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SECTION 1.0 
INTRODUCTION 

Particulate, aldehyde, and semi-volatile organic compound (SVOC) sampling was 

conducted on a variety of stack and vents at the Nampa facility to satisfy the requirements of the 

August 12, 1993, Consent Order between the Idaho Department of Health and Welfare and The 

Amalgamated Sugar Company (TASCO). As part of the Consent Order, on September 11, 

1992, the Department and TASCO agreed to a stack sampling protocol. I 

The stack tests were completed during the 1992 beet processing campaign (Le. Ohober 

1992 through January 1993). Emission sources which were tested included a selected number 

of the pulp dryer stacks, carbonation tank vents, and heater vents on 1st evaporator vapors. A 

summary of the emissions testing is shown in Table 1.0. 

The objectives of the testing were to: 1) determine the aldehyde and SVOC emissions 

from the pulp drying process, carbonation process and evaporation process; 2) using the testing 

data, provided in this report and 1991 campaign testing data, estimate aldehyde and SVOC 

emissions from all vents associated with the pulp drying process, carbonation process, and 

evaporation process and; 3) determine the compliance status of the particulate emissions from 

the pulp dryer stacks. 

The stack sampling methods employed were: EPA Method 1 - Sampling Point 

Determination; EPA Method 2 - Stack Gas Flow and Velocity; EPA Method 3 - Stack Gas 
Composition and Molecular Weight; EPA Method 4 - Stack Gas Moisture; Alignment Approach 

- Cyclonic Flows; EPA Method 5 - Particulates; SW846 Method 0010 - SVOC’s; and Modified 

EPA Method TO5 (midget and standard impingers) - Aldehydes. 

TASCO’s stack testing crew consisted of Dean C. DeLorey, Glenn Jones, Matt Bunn, 

Ray Reno, Dennis Stegenga, and Homer Martinez. Jeff Kunstling of Entropy Environmentalist 

oversaw the initial particulate, aldehyde, and SVOC tests conducted on the north pulp dryer. 

Ron Hill of the Idaho Department of Health and Welfare was present during the 2nd SVOC test 

run conducted on the B-side evaporator heater vent. 

All aldehyde and SVOC samples were extract& and analyzed by Triangle Laboratories. 
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SECTION 2.0 
SUMMARY OF RESULTS 

This section includes as summary of the particulate, aldehyde, and SVOC testing at the 
Nampa facility. The following information is provided: 1) stack emissions and exhaust data; 
2) estimated aldehyde and SVOC emissions from all vents associated with the pulp drying 
process, carbonation process, and evaporation process; and 3) sampling and analytical problems 
encountered during the testing. All supporting information is included in Appendix A through 
Appendix F. 

Particulate emissions are expressed as grains per dry standard cubic foot (grldscf) and 
pounds per hour (lbdh). Aldehyde and SVOC emissions are expressed as micrograms per cubic 
meter (ug/m3) and pounds per hour. In addition to the emission rates, emission factors are also 
provided. These factors were calculated by dividing the hourly emission rates (lbslhour) by the 
hourly production rates. 

2.1 Pulp Dryer Stacks 

Particulate, aldehyde and SVOC stack testing results for the pulp dryer stacks are 
included in Tables 2.1.1 through 2.1.9. A summary of the particulate, aldehyde and SVOC 
hourly emission rates for all pulp dryer stacks is included in Tables 2.1.10 and 2.1.11. Results 
of the SVOC and aldehyde testing blanks (i.e. field blank, proof blanks, and resin blanks) are 
provided in Section A.l of Appendix A. 

Due to the design of the pulp dryer emissions control equipment, cyclonic flows exist 
within each pulp dryer stack. Cyclonic flow angles (yaw angles) for each test conducted on the 
pulp dryer stacks were greater than 20". Particulate and SVOC testing methods (EPA Method 
5 k d  SW846 Method 0010) were modified according to the alignment approach to account for 
the cyclonic flow (see Appendix F). 

All particulate, aldehyde, and SVOC testing was conducted while the dryers were fired 
on pulverized coal, except for one test run. The second particulate test run (part 2) on the 
center dryer east stack was conducted while the dryer was fired by natural gas. 

As shown, particulate emissions from each pulp dryer stack are below the 0.1 grains per 
dry standard cubic foot (gr/dscf) permit limit. However, particulate emissions from the north 
pulp dryer stack were initially above 0.1 gddscf. On December 16, 1993, the north pulp dryer 
scrubber was repaired. As shown, except for the testing conducted December 28, 1992, 
particulate emissions were in compliance with the permit limit. The December 28, 1993, 
particulate testing results were'not representative of normal operation, due to a fire which 
occurred in the pulp dryer building. Water flow to the scrubber was below normal because 
filters which screen scrubbing water were not cleaned as scheduled. Personnel responsible for 
cleaning the screens were extinguishing the fire. 

The last 2 particulate test runs (Run No.3 Part 4 and Part 5 )  for the south pulp dryer east 
stack were conducted to determine the relationship between particulate emissions and the 
pressure drop across the scrubber. 
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The Department requested aldehyde and SVOC testing on the dryer stack with the highest 
amount of condensible particulates as determined by the back half catch of EPA Method 5 and 
Method 202. The Department required this testing to occur during late campaign. The north 
pulp dryer had the highest amount of condensible particulate. Therefore, the north pulp dryer 
was sampled for aldehydes and SVOC during the middle part of January. 

In addition, the north pulp dryer stack was tested for aldehydes and SVOC's during the 
early part of campaign (Le. October). Aldehyde testing was also conducted on the center pulp 
dryer west stack. 

Particulate, aldehyde, and SVOC maximum hourly emission rates for all the pulp dryer 
stacks are given in Table'2.1.10 and 2.1.11. These emission rates were calculated using average 
emission factors and the maximum hourly production rates. 

2.2 Carbonation Tank Vents 

SVOC and aldehyde stack testing results for the B Side 1st carbonation tank and 2nd 
carbonation tank vents are given in Tables 2.2.1 through 2.2.3. A summary of the SVOC and 
aldehyde emissions for all carbonation tank vents are given in Tables 2.2.4 and 2.2.5. SVOC 

. and aldehyde blank information is given in Section A.5 and A.6 of Appendix A. 

2.3 Heater Vents on 1st Evaporator Vapors 

The heater vents on 1st evaporator vapors were sampled by installing a temporary 4 inch 
diameter stack onto the heater vent pipes. Table 2.3.1 includes the aldehyde testing results for 
the A-side #2 thin juice evaporator heater vent. Aldehyde and SVOC testing results for the B- 
side 2nd carbonation evaporator heater vent are provided in Tables 2.3.2 through 2.3.5. SVOC 
and aldehyde testing blank information is provided in Sections A.7 and A.8 of Appendix A. A 
summary of the aldehyde and SVOC emissions from the evaporator heater vents are included 
in Table 2.3.6 and 2.3.7. 

2.4 Sampling and Analytical Problems 

This section discusses the sampling and analytical problems which occurred during the 
stack testing. Some of the problems required modification of the stack sampling equipment. 
Other problems required modification of the sampling p r d u r e s .  TASCO notified the 
Department by phone and in writing anytime the pre-agreed upon Stack Sampling Protocol had 
to be modified. Appendix F provides a detailed discussion of the testing problems and how they 
were resolved. 

2.4.1 Pulp Dryers 

Initial particulate test runs, conducted on the north pulp dryer stack were aborted due to 
incompatible equipment within the sampling train. The sockets on the cyclone bypasses cracked 
due to the'expansion of the ball joints on the stainless steel probes. It was discovered that the 
stainless steel probes purchased from NuTech were not compatible with Ace Glass cyclone 
bypasses. To correct the problem, the ball joints on the NuTech probes were removed and 
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replaced with Ace Glass ball joints. 

The particulate sample collection methods had to be slightly modified for some of the 
pulp dryer test runs. Acetone rinsing and brushing did not adequately remove particulates from 
the probe and nozzle. In order to remove all particulates, the probe and probe nozzle were 
additionally rinsed with hot deionized water followed by brushing. The acetone and DI rinses 
were kept separate for analysis in the laboratory. 

Prior to analysis by the GUMS system, Triangle Laboratories indicated that the SVOC 
samples collected from the north pulp dryer stack, had to be diluted due to precipitation 
occurring during the extraction. Final extract volumes were brought to a final volume of 5 ml. 
This resulted in a 1 to 5 dilution of the final sample. 

The 6th SVOC test run on the north pulp dryer had to be stopped prior to collecting 60 
dscf. Due to extremely cold weather conditions and moderate winds, the sampling train froze 
during the sampling in the last port. Prior to stopping the test, 51 dscf had been collected. The 
Department and TASCO agreed that this sample volume was adequate. 

During the SVOC test runs, teflon tape was wrapped around the edges of the ball joints 
of the condenser and XAD I1 traps to prevent leakage into the sampling train. Again, XAD JJ 
traps and condensers which were purchased from NuTech were not compatible with Ace Glass 
glassware. Teflon tape was selected because of its inertness. Teflon tape was also applied to 
the XAD resin and condensers during the B side 1st carbonation and heater vent testing. 

2.4.2 Carbonation Tank Vent 

During the SVOC testing of the 1st carbonation tank vent, the temperature of the gases 
exiting the XAD II resin trap occasionally exceeded 20°C. Salt and dry ice was added to the 
impinger ice bath to maintain the gases below 20°C. The analytical results did not appear to 
be affected by this occurrence. 

SVOC sample extracts from the B-Side 1st carbonation tank vent were also diluted. 
Firstly, the samples were diluted by a factor of 2 because the samples would not concentrate 
below 2 m l s .  Secondly, the samples were diluted by a factor of 2 due to high levels of target 
and non-target analyses. Finally, the sample for Run SVOC 2 was additionally diluted to bring 
benzaldehyde concentrations within the calibration range. 

2.4.3 Evaporator Heater Vents 

Evaporator heater vent sampling was very difficult due to the combination of the 
extremely high exhaust temperatures (greater than 200"F), high moisture content of the exhaust 
gas (greater than 98% H,O), and presence of ammonia in the exhaust gas. In addition, heaters 
with vapors from the 2nd evaporator could not be sampled due to extremely low flows. For a 
complete discussion of the problems associated with heater vent sampling and solutions, see 
Sections F.6, F.8, F.lO, F.12 and F.13 of Appendix F. 

The high temperatures and moisture contents of the heater vent exhaust caused the 
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following problems: 

- Midget impingers could not be used for aldehyde sampling (Modified Method 
T05). Condensed moisture would quickly overflow the midget impingers. 

During the 1st aldehyde test run on the A side heater vent, isoctane from the first 
2 impingers volatized and condensed into the third impinger. 

Sampling times and volumes for the aldehyde and SVOC testing had to be 
drastically reduced due to the excessive amounts of moisture which condensed 
within the impingers. 

During the first 2 SVOC test runs on the B side heater vent, the temperatures of 
the gases exiting the XAD II resin regularly exceeded 20°C (68°F). 

- 
- 

- 

To correct the above problems, the following modifications to the testing equipment and 
methods were employed: 

- An EPA Method 5 sampling train with standard impingers (approx. 600 mil 
capacity) was employed for the evaporator heater vent aldehyde sampling (see 
Section 4.0). 

During the aldehyde testing, a water cooled condenser was inserted prior to the 
1st impinger. In addition, the probe heater and box heaters were shut off. Also, 
the sampling times were drastically reduced. 

To prevent degradation of the XAD II resin due to the high volume of condensed 
water, the sample volume was reduced to 1 dscf for the SVOC testing. This 
sample volume was employed for test runs no.'s 3 and 4. Approximately 
2500 mls of condensed water was collected in the knockout impingers during each 
of these test runs. 

- 

- 

- An additional condenser was inserted into the SVOC sampling train to ensure 
gases exiting the resin trap were below 68°F. In addition, the sampling flow rate 
was significantly reduced. 

During the initial'sampling, ammonia from the evaporator heater vents eroded the copper 
tubing within the console and caused the dry gas meter to operate erratically. To correct the 
problem, a 1 % sulfuric solution was added to the last impinger. 
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SECTION 3.0 
PROCESS DESCRIPTION AND OPERATION 

A general flow diagram of the beet sugar production process is shown in Figure 3.0. 
The process can be divided into 2 operations; the beet end and the sugar end. The "beet end" 
involves the production of thick sugar juice and includes all process equipment from the beet 
flumes (where beets enter the factory) through the evaporators. The Nampa facility operates 2 
parallel beet end production lines, referred to as the A and B sides. The "sugar end" (A side 
only) involves the production of granulated sugar and molasses, and includes all process 
equipment after the evaporators. The tank farm (B side only) stores thick juice for processing 
after all the sugar beets are processed. 

Stack testing was conducted on the pulp drying, carbonation and evaporation processes. 
The following sections briefly discuss these processes and the operation of the process equipment 
during the testing. 

3.1  Pulp Drying 

The purpose of the pulp drying process is to dry pressed pulp. Dried pulp is a highly 
desirable livestock feed. 

The Nampa facility operates 3 pulp dryers: the north pulp dryer; the center pulp dryer; 
and the south pulp dryer. Each pulp dryer consists of a rotating drum and a furnace. The 
dryers are direct fired by pulverized coal. The dryers can also be fired by natural gas. 
Temperature sensors are located in the furnace, throat and the discharge end of the dryer. 

Pressed pulp and varying amounts of sugar juice additives are screw conveyed into each 
dryer. Sugar juice additives include molasses and concentrated separator byproduct (CSB). The 
amount of the molasses and CSB added to the pressed pulp is dependent on customer needs. 
Once dried, the,dried pulp is either conveyed to the pellet mills or sold in bulk. 

The total amount of material added to each dryer was calculated using the total amount 
of dried pulp produced per hour; percent throughput to each dryer; pressed pulp moisture; dried 
pulp moisture; molasses characteristics; CSB characteristics; coal heating value; and coal 
throughput. Example calculations are provided in Appendix C. 

Emissions from the north pulp dryer are controlled by a cyclone and impingement type 
wet scrubber in series. Both the south and center dryer emissions are controlled by a parallel 
pair of cyclones and impingement type scrubbers in series. When the dryer stacks were tested, 
the pressure drop across the scrubber and scrubbing liquid flow rate was recorded. 

A summary of the process data for each dryer is shown in Table 3.1.1. The table 
provides the average operations for all testing. Because the north pulp dryer scrubber was 
modified during the testing, 2 sets of process data are provided. Appendix C includes all 
process data information. 
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3.2 Carbonation 

The 1st and 2nd carbonation tanks are used to precipitate non-sugar substances from raw 
juice. Prior to entering the carbonation tanks, milk of lime (Ca(OH)3 is added to the raw juice. 
The limed raw juice is transferred into the 1st carbonation tank where COz is added. The milk 
of lime combines with the C Q  to form a precipitate of calcium carbonate (CaCOJ and non- 
sugars. To ensure that all milk of lime has reacted, the juice is transferred from the 1st 
carbonation tank to the second (2nd) carbonation tank where C Q  is also added. 

The following operating data for the B side 1st and 2nd carbonation tanks are averages 
for all test runs: 

Raw Juice Flow (GPM) 

Juice Temperature ( O F )  
Juice pH 
Juice CaO (%I 
Milk of Lime ' ( % CaO) 
Ca(OH), Feed Rate (GPM) 
Kiln Gas C02 (%I 

0 2  (%I 
COZ (%I 

(GPH) 
1,274 

76,955 
191 
9.7 
1.0 

18 
0 

29.1 
2.9 
0.4 

3.3 Evaporator 

, Sugar juices are heated at various stages of the juice purification process using heaters. 
Thermoenergy in the form of steam is supplied to the heaters from the evaporators. 

Evaporators are used to drive off water from the beet juices. At Nampa, both the A and 
B sides operate 5 effect evaporator systems. Each evaporator consists of a calandria and dome. 
Steam from the factory boilers supply heat to 1st evaporator. Water vapor driven off from the 
juices in the 1st evaporator supplies the heat for the 2nd effect. This scheme is continued for 
each successive effect. 

The pressure and temperature vary from one evaporator effect to the next. The highest 
pressures and temperatures occur in the 1st evaporator. The pressure and temperature decrease 
through each subsequent effect. The 5th effect operates under a vacuum. 

Non-condensible gases (air, carbon dioxide, ammonia, and oxygen) and water vapor from 
the 1st three evaporators are exhausted to the heaters. Non-condensible gases must be vented 
to allow for efficient heating within the evaporators. Non-condensible gases and water vapor 
are vented through heaters to the atmosphere through pipes with 118" to 3/8" orifices. 
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The average operating data for the A side 1st evaporator and the B side 1st evaporator 
data is as follows: 

A SIDE B SIDE 
Thin Juice Flow (GPM) 1.233 1,212 
Thin Juice Flow (GPH) 74,000 72,703 
Evaporator Temp (OF) 245 253 
Evaporator Pressure + Chest (PSI) 27.7 27.1 

+ Dome (PSI) 13.8 14.2 
Steam Feed Rate (lbblhr) 5,152 7,979 

3.4 Biocide Additions 

Biocides are added at various points of the beet end operations to control bacterial 
growth. Biocides are typically added at the cossette mixer, diffusion tower, and press water 
from the pulp presses. 

The biocides used during the 1992 campaign were formaldehyde, ammonium bisulfite, 
and Busan 1007. Brocide 900 was not used during 1992 campaign. 

The formaldehyde biocide consists of 37% formaldehyde and 21 % methanol. The usage 
of formaldehyde during the 1992 campaign was significantly reduced compared to previous 
campaigns. During the testing, only one addition occurred. On October 14, 1993, 10,500 lbs 
of formaldehyde was added to the A and B side mixers, towers and press water. Formaldehyde 
was not used for the remainder of the testing. 

Both ammonium bisulfite solution and Busan 1007 were continuously added throughout 
the 1992 campaign. Since these biocides were continuously added at a constant rate, hourly 
records were not maintained during the testing. Ammonium bisulfite solution (67% WHSO,)  
was added to the A and B side cossette mixers and diffusion towers. The amount of ammonium 
bisulfite added to each side was 20.5 gallons per hour (238 lbdhour). Busan 1007 is a FDA 
approved biocide consisting of 14.7% cyanodithiomido-carbonate and 23.3 % potassium-N- 
methyldithiocarbamate. Busan 1007 was added to the diffusion towers via press water at a 
concentration of 20 ppm. The average amount of Busan added to each side was 2.0 gallons per 
hour (20.4 lbdhour). 
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I .  . 
SECTION 4.0 

SAMPLING AND ANALYTICAL PROCEDURES 

Sampling and analytical procedures for the particulate, aldehyde, and SVOC testing are 
provided in Appendix F. Appendix F consists of the original stack Sampling Protocol which 
TASCO and the Department agreed to entitled "Protocol to Perform Sampling and Analytical 
Testing Program for the Amalgamated Sugar Company in Nampa, Idaho". Modifications to the 
protocol and analytical procedures are also provided in Appendix F. 

4.1 Sampling Location are Traverse Points 

Diagrams of all stacks which were sampled are provided in Figures 4.1 through 4.8. 
Traverse point lmtions were determined according to EPA Method 1. 

4.2 Flue Gas Measurements 

The procedures outlined in EPA Methods 2 through 4 were employed for flue gas 
measurements. Stack gas velocity and volumetric flows were determined according to the 
procedures in EPA Method 2. Carbon dioxide (%COJ, carbon monoxide (%CO) oxygen (%OJ 
and dry molecular weight of the flue gases were determined using EPA Method 3. The moisture 
content of the flue gases was determined using EPA Method 4. 

4.3 Alignment Approach 

The alignment approach was employed for particulate and SVOC testing conducted on 
the pulp dryer stacks. This method was required due to the unacceptable cyclonic flows (see 
EPA Method 1 for requirements) within these stacks. 

4.4 Particulates , 

Particulate sampling, recovery, and analysis was conducted according to EPA Method 
5 and Draft EPA Method 202 procedures. 

4.5 Aldehydes 

Two similar aldehyde sampling methods were used for the testing at the Nampa facility. 
The first method was Modified Method TO5 which is described in Section F. 1 of Appendix F. 
The sampling equipment employed for this method included a heated teflon probe, midget 
impingers and a 112 horsepower pump. The second aldehyde sampling method was a slight 
variation of the Modified Method TO5 procedures. The sampling equipment for this method 
included a EPA Method 5 sampling train. The primary difference between each method is the 
size of impingers which contain the DNPH and isoctane. Midget impingers are used for the first 
testing method. Standard impingers were used for the second testing method. 

For both testing methods, DNPH and isoctane were added in to three separate 
impingers. Each midget impinger contained 10 milliliters (mls) each of DNPH and 10 mls of 
isoctane. Each standard impingers contained 50 milliliters (rnls) of DNPH and 50 mls of 
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isoctane. Prior to laboratory analysis, the contents of impingers #1 and impingers #2 were 
combined. The combined sample and the contents of impinger 3 were each analyzed separately 
for aldehydes. Each sample was analyzed for formaldehyde, acetaldehyde, acrolein, and 
crotonaldehyde by Triangle laboratories of Columbus Incorporated. 

I 

The first aldehyde sampling method (midget impingers) was used for the initial testing 
on the north pulp dryer stack (Run No.’s ALD 3 through ALD 5 )  and the single test run  
conducted on the B Side 2nd Carbonation tank vent. The second aldehyde sampling method 
(standard impingers) was employed for all other sampling. 

Details of the aldehyde sampling using the EPA Method 5 sampling train and standard 
impingers is as follows: 

- Probe nozzles were not used during any of the aldehyde sampling. 

- A heated stainless steel probe was employed for the aldehyde tests conducted the 
north pulp dryer stack (Run No.’s 6 through 8) and heater vents (A and B Side). 

- A heated glass probe was employed for the aldehyde testing conducted on the 

A heated filter was used for the test Run No.’s 6 through 8 on the north pulp 

After each run a c h a r d  filter was attached to the probe, and the sampling train 

center pulp dryer was stack. 

- 
dryer. 

- 
was purged for 5 minutes. 

4.6 Semi-volatile Organic Compounds (SVOC’s) 

SVOC testing on north pulp dryer stack and the B side 1st carbonation tank vent were 
sampled according to the procedures in SW846 Method 0010. SVOC sample extraction and 
analysis procedures were prepared by Mr. Hani Karam of Triangle Laboratories. All SVOC 
extracts from a test run were combined into a single sample. Each sample was analyzed 
according to the procedures in Method 8170 for the following SVOC compounds: Method 8270 
List of SVOC Compounds; benzaldehyde and pyridine. In addition, the 10 highest peaks were 
tentatively identified &d semi-quantitated. 

The SW846 Method 0010 procedures were slightly modified for the B side heater vent. 
Due to the extremely high moisture contents, sampling was conducted non-isokinetically. A 5 
dscf sample was collected for the 2nd test run. A sample volume of just over 1 dscf was 
collected for each of the other 3 tekt runs. Due to the significant quantities of water collected 
during the sampling of the heater vent, Triangle Labs analyzed the knockout impinger water 
separately from the XAD II resin and rinses. These samples were analyzed for the same SVOC 
compounds as previously described. 
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