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BACKGROUND

Cannon Technology of New Kensington, Pennsylvania began development of a Low Temperature Oxidation (LTO) NOx removal process in the late 1980’s.  In late 1996, after several years of research and development, the first commercial installation of a LTO system was completed at Alta Dena Dairy in City of Industry, California.  The LTO system was installed to control the emissions from a 400 horsepower Cleaver-Brooks boiler (Boiler No. 2 of three boilers).  The NOx emissions from the LTO system at Alta Dena Dairy have been independently measured on three occasions, including once by the South Coast Air Quality Management District (AQMD) in February 1998, and in each case the emissions were below 5 ppm corrected to 3% O2.  Based on the results of the emissions testing and a review of boiler operating records, the AQMD’s Best Available Control Technology (BACT) Guidelines for natural gas fired boilers (400 horsepower and above) were updated in April 1998 to reflect the NOx emission levels achieved in practice at Alta Dena Dairy.  The NOx limit specified in the BACT Guidelines was 5 ppm, by volume, dry basis, corrected to 3% O2.

In December 1998, the AQMD’s Governing Board approved a new process and format for updating the BACT Guidelines.  The new process is consistent with the United States Environmental Protection Agency’s (U.S.EPA’s) Lowest Achievable Emission Rate (LAER) policy, and the format is similar to their RACT/BACT/LAER Clearinghouse.  In March 1999 AQMD staff listed the Alta Dena LTO operation in the BACT Guidelines in the new format.  During this same time period, several permitting situations arose regarding new boilers and the appropriate NOx BACT limit (taking into account, application of technology transfer and BACT circumvention issues).  In response to these permitting issues and in order to ensure consistency in processing applications for boilers subject to BACT, a BACT guidance document was prepared in June 1999 for this class of equipment.  The guidance document (for boilers and other external combustion equipment) specified NOx BACT limits taking into account the size of the equipment, project emissions, and the technical feasibility of installing add-on controls. 

A Boiler Working Group, composed of consultants and representatives of Sempra Energy, boiler and burner manufacturers, and boiler users, was formed in early 1999 to review the April 1998 BACT determination that 5 ppm NOx was achieved in practice.  In a written report dated July 15, 1999, the Boiler Working Group asserted that:  

(1) there are inadequate data to establish that the equipment operated continuously for six months,

(2) there are inadequate data to establish that the equipment operated at greater than 50% of design capacity, 

(3) ozone slip may be significant and should be more thoroughly evaluated, and 

(4) the emissions and impacts of sodium hydroxide emissions should be investigated.

The report, entitled “Review of the SCAQMD Staff’s Alta Dena Dairy Boiler Demonstrated in Practice LAER Determination” recommended that the BACT determination should be suspended until more adequate data are produced.

This report reviews the available data on the Cannon LTO system and addresses the issues raised by the Boiler Working Group.

DESCRIPTION OF TECHNOLOGY

The LTO system uses ozone to oxidize NO, which is relatively insoluble in water, to nitrogen pentoxide.  The nitrogen pentoxide reacts with water vapor in the flue gas to form nitric acid, which is absorbed in a wet scrubber.  The LTO technology differs from other NOx reduction technologies, such as selective catalytic reduction, in that high flue gas temperatures are not needed in order to achieve significant NOx emission reductions.  The LTO system requires low temperatures to work efficiently.  Cooling a hot flue gas stream to below 300 degrees Fahrenheit prior to treatment with ozone can, in some cases, result in significant opportunities for heat recovery.  

The LTO system at Alta Dena consists of an induced draft fan, two heat exchangers, a 1,500 gallon capacity liquid oxygen storage tank, an ozone generator, a stainless steel oxidation chamber, and a wet scrubber.  

The induced draft fan is used to overcome any back pressure produced by the LTO system.  The boiler flue gas (approximately 350-400 degrees Fahrenheit) first passes through a high temperature economizer followed by a condensing economizer.  These heat exchangers reduce the temperature of the flue gas to an average of 140 degrees Fahrenheit or below.  The cool (moist) flue gas stream then passes through the oxidation chamber where it is mixed with ozone.  The nitrogen pentoxide quickly reacts with the moisture within the oxidation chamber to form nitric acid.  The flue gas then passes through a wet scrubber.  The recirculating scrubbing solution readily absorbs the nitric acid and any remaining nitrogen pentoxide vapors in the flue gas stream.  An ozone scavenging chemical commly used for boiler water treatment is added to the scrubbing solution to remove any excess ozone that may be present in the flue gas stream.  

DESCRIPTION OF the PROCESS at alta dena

Alta Dena Certified Dairy is a dairy product processing facility that operates on a 24 hours/day, 7 days/week, 52 weeks/year schedule.  A boiler plant (that includes three boilers) is used to produce steam for the following operations:  cleaning of process units, sterilization of process units, processing of dairy products, and milk evaporation.  The average amount of steam required is approximately 20,000 pounds/hour.  Only two of the three boilers are required to operate at any one time, with the LTO system used to control emissions from Boiler No. 2 only.

The AQMD permit requires the No. 2 boiler to comply with the 40 ppm NOx limit (dry, corrected to 3% O2 and averaged over 15 minutes) of Rule 1146.  Because the boiler’s low-NOx burner meets this limit without using the LTO system, Altadena is not required by the permit or by any rule to operate the LTO system at all times. 

Issue 1 – Six Months of Operation

Background

To demonstrate that a technology or emission level is achieved in practice to set a BACT emission standard, AQMD requires that it be operated continuously for a period of at least six months.  If the facility normally operates less than 24 hours per day or 7 days per week, then the control technology must have operated whenever the basic equipment was operated.  The purpose of these test criteria is to show that the equipment can meet the low emission level in real applications, in a reliable manner.

Alta Dena Dairy Background

Alta Dena does not keep a record of fuel use or steam production from Boiler No. 2 that would establish when it operated, or of any LTO system parameters that would establish its operation.  Alta Dena is not required to keep such records by AQMD permit conditions or rules. 

Alta Dena boiler operators do enter information in a blow down log every time they blow down (discharge process water for treatment/disposal) a boiler.  In addition to entering the time and duration of the blow down, the operators also indicate which of the boilers are off-line.  If a boiler blowdown log shows that no blowdowns were conducted on a given day, it does not necessarily mean that a boiler was not operated that day; it could mean that no boiler had a blowdown that day.

April 1998 BACT Determination

When Cannon Technology requested a BACT determination by AQMD, the LTO system had been operating at Alta Dena Dairy for more than one year.  In addition to statements from Alta Dena and Cannon Technology, AQMD had copies of boiler blow down logs for the period from February 26, 1997 until April 9, 1998.  While the logs did not demonstrate continuous operation, they did demonstrate operation for more than six months, in general.

July 1999 Boiler Working Group Analysis

The Boiler Working Group obtained a copy of the above mentioned boiler blow down logs and determined that Boiler No. 2 operated less than half of the time for the period from February 26, 1997 until April 9, 1998.  

Analysis of Additional Data

Cannon Technology contends that they were not trying to demonstrate “continuous” operation of the LTO system during most of the above period.  They considered the six month trial period to start in November 1996 and end in April 1997.  However, in a “Nomination for a Clean Air Award in the Category of Advancement of Air Pollution Technology” signed by the President and the Vice President for Engineering of Cannon Technology, it is found that:

“Cannon’s LTO Environmental System has been operating automatically on line with No. 2 Boiler at Alta Dena Certified Dairy at NOx levels below 2.0 ppmv since December 20, 1996.

Source testing for NOx and O3 was conducted by Dames and Moore personnel on the inlet and the outlet of the LTO System on December 18 and 19, 1996.  At that time the process control system was not yet in operation because of a delay in the software development.  Therefore, all process parameter adjustments were made manually by Cannon staff.  ……………….. On December 20, 1996, the Cannon LTO System was turned over to Alta Dena Dairy and it began as a commercial operation.”

Based on the above information, staff believes that the six-month period began on December 20, 1996 and ended on June 19, 1997.

Alta Dena and Cannon Technology have provided additional blow down logs beginning from November 1996.  A summary of the boiler blow down logs for the nine months from December 1996 through August 1997 is shown in Attachment 1.  Review of the blow down logs reveals that Boiler No. 2 was operated continuously until April 11, when it was shut down for two weeks until April 26, and again operated continuously until June 6 when it was shut down for three months until September 7, 1997.  Operation after that time has been sporadic.  Therefore, six months of continuous operation was not achieved.

Issue 2 – Operation at A MINIMUM OF 50% of Design Capacity

Background

The second part of AQMD’s achieved in practice criteria involves a requirement to operate at least at 50% of design capacity for the six-month period previously discussed.

Alta Dena Dairy Background

As previously discussed, Alta Dena does not keep a record of fuel use or steam production from Boiler No. 2 that would directly establish the operating level of the boiler.  It should be noted that Alta Dena is not required to keep such a record by AQMD permit conditions or rules. 

April 1998 BACT Determination

The AQMD staff evaluation for the April 1998 BACT determination did not require evidence of “continuous” operation at a minimum of 50% of design capacity.  It did, however, reference the three source tests that had been conducted with the boiler operating at low, medium and high fire for each test.  These tests demonstrated that the LTO system was capable of complying with a 5 ppm NOx limit across the full load range of the boiler. 

In response to a subsequent request by Deanna Haines of Sempra Energy for additional evidence of operation above 50% of design capacity, staff further investigated the available data earlier this year.  At that time, staff reported that:  1)  the steam production logs suggested that the average load on the two operating boilers ranged from 58-72%; and 2)  the oxygen purchases for the ozone generator suggested an average load for Boiler No. 2 of 76%, using a 6% ozone efficiency and a 1.8 ozone to NOx ratio.

July 1999 Boiler Working Group Analysis

With regard to the steam production logs, the Boiler Working Group report contended that it was not likely that each of the boilers operate at the same percent of load.  The report suggested that it was more likely that one boiler would be at full load, while the other boiler followed at a lower load.  

The report criticized the oxygen purchase records and calculations because the ozone/NOx ratio and ozone generator efficiency were based on verbal statements rather than actual data or vendor technical data.  The report further stated that the following assumptions were unsupported: 1) all oxygen purchased during the seven months was consumed; 2) there were no oxygen leaks; 3) there was zero ozone slip; and 4) Boiler No. 2 operated continuously during the seven months.

Analysis of Additional Data

Staff obtained additional information from Alta Dena Dairy, BOC Gases, and Cannon Technology to analyze the LTO system at Alta Dena Dairy to determine the operating level of Boiler No. 2.

Operating Mode of the Boilers

Edward Goren, Director of Engineering for Alta Dena verified, as the Boiler Working Group report suggested, that Alta Dena operates one boiler at full load and a second boiler does load following.  He said that during the demonstration program for the LTO system, they set up Boiler No. 2 to operate at full load with a second boiler doing load following.

Operating Load Based on Oxygen Usage

Staff has further investigated this approach to determine operating load from oxygen consumption and found that it is not viable.  The Alta Dena Dairy ozone generator was set up to receive a constant flow of oxygen from the oxygen storage tanks whenever the boiler operated, regardless of the load on the boiler.  The control system automatically adjusted the ozone generator power supply to produce the required amount of ozone, rather than vary the flow of oxygen.  Since the power supply data was not recorded, it is not possible to determine the amount of ozone used from the oxygen supply.

Issue 3 – Ozone Slip

Background

The LTO system uses ozone in the oxidation chamber to oxidize NO to NO2 and N2O5, which can then be absorbed.  To achieve low outlet NOx levels, an ozone to NOx molar ratio of about two to one may be required under some conditions.  Therefore, there may be an excess of ozone that reaches the scrubber.  The excess ozone can be reduced by other gas-phase and liquid-phase reactions, but there still is the potential for some ozone slip leaving the scrubber.  

Ozone is emitted by very few emission sources from industrial and commercial operations.  Most ozone in the atmosphere is created by reactions involving hydrocarbons, NOx and sunlight.  However, ozone is a pollutant for which there are federal (0.12 ppmv, 1-hr average) and state (0.10 ppmv, 1-hr average) ambient air quality standards.  Therefore, ozone slip is a legitimate concern for the AQMD, which is an extreme non-attainment area under federal law, mainly due to high ozone levels.

Methods exist to measure ozone concentrations in ambient air.  There are no reference source testing methods for measuring ozone in an exhaust stack, where different interferences may exist than in the ambient air.  AQMD staff has started to investigate how these emissions can be measured.  

Initial Tests

Cannon Technology hired Dames and Moore to conduct emission testing while the LTO system was still be tuned in December 1996 to verify instrument readings for operation of the system..  The results showed that ozone slip levels were 14.5 ppm at high ozone to NOx ratios (with resulting NOx emissions less than 1 ppm), and 0.76 ppm  at much lower ozone to NOx ratios (with resulting NOx emissions less than 5 ppm).  There is no explanation of the ozone test method.  These initial tests were conducted without any measures to control ozone slip.  AQMD staff cannot verify the accuracy of these ozone readings at this time.

Corrective Measures at Alta Dena Dairy

Cannon Technology installed a Monitor Labs continuous ozone monitor (not certifiable without a reference method) at the outlet of the LTO system, and began using an ozone-scavenging chemical in the scrubber to control ozone emissions.  

Parametric Testing

In October 1997, Cannon Technology conducted parametric testing to test the effectiveness of the ozone-scavenging chemical with varying ozone levels, chemical concentrations, liquid flow rates, and exhaust flows.  The tests were conducted without the boiler in operation and by injecting ozone into the system.  These tests (test reports were marked confidential by Cannon Technology) determined that ozone slip levels at 10 and 25 ppm inlet could be controlled to less than 2 ppm inlet by maintaining the ozone-scavenging chemical concentration at 1.0 % by weight.  Again, the ozone readings cannot be verified at this time.

AQMD Compliance Test

In February 1998, AQMD source testing personnel conducted NOx testing at Alta Dena while the No. 2 boiler operated at high, medium and low loads with the LTO system in operation.  NOx values ranged from 0.78 to 0.83 ppm, dry and corrected to 3% oxygen.  AQMD engineer Hoshik Yoo observed and reported that during the tests, the uncertified ozone monitor measured less than 1 ppm ozone slip.

Future Designs

As a result of what Cannon Technology learned with the Alta Dena demonstration project about ozone slip, they have added the following design features at the Fansteel project, which is using LTO technology to control NOx from a 39.9 MM Btu/hr boiler:

· A two-stage scrubber, with the second stage controlling ozone slip by the use of an ozone-scavenging chemical, with the first stage of the scrubber controlling NOx.  Each stage has a separate sump.

· An oxidation-reduction potential sensor for the second stage scrubber to monitor and control the amount of ozone-scavenging chemical in the second stage.

· An ozone monitor for the exhaust of the LTO system.

Ozone data from the uncertified ozone monitor should be available in the near future.  AQMD staff will verify ozone emissions in order to determine the effectiveness of the new LTO system.

Issue 4 – Sodium Hydroxide Emissions

Background

In the first stage of the LTO system scrubber, the N2O5 from the oxidation chamber is absorbed by the water scrubber as nitric acid.  Because this lowers the pH of the scrubber liquid, Cannon Technology advertises that their system uses sodium hydroxide to neutralize the acid to sodium nitrate, to allow safe disposal to sewer.  Since the sodium hydroxide circulates within the scrubber, there is a potential for some liquid mist droplets containing sodium hydroxide to be emitted from the exhaust stack.

On August 13, 1999, AQMD’s governing board adopted amendments to Rule 1401 – New Source Review of Toxic Air Contaminants, that put limits on downwind levels of sodium hydroxide from new toxic emission sources.  For new sources that emit more than 0.004 to 0.021 pounds/hour of sodium hydroxide, depending on receptor distance, the applicant must demonstrate with modeling that downwind concentrations will not exceed the reference exposure level.  Accordingly, new LTO systems whose applications are deemed complete on or after August 13, 1999 must comply with Rule 1401.  

Discussion

The Alta Dena and Fansteel LTO systems are not subject to the Rule 1401 requirements regarding sodium hydroxide because their applications were submitted well before the August 13, 1999 effective date for sodium hydroxide.

The Alta Dena LTO system does not use sodium hydroxide in the scrubber.  Alta Dena has a use for the slightly acidic water produced by the LTO system elsewhere in their facility and, therefore, does not need to neutralize and dispose of the water. 

The Fansteel LTO system being started up has the capability to use sodium hydroxide.  Preliminary indications are that sodium hydroxide may not have to be used in the scrubber water.  The reason is that the condensing economizer is so effective that a large amount of water is being produced, sent to the scrubber, and discharged as scrubber overflow.  This large volume of water may result in a pH that does not require treatment prior to sewer discharge. 

If sodium hydroxide is required to be used at Fansteel, AQMD will conduct a source test to measure sodium hydroxide emissions.  With the newer scrubber design that Fansteel has, any sodium hydroxide emissions from the first stage scrubber must pass through the second stage scrubber and a mist eliminator.  Although sodium hydroxide emissions are likely to be negligible, they must still comply with Rule 1401.

CONCLUSIONs

Direct, continuous data on the operation of Boiler No. 2 and the Cannon LTO system are not available for the test period referenced in this document.  Secondary data are available on boiler operation, NOx emissions, and ozone slip.  Based on the available data, for the Alta Dena Dairy boiler operation, it can be concluded that the Cannon LTO technology:

· Effectively reduced NOx to at least 5 ppm (dry, @ 3% O2) and below from boilers,

· Produced very limited ozone slip (measured at below 1 ppm) due to additional controls,

· Produced no emissions of Sodium Hydroxide at the Alta Dena demonstration site, but 

· Cannot be considered achieved in practice for BACT as there is insufficient data to prove 6 months of continuous operation with the boiler operating at a minimum of 50% of the rated capacity.

Recommendation

It is recommended that appropriate guidance be provided to reflect staff determinations in two ways:

i) Add language in the listing for the Cannon LTO system at Alta Dena Dairy [P/C No. 259724] in the BACT Guidance Part B, reflecting the finding that this technology has not yet been demonstrated for at least 6 months on a continuous basis, at a capacity factor of at least 50% of the maximum operating capacity of the boiler.  Thus, the 5 ppm NOx standard cannot be considered as achieved-in-practice, as yet, based on this example of the Cannon LTO system.

ii)
Provide examples of other technologies that may indicate the level of NOx control that has been achieved in practice for combustion equipment, and list such examples in the BACT Guidelines, Part B, as soon as possible.

ATTACHMENTS
Boiler Blow Down Data
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Background:

1.

Alta 

Dena Dairy operates three boilers at this facility (two 

400 hp boilers, one 600 hp boiler)

2.

 

Boiler 2 is controlled by the Cannon LTO system

3.

 

Only two boilers operate at the same time

4.

Commercial operation began on 12/20/96

The table below indicates which boilers were blown down on a given day.
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1,2

1,3

1,3

Boiler 2

Op days

12

31

28

31

13

29

6

0

0

21

1

1

11

3

18

16

Boiler 2

Totals

12

43

71

102

115

144

150

150

150

171

172

173

184

187

205

221

NBD = no blow downs

MD = missing data

Blow down log notes:

Boiler 1 off line

:  12/20/96-2/5/97, 6/18/97, 6/29/97, 7/2/97, 2/19/98-3/17/98

Boiler 2 off line

:  4/7/97, 4/11/96-4/25/97, 5/8/97-5/9/97, 6/7/97-8/26/97, 11/2/96-12/18/97, 1/6/98-1/31/98,

3/31/98

Boiler 3 off line

:  2/6/97-4/10/97, 4/26/97-5/7/97, 5/10/97-6/6/97, 7/26/97, 9/7/97-9/27/97, 12/21/97-1/1/98,

2/1/98-2/14/98, 3/18/98-3/30/98
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Background:

1.

Alta 

Dena Dairy operates three boilers at this facility (two 

400 hp boilers, one 600 hp boiler)

2.

 

Boiler 2 is controlled by the Cannon LTO system

3.

 

Only two boilers operate at the same time

4.

Commercial operation began on 12/20/96

The table below indicates which boilers were blown down on a given day.

1996

1997

1998

Day

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar

1

2,3

2,3

1,2

1,2

1,2,3

1,2

1,3

1

1

,

,

3

3

MD

MD

1,2,3

1,3

1,2

2

NBD

2

2,3

2,3

1,2

1,2

1,2

1,2

3

1

1

,

,

3

3

MD

MD

1,3

1,3

NBD

1,2

2,3

3

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1

1

,

,

3

3

MD

MD

1,3

1,3

1,3

1,2

NBD

4

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1

1

,

,

3

3

MD

MD

1,2,3

1,3

1,2

1,2

2,3

5

2,3

2,3

1,2

1,2

1,2

NBD

1,3

1

1

,

,

3

3

MD

MD

1,3

NBD

1,2,3

1,2

2,3

6

2,3

1,2,3

1,2

1,2

1,2,3

1,2

1,3

1

1

,

,

3

3

MD

MD

NBD

NBD

1,3

NBD

NBD

7

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

NBD

1,3

1,3

1,2

NBD

8

2,3

1,2

1,2

NBD

1,3

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,3

NBD

1,2

NBD

9

2,3

1,2

1,2

1,2

1,3

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,3

1,3

1,2

2,3

10

2,3

1,2

1,2

1,2

1,2

1,3

1,3

1

1

,

,

3

3

NBD

MD

1,3

1,3

1,3

1,2

2,3

11

2,3

1,2

1,2

1

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,3

1,3

NBD

2,3

12

2,3

1,2

1,2

NBD

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

NBD

1,3

1,2

2,3

13

2,3

1,2

1,2

NBD

1,2

1,3

1,3

N

N

B

B

D

D

1,2

MD

1,3

1,3

1,3

NBD

NBD

14

2,3

1,2

1,2

NBD

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

NBD

1,3

1,3

1,2

NBD

15

2,3

1,2

1,2

NBD

NBD

1,3

1,3

1

1

,

,

3

3

1,2

MD

NBD

1,3

NBD

NBD

2,3

16

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

NBD

MD

1,3

1,3

1,3

NBD

NBD

17

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,3

1

NBD

2,3

18

2,3

NBD

1,2

1,3

NBD

3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,3

1,3

NBD

NBD

19

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

NBD

MD

NBD

NBD

NBD

2,3

NBD

20

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

NBD

NBD

1,3

NBD

NBD

21

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,2,3

1

1

,

,

3

3

1,2

MD

NBD

1,2

1,3

NBD

1,2

22

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,2

1,3

NBD

NBD

23

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

NBD

MD

1,3

NBD

1,3

NBD

NBD

24

NBD

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,2

1,3

2,3

NBD

25

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1

1

,

,

3

3

1,2

MD

1,3

1,2

NBD

2,3

1,2

26

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

1

1

,

,

3

3

NBD

MD

1,3

NBD

1,3

2,3

1,2

27

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

1,2

1,2,3

1,3

1,2

1,3

NBD

NBD

28

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

MD

NBD

NBD

1,2

1,3

NBD

NBD

29

2,3

2,3

1,2

1,2

1,2

3

1,3

MD

MD

NBD

1,3

1,2

1,3

1,2

30

NBD

2,3

1,2

1,2

1,2

NBD

1,3

MD

MD

NBD

1,3

1,2

NBD

NBD

31

2,3

2,3

1,2

1,2

1,3

MD

NBD

1,2

1,3

1,3

Boiler 2

Op days

12

31

28

31

13

29

6

0

0

21

1

1

11

3

18

16

Boiler 2

Totals

12

43

71

102

115

144

150

150

150

171

172

173

184

187

205

221

NBD = no blow downs

MD = missing data

Blow down log notes:

Boiler 1 off line

:  12/20/96-2/5/97, 6/18/97, 6/29/97, 7/2/97, 2/19/98-3/17/98

Boiler 2 off line

:  4/7/97, 4/11/96-4/25/97, 5/8/97-5/9/97, 6/7/97-8/26/97, 11/2/96-12/18/97, 1/6/98-1/31/98,

3/31/98

Boiler 3 off line

:  2/6/97-4/10/97, 4/26/97-5/7/97, 5/10/97-6/6/97, 7/26/97, 9/7/97-9/27/97, 12/21/97-1/1/98,

2/1/98-2/14/98, 3/18/98-3/30/98
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Attachment - Boiler Blow Down Data for Alta Dena Dairy 12/20/96-3/31/98


Background:


1.
Alta Dena Dairy operates three boilers at this facility (two 400 hp boilers, one 600 hp boiler)


2. Boiler 2 is controlled by the Cannon LTO system


3. Only two boilers operate at the same time


4.
Commercial operation began on 12/20/96


The table below indicates which boilers were blown down on a given day.




1996

1997























1998







Day

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar



1



2,3

2,3

1,2

1,2

1,2,3

1,2

1,3

1,3

MD

MD

1,2,3

1,3

1,2

2

NBD



2



2,3

2,3

1,2

1,2

1,2

1,2

3

1,3

MD

MD

1,3

1,3

NBD

1,2

2,3



3



2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

MD

1,3

1,3

1,3

1,2

NBD



4



2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

MD

1,2,3

1,3

1,2

1,2

2,3



5



2,3

2,3

1,2

1,2

1,2

NBD

1,3

1,3

MD

MD

1,3

NBD

1,2,3

1,2

2,3



6



2,3

1,2,3

1,2

1,2

1,2,3

1,2

1,3

1,3

MD

MD

NBD

NBD

1,3

NBD

NBD



7



2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

NBD

1,3

1,3

1,2

NBD



8



2,3

1,2

1,2

NBD

1,3

1,3

1,3

1,3

1,2

MD

1,3

1,3

NBD

1,2

NBD



9



2,3

1,2

1,2

1,2

1,3

1,3

1,3

1,3

1,2

MD

1,3

1,3

1,3

1,2

2,3



10



2,3

1,2

1,2

1,2

1,2

1,3

1,3

1,3

NBD

MD

1,3

1,3

1,3

1,2

2,3



11



2,3

1,2

1,2

1

1,2

1,3

1,3

1,3

1,2

MD

1,3

1,3

1,3

NBD

2,3



12



2,3

1,2

1,2

NBD

1,2

1,3

1,3

1,3

1,2

MD

1,3

NBD

1,3

1,2

2,3



13



2,3

1,2

1,2

NBD

1,2

1,3

1,3

NBD

1,2

MD

1,3

1,3

1,3

NBD

NBD



14



2,3

1,2

1,2

NBD

1,2

1,3

1,3

1,3

1,2

MD

NBD

1,3

1,3

1,2

NBD



15



2,3

1,2

1,2

NBD

NBD

1,3

1,3

1,3

1,2

MD

NBD

1,3

NBD

NBD

2,3



16



2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

NBD

MD

1,3

1,3

1,3

NBD

NBD



17



2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

1,3

1,3

1

NBD

2,3



18



2,3

NBD

1,2

1,3

NBD

3

1,3

1,3

1,2

MD

1,3

1,3

1,3

NBD

NBD



19



2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

NBD

MD

NBD

NBD

NBD

2,3

NBD



20

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

NBD

NBD

1,3

NBD

NBD



21

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,2,3

1,3

1,2

MD

NBD

1,2

1,3

NBD

1,2



22

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

1,3

1,2

1,3

NBD

NBD



23

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

NBD

MD

1,3

NBD

1,3

NBD

NBD



24

NBD

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

1,3

1,2

1,3

2,3

NBD



25

2,3

2,3

1,2

1,2

1,3

1,2

1,3

1,3

1,3

1,2

MD

1,3

1,2

NBD

2,3

1,2



26

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

1,3

NBD

MD

1,3

NBD

1,3

2,3

1,2



27

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

1,2

1,2,3

1,3

1,2

1,3

NBD

NBD



28

2,3

2,3

1,2

1,2

1,2

1,2

1,3

1,3

MD

MD

NBD

NBD

1,2

1,3

NBD

NBD



29

2,3

2,3



1,2

1,2

1,2

3

1,3

MD

MD

NBD

1,3

1,2

1,3



1,2



30

NBD

2,3



1,2

1,2

1,2

NBD

1,3

MD

MD

NBD

1,3

1,2

NBD



NBD



31

2,3

2,3



1,2



1,2



1,3

MD



NBD



1,2

1,3



1,3



Boiler 2


Op days

12

31

28

31

13

29

6

0

0

21

1

1

11

3

18

16



Boiler 2


Totals

12

43

71

102

115

144

150

150

150

171

172

173

184

187

205

221



NBD = no blow downs





MD = missing data





























Blow down log notes:


Boiler 1 off line:  12/20/96-2/5/97, 6/18/97, 6/29/97, 7/2/97, 2/19/98-3/17/98


Boiler 2 off line:  4/7/97, 4/11/96-4/25/97, 5/8/97-5/9/97, 6/7/97-8/26/97, 11/2/96-12/18/97, 1/6/98-1/31/98, 3/31/98


Boiler 3 off line:  2/6/97-4/10/97, 4/26/97-5/7/97, 5/10/97-6/6/97, 7/26/97, 9/7/97-9/27/97, 12/21/97-1/1/98, 2/1/98-2/14/98, 3/18/98-3/30/98



