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1.0 INTRODUCTION

This report is in response to Contract No. DACA 31-80-D-0019,

Task Order A00002 with the U. S. Department of the Army,

Baltimore District Corps of Engineers, Facilities Engineering

Support Agency. This study is intended to cover Phase I of

the work entitled "Technical and Economic Evaluation of Specific

Vapor Device and Water and Water/Catalyst Systems" as a fuel oil

additive to improve combustion and reduce sooting in boilers.

2.0 OBJECTIVES

The objective of Phase I is to evaluate the effectiveness of a

catalytic vapor device sold under the trade name of Vapormid.

The evaluation is to be done by means of a review of existing
literature and test data and an analysis of the catalytic vapor

device for technical merit, cost effectiveness, and potential

applications.

3.0 SUMMARY OF FINDINGS

No credible evidence was found to indicate that the Vapormid is

capable of producing significant energy savings by improvement

of boiler operatin~f efficiency. There is some indication that the

device might be capable of reducing sooting of the boiler convec-

tion surface through increased combustion zone temperatures, which

could lead to a long term efficiency gain and/or a reduction in

cleaning costs. The cost effectiveness of this possibility is

marginal on a generic basis. If the temperature increase can be

proven through further testing to indeed exist, the cost effective-

ness of the device would have to be re-evaluated on a case-by-case

basis.

Based upon present knowledge however, NUS does not recommend

further consideration of the device by the Department of the Army.

-1-
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4.0 DESCRIPTION OF CATALYTIC VAPOR DEVICE

The Vapormid is a device presently marketed by Conservation

Technology International of Portsmouth, New Hampshire, the

successor to Vaporpak, Inc., the original marketer. It is

advertised by CTI as an energy conservation system which acts

as a controlled bubble chamber to produce an ionized gas, and

is sold in at least six sizes. It is physically a four-sided

pyramidal device made of plastic which is connected across

the boiler's forced draft fan by means of two plastic tubes.

(A sketch of a typical application diagram, taken from the

manufacturer's literature is shown in Figure 4.1). A portion

of the combustion air, under the differential supplied by the

forced draft fan, bubbles through distilled water in the bottom

of the pyramid and then through a "non-miscible oil" catalyst

floating on top of the water. Bubbling rate is controlled by

the depth of insertion of the inlet tube into the water (and

the subsequent static head of the water) and throttling valves

located on the inlet and outlet tubes. According to the manu-

facturer's literature, the bursting bubbles formed as the air

.bubbles through the catalyst introduce an ionized gas into the

combustion air stream which has the property of enhancing com-

bustion of any fossil fuel, thereby increasing thermal efficiency,

saving fuel, promoting cleaner burning flames with less inherent

sooting and fouling of boiler heat transfer surfaces, reducing

maintenance and downtime, and reducing stack emissions.

The water in the chamber is not introduced into the combustion

process in any significant amount, as very infrequent refill or

"topping" of the chamber is required. Similarly, the catalyst

itself is apparently not used at a significant rate, since no

mention is made in any of the literature obtained as to any

-2-
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need to replace or refill it. According to the manufacturer,

the water is used only to control and monitor the bubble rate,

while the catalyst itself acts to create negative ions which

are entrained by the combustion air and enter into the combus-

tion process.

-3-
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5.0 LITERATURE REVIEW

5.1 Listing of Test Reports Reviewed

The literature reviewed for the Phase I study included the follow-

ing reports. Each of these reports is discussed more fully in

Sections 5.2.1 through 5.2.8.

Report No. 1 (Reference Section 5.2.1)

Vaporpak Test Report by General Measurements Company, Salem,

New Hampshire, dated August 1975

This test report describes testing done in a specially constructed
"weather house" using an oil-fired hot water domestic heating boiler,

both with and without the Vapormid. The report includes extensive

data and descriptions of test setups, test site determination and

test period selection.

Report No. 2 (Reference Section 5.2.2)

Vapormid System Fuel Efficiency Test for Vaporpak, Inc. by Associated

Testing Laboratories, Inc., Clifton, New Jersey, dated August 1976

The test utilized a standard oil burner and a laboratory test furnace

which was instrumented with thermometers and thermocouples for the

measurement of water and gas temperatures. Measurements were made

both with and without the Vapormid installed.

Report No. 3 (Reference Section 5.2.3)

Report on Bubble Chamber Ion Generator Experiments by

WEGOA Systems, Inc., Grand Rapids, Michigan, dated November 1979

to September 1980

These tests were run over a period of November 1979 to September

1980, and describe the "laboratory investigation of combustion

changes, occuring when negative ions are supplied by means of a

-5-
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bubble chamber ion generator connected to the combustion air

supply."

Report No. 4 (Reference Section 5.2.4)

Reports No. 772028 and 772415 for 21st Century Enterprises, Inc.,

by Penniman and Browne, Inc., Baltimore, Maryland, dated

January 1978

This is a report of a test run on a heating boiler at a Howard

Johnson Motel in Baltimore and includes a summary of data taken

over a period of about 2 1/2 months.

Report No. 5 (Reference Section 5.2.5)

Performance Testing of "Vapormid Fossil Fuel Catalyzer" for

Canadian Broadcasting Company; Report of Investigation Number

ENG. 77-36381 by Ontario Research Foundation, Ontario Canada,

dated October 1977

In this test series, a domestic oil-fired furnace was tested in

ORF's Domestic Furnace Research Laboratory, both with and without

the Vapormid device. The report contains equipment specifications,

descriptions of test procedures used, and a summary of results and

conclusions.

'4

Report No. 6 (Reference Section 5.2.6)

Engineering Evaluation of the Vapormid Fossil Fuel Catalyzer,

by Peabody Gordon-Piatt, Winfield, Kansas, dated October 1977

This is a summary of a test program performed by Peabody Gordon->1 Piatt as prepared by the test engineer. It includes test data, a

list of materials and instruments used, sketches of the test

setup, and the test engineer's description and comments on the

test program, including a day-to-day log of the testing.

-6-
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Report No. 7 (Reference Section 5.2.7)

Efficiency Test Report for: Vapormid H-800 by Brookhaven

National Laboratory, Upton, New York, dated November 1978

This report summarizes testing performed by Brookhaven National

Laboratory to investigate the Vapormid manufacturer's claim of

increased combustion process efficiency on a residential type

oil-fired vertical firetube boiler. The results of this test

were used by Brookhaven to calculate the annual fuel use by

means of procedures detailed in BNL's Annual Fuel Use and

Efficiency Reference Manual.

Report No. 8 (Reference Section 5.2.8)

Energy Alliance letter and internal memorandum summarizing

testing performed by Baltimore Gas and Electric Company,

Baltimore, Maryland, dated April, 1978.

Summary of test work performed by BG&E on Vapormid and Energy-Pak

devices. These tests were run on natural gas only. BG&E has

never issued a formal report on this test work, with the exception

of the summary presented in this newsletter and an accompanying

internally circulated position paper. (Energy Alliance is a news-

letter published by the Energy Services Division of BG&E).

* In addition to the test literature and reports outlined above,

NUS reviewed approximately 25 testimonial letters from users of

the Vapormid device in various areas of the country (principally

New England and Maryland areas).

* -7-
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5.2 Summary and Evaluation of Test Reports

5.2.1 Summary and Evaluation of Report No. 1

Ref: Vaporpak Test Report by General Measurements Company

Tests were performed on an Arcoliner brand oil fired, domestic

hot water heating boiler, with and without a Vapormid attached.

Measurements were made of fuel consumption, stack gas analysis,

smoke numbers, furnace temperatures, and dew point temperatures

over two periods of 100 hours each of nearly identical weather

conditions. The furnace was tuned to factory specifications

before the first test run, without Vapormid, and data collected

to be used as a baseline.

The Vapormid was then installed by manufacturer's representatives,

and over a week was spent in adjusting and tuning the Vapormid/

burner combination. Of the adjustments performed, the only one

detailed in the report was the addition of a restrictor plate

over the a.r intake of the furnace. This restrictor had the

effect of reducing the excess air present in the combustion zone

with the accompanying increased efficiency of combustion and

temperature in the combustion chamber. The second test period

was begun and data was recorded for another 100 hours. Compari-

sons of the test data accumulated in the two runs showed that

29.7% less fuel was consumed in the second test period, with

Vapormid in service. In addition, CO2 readings increased by an

average of about 1.2%, 02 decreased about 2.2%, and CO was

lowered or undetectable. Combustion zone temperatures were

increased an average of about 200F, and flue gas outlet tempera-

tures were decreased by an average of about 50F. NOx was also

monitored, and showed a substantial decrease.

-8-
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NUS COMMENTS

The reduction of excess air due to the brass restrictor plate in

the combustion air inlet appears to be the main reason for the

increase in efficiency. The report references one short test run

of about 15 minutes in which this plate was removed, with Vapormid

operating, and as would be expected, flue gas temperature climbed

and combustion chamber temperature dropped. No mention is made

of any effort to attempt an air restriction of this type without

the Vapormid in service, to see whether or not a similar reduc-

tion in excess air would have resulted with acceptable furnace

and stack conditions.

It is also stressed in the report that the Vapormid service

representative performed extensive tuning and testing in conjunc-

tion with the Vapormid installation. There is no indication that

an attempt was made to fine tune the burner without the Vapormid

installed beyond its manufacturer's rating of 8.5% CO2. It is

very likely that improvements could have been made over the base-

line operation of the furnace if such extensive tuning had been

attempted.

The report contains numerous errors, misrepresentations, and incon-

sistencies. Any one or even several of these by themselves would
be considered insignificant. Taken together in the numbers in

which they occur however, they create a strong impression that the

authors are completely unfamiliar with either combustion testing

or technical report writing. Some examples are cited below.

o No concise summary of results is presented at any point in

the report. It is necessary to sort through approximately

100 pages of assorted data and text to piece together the

results. Raw data, in the form of photocopied strip charts

(mostly illegible in the reviewed copy) are included in the
body of the report, constituting at least twenty pages of

-9-U pi
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distractions. This data could, and should, be summarized

in a concise table or graph in the body and either deleted

in its raw form or included in an appendix. In addition

there is no numbering system applied to the pages or sec-

tions of the report, making it extremely difficult to

reference or find particular sections.

o Little understanding is shown of flue gas testing and instru-

mentation. The fact that "Fyrite" tubes were even considered

as a test instrument is indicative of this. These tubes are

intended to be used by plant personnel as a "quick and dirty"

indicator of stack conditions, and are by no means suitable

for use in a test such as this.

Use of an Orsat as a reference gas analyzer is a good choice,

as it is considered the standard for analysis of flue gas for

CO2 and 02' Even here, the authors display an unfamiliarity

with the equipment in making a distinction between "Hays

Orsat" and "Burrel Gas Analyzer", and in reporting 25 minutes

to analyze a sample. Hays and Burrell are in fact different

brands of the generic Orsat. Burrell manufactures, in addi-

tion to the all glass model referenced here, a sturdy metal

and glass Orsat similar to the Hays model. An experienced

Orsat operator can easily obtain and analyze a sample of flue

gas in less than five minutes if a continuously purging pump

*, is used.

In addition to the Orsat, flue gas analysis information should

be monitored by some type of continuous monitor, suitable for

connection to a strip chart recorder. Most combustion testing

laboratories are equipped with such instruments, (they can

even be rented in some places)as they have the advantages of

providing continuous readout and recording of data, as well

as being much more insensitive to operator error than the

Orsat. They require calibration, (usually on the order of

once each shift) by the use of suitable bottled referenced

-10-
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gases, but can generally be counted upon to provide con-

sistent, reliable readings between calibration. Any drift

which occurs between calibrations can usually be corrected

for by simple calculations, and the Orsat may be used as a

backup reference if desired. Continuous monitors are avail-

able for most of the constituents present in flue gas from

oil-fired combustion, and certainly for those species of

interest in this test.

o The authors appear to be confused also on the subject of NOx

generation. The two major forms of NOx present in combustion

in a furnace are indeed NO and NO2, as reported. These gases,

however, are nitric oxide and nitrogen dioxide respectively,

not nitrogen oxide and nitric oxide as reported. Combustion

in a furnace generates NOx emissions which are typically 90

to 95% NO, the remainder being NO2, so it is not surprising

that no NO2 was measured. It is the extremely low level pre-

sent which inhibits its measurement however, and not sulfur

trioxide. Sulfur compounds can indeed inhibit measurement

of NOx , (both NO and NO2i with some instruments, and it is

general practice to use a scrubbing chemical in the NO x

sampling line to remove the sulfur compounds. This is gen-

erally not necessary with No. 2 fuel oil however, since

this fuel typically contains neglible amounts of sulfur.

The monitoring instruments used measure NO x on a volumetric

basis, so the reading obtained is in parts per million of

an actual flue gas volume. If the excess air levels vary

for the different runs as was the case in this test, the

readings must be converted to a common basis in order to be

meaningful. There is no indication that this conversion was
made. Typical common bases used are 12% C02, 3% 02 or mass

bases such as pounds N02 /10 BTU. Since most government

point source emission regulations are written in the latter

format, it is preferred by this author. When converted to

i -11-
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this basis, the NOx levels reported with the Vapormid out

of service average .070 LB-NO2 /106 BTU, while they average
6.050 LB-NO 2/10 BTU with Vapormid in service. This is a

substantial reduction, and is not surprising in light of

the reduced excess air used in the latter case. NOx genera-

tion is, as mentioned in the test report, quite sensitive to

excess air levels.

No discussion of the topic would be complete without mention

of the fact that NOx generation is sensitive to parameters

such as furnace geometry and heat transfer configuration,

flame temperatures, excess air levels, fuel and air mixing

rates and patterns, and quantities and species of fuel bound

nitrogen present. Numbers generated under one set of para-

meters are often not directly correlatable to a different

set. It must be borne in mind that the excess air levels

used in the test furnace are extremely high, even with the

Vapormid in service, when compared to levels used in a modu-

lating control industrial furnace. The dilution effect of

this excessively high excess air would tend to have a great

effect on NOx generation patterns, and extrapolation of

this data to other systems is risky.

-I!
o The levels of CO reported are excessive, both with and with-

out the Vapormid in service. A level of 0.1% CO corresponds

to 10,000 ppm. It is extremely unlikely that 10,000 ppm CO

would be developed in a properly adjusted furnace. This

further points out the need for continuous monitoring equip-

ment of greater sensitivity and precision than an Orsat.

CO levels should never go above 100-200 ppm, especially with

oil fuel which typically cracks to hydrocarbons first, and

certainly not when operating at the 9 and 10% 02 level used

here. (Again, it should be noted that CO emissions must be

reported as corrected to a constant base, such as 12% CO2.).

* It is felt that the CO levels reported here are probably

due to operator inexperience with the Orsat.

-12- A
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0 There is no indication as to how the authors selected the

two 100 hour test periods with virtually identical weather.

It would have seemed logical to operate under test conditions

for several weeks, and then go back and select appropriate

comparable test periods, with and without Vapormid in opera-

tion. The report does not indicate that this was done. It

seems to indicate instead that the second test period was

begun as soon as proper operation was obtained with the

Vapormid, and that the fact that the weather was so similar

to the first test period was merely good fortune.

0 Throughout the text, the author's opinions and conclusions

are injected into the body of the report, making it diffi-

cult to separate laboratory procedures from conclusions.

Statements such as "This conclusively proves that .......

and "It is our considered ooinion that ..... " belong in a

separate section of conclusions, summary, comments, or the

like, not scattered throughout the discussion of test pro-

cedures.

Summary

It is NUS' judgement that any efficiency gains measured in the

Vapormid run are due to fine tuning of the boiler and lowering

of the excess air, not the addition of the Vapormid. Further-

more, the report contains so many instances of errors, misinter-

pretations, and lack of knowledge of the subject of combustion

testing that it lacks any credibility.

-13-
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5.2.2 Summary and Evaluation of Report No. 2

Ref: Vapormid System Fuel Efficiency Test for Vaporpak, Inc.,

by Associated Testing Laboratories, Inc.

Tests were run by Associated Testing Laboratories, Inc. utilizing

a standard oil burner and a test stand consisting of a water

jacketed stainless steel firebox equipped with a variety of tempera-

ture monito i. instruments. Three runs of 30 minutes each were

made without the Vapormid installed. After the last run, the

Vapormid was installed, with no other adjustments being made, and

three mncre 30 minute runs were made. Readings were taken during

each of ,e runs of water and gas temperatures at various parts in

the :ystem as detailed in the report. In addition, smoke readings

and CO2 readings were taken through an access port in the flue, and

a simple of flue gas was taken in a bottle or similar sample con-

tainer for analysis by a separate laboratory.

The results showed an increase in efficiency with the Vapormid in

operation as evidenced by increased water outlet temperatures,

reduced flue gas temperature and improved CO2 readings. In addi-

tion, higher flame temperatures and reduced water temperature

stabilization times were recorded. The flue gas samples sent to

the laboratory for analysis were judged by Associated Testing to

be defective, and the readings obtained from them were not used,

although they were included in the report.

NUS Comments

In general the tests performed appear to have used valid and

repeatable procedures, and while it is doubtful that they would

be completely approved by ASHRAE or ASME, they should give results

that are consistent and documentable relative to each other.

-14-



Some questions arise regarding the test equipment used. No

diagrams or detailed description of the test stand is given,

but it is assumed to have sufficient insulation around the water

jacketing to ensure that the heat is transferred primarily to the

water and not to the surroundings. In addition, although it is

not explicitly stated, it is implied that the water flow rate is

the same for the three Vapormid runs as for the non-Vapormid runs.

This would of course be a requirement for a valid test.

The use of a Bacharach "Fyrite" tube for measurement of CO2 is a

poor choice. This instrument is not intended for precision test

work but rather for field use by operating personnel to give a

general indication of stack conditions. An Orsat would have been

a better choice, since more accurate readings can be obtained and

02 readings can be obtained at the same time. An even better

choice would be continuous monitors for CO2 and 02 (and prefer-

ably CO) with Orsat backup. (Reference the Discussion in Section 5.2.1)

No indication was given that the test system was adjusted for best

burner performance. It is stated however, that no changes were

made to the burner air adjustment between runs. This raises the

question of how the excess air was lowered, as reflected by the

higher CO2 reading, in the second test run (with Vapormid). If

the same airflow was entering the burner, the only way the excess

air could be decreased is by increasing the BTU input. This could

be explained by the catalytic action of the Vapormid if a large

percentage of the heating value of the fuel were not being utilized

in the first set of runs. However,. in order to explain the large

gains seen in this test, approximately 10% of the heating value of

the oil would have to be passing through the furnace uncombusted.

This would result in heavy black smoke, which was not reflected by

the data (smoke spot readings were zero throughout all runs except

the last run with Vapormid).

-15-



Another possible way in which excess air could be altered is by

the addition of a second fuel source supplying more BTUs.

However, supply of enough heat to post the gain shown in this

test would require oil flow on the order of several ounces per

hour, and would certainly have been noticeable as catalyst loss

had it been coming from the Vapormid itself.

Since no diagram was provided of the test arrangement, it was

assumed to be similar to that used in other Vapormid installations,

whereby a portion of the combustion air is diverted and bubbled

through the Vapormid. Thus, a slipstream of the main flow is taken

from the fan discharge and recycled to the inlet, effectively re-

ducing fan capacity. It is likely that, on a small system, this

reduction would be sufficient to cause a measurable decrease in

excess air. It is also possible that, as is typical in some small

burner designs, the primary air aspirates the secondary air into

the furnace, thus holding a relatively constant ratio between the

two streams. If sufficient static head is added to the system via

the Vapormid to decrease the primary airflow, then the secondary

airflow and subsequently total airflow would decrease automatically.

By whatever mechanism, it is evident that either the fuel flow or

the airflow changed from the first set of runs to the second,

since excess air is a function of mass flows and not combustion

characteristics inside the furnace (excluding grossly incomplete

combustion). Catalytic action by itself cannot explain changes in

excess air levels.

Catalytic action )f the Vapormid could conceivably explain the

increase seen in combustion chamber temperatures. Lowered excess

air due to one of the mechanisms described above could explain it

equally well, and in addition could explain the lower exit gas

temperatures recorded, since the gas flow through the system would

be lower and more heat transfer to the water would take place.

-16-



Summary

The test data presented here appears to be valid and well controlled.

The results strongly suggest however that the Vapormid aids combus-

tion not by catalytic action as suggested by its manufacturer, but*1 by lowering of the excess air level in the burner with its atten-

dant efficiency gains.

I
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5.2.3 Summary and Evaluation of Report No. 3

Ref: Report on Bubble Chamber Ion Generator Experiments,

19 November 1971 - 18 September 1980, WEGOA Systems, Inc.

Experiments were run by WEGOA Systems using two different test

set-ups, on a laboratory scale, with the intent of showing that

the addition of negative ions to the combustion air increases

flame temperatures in the combustion zone.

Part I

In the first set of tests, the arrangement shown in Figure 5.1,

as photocopied from this author's copy of the report, was used.

No dimensions were provided for the combustor, or the therocouple

locations. According to the report, the optional location as

shown was used for the pump during testing. It is assumed that

this optional location is incorrect as shown, and that the pump

was in actuality located in the combustion air line so as to draw

combustion air from the ion generator. Test procedure was to

operate the burner with the ion generator off, metering gas flow

and measuring the temperatures at the various thermocouple points.

4The ion generator was then turned on, and the gas flow was throttled

until the indicated temperatures (which had increased) were reduced

to the same level as in the first run. The gas flow was recorded

and showed a decrease of 14 to 18%. No indications are given of

air flow levels or stack gas analysis for any of the test runs.

During all test runs, an "electrometer" was used to monitor the

ionization level of the primary air in the atmospheric plenum. No

indications were given as to the readings obtained, except for the

statement that "electrometer connections to the inner plenum indi-

cated high negative charges".
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NUS Comments

The tests performed tend to indicate higher combustion chamber

temperatures with the Vapormid in service. The temperatures

measured are, however, very low (between 200 and 600 F) and

obviously are measured at points after substantial heat trans-

fer or dilution has taken place. No indication is given of

the relationships between primary and secondary air, or of any

quantitative measurement of ionization level of the air or

stack gas analysis. There is also no indication that the

fuel/air ratio was adjusted when the fuel flow was reduced,

so there is some question as to whether or not constant stack

conditions were maintained.

With the air pump discharging into the plenum, it would be possible

depending upon the particular design used, to actually pressurize

the plenum and increase excess air unless airflow adjustments were

made. No pressure readings were included for any points in the

flow path. It is also possible that the primary air coming from

the bubble chamber in fact carries some h'.i:;cg value '. f its own

due to its bubbling through the oil catalyst layer. This could

account for the increase in temperatures seen, since it would have

the affect of lowering the excess air level, if no further adjust-

ments were made to airflow. This possibility is discussed more

fully in the NUS comments to Part II of this test report.

Attempts were made to clarify some of the questions arising from

this report, but no telephone listing could be found in Grand

Rapids, Michigan for a WEGOA Systems, Inc.

-20-
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Part II

A second series of tests were performed utilizing a constant

flow gas calorimeter. In this test series, a gas calorimeter

was used to measure the BTU content of a certified gas, both

with and without the Vapormid. With the Vapormid in the

system, BTU increases of two to seven percent were noted,

and attributed to the highly ionized state of the combustion

air.

NUS Comments

Cutler-Hammer, the manufacturer of the constant flow gas calori-

meter, was contacted for information on the equipment. The

device operates by completely combusting a sample of a fuel gas,

and transferring the heat generated to a stream of air. The

temperature rise of the air is monitored, and converted via the

circuitry in the calorimeter to BTU per standard cubic foot of

fuel. A detailed caibration and adjustment procedure must be

followed to insure complete combustion of the fuel and correct

readouts on the recording instrumentation. According to the

manufacturer, the device is sensitive enough to react to such

perturbations as paint fumes in the room in which it is being

used, since it would measure the BTU content of these fumes as

they entered with the combustion air, and attribute the BTUs

to the fuel.

It is obvious, and was mentioned in the report, that the Vapormid

can have no effect on the BTU content of the iuel gas in the

cylinder. Therefore, the increase in BTU readings obtained must

be attributed to either incomplete combustion of the fuel in the

first run (i.e. incorrect adjustment of the calorimeter) or the*1 addition of a second fuel source. "Ionization level of the air"

can have no effect on the BTU reading obtained from a correctly

adjusted calorimeter. Assuming that the calorimeter was indeed
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properly adjusted, the only plausible explanation for the

increase in BTUs reported by WEGOA is that the arrangement of

test equipment is somehow supplying additional heating value

to the combustion process. The most likely source of this

heating value is the Vapormid device itself. It seems likely

that some small amount of hydrocarbon is being carried over

with the primary air as it bubbles through the catalyst layer.

The calorimeter would measure the heat content of this hydro-

carbon and attribute it to the fuel.

The amount of additional hydrocarbons required could probably

be carried easily with the air bubbling through the Vapormid.

Although no rigorous analysis of this was performed, Calculation

01 gives some indication as to the order of magnitude of oil

quantities which would be required to supply the indicated BTU

increase, and the time periods for which an assumed catalyst

layer might last. Note that in the test method used in Part II,

* it is conceivable that the catalyst layer could supply the

required heat input to the calorimeter for a time period on the

order of 40 hours. Actual test time is not included in the

report, however it appears to be on the order of a few hours

for each run, including stabilization time. It is possible

that the entire test program might be completed without a notic-

able depletion of the catalyst.

If such a process is indeed taking place, th-.e oil layer is of

course not acting as a catalyst at all, but actually constitutes

a separate source of fuel.

Summary

There is some indication from this test report that combustion

chamber temperatures can be increased by the use of the Vapormid

device. The report is too sketchy however, and too many questions
exist as to the test methods used to lend it much credibility.
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The conclusions drawn from the tests performed in Part II are
erroneous, and a better explanation seems to be that the
Vapormid itself is supplying enough additional heating value
to the calorimeter to provide the measured increases. This
explanation could also easily explain the results found in

Part I.

j
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5.2.4 Summary and Evaluation of Report No. 4

Ref: Penniman and Browne, Inc., Test Report No. 772028

and 772415 for 21st Century Enterprises, Inc.

A data summary was obtained of testing perform-d by the above

referenced testing company on a Heil, Model 29455 heating boiler

firing No. 2 oil. Baseline data was gathered with the boiler in

its initial condition. A Vapormid unit was then connected and

additional tests were run over a period of approximately three

months. No information was obtained regarding test procedures,

except for an equipment list itemizing the test instruments

used. An Orsat was used for gas analysis, with the other equip-

ment being various types of commercial draft gauges, smoke spot

testers, thermometers, and an optical pyrometer.

The testing results indicate an increase in furnace temperature

with the installation of the Vapormid. Exit gas temperatures

also increase significantly. No significant change was made in

flue gas analysis at first. Additional adjustments were made a

few weeks later and more tests were run, these tests showed

greatly increased CO2 levels and lower 02* Furnace temperatures

increased an additional amount, as did exit gas temperatures.

NUS comments

No comments can be made on the procedures used, since NUS does

not have copies of this information. Enough data was presented to

calculate boiler efficiency for the various test runs. The results

of these calculations are presented below in Table 5.1

-24-
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Table 5.1 - Summary of Boiler Efficiencies as Presented in

Test Report No. 4

Test Test Firebox Flue Gas % Excess % Boiler
Date Conditions Temp. Temp. Air Efficiency

9/21/77 W/o Vapormid 1545 400 146 76.62

9/21/77 W/Vapormid 1745 420 ill 78.01

10/12/77 W/Vapormid 1860 490 115 73.55
No
Adjustments

12/13/77 W/Vapormid 2100 530 91 74.68
Minor
Adjustments

12/13/77 W/Vapormid 2230 550 56 77.44
15 Minutes

After
Adjustments

It can be seen that the installation of the Vapormid caused a

decrease in excess air and an increase in boiler efficiency almost
immediately. However, it should be noted that test data for this

point was incomplete as no 02 reading was available. Based on

standard combustion charts and the given value of 6.6% CO2, an

02 reading of 11.5 was estimated by NUS, and used in the calcula-

tions. When the next test run was made three weeks later, the 02

level had returned to the pre-Vapormid level, flue gas temperature

had further increased, and efficiency had dropped substantially

below its original level.

Additional testing was performed about two months later with adjust-

ments being made to either the burner or the Vapormid. No informa-

tion is provided on the adjustments, but the data reflects drasti-

cally lowered 02 levels, and increased gas temperatures, both in

the combustion chamber and in the outlet flue. Even with the

lower 02 readings, the efficiency of the boiler is only slightly
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improved (less than 1%) over its pre-Vapormid state, due to the

greatly increased exit gas temperatures. There is no indica-
tion that any additional adjustments were attempted without the
Vapormid in service.

Sumnary

The Vapormid by itself provided no improvement to boiler effici-
ency, and in fact efficiency dropped significantly until additional
adjustments were made. These adjustments had the effect of lower-

ing excess air and were sufficient to return the unit to its pre-
Vapormid efficiency. NUS' judgement is that it is likely that
proper adjustments and tuning could have provided the same results
without the Vapormid in service.

ii
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5.2.5 Summary and Evaluation of Report No. 5

Ref: Report of Investigation No. ENG 77-36381

Performance Testing of "Vapormid Fossil Fuel

Catalyser" for Canadian Broadcasting Corporation

Ontario Research Foundation performed tests on a domestic oil

fired furnace, with and without a Vapormid installed. The furnace

was new, and installed specifically for the test in ORF's labora-

tories. In both sets of tests, the furnace was adjusted to give

optimum performance. Adjustments on the Vapormid installation

were performed by representatives of the manufacturer. Instru-

mentation and testing was in accordance with Canadian Standards

B140.0-1971 and B140.4-1974. Measurements were made of flue gas

analysis with a gas analyzer package including continuous monitors

for CO2, 02' CO and hydrocarbons, and appropriate sample probes,

filters, and driers. A Bacharach smoke tester was used to measure

smoke number, and a positive displacement meter was used to mea-

sure oil flow. Temperature readings were recorded on continuous

strip chart recorders.

Unfortunately, the raw data pages in the cooy of the report obtained

by NUS were illegible, so no direct analysis of the data was poss-

ible. ORF presented boiler efficiency calculation based upon the

data. These calculations were performed in accordance with CSA

Standard B140.0-1971, and utilized a heat loss method similar to

that presented in ASME Power Test Codes. The results of these

calculations indicate that lower excess air and improved thermal

efficiency was possible without the Vapormid unit installed.

According to the text, combustion chamber temperatures were also

higher without the Vapormid, although this data was included on

the pages that were illegible. A summary of the results is pre-

sent in Table 5.2.
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Table 5.2 - Summary of Results from Test Report No. 5

% Excess % Efficiency
Air

Without Vapormid 39.05 77.42

With Vapormid 57.16 75.31

NUS Comments

The report has a high degree of credibility, due to the test pro-

cedures and equipment used and the reputation of the performing

organization. The results indicate that the Vapormid offers no

advantages over a furnace that is properly tuned and adjusted,

and in fact, in this particular instance, caused an increase in

excess air and a decrease in efficiency.

-
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5.2.6 Summary and Evaluation of Report No. 6

Ref: Engineering Evaluation of the Vapormid Fossil Fuel

Catalyser, by Peabody Gordon-Piatt

At the request of Norfolk and Western Railway Company, Peabody

Gordon-Piatt Service Engineers ran a series of boiler efficiency

tests on a Weil-McLain Model 1286 boiler firing No. 2 fuel oil.

The equipment used to perform the tests was all standard commer-

cially available equipment such as an Orsat gas analyzer,

potentiometers and manometers. Tests were performed at steady

state condition, and data was collected over a period of several

days on Peabody Gordon-Piatt standard forms. Boiler efficiency
was reported as percent losses. In addition, input and output
BTUs are tabulated on the data sheets. Efficiency as calculated

from the input and output data agrees with the heat loss data to

within 1% in most cases, and to within 2% in all cases.

The first two test runs were made without the Vapormid in service.

It is not explicitly stated in the report, but implied that Test 1,

with a smoke number of 1, was the standard burner set-up. Test 2

was run with the burner set up so as to give a smoke reading of 3,

and this smoke level was maintained throughout the rest of the

test runs. In setting up for the higher smoke number, the CO2
was raised slightly and boiler efficiency increased. The remainder

of the test runs were all made at smoke levels of 3 or 4, with the

Vapormid in operation.

The results of this test show no discemible difference between the

boiler efficiency with or without the Vapormid. All parameters

[ 1 such as CO2, smoke number, temperature rise of the water, and

stack temperature remained essentially constant within the prob-

able accuracy of the test equipment

-29-
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NUS Comments

The test covered by this report seem to have been run generally

in accordance with ASME procedures, however it is felt that more

data should have been accumulated at the various data points.

Often only one set of data was taken to represent a test condi-

tion, whereas three or more would have better indicated that

steady-state conditions had indeed been achieved. Since there

was very slight fluctuation throughout the test period, the pro-

cedures used were probably adequate however. In addition, no

sample calculations were included, at least in the copy reviewed

by NUS. These could have been beneficial in reviewing the heat

loss values reported.

The data indicated no significant variation in boiler efficiency

for any of conditions tested. The slight variations that were

seen showed no particular pattern and did not indicate any

advantage to be gained with the Vapormid.

4
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5.2.7 Surmary and Evaluation of Report No. 7

Ref: Efficiency Test Report for Vapormid H-800 by

Brookhaven National Laboratory

Brookhaven National Laboratory performed efficiency tests on a

residential oil-fired heating system with and without a Vapormid

system installed. The heating system tested was designed to

provide both space heat and domestic hot water for residential

and small commercial applications. The results of the efficiency

tests were then evaluated by BNL using a computer program which

they have developed to predict seasonal fuel usage from the

measured boiler efficiency.

BNL measured boiler efficiency by two separate methods, input-

output and heat loss. Detailed test procedures used are not

described in the report. The Vapormid was installed and adjusted

by a manufacturer's representative. At his recommendation a

smaller nozzle was used in the oil burner with the Vapormid in

service in order to avoid excessively high smoke numbers. All

testing was performed at steady-state conditions.

BNL's testing indicated an increase in steady-state efficiency of

the system with Vapormid installed of 1.1 percent, as measured by

the input-output method. Efficiency as measured by heat loss

method increased 2.5%. When evaluated using BNL's Annual Fuel

Use and Efficiency program, this projected to a savings of 1.4%

in fuel consumption for a typical domestic installation. BNL

evaluates this savings as equal to 16 gallons of oil per year.

*The overall accuracy and reproducibility of the test system, as

stated in the Reference Manual are 2.0% and 1% respectively.

Thus the efficiency gains are noted as being within the measure-

ment uncertainty of the test method.
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NUS Comments

Since detailed test procedures were not included in the report,

no comments are made on procedures. BNL's reputation as a

testing laboratory lends credence to the data obtained however.

BNL's Annual Fuel Use and Efficiency calculations show a net

savings of 18 gallons of oil to a typical residential user over

one year, to which they assigned a value of $9.00. Due to general

inflation and increases in the cost of fuel oil since the time of

this report, this cost savings would more likely by $20.00 to

$25.00 per year. This would still be considered negligible sav-

ings, since Vapormid unit costs for the smaller sizes range

typically from $300 upward.
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5.2.8 Summary and Evaluation of Report No. 8

Ref: Energy Alliance Report Summary to Energy Services

Supervisors from G. H. Hoffman, dated February 24, 1978

The Vapormid and a similar device called Energy-Pak were tested by

Energy Alliance, an arm of the Energy Conservation and Utilization

Unit of Baltimore Gas and Electric. All testing was performed on

gas fuel only, and the summary letter is specific in emphasizing

that no extrapolation of the data to oil use should be made. The

exact test procedures used are not itemized in the summary, except

to say that the boiler was tuned by laboratory personnel prior to

the testing, and that the Vapormid was installed by a manufacturer's

representative. The data indicated no significant change in boiler

efficiency. Sometimes the efficiencies were slightly higher with

the device applied, sometimes slightly lower. Average efficiencies

determined in a given test never differed by more than 1.6 percent,

and efficiencies of individual runs in a given test never varied

by more than 3 percent.

NUS Comments

Through conversations with representatives of Energy Alliance it

was learned that they monitored both temperature change in the

.ater and flue gas conditions. Efficiency calculations were based

upon the water temperature gain (input-output method) , rather than

on the stack conditions. The testing period covered a span of

several days, but no single run spanned an extended period. Since

gas was the only fuel tested, no attempt was made to quantify soot-

ing conditions.
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5.3 Overall Summary of Literature

In the eight test reports reviewed by NUS, there was only one

credible report (No. 2) which indicated a significant gain in

efficiency with the use of the Vapormid. Even in this instance,

there is a question as to whether the gain was really due to

the "catalytic effect" of the device or whether it stemmed from

effects of static head imposed on the primary air system and

the subsequent lowered excess air levels.

All other credible test reports indicated either no significant

gain or in a few cases, a slight loss in efficiency with the

addition of the Vapormid alone, before additional tuning. Where

efficiency gains were shown, they were only realized after addi-

tional fine tuning and adjustments to excess air levels. Wherever

care was taken to properly tune the boiler for the baseline test-

ing, efficiency gains were negligible or non-existent.

The most favorable results indicate that, at best, the Vapormid

may be able to raise the combustion chamber temperature somewhat.

While this does not have a direct measurable effect on furnace or

boiler efficiency, it could have a long term effect in that it

would promote more complete carbon combustion in the furnace and

therefore less sooting and more efficient heat transfer in the

* convective sections. The literature is not very convincing, even

on this point however, and it is NUS' judgement that the tempera-

ture increases seen were generally due to lowered excess air

levels and/or other fine tuning performed on the boilers.

-34
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6.0 TECHNICAL EVALUATION

6.1 Boiler Efficiency Parameters

Overall efficiency of a boiler can be best measured by the use of

standard techniques developed by ASME and presented in the Power

Test Codes. The same parameters used by ASME in these measurement

can be used to predict boiler efficiency. By means of simple calcl

lations changes in efficiency resulting from changes to one or mor

of these parameters may be predicted. Figure 6.1, which is extraci

from Steam/Its Generation and Use, by Babcock and Wilcox Company

allows the calculation of boiler efficiency and adiabatic combustic

temperature based upon ASME criteria. A detailed description of tl

use of this calculation method, as well as combustion calculationE

via modal methods, and the appropriate charts and figures to deter-

mine the necessary coefficients may be found in the above reference

From an examination of Figure 6.1, it can be seen that the principl

variables affecting combustion efficiency, for a given fuel analysi

are:

o Total Combustion Air

o Inlet Air Temperature

o Outlet Flue Gas Temperature

o Moisture Content of Inlet Air

o Unburned Fuel Loss

o Radiation Loss

0 Unaccounted Losses

In the type of boiler to which the Vapormid device would be likely

to be applicable (i.e. water or steam heating boilers up to about

125 psig) an air heater would be an unusual accessory, so no con-

trol is generally available over inlet air temperature. Likewise,

unaccounted and radiation losses are a function of boiler design

and operating conditions, and cannot be altered by add-on devices.
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Unburned fuel loss from oil-fired boilers, (especially those

utilizing No. 2 oil) can be taken as negligible. Some soot or

unburned carbon is indeed formed, even by a well adjusted burner,

but its main harm is caused by its insulating effect on heat trans-

fer surfaces and not in direct unburned losses. If enough soot is

being formed by the burner to create significant unburned carbon

efficiency loss, steos should be taken to have the burner adjusted

or replaced. Thus the parameters available for control and effici-

ency improvement by add-on devices such as the Vapormid are:

o Total Combustion Air

o Outlet Flue Gas Temperature

o Mositure Content of Inlet Air

o Total Combustion Air - For a given fuel analysis, the

quantity of air required to provide complete combustion

may be easily calculated. This quantity is referred to

as the stoichiometric or theoretical air, as it repre-

sents the minimum quantity of air which can, in theory,

be used to completely burn all the combustible constitu-

ents in the fuel.

Each pound of air greater than this stoichiometric amount

which passes through the burner and out the stack is called
excess air and makes no contribution to the combustion pro-

cess, yet it must be heated to the flue gas outlet tempera-

ture. This requires heat which could otherwise be utilized
to raise the temperature of the steam or water, and thus

represents an efficiency loss. A certain amount of excess

air is a necessary evil, as it is required to insure com-

plete mixing and therefore comolete combustion. It can be
seen from Figure 6.2, however, that at constant boiler exit

gas temperature each 15% increase in e. -7ess air results in

a one percent decrease in efficiency. in practice, the

resulting efficiency loss is actually greater than this

since the increase in excess air usually results in an

-37-



86-

84

>2) 83

U.
Lu

=j

79

100 110 120 130 140 150 160 170 180 190 200

TOTAL AIR
(% STOICHIOMETRIC)

FIGURE 6.2 EFFECT OF TOTAL COMBUSTION AIR

ON THERMAL EFFICIENCY

-38-



increase in boiler outlet flue gas temperature as well. It

is obviously desirable, therefore, to maintain excess air at

the lowest possible level.

0 Outlet Flue Gas Temperature - The amount of heat present in

the flue gas, as indicated by flue gas temperature, is a

function of heat input to the furnace and effectiveness of

the boiler heat transfer surfaces. Heat transfer effective-

ness for a given boiler design at a given firing rate and

excess air is primarily a function of boiler cleanliness.

It was mentioned previously that soot buildups on boiler

heat transfer surfaces can act as an insulator and cause

a loss in heat transfer efficiency, raising the temperature

of the flue gas and decreasing overall boiler efficiency.

A typical relationship between boiler exit gas temperature

and efficiency is illustrated in Figure 6.3. Thus any method

by which sooting or fouling of the boiler convective surfaces

can be reduced will lead to an eventual increase in boiler

efficiency.

Oil-fired water tube boilers are typically equipped with

sootblowers capable of removing these soot deposits while

the boiler is in operation, maintaining these efficiency

losses at a low or neglibible level. Firetube boilers on

the other hand are not generally capable of being cleaned

without shut-down, and control of soot buildups is an impor-

tant factor in maintaining boiler efficiency.

o Moisture Content of the Inlet Air - As with excess air, any

moisture present in the inlet air must be heated to flue gas

outlet temperature using heat which could otherwise be trans-

ferred to the water or steam. Again, this represents an

efficiency loss. (Note that any water present in the fuel or

formed from hydrogen in the fuel also represents an efficiency

loss, however, this is dependent only upon fuel analysis and

is not controllable by add-on devices.) Any moisture which is

added to the combustion air in its liquid state must also be
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vaporized, thus consuming an additional 1040 BTU/Lb-water
(the latent heat of vaporization of water) in addition to

the heat required to raise its temperature to flue gas out-

let temperature. The effect of additional moisture in the

combustion air, while less striking than that of excess air

or boiler exit gas temperature, must be considered in deter-

mining the effects of an add-on device to overall efficiency.

The th:xe parameters described above are therefore the primary ones

available for manipulation in any attempts to improve boiler effici-

ency. The Vapormid device must be able to cause an improvement in

one or more of these parameters in order to bring about an effici-

ency gain.

6.2 ADplication of the Vapormid to a Properly Tuned Boiler

A well tuned oil-fired boiler with a single burner and simple con-

trol system can usually be set up to operate at excess air levels

of about 10-15 percent (corresponding to 2 to 3% 02) at full load

and 20 to 25 percent at partial loads down to one quarter of

rated capacity. These excess air levels may be reduced somewhat

in. multiple burner boilers, in boilers having sophisticated con-

trol systems or exotic "low excess burners", or sometimes in
boilers which operate at very steady load demands. The excess

air is required to insure complete mixing of the fuel and air and

is usually limited by variability in air temperature, airflow

patterns, fuel analysis or hysteresis in control systems that cannot

maintain adequate repeatability to insure that substoichiometric

conditions will never be encountered. There is no evidence in the

literature that the Vapormid is capable of reducing excess air to

levels less than these while still maintaining complete combustion.

Even where reductions in excess air were reported, 02 levels were

in the range of 5 to 7 percent, and when well tuned boilers were

used as baselines, no measurable improvement was documented.
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Flue gas outlet temperature, another parameter which effects

efficiency is primarily a function of boiler cleanliness and

excess air, for a given boiler design. Since the Vapormid is

not likely to aid in decreasing excess air, if it is to make any

improvement in gas outlet temperature it must do so by improving

boiler cleanliness. There is some evidence in the literature that

Vapormid does increase the combustion zone temperature, effecting

an improvement in carbon burnout and a subsequent improvement in

cleanliness.

A properly tuned boiler firing No. 2 oil should generate almost no

soot, and the amount of buildup, even over a long operating period,

will be so small as to have a negligible effect upon heat transfer.

The amount of soot expected is so small in fact, that many boilers

designed for operation on No. 2 oil alone are not even equipped

with sootblowers. No. 6 oil is a somewhat different story. There

can be an appreciable amount of ash present, and if the oil happens

to have a high carbon to hydrogen ratio or other qualities leading

to poor combustion, a significant amount of boiler deposits, includ-

ing both soot and ash, can build up over a long operating period.

Water tube boilers typically have sootblowers installed which can
remove any anticipated deposits by once-a-day or once-a-shift opera-

tion. The cost of operating and maintaining these sootblowers is

minor, and can generally be said to be more cost effective than an

add-on device such as a Vapormid. Fire tube boilers however normally

require a shutdown to be cleaned. Assuming that this shutdown can

be adequately scheduled into the operation of the heating plant its

main cost is in the manpower required. Any ability of the Vapormid
tderaetefrequtency ofteecleaning shutdowns, or eliminate

them altogether would result in a manpower saving and cost advantage.

1This would appear to be one possible area in which the Vapormid
might provide some technical advantage.

The economics of the above mentioned cleaning options are discussed

in Section 7.
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One other variable which can have an effect on boiler efficiency

is moisture content of the air. However, based on the information

available, the amount of water used by Vapormid, and thus added to

the combustion process is miniscule and should have no measurable

effect on either efficiency or operating problems such as corrosion.

From the above discussions, it would appear that the only applica-

tion wherein a Vapormid might be advantageous for a properly tuned

boiler would be a fire tube unit burning No. 6 oil. In this instance,

it is possible that the maintenance costs for periodic cleaning of

the boiler might be reduced due to the increased combustion tempera-

ture possible with the Vapormid.

6.3 Application of the Vapormid to a Poorly Tuned and

Maintained Boiler

A poorly tuned boiler can have many different problems. Usually

however, they can all be traced to improper relationship of fuel

and air. This maladjustment may be in the form of high excess air

with its attendant high gas weight and efficiency losses or low

excess air with excessive unburned carbon losses, smoke, hydro-

carbons and carbon monoxide. It could also be due to poorly adjusted

burners which do not allow proper mixing of the fuel and air,

even though they might be present in the correct proportions.

Since air-deficient operation can, under certain circumstances

lead to explosive conditions in the furnace, boiler operators tend

to operate with higher excess air than required, "just to be safe."

No amount of "catalytic action" can change this, since it is deter-

mined only by mass flow of the fuel and air, and is set by the

operator or the adjustments of the control system linkages. Very

few combustion control systems are capable of trimming excess air

without some input from the operator, and even those that can do so,

normally take into account only fuel and air flows or 02 level in

the flue gas, not furnace conditions. Any reductions to exces-

sively high excess air which might be possible through the use of
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the Vapormid would still have to be implemented by the operator

in the form of adjustments to the fuel air ratio. There is little

reason to believe that a boiler operator who has never taken the

time to make these adjustments previously (thus resulting in a
"poorly tuned boiler") would begin to make them just because a

Vapormid was added to the unit.

As has been mentioned previously, there is no indication in the

literature that Vapormid is capable of reducing excess air below

the 5-7% 02 level, nor is there any credible evidence that it

can improve mixing or substantially aid combustion at extremely

low excess air levels. There would thus be no reason to expect

any improvement to low excess air problems.

As was the case with a properly tuned boiler, there is some possi-

bility that the Vapormid might be able to improve carbon burnout

when firing No. 6 oil, and thus aid in reducing sooting of the

boiler's convection surfaces. Sootblowers can remove this deposit

effectively with most water tube boilers, so this would only be an

advantage with firetube units.

In summary, the only area in which there is a significant chance

for efficiency improvement via a Vapormid would be a firetube

boiler operating on No. 6 oil, where there is a chance to reduce

unit downtime for cleaning.
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7.0 ECONOMIC EVALUATION

The Vapormid units cost between about $350 and $4,000, depending

upon size and application. The sizes required for typical Army

applications such as heating boilers would be expected to cost

between $1,000 and $3,000, again depending upon size and applica-

tion. Installation is generally performed by the vendor and is

included in the purchase price.

It has been shown that the only application for which the Vapormid

might be expected to prodice a reduction in boiler operating costs

would be one in which it could reduce sooting of the boiler con-

vection surfaces, and therefore decrease cleaning costs.

For a water tube boiler equipped with four Diamond Power G9B type

sootblowers, the cost of sootblowing steam required through a nine-

month heating season would be expected to be about $1,300.

Maintenance of these sootblowers is typically low, as they are

normally hand operated and do not require any control. Maintenance

is limited to occasional replacement of items such as packing or a

sticking check valve and is generally easily accomplished by the

boiler operators. Replacement of the lance is almost never required

in this type of boiler. Based upon the estimated steam consumption

and an assumed maintenance cost, the total cost of operating a soot-

blower system should be no more than about $1,500 per year. Thus

if the Vapormid could eliminate all sootblowing, the simple payback
Speriod could be in the rneof one to tw er. It is jde

that this is unlikely, and at best, the sootblowing might be cut in

half, so payback would be from two to four years.

For a firetube boiler, the cleaning costs are primarily labor costs
associated with performing the work. This cost is estimated to be

about $1,000 per season, assuming two man-days required per clean-

ing and four cleanings per season. Since a Vapormid for a firetube

boiler would be less expensive due to the smaller size required,

the payback period would be shorter. Simple payback period could
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be expected to be about 1 1/2 to 2 years, assuming a $1,000 Vapormid

unit that can reduce the required cleaning by one-half.

Based on the above estimates, the Vapormid could be cost effective

if it could indeed be proven to perform as advertised by the manu-

facturer in eliminating or reducing sooting.

The costs of maintaining a boiler in good operating condition are

actually quite minimal, and this is considered by NUS to be a more

desirable approach than trying to compensate for poor performance

by means of add-on devices. Typical boiler manufacturer service
representatives cost from $200 to $500 per day, plus travel expenses,

and one day's service time per year is normally all that is required

to maintain the unit in good operating condition. In addition, the

operators must be willing to maintain a more watchful eye on oper-
ating conditions and perform preventative maintenance of steam traps,

filters, controls, etc., on a scheduled bssis. The costs of sche-

duled maintenance have been shown over the years to be easily justi-

fiable in terms of improved efficiency, availability, and general

lessened operator headaches.

It must be emphasized that the cost estimates provided here are for
generic guidance only. The actual costs dssociated with any given

installation must be evaluated on a case-by-case basis in order to

insure proper economic analysis of the many site specific factors

involved.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

NUS' review of the Vapormid device does not show any clear-cut

advantages to be obtained from its use. There is no credible

evidence that the device is capable of causing any substantial

increase in boiler efficiency through its advertised catalytic
action. Although there is some evidence that furnace combustion

temperatures might be increased slightly, the economic benefits

to be gained from this are only marginal in most cases. Consider-

ing the weakness of the evidence, and the proven performance of

existing equipment such as sootbiowers, it would seem unwarranted

to make the investment in a Vapormid. The more cost-effective

course of action would be to properly tune and maintain the

boilers and accessories. A device such as the Vapormid, even if

it can be proven to work, should not be used as a substitute for
good operating and maintenance practices.

-
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APPENDIX A

'CLIENT ICALC. No.

SFESA (Corps of Engineers) 5397-M-01

VAPORMID

PROBLEM: AUDIT

For Report No. 3, investigate the possibility IREMARKS

that the oil layer on the Vapormid could be supply- I
ing additional BTU value to the test apparatus, I
thereby explaining the reported results.

CHECKERS REMARKS:

APPROACH ASSUMPTIONS. 1AUDIT

1. Determine the additional heat input required to IREMARKS

to explain the reported results (ABTU)
2. Determine the length of time which this heat I

input could be supplied by the available cata-
lysu layer.

CHECKER'S REMARKS:

SOURCES-DATAIEQUATIONS: AUDIT

1. Report on Bubble Chamber Ion Generator Experi- iREA' RKS

ments, by WEGOA Systems, Inc. (Ref. No. 3 in
NUS Report No. 5397).

2. Assume catalyst oil contains 150,000 BTU/GAL I
(typical for heavy fuel oil).

,CHECKER'S REMARKS:

CONCLUSIONS: IAUDITI REMARKS
Available catalyst layer could supply system of 

I

Part I for 9 + hours and Part II for 40 + hours.

CHECKER'S REMARKS:

AUDIT SUMMARY CALCULATED BY/ /, )I

CHECKS CORRECTIVE ACTION TAKEN
BY CHECKED BY Preliminary DATE

INFRACTIONS DATE AUDITED BY DATE

ED 500 2 80'
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Fb5 N U Page I... of 3______
CORFDoRATION OATE 6/1/81

CLIENT FESA FILE NO. 5397-01 BY Paul Utterback

SUBJECT VAPORMID Checked By Preliminary

Problem - Estimate the length of time for which the oil layer
reported in the Vapormid could supply the additional
BTUs required to provide the results shown in Report
No. 3.

From Report, Gas Flow without Vapormid is listed as 1 Ft
3 /

23 min-26 sec. Assuming 1000 BTU/Ft 3 ,

Fl (1000 BTU) x 60 min 2560 BTU/hr

23 min-26 sec h- 2 T

Similiary, with Vapormid,

1000 BTU 60 min
GF2 = 28 min - 24 sec X hr = 2112 BTU/hr

To supply the difference in BTU input with an oil (such as

the catalyst oil) would require:

ABTU, = (2560 - 2112) = 448 BTU/hr

Note that supplying the differential BTUs in a different

fuel would not necessarily guarantee the same flame tempera-

tures depending upon hydrogen and moisture content of the

fuel, and heat transfer characteristics of the apparatus

used. It should be considered a general indication only.
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Pageil2 of 3

L h1 CORORATION DATE 6/1/81

CLIENT FESA FILE NO. 5397-01 BY Paul Utterback

SUBJECT VAPORMID Checked By Preliminary

Assuming an oil of 150,000 BTU/gal, the following flow rate

would be required to supply the differential BTUs:

ABTU1
150,000 BTU/gal =

150,000448 BTU/hr = 2.99 x 10- 3 gal/hr

= 49.8 x 10-6 gal/min

From the data sheet included with the report, the Vapormid

contains 3 1/2 oz. oil. Assuming this is fluid ounces, then

the &BTU could be supplied for the following time period.

T1 3.5 oz 9 + Hours
128 oz/gal x 2.99 x 10 - J gal/hr

In Part II of the same report, a gas calorimeter is used

instead of a burner. Based on Cutler-Hammer literature, the

heat input to the calorimeter is 1100 to 1300 BTU/hr. The

BTU reading increases, as reported in this test, were on the

order of 2 to 7%. (1000 to 1022 and 984 to 1050 BTU/SCF).
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L~ hIUII~Page 3 of_____

LiiCORPOKRATION DATE 6/1/81

CLIENT FESA FILE NO. 5397-01 BY Paul Utterback

SUBJECT VAPORMID Checked By Preliminary

To supply this ABTU2 with an oil would require:

ABTU2 = .07 x 1300 BTU/hr

= 91 BTU/hr

And the corre-sponding oil flow of:

OF2 = ABTU Z
150,000 BTU/gal

- 91 BTU/hr =.61 x 10~ gal/hr
150,000 BTU/gal

=10.1 x 106gal/min

Assuming the same quantity of oil in the Vapormid, the

catalyst layer could supply the required heat input to the

calorimeter for:

T 3.5 oz =44.8 hours
2 1.28 az/gal x .61 x 10-3 gal/h-r

A-4



US Military Academy Commnander, TRADOC
ATTN: Dept of Mechanics Ofc fteEgne
West Point, NY 10996 ATTN: ATEN-FE-U

Ft Monroe, VA 23651
US Military Academy
ATTN: Library AF Civil Engr Center/XRL
West Point, NY 10996 Tyndall AFB, FL 32401

HQDA (DALO-TSE-F) Naval Facilities Engr Command'WASH DC 20314 ATTN: Code 04
HQDA(DAN-AS-L) (2)200 Stovall St.
HQOA(OAN-AS-L) (2)Alexandria, VA 22332

WASH DC 20314
Defense Documentation CenterHQDA (DAEN-MPO-B) ATTN: TCA (12)

WASH DC 20314 Cameron Station
HQDA(DAN-MP-A)Alexandria, VA 22314

WASH DC 20314 Commander and Director
HQDA(DAN-MP-U)USA Cold Regions Research Engineering

WHDC 203N14O- LaboratoryWASHDC 2314Hanover, NH 03755

HQDA (DAEN-MPZ-A) FORSC(J4
WASH DC 20314 ATTN: AFEN

HQDA(DAN-MP-E)Ft McPherson, GA 30330

WASH DC 20314 FORSCOM

HQDA(DAN-MP-G)ATTN: AFEN-FE
HQDA(DAN-MP-G)Ft McPherson, GA 30330

WASH DC 20314
Officer-i n-Charge

HQDA (DAEN-RcJ1) Civil Engineering Laboratory
WASH DC 20314 Naval Construction Battalion Center

ATTN: Library (Code LOBA)HQDA (DAEN-RDL) Port Huteneme, CA 93043
WASH DC 20314

Diretor USAWESCommander and DirectorDiretor USAWESUSA Construction Engineering
ATTN: Library Research Laboratory
P.O. Box 631 P.O. Box 4005
Vicksburg, MS 39181 Champaign, IL 61820

Commander, TRADOC Commanding General, 3d USA
Office of the Engineer ATTN: Engineer
ATTN: ATEN Ft. McPherson, GA 30330
Ft. Monroe, VA 23651
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Commanding General, 5th USA Chief, Naval Facilities
ATTN: Engineer Engineer Command
Ft Sam Houston, TX 78234 ATTN: Chief Engineer

Department of the Navy
AFCE Center Washington, DC 20350
Tyndall AFB, FL 32403

Commander
Commander, DARCCM Naval Facilities Engineering Oud
Director. Installation 200 Stovall St
and Services Alexandria, VA 22332

5001 Eisenhower Ave.
Alexandria, VA 22333 Commander

Naval Facilities Engr Ond
Commander, DARCOM Western Division
ATTN: Chief, Engineering Div. Box 727
5001 Eisenhower Ave San Bruno, CA 94066
Alexandria, VA 22333

Civil Engineering Center
Air Force Weapons Lab/AFWL/DE ATTN: Moreell Library
Chief, Civil Engineering Port Hueneme, CA 93043
Research D.ivision

Kirtland AFB, NM 87117 Commandant of the Marine Corps
HQ, US Marine Corps

Strategic Air Command Washington, DC 20380
ATTN: DSC/CE (DEEE)
Offutt AFB, NE 68112 National Bureau of Standards (4)

Materials & Composites Section
Headquarters USAF Center for Building Technology
Directorate of Civil Engineering Washington, DC 20234
AF/PREES
Bolling AFB, Washington, DC 20333 Assistant Chief of Engineer

Rin 1E 668, Pentagon
Strategic Air Command Washington, DC 20310
Engineering
ATTN: Ed Morgan The Army Library (ANRAL-R)
Offutt AFB, NE 68113 ATTN: Army Studies Section

Room IA 518, The Pentagon
USAF Institute of Technology Washington, OC 20310
AFIT/DED
Wright Patterson AFB, OH 45433 Commander-in-Chief

USA, Europe
Air Force Weapons Lab ATTN: AEAEN
Technical Library (DOUL) APO New York, NY 09403
Kirtland AFB, NM 87117
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Commander Commander
USA Foreign Science and USA Support Command, HaNaii

Technology Center Fort Shafter, HI 96858
220 8th St. N.E.
Charlottesville, VA 22901 Commander

Eighth US Army
Commander APO San Francisco 96301
USA Science & Technology

Information Team, Europe Commander
APO New York, NY 09710 US Army Facility Engineer

Activity - Korea
Commander APO San Francisco 96301
USA Science & Technology

Center - Far East Office Commander
APO San Francisco, CA 96328 US Amy, Japan

APO San Francisco, CA 96343
Commanding General
USA Engineer Command, Europe Facilities Engineer
APO New York, NY 09403 Fort Belvoir

Fort Belvoir, VA 22060
Deputy Chief of Staff
for Logistics Facilities Engineer

US Army, The Pentagon Fort Benning
Washington, OC 20310 Fort Benning, GA 31905

Commander, TRADOC Facilities Engineer
Office of the Engineer Fort Bliss
ATTN: Chief, Facilities Fort Bliss, TX 79916

Engineering Division
Ft Monroe, VA 23651 Facilities Engineer

Carlisle Barracks
Commanding General Carlisle Barracks, PA 17013
USA Forces Command
Office of the Engineer Facilities Engineer

(AFEN-FES) Fort Chaffee
Ft McPherson, GA 30330 Fort Chaffee, AR 72902

Commanding General Facilities Engineer
USA Forces Command Fort Dix
ATTN: Chief, Facilities Fort Dix, NJ 08640

Engineering Division
Ft McPherson, GA 30330 Facilities Engineer

Fort Eustis
Commanding General, 1st USA Fort Eustis, VA 23604
ATTN: Engineer
Ft George G. Meade, MD 20755
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Facilities Engineer Facilities Engineer
Fort Gordon Fort Story
Fort Gordon, GA 30905 Fort Story, VA 23459

Facilities Engineer Facilities Engineer
Fort Hamilton Kansas Army Ammunition Plant
Fort Hamilton, NY 11252 Parsons, KS 67357

Facilities Engineer Facilities Engineer
Fort A P Hill Lone Star Army Ammunition Plant
Bowling Green, VA 22427 Texarkana, TX 75501

Facilities Engineer Facilities Engineer
Fort Jackson Picatinny Arsenal
Fort.Jackson, SC 29207 Dover, NJ 07801

Facilities Engineer Facilities Engineer
Fort Knox Louisiana Army Ammunition Plant
Fort Knox, KY 40121 Shreveport, LA 71130

Facilities Engineer Facilities Engineer
Fort Lee Milan Army Ammunition Plant
Fort Lee, VA 23801 Milan, TN 38358

Facilities Engineer Facilities Engineer
Fort McClellan Pine Bluff Arsenal
Fort McClellan, AL 36201 Pine Bluff, AR 71601

Facilities Engineer Facilities Engineer
Fort Monroe Radford Army Ammunition Plant
Fort Monroe, VA 23651 Radford, VA 24141

Facilities Engineer Facilities Engineer
Presidio of Monterey Rock Island Arsenal
Presidio of Monterey, CA 93940 Rock Island,-IL 61201

Facilities Engineer Facilities Engineer
Fort Pickett Rocky Mountain Arsenal
Blackstone, VA 23824 Denver, CO 80340

Facilities Engineer Facilities Engineer
Fort Rucker Scranton Army Ammunition Plant
Fort Rucker, AL 36362 156 Cedar Avenue

Scranton, PA 18503
Facilities Engineer
Fort Sill Facilities Engineer
Fort Sill, OK 73503 Tobyhanna Army Depot

Tobyhanna, PA 18466
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Facilities Engineer Facilities Engineer
Tooele Army Depot Harry Diamond Laboratories
Tooele, UT 84074 2800 Powder Mill Rd

Adelphi, MD 20783
Facilities Engineer
Arlington Hall Station Facilities Engineer
400 Arlington Blvd Fort Missoula
Arlington, VA 22212 Missoula, MT 59801

Facilities Engineer Facilities Engineer
Cameron Station, Bldg 17 New Cumberland Army Depot
5010 Duke Street New Qumberland, PA 17070
Alexandria, VA 22314

Facilities Engineer Facilities Engineer
Sunny Point Military Ocean Terminal Oakland Army Base
Southport, NC 28461 Oakland, CA 94626

Facilities Engineer Facilities Engineer

US Military Academy Vint Hill Farms Station
West Point Reservation Warrentown, VA 22186
West Point, NY 10996

Facilities Engineer
Facilities Engineer Twin Cities Army Ammunition Plant
Fort Ritchie New Brighton, MN 55112
Fort Ritchie, MD 21719

Facilities Engineer
Facilities Engineer Volunteer Army Anmunition Plant
Army Materials & Mechanics Chattanooga, TN 37401

Research Center
Watertown, MA 02172 Facilities Engineer

Watervliet Arsenal
Facilities Engineer Watervliet, NY 12189
Ballistics Missile Advanced
Technology Center Facilities Engineer

P.O. Box 1500 St Louis Area Support Center
Huntsville, AL 35807 Granite City, IL 62040

.1 Facilities Engineer Facilities Engineer
Fort Wainwright Fort Momouth
172d Infantry Brigade Fort Mornouth, NJ 07703
Fort Wainwright, AK 99703i Facilities Engineer

Facilities Engineer Redstone Arsenal
Fort Greely Redstone Arsenal, AL 35809
Fort Greely, AK 98733

Facilities Engineer
Fort Richardson
Fort Richardson, AK 99505
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Facilities Engineer Facilities Engineer
Detroit Arsenal Fort Hood
Warren, MI 48039 Fort Hood, TX 76544

Facilities Engineer Facilities Engineer

Aberdeen Proving Ground Fort Indiantown Gap
Aberdeen Proving Ground, MD 21005 Annville, PA 17003

Facilities Engineer Facilities Engineer
Jefferson Proving Ground Fort Lewis
Madison, IN 47250 Fort Lewis, WA 98433

Facilities Engineer Facilities Engineer
Dugway Proving Ground Fort MacArthur
Dugway, UT 84022 Fort MacArthur, CA 90731

Facilities Engineer Facilities Engineer
Fort McCoy Fort McPherson
Sparta, WI 54656 Fort McPherson, GA 30330

Facilities Engineer Facilities Engineer
White Sands Missile Range Fort George G. Meade
White Sands Missile Range, in 88002 Fort George G. Meade, MD 20755

Facilities Engineer Facilities Engineer
Yuma Proving Ground Fort Polk
Yuma, AZ 85364 Fort Polk, LA 71459

Facilities Engineer Facilities Engineer
Natick Research & Dev Ctr fort Riley
Kansas St. Fort Riley, KS 66442
Natick, MA 01760

Facilities Engineer
Facilities Engineer Fort Stewart

* 4Fort Bragg Fort Stewart, GA 31312
Fort Bragg, NC 28307

Facilities Engineer
Facilities Engineer Indiana Army kmmunition Plant
Fort Campbell Charlestown, IN 47111
Fort Campbell, KY 42223

Facilities Engineer
Facilities Engineer Joliet Amy Ammunition Plant
Fort Carson Joliet, IL 60436
Fort Carson, CO 80913

Facilities Engineer
Facilities Engineer Anniston Army Depot
Fort Drum Anniston, AL 36201
Watertown, NY 13601
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Facilities Engineer Facilities Engineer
Corpus Christi Amy Depot Gulf Output
Corpus Christi, TX 78419 New Orleans, LA 70146

Facilities Engineer Facilities Engineer
Red River Amy Depot Fort Huachuca
Texarkana, TX 75501 Fort Huachuca, AZ 86513

Facilities Engineer Facilities Engineer

Sacramento Amy Depot Letterkenny Army Depot
Sacramento, CA 95813 Chambersburg, PA 17201

Facilities Engineer Facilities Engineer
Sharpe Amy Depot Michigan Army Missile Plant
Lathrop, CA 95330 Warren, MI 48089

Facilities Engineer COL E.C. Lussier
Seneca Amy Depot Fitzsimons Army Med Center
Romulus, NY 14541 ATTN: HSF-DFE

Denver, CO 80240
Facilities Engineer
Fort Ord US Army Engr Dist, New York
Fort Ord, CA 93941 ATTN: NANEN-E

26 Federal Plaza
Facilities Engineer New York, NY 10007
Presidio of San Francisco
Presidio of San Francisco, CA 94129 USA Engr Dist, Baltimore

ATTN: Chief, Engr Div
Facilities Engineer P.O. Box 1715
Fort Sheridan Baltimore, MD 21203
Fort Sheridan, IL 60037

USA Engr Dist, Charleston
Facilities Engineer ATTN: Chief, Engr Div
Holston Amy Ammunition Plant P.O. Box 919
Kingsport, TN 37662 Charleston, SC 29402

Facilities Engineer USA Engr Dist, Detroit
Baltimore Output P.O. Box 1027
Baltimore, MD 21222 Detroit, MI 48231

Facilities Engineer USA Engr Dist, Kansas City
Bayonne Military Ocean Terminal ATTN: Chief, Engr Div
Bayonne, NJ 07002 700 Federal Office Bldg.

601 E. 12th St
Facilities Engineer Kansas City, MO 64106
Bay Area Military Ocean Teminal
Oakland, CA 94626
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USA Engr Dist, Omaha USA Enge D.v,. Norfolk
ATTN: Chief, Engr Div ATTN: ChieF, NAOEN-D
7410 USOP and Courthouse 803 Front Street
215 N. 17th St Norfolk, VA 23510
Omaha, NE 68102

USA Engr Div, Missouri River
USA Engr Dist, Fort Worth ATTN: Chief, Engr Div
ATTN: Chief, SWFED-D P.O. Box 103 Downtown Station
P.O. Box 17300 Omaha, NE 68101
Fort Worth, TX 76102

USA Engr Div, South Pacific
USA Engr Dist, Sacramento ATTN: Chief, SPDED-TG
ATTN: Chief, SPKED-D 630 Sansome St, Rm 1216
650 Capitol Mall San Francisco, CA 94111
Sacramento, CA 95814

USA Engr Div, Huntsville
USA Engr Dist, Far East ATTN: Chief, HNDED-ME
ATTN: Chief, Engr Div P.O. Box 1600 West Station
APO San Francisco, CA 96301 Huntsville, AL 35807

USA Engr Div, Ohio River
USA Engr Dist, Japan ATTN: Chief, Engr Div
APO San Francisco, CA 96343 P.O. Box 1159

Cincinnati, Ohio 45201
USA Engr Div, Europe
European Div, Corps of Engineers USA Engr Div, North Central
APO New York, NY 09757 ATTN: Chief, Engr Div

536 S. Clark St.
USA Engr Dlv, North Atlantic Chicago, IL 60605
ATTN: Chief, NADEN-T
90 Church St. USA Engr Div, Southwestern
New York, NY 10007 ATTN: Chief, SWDED-TM

Main Tower Bldg, 1200 Main St
USA Engr Div, South Atlantic Dallas, TX 75202
ATTN: Chief, SAEN-TE
510 Title Bldg USA Engr Dist, Savannah
30 Pryor St, SW ATTN: Chief, SASAS-L
Atlanta, GA 30303 P.O. Box 889

Savannah, GA 31402
USA Engr Dist, Mobile
ATTN: Chief, SAMEN-C Commander
P.O. Box 2288 US Army Facilities Engineering
Mobile, AL 36601 Support Agency

Support Detachment II
USA Engr Dist, Louisville Fort Gillem, GA 30050
ATTN: Chief, Engr Div
P.O. Box 59
Louisville, KY 40201
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S'ommander NCOIC
S Amy Facilities Engr Spt Agency US Army Facilities Engr Spt Agency

ATTN: MAJ Brisbine Support Detachment II
Support Detachment III ATTN: FESA-II-BE
P.O. Box 6550 P.O. Box 2207
Fort Bliss, TX 79916 Fort Benning GA 31905

NCOIC NCOIC
US Army Facilities Engr Spt Agency US Army Facilities Engr Spt Agency
Support Detachment III Support Detachment II
ATTN: FESA-III-SI ATTN: FESA-II-KN
P.O. Box 3031 Fort Knox, KY 40121
Fort Sill, OK 73503

Naval Facilities Engineering Ond
NCOIC Energy Programs Branch, Code 1023
US Army Facilities Engr Spt Agency Hoffmann Bldg. 2, (Mr. John Hughes)
Support Detachment III Stovall Street
ATTN: FESA-III-PR Alexandria, VA 22332
P.O. Box 29704
Presidio of San Francisco, CA 94129 Commander

US Army Facilities Engineering
NCOIC Support Agency
US Army Facilities Engr Spt Agency FE Support Detachment I
ATTN: FESA-III-CA APO New York, NY 09081
Post Locator
Fort Carson, CO 80913 Navy Energy Office

ATTN: W.R. Mitchum
;ommander/CPT Ryan Washington DC 20350
JS Army Facilities Engr Spt Agency
Support Detachment IV David C. Hall
P.O. Box 300 Energy Projects Officer
Fort Monmouth, NJ 07703 Dept. of the Air Force

Sacramento Air Logistics Center (AFLC)
NCOIC 2852 ABG/DEE
US Army Facilities Engr Spt Agency McClellan, CA 95652
ATTN: FESA-IV-MU
P.O. Box 300 USA Engineer District, Chicago
Fort Monmouth, NJ 07703 219 S. Dearborn Street

ATTN: District Engineer
NCOIC Chicago, IL 60604
US Army Facilities Engr Spt Agency
Support Detachment IV Directorate of Facilities Engineer

*1 ATTN: FESA-IV-ST Energy Environmental & Self Help Center
Stewart Army Subpost Fort Campbell, KY 42223
Newburgh, New York 122501 Commander and Director
NCOIC Construction Engineering Research
US Amy Facilities Engineering La bo ra tory
Support Agency ATTN: COL Circeo

Support Detachment II P.O. Box 4005
ATTN: FESA-II-JA Champaign, IL 61820
Fort Jackson, SC 29207

DIST 9

-i&1

• -_ m mlua.-



Mr. Ray Heller NCOIC
Engineering Services Branch 535th Engineer Detachment, Team A
DFAE, Bldg. 1950 ATTN: SFC Prenger
Fort Sill, OK 73503 P.O. Box 224

Fort Knox, KY 40121
Commander-i n-Chief
HQ, USAEUR NCOIC
ATTN: AEAEN-EH-U 535th Engineer Detachment, Team B
APO New York 09403 ATTN: SP6 Cathers

P.O. Box 300
HQ AFESC/RDVA Fort Monmouth, NJ 07703
ATTN: Mr. Hathaway
Tyndall AFB, FL 32403 NCOIC

535th Engineer Detachment, Team C
Commander and Director ATTN: SFC Jackson
Construction Engineering Research Lab P.O. Box 4301
ATTN: Library Fort Eustis, VA 23604
P.O. Box 4005
Champaign, IL 61820 NCOIC

535th Engineer Detachment, Team-D
HQ, 5th Signal Command ATTN: SFC Hughes
Office of the Engineer Stewart Army Subpost
APO New York 09056 Newburg, New York 12550

HQ, Us Military Community Activity, Commander
Heilbronn Persidio of San Francisco,

Director of Engineering & Housing California
ATTN: Rodger D. Romans ATTN: AFZM-DI/Mr. Prugh
APO New York 09176 San Francisco, CA 94129

Commanding General Facilities Engineer
* HQ USATC and Fort Leonard Wood Corpus Christi Army Depot

ATTN: Facility Engineer ATTN: Mr. Joseph Canpu/Stop 24
Fort Leonard Wood, MO 65473 Corpus Christi, TX 78419

SSG Rulz Burgos Andres Walter Reed Army Medical Center
D.F.E., HHC HQ Cnd 193d Inf ATTN: KHSWS-E/James Prince
BDE 6825 16th St., NW
Ft. Clayton, C/Z Washington, DC 20012

- Energy/Environmental Office Commanding Officer
ATTN: David R. Nichols Installations and Services Activity
USMCA-NBG (DEH) ATTN: DRCIS-RI-IB
APO New York 09696 Rock Island Arsenal

Rock Island, IL 61299
Commander
535th Engineer Detachment
P.O. Box 300Fort Monmouth, NJ 07703

DIST 10



Cunimanding Officer Mr. David White
Northern Division Naval Defense Audit Service

Facilities Engineering Command 888 North Sepulveda Blvd.
Code 102 (Mr. E.F. Hum) Suite 610
Naval Base El Sequndo, CA 90245
Philadelphia, PA 19112

Facilities Engineer
Commander, US Army Facilities Engineering Bldg. 308
Support Agency Fort Myer, VA 22211

Support Detachment I
APO New York 090B1 NAVFAC

ATTN: John Zekan
HQ, USA Health Services Omd Code 0833 Hoffmann Building
Bldg. 2792 200 Stovall Street
ATTN: HSLO-F Alexandria, VA 22332
Fort Sam Houston, TX 78234

HQ, bSASCH
HQDA Director Engineering & Housing
(DAEN-MPE-E) Fort Shafter, HI 96858
WASH DC 20314

HQ, WESTCOM
Commanding Officer ATTN: APEN-CE
Northern Division Naval Fort Shafter, HI 96858

Facilities Engineering Command
Code 10 Headquarters US Army Materiel Development

•al Base, Building 77 & Readiness Command
ladelphia, PA 19112 ATTN: Energy Office, DRCIS-C

FAlexandria, VA 22333Faclities Engineer

Fort Leavenworth One Stop Coordinator
Fort Leavenworth, KS 66027 Army Corps of Engineers

ATTN: ORNED-D (Connie Flatt)
Facilities Engineer P.O. Box 1070
Fort Benjamin Harrison Nashville, TN 37202
Fort Benjamin Harrison, IN 46216

Solar Energy Research Institute
Office of the A&E 1617 Cole Boulevard
ATTN: MAJ Johnson Golden, CO 80401
Camp Ripley

* Little Falls, MN 56345 American Telephone & Telegraph Co.
ATTN: Kenneth T. Risberg

Commander 222 Mt. Airy Road, Rm 192B5
US Army Garrison Basking Ridge, NJ 07920
ATTN: HSD-FE
Fort Detrick, MD 21701 LCDR D. J. Clark

Navy Material Command
AFESC/DEB COde 08E
ATTN: Mr. Fred Beason Washington, DC 20360
Tyndall AFB, FL 32403
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Office of Secretary of Defense
Installations & Housing
ATTN: Mr. Millard Carr
WASH DC 20301

Commandant (G-ECV-2/65)
ATTN: LTC Peck
US Coast Guard HQTRS
2100 2nd St. SW
WASH DC 20593

HQ AFESC/DEB
ATTN: COL. William R. Gaddle
Tyndall AFB, FL 32403
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