 15:30 53.3 
13-Sep-87 09:00 70.8 
13-Sep-87 M:20 80.2 
14-Sep-87 08:lO 94.0 
14-Sep-87 l2:W 97.8 

471 
368 
434 
1279 
1657 
1486 
1269 
ISOB 
1594 
1155 
897 
564 
597 

8 
4 
7 
6 
6 
6 
7 
5 
5 
6 
26 
4 
24 

26.1 
5.2 
6.4 
2.2 
2.0 
2.0 
1.0 
3.2 
5.3 
17.5 
9.3 

13.8 
3.8 

235.3 6136.4 
419.3 2166.6 
401.0 2573.0 
9&2 1963.3 
1517.7 3035.5 
1511.5 3143.0 

1538.9 5001.6 
1 6 x 1  8904.7 
1369.3 2m.a 
1025.8 9574.1 
630.5 8722.1 
480.4 1841.4 

13n.8 13~1.8 

3.8 98.0 7.3 
5 6  29.1 5.5 
5.3 34.1 5.0 
6.6 14.3 5.0 
6.3 12.6 5.0 
6.2 12.5 5.0 
6.4 6.4 6.5 
6.0 19.4 7.0 
5.3 27.7 6.8 
5.7 100.3 7.5 
16.1 150.4 7.3 
15.0 207.4 6.8 
14.0 53.7 7.3 

141.9 2.3 
38.0 0.5 
41.0 0.5 
31.3 0.2 
40.4 0.2 
50. I 0.2 
28.6 0.1 
111.7 0.4 
191.7 0.6 
513.3 2.4 
221.4 3.5 
187.8 4.5 
42.6 1.2 

TDTRL GAIy6 ETW: 1708.0 16.7 
OMlWLL EFFICIENCY: 99. M 

4 1oSep-87 0924 0.0 
loSep-87 15:55 L4 
IO-Sep-87 17:W 7.5 

1O-Sep-67 a:00 10.5 
IoSep-87 P:OO 12.5 
1I-Sep-87 00:00 14.5 
ll-Sep-87 02:W 16.5 

Il-Sep-87 k 0 0  20.5 
Il-Sep-87 07:W 21.5 
llSep-87 l2:45 27.3 
l2-Sep-87 Il:15 49.8 

W 12-Sep-87 17:OO 55.5 
12-Sep-67 18:N 51.0 
13-Sep-87 E230 75.0 

iossp-87 IB:OO as 

iisep-67 W:OO 1 8 5  

7 
4 
3 
6 
4 
4 
30 
58 
74 
e2 
44 

4214 
2978 
6171 
8789 

6.4 
1. I 
1.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.0 
5 8  

22.3 
5.7 
1.5 
18.0 

3.6 23.2 
5. 8 6.3 
3.9 3.9 
4.8 9.6 
5.4 10.8 

17.0 34.1 
43.8 ' 87.6 
65.7 131.4 

63.2 363.5 
2129.1 47905.9 

4514.8 6862.2 
7479.9 13m.8 

4.4 a8 

77.8 77.8 

3596.1 2o6n.a 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.0 305.6 
2.9 191.3 
2.9 63.5 
1.4 601.3 

TOTRL WMS ETW: 1161.7 
Po - hupwer o r m d  during this s a p l i n g  pericd. 
- Extrapolated value (off the calibrated wale of 0-252) 



TANK 
2 

TABLE 
WHITE WINE I 1  - EMISSION DRTA FOR CATALYTIC HEATER 

TIME ETOH ETOH ETOH ETOH HASS ETOH MASS ETOH 
ETOH I N  ETOH OUT INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

DATE TIHE HOURS IPPH) (PPI0  (HOURS) PPI! AV6 PPH-HOUR PPH RV6 PPH-HOUR ISCFM) IGRRHS) IGRAHS) 

16-Sip-E7 l 6 : M  29.8 13.0 7.4 29.8 6.5 192.8 3.7 110.7 6.8 k.2 2.1 
15-Sep-87 Il:OO 0.0 

17-Sep-87 O h 1 5  45.3 0.9 5.7 15.5 6.9 107.2 6.6 101.9 7,O 2. k 2.3 
17-Sep-87 l1:55 k8.9 2.2 0.0 3.7 1.5 5.6 2.9 10.5 7.0 0. I 0.2 
17-Sep-87 lb:35 53.6 3.9 4.E 1.7 3.1 14.3 2,k 11.3 7.0 0.3 0.3 

19-Sep-E7 02100 87.0 k 8 . k  1 ,1  12.5 33.6 k19.5 2.8 35.5 7.0 9-4 0.8 

19-Sep-87 Oh15 93.3 76.6 0. k 2.3 73.5 l65.k 0.5 1.1 6.8 3.6 0.0 

20-Sep-87 22:OO 131.0 1079.7 6.E 8.3 1431.3 11927.k 6.2 51.4 6.8 258.7 1.1 

21-Sep-E7 02100 135.0 718.3 1.2 2.0 777.3 155k.7 1.9 3.7 7.0 3k.7 0.1 

21-Scp-E7 07:OO 1 k O . O  52k.I 5.8 3.0 593.0 1779.0 3.0 9.0 7.0 39.7 0,2 

IB-S@p-E7 08135 69.6 2.3 3.1 16.0 3.1 50.3 3.9 63.2 7.0 1.1 1 . k  
18-Sep-E7 13:SO 7k.5 18.7 k .  5 k.9 10.5 51.8 3.8 18.7 7.0 1.2 0. k 

19-Sep-87 0k:OO 89.0 57.5 0,7 2.0 53.0 105.9 0.9 1.9 7.0 2.4 0.0 
19-Sep-E7 06100 91,O 70.k 0.7 2.0 64.0 12E.O 0.7 1.4 7.0 2.9 0.0 

20-Sep-87 13:40 122.7 1782.9 5.6 29.4 929.7 27349.8 3.0 86.9 6.8 593.3 1.9 

9.3 6.8 40.9 0.2 21-Sip-E7 00100 133.0 80b.k 2.5 2.0 943.1 I88b.l k u 7  

21-Sep-E7 OkrOO 137.0 661.8 0.2 2.0 705.1 lk10.1 0,7 1.1 7.0 31.5 0.0 

5.9 24.2 7.0 63.6 0.5 21-Sep-E7 11105 144.1 169.9 6 , O  k . 1  697.0 2816.2 
21-Sep-87 I9130 152.5 615.9 0.0 E.k 7k2.9 6252.7 3.0 25.k 7.0 139.6 0. 6 
22-SRp-87 12100 169.0 k73.2 7.5 16.5 54k.5 898k.k 3.7 6l .E 7.0 2OO.b 1.1 
22-Sep-87 15100 172.0 383.7 7.9 5.0 128.4 1285.2 7.7 23.1 7.0 28.7 0.5 
23-Scp-87 09135 190,b 264.9 2.2 18.6 33k.3 6212.4 5.1 93.9 7.0 138.7 2.1 
23-Sep-E7 13130 191.5 269.2 1.3 3.9 277.0 1085.1 1.7 b.8 7.0 24.2 0.2 
24-Sep-E7 08115 213.3 47,2 0.6 1E.E 158.2 2965.8 1.0 17.8 7.0 66.2 0.1 

TOTAL GRAMS ETOH: IbEE.0 17.0 
OVERALL EFFlC lENCVi  WHITE WINE I1 - EMISSION DATA FOR CARBON ADSORPTION UNIT 99.01 

DATE TIME 
IS-Sep-E7 11100 
17-Sep-87 18830 
18-sep-87 09130 
18-Sep-87 17r45 
19-Sep-E7 12:25 
20-Sep-E7 I h 2 5  
21-Sep-E7 1O:OO 
21-Sep-87 12120 
21-Sep-87 17: 10 
21-Sep-E7 22:OO 
22-Sep-E7 0O:OO 
22-Sep-E7 02:OO 
22-Sep-E7 04:OO 
22-Sep-87 06130 
22-Sep-87 13145 
22-Sep47 16150 
23-Sep-87 11105 
23-Sep-E7 151 IO 
21-Sop-E7 00100 
2k-Ssp-87 02:OO 
2k-Sep-87 0 k : O O  
24-Sep-E7 Oh40 

TIME ETOH ETOH ETOH ETOH MASS ETM~ nAss ETOH 
ETOH I N  ETOH OUT INTERVAL I N  I N  OUT OUT FLOW I N  OUT 

HOURS IPPM) IPPM) (HOURS) PPM AVB PPH-HOW PPH AV6 PPH-HOUR (SCFM) 16RAHS) (GRAMS) 

55.5 0.8 0.9 55.9 0.4 22.7 0 . 1  24.9 7.0 0.s 0.6 
1.0 1.8 0.6 70.5 9.8 2.9 15.0 5.3 79.8 1.9 28.6 

78.8 2l.k 10.8 8.3 I5,6 129.0 6.9 56.6 7.0 2.9 1.3 
97.) 141.8 5.5 18.7 81.6 1523.7 8.2 152.2 6.E 33.1 3.3 

123.k 2037.3 20.8 26.0 1089.5 28328.2 13.2 342.2 7.0 632.6 7.6 
1k3.0 896.2 5.3 19.6 1166.8 28723.9 13.1 255.6 7.0 641.4 5.7 
Ik5.3 948.6 6.8 2.3 922.k 2152.3 6.1 14.1 7.0 4E. I 0.3 
150.2 901.8 115.1 k.E 925.2 kk71.9 bO.0 289.8 7.0 99.9 6.5 
155.0 426.2 1.9 4.E 66k.O 3209.4 57.5 278.0 7.0 71.7 6,2 
157.0 365.8 O,b 2.0 396.0 792.0 1.3 2.5 7.0 17.7 0.1 
159.0 363.6 1,l  2.0 36k.7 729.4 0.8 1.7 7.0 16.3 0.0 
161.0 366.5 0. 6 2.0 365.1 730.1 0.9 1.7 7.0 16.3 0.0 
163.5 364.2 0,5 2,5 365.4 915.4 0.6 l , 4  7.0 20.4 0.0 
170.8 520.3 6. k 7.3 kk2,2 3206.1 , 3.4 25.0 7.0 71.6 0.6 
173.8 kOI.9 12.6 3.1 k6l.l  1421.6 9.5 29.3 7.0 31.7 0.7 
192.1 272.6 b - 4  18.3 337.3 bl5k.8 9.5 173.8 7.0 137.k 3.9 
196.2 239.8 l k 0 7  k . 1  256.2 1046.1 10,5 13.0 7.0 23.k 1.0 
205.0 136.7 27,7 8.8 188.3 1663.0 21.2 187.5 7.0 37. I 4.2 
207,O 162.1 20.9 2.0 149.1 298.8 24.3 (8.6 7.0 6.7 1.1 

6.9 0.E 209.0 1k7.9 16.6 2.0 155.0 510.0 18.7 37.1 7.0 
211.7 126.9 13.6 2.7 137.4 366.5 15.1 10.2 7.0 8.2 0.9 

TOTAL 6RbHS ETOH: 1925.5 k 5 . 3  
OVERALL EFFICIENCY: 97.bX 

0.0 



TANK DATE T i n E  
3 15-Sep-87 11:OO 

17-Sep-87 09:45 
17-Sep-87 15:lO 
17-Sep-87 19:k5 
18-Sep-87 10130 
18-Srp-87 22100 
18-Sep-87 23:OO 
19-Sep-87 l 6 : l S  
20-Sep-87 I6120  
21-Sep-87 08130 
22-Sep-87 l6:00 
23-Sep-87 11115 
23-Sep-87 16: 15 

TMLE 

WHITE WINE I f  - E I I S S I O N  DRTR FOR WATER SCRUBBER 

TIME 
ETOH I N  ETOH OUT INTERVAL 

HOURS I P P M  (PPMI (HOURS) 

46.8 1.3 0.0 46.8 
52.2 2.8 3. I 5. k 
56.8 0.0 0.8 4.6 
71.5 15.0 2.8 11.8 
83,O 64.9 1.3 11.5 
84.0 79.7 0.0 1.0 

101.3 4k8.0 3.5 17.3 
125.3 2139.8 7.9 24.1 
141.5 k37.9 5.2 16.2 
173.0 361.1 23.8 31.5 
192.8 311.8 22.5 19.7 
197.3 17k.7 5.4 k . 5  

0.0 

I 
I \  

WHITE WINE I1 - NO CONTROLS 

C! 

ETOH ETOH 
I N  I N  

ppn A V ~  PPH-HOUR 

0.6 30.2 
2.0 11.1 
1.4 6 - 4  
7.5 110.7 

40.0 459.k 
72.3 72.3 

263.9 k551.8 
1293.9 3 1 1 6 l . l  
1288.8 20835.8 

399.5 12583.7 
336.5 6645.0 
2k3.3 109k.7 

TRNK DATE T I n E  
4 15-Sep-87 11:OO 

16-Sep-87 15: 30 
16-Sep-87 l9:k5 
16-Sep-87 22:OO 
17-scp-87 0o:oo 
17-Sep-87 02r00 
17-Sep-87 04:OO 
17-Sep-87 Ob130 
17-Sep-87 11:OO 
17-Sep-87 l6:00 
17-Sep-87 22:OO 
18-Sep-87 0O:OO 
18-Sep-87 OZrOO 
18-Sep-87 O k t O O  
18-Sep-87 O h 4 5  
18-SSp-87 11145 
20-Sep-87 18140 
21-Sep-87 I4130 
22-Sep-87 08130 
22-Sep-87 09:30 
22-Sep-87 18130 
22-Sep-87 20:05 
22-Sep-87 22:OO 
23-Sep-87 0O:OO 
23-Sep-87 02:OO 
23-Sep-87 04100 
23-Sep-87 O6:45 
23-Sep-87 18145 
2k-Sep-87 09: I5 

TIME ETOH ETOH 
ETOH I N  ETOH OUT INTERVRL I N  I N  

HOURS IPPM) I P P I I  (HOURS) PPH RV6 PPI-HOUR 

28.5 24.1 22.5 28.5 12.1 314.0 
32.8 0.7 -0.1 k . 3  1 2 - k  52.7 
35.0 0.7 2,3 2.3 0.7 1.6 
37.0 0.5 L O  2.0 0.6 1.2 
39.0 4.5 3.8 2.0 2.5 5.0 
k l - 0  k .5  3.2 2.0 4.5 9.0 
43.5 3.8 3.0 2.5 k . 2  10.4 
48.0 4. I 3 - 4  k . 5  3.9 17.7 
53.0 8.5 9.) 5.0 6.3 31.5 
59.0 11.5 11.5 6.0 10.0 60.2 
61.0 18.2 18.1 2.0 14.9 29.7 
63.0 27.2 27.2 2.0 22.7 45.4 
65,O ' 34.2 31.1 2.0 30.7 61.4 
67.8 35.0 30.6 2.8 34.6 95.1 
72.8 123.7 117.7 5.0 79,k 396.8 

127,7 5568.0 556k.5 54.9 28k5.9 156285.7 
147.5 5126.0 _-- 19.8 5347.0 106049.1 
165.5 4298.7 k573.3 18.0 4712.3 8k822.0 
166.5 4934.k 5 1 1 k , O  1.0 4616.5 4616.5 
175.5 5122.9 5123.3 9.0 5028.7 k5258.0 
177.1 k626.0 4742.k 1.6 4874,5 7717.9 
179.0 k190.9 k025.6 1.9 ' 4k08.4 8449.5 
181.0 3958.7 4121.8 2.0 4071.8 8119.6 
183.0 4297.5 k560.5 2.0 4128.1 8256.3 
185.0 k260.1 kSk8.5 2.0 4278.8 8557.6 
187.8 4218.9 k501.1 2.8 k239.5 ll658.5 
199.8 5020.3 5668.7 12.0 4619.6 55435.1 
211.3 1425.k --_ I k , 5  3222.8 k6731.2 

0.0 

nnss ETOH nRss ETOH ETOH ETOH 
OUT OUT FLOW I N  OUT 

P P I  RV6  PPI-HOUR ISCFIO ( 6 R b I S )  16RRMS) 

0.0 0.0 7.3 
1.5 8.4 7.0 
1.9 8.9 7.0 
1.8 26.9 7.0 
2.1 23.8 7.0 
O,6 0.6 7.0 
1.7 30.1 6.8 
5.7 137.7 6.3 
6.6 106.4 7.5 

14.5 157.8 7.0 
23.2 k57.6 7.0 
11.0 62.8 7.0 

TOTRL 6RRIS ETOH: 
OVERbLL EFFICIENCY: 

0.7 0.0 
0.2 0.2 
0. I 0.2 
2.5 0. 6 

10.3 0.5 
1.6 0.0 

98.7 0.7 
621.3 2.7 

,498.5 2.5 
281.0 10.2 
148.4 10.2 
2k.4 1.4 

1687.8 , 29.3 
98.31 

n m i  ETOH 
FLOW I N  

ISCFM) IGRII IS) 

0,O 0.0 
0.0 ' 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 ' 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

' 1 . k  678.0 
0.8 270.6 
0.8 216.5 
0.8 11.8 
0.8 115.5 
0.8 19.7 
0.8 21.6 
0.8 20.8 
0.8 21.1 
0.8 21.8 
0.8 29.8 
0.8 lk1.5 
0.8 119.3 

TOTRL GRRIS ETOH: 1687.9 

C-87-011 




