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ABSTRACT

Moder n out door residential wood-burning hot water furnaces
are freestanding units situated outside the envel ope of the
structure to be heated. They typically consist of a firebox and
wat er reservoir, assenbled in a horizontal configuration. Hot
conbustion gases flow fromthe firebox at one end, through
channel s or tubes in the water reservoir, to the stack. The
gases may pass through the water reservoir once to the stack at
the end opposite the firebox (one pass) or an additional set of
pi pes may bring the gases back to the stack | ocated above but
i solated fromthe conbustion chanber (double pass). The heated
water is punped through radiators in the dwelling or through a
heat exchanger in the HVAC duct in response to the hone
thernostat. A separate pipe coil in the water reservoir my be
used to provide donestic hot water, year round if desired. The
furnace draft is controlled by a thernostat nonitoring the
tenperature of the water in the reservoir. Central heating
furnaces of all types are exenpt fromthe EPA wood heater (wood
stove) standard. In this project, em ssions were neasured from
one single pass and one doubl e pass furnace at average heat
out puts of 15,000 and 30,000 Btu/hr while burning typical oak
cordwood fuel. One furnace was al so tested once at each heat
output while fitted with a prototype catalytic unit installed in
t he conbustion chanber. Em ssions neasured included: EPA Met hod
5G particul ate, semvolatile and condensi bl e organics, 20 target
PAH conpounds, and carbon nonoxi de. Em ssion results are
presented in terns of rate per hour, quantity per unit weight of
wood burned, and quantity per unit of heat delivered. Delivered
efficiencies are also presented. Conpared to a w de range of
residential heating options, these furnaces’ em ssions were of
the sane order as other stick wood burning appliances.
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Most quantities in this report are in nonmetric units.

CONVERSI ON TABLE

Reader s

nmore famliar with nmetric units may use the follow ng values to

convert to that system
Nonnetric Mul tiply by Yields netric
Bt u/ hr 1.055 x 10° joule (J)
Btu/lb 2.326 x 103 J/ kg
Bt u/ (I b- °F) 4.187 x 103 J/ kg- K
degree Fahrenheit (Tp) (Te+459.67)/1.8 K
cfm 4.719 x 10 n¥/ s
ft 3.048 x 10! m
gpm 6.309 x 10° n¥/ s
I b 4.536 x 101 kg
| b/ft3 1.602 x 10 kg/ m?
| b/ gal 1.198 x 102 kg/ n¥
[ b/ mn 7.560 x 103 kgl s
in. HO @60°F 2.488 x 102 pascal (Pa)




SECTION 1.0 - | NTRODUCTI ON

In the early 1980's, the state of Oregon began devel opi ng
nmet hods for characterizing source em ssions fromresidential wood
conbustion units. The devel oped net hods have since bl ossoned
into test nethods used to audit and certify wood-burni ng heaters.
From t hese begi nnings, the U S. Environnmental Protection Agency
(EPA) has established em ssion performance standards for
residential wood heaters.

The federal regulations established by the EPAin 1988 limt
em ssions fromresidential wood heaters, such as wood stoves,
pell et-stoves, and factory built fireplace inserts. These
regul ati ons, however, do not include all wood-fired heating
appl i ances. For exanple, central heating furnace/boilers are not
covered under the current regulations.

In general, em ssions fromthe conbustion of wood in stoves
and furnaces contain significant | evels of carbon nonoxide (CO
and fine particulate matter consisting, in part, of nutagenic
pol ycyclic aromati c hydrocarbons (PAH). |f atnospheric
condi tions are conducive for accunul ating snog-1i ke cl ouds of
em ssions, the wood snoke could pose a health hazard. Wth the
potential for such a condition under consideration, the EPA
est abl i shed maxi num accept abl e em ssions |levels for the
certification of nost residential wood-fired heaters.

Typi cally, the nodern outdoor residential wood-burning hot
wat er furnace is a freestanding unit situated outside the
envel ope of the structure to be heated. The unit consists of a
cl osed conbustion chanber surrounded by a water tank and vented
through a stack. A wood burning fire is contained and controlled
in the conmbustion chanber or fire-box of the furnace. During the
conbustion process, heat is transferred through the walls of the
chanber into the water. The hot water fromthe furnace tank can
then be circul ated through radi ators or air-handling heat
exchangers to transfer heat into a residence. Sone central
heati ng furnaces are equi pped wth additional plunbing to provide
donmestic hot water

Most commrercial central heating furnaces are supplied with
an 8- to 10-foot stack. Typical indoor wood burning stoves have
chi meys whi ch extend through the roof of a honme to heights of 20
to 30 feet. The relatively | ow chimey height of the central
heati ng furnace/boiler, conpared to the conventional wood stove



installations, creates a greater potential for the |localization
of objectionable em ssions in and around resi dences.
Addi tional ly, concerns have been raised about the manner in which
t he conmbustion process is controlled and how the control affects
t he em ssi ons.

The State of Wsconsin has asked the Control Technol ogy
Center of EPA's Air Pollution Prevention and Control Division
(APPCD) for assistance in determ ning whether the need exists to
regul ate these furnaces. Therefore, the EPA has undertaken the
task of evaluating the em ssions fromthe central heating
furnaces and the manner in which the conbustion is controll ed.
The objective is to devel op baseline em ssion factors for
conparison wth other residential heating systens.

Section 2 provides a description of the experinental
approach and sanpling and anal ytical nethods enpl oyed. Steps to
ensure project quality are described in Section 3. Data, results
and di scussion are presented in Section 4. The appendices
contain the detail ed data.



SECTION 2.0 - PRQIECT DESCRI PTI ON

2.1 EXPERI MENTAL APPROACH

In order to determ ne whether the need exists to regul ate
the central heating furnace/boilers, the EPA needs to establish
baseline em ssion factors. The subject investigation was
undertaken as a neans of “scoping” the performance of typical
furnace types under normal operating conditions. The objective
of the investigation was to gather em ssions data using standard
EPA test nethods devel oped for certifying and auditing wood-fired
heaters (wood stoves). These results could then be conpared to
the em ssion factors established for other gas-, oil, and wood-
fired residential heating equi pnment. There are significant
differences in the way these hone heating furnaces are designed
and operated which produce wdely different em ssion properties
and | evels. For exanple, the wood-fired furnaces tested in this
project used thernostats to deliver a nore constant anount of
heat, conpared to wood stoves which usually have manual draft
controls.

The outdoor residential wood-burning hot water furnaces were
tested foll ow ng EPA Reference Method 28 (M28-40 CFR Part 60,
Appendix A). Method 28 is the test nmethod used to certify and
audit wood-fired heaters (stick and pellet burning woodstoves).
The met hod specifies fuel preparation, furnace operation, and the
reporting of the results. Method 28 requires Method 5G or 5H
(CFR Part 60, Appendix A) to determ ne the concentrations of
oxygen (O, carbon dioxide (CO), carbon nonoxide (CO, and
particulate matter (PM in the em ssions.

For the purposes of these tests, sone of the fuel
preparation procedures under Method 28 were nodified in favor of
preparing the fuel and operating the furnace as recommended by
t he manufacturer. Cordwood was used instead of the di nensioned
| umber specified for wood heater certification. Mthod 28A was
used to cal culate the stack gas dry nol ecul ar weight, as required
for flow nmeasurenents. Method 5G was the primary sanpling nethod
used for the test. The sanpling nethod, Method 5G was nodified
with the addition of an XAD- 2 absorbent trap to coll ect organics;
this nodified sanmpling nethod will hereafter be referred to as
Modi fi ed Method 5G (MG . The coll ected MVbG sanpl es were
anal yzed for total particulate matter (PM, total semvolatile



organics [sonetines referred to as total chromatographabl e
organics (TCO], condensible organics as neasured by gravinetric
anal ysis (GRAV), and pol ycyclic aromatic hydrocarbons (PAHs).
The efficiencies of the units were neasured as a secondary
objective for reporting em ssions relative to the input heating
val ue of the wood and to their heat output fromthe furnace.

The stack test location and MVbG probe | ocation were
sel ected according to the criteria established by EPA nethods for
the testing of wood-fired heaters. The em ssions sanpling system
consisted of a dilution tunnel and hood. The hood, or bell, is
positioned i nches above the stack exit. The rel eased em ssions
plus dilution air are captured and drawn into the hood and
dilution tunnel by an induced draft (ID) fan. A draft
differential pressure of <0.005 in HO was nmai ntained on the
wood-fired furnace as required by Method 28. The MWbG sanpl es
were taken fromthe dilution tunnel duct. The flue gas
concentrations as neasured by the CEMs were sanpled fromthe
chimmey. The various protocols for sanpling in small ducts as
described in EPA Methods 1A, 2C, and 5C (CFR Part 60, Appendix A)
were followed. An additional CO nonitor was positioned to sanple
CO concentrations in the dilution tunnel. This allowed the
furnace stack flow to be calculated by nmultiplying the dilution
tunnel flowate by the ratio of dilution tunnel CO to furnace
stack CO.

Furnace Stack Flow = dilution tunnel flow X COyution/ CQOtack

The MVbG sanpling train consisted of a punp which draws gas
fromthe dilution tunnel through a systemof filters, an XAD 2
organics trap, a condenser and a gas neter. Sanpled gas
tenperatures were neasured, and recorded, throughout the train.
Al so, the velocity head and tenperature in the dilution tunnel
were neasured at the point of average velocity (as determ ned by
a prelimnary velocity and tenperature traverse). Sanpl i ng
rates were controlled to maintain a constant ratio of
proportionality between dilution tunnel flow and flow pulled
t hrough the probe.

2.2 EXPERI MENTAL SET- UP

The conbustion rate of the central heating furnaces
investigated is controlled by a thernostat that maintains the
tenperature of the water within a specified tenperature range.
When the tenperature of the water increases to the upper limt of
the range, the tenperature swtch will stop or slowthe
conbustion air supply into the conbustion chanber. The
conmbustion process will be stalled, slow ng the anount heat being
transferred to the water. During this period of stalled
conbustion, the tenperature in the tank will drop as heat is
removed via the water circulated fromthe tank through the



external space heating heat exchanger. Once the water
tenperature falls to the lower Iimt of the tenperature range,
the tenperature swwtch will allow conbustion air to enter the
conbustion chanber. The conbustion process will increase,
boosting the heat transfer to the water.

For these scoping tests, two types of furnaces were
sel ected as representative of the industry. One of these
furnaces was tested wth a pre-production prototype catal yst
designed to reduce em ssions. The type of furnace is defined by
the configuration of the unit. The flue gases exit the
conbusti on chanber by way of a flue that passes through the water
tank. In general, a single pass furnace allows the flue gases to
pass once through the flue in the water tank before exiting
t hrough the chimey. As the hot flue gases pass through the
flue, heat is transferred to the water in the tank. In a double
pass furnace, flue gases pass through the water tank tw ce before
exiting through the chimey. The second pass of the stack is
designed to provide nore surface area and nore contact tine
bet ween the hot flue gases and the water in the tank.
Representative furnaces of both types were provided to EPA/ APPCD
for testing.

The doubl e pass furnace tested consists of a plate steel
conbustion chanber surrounded by a water tank on all sides but
one. As shown schematically in Figure 2-1, a door on the exposed
surface of the chanber provides the only access to the fire-box
for fuel |oading and ash renoval. Conbustion air is supplied to
the fire-box by a forced draft fan on the door. The forced draft
fan is controlled by the previously nentioned thernostat switch
on the front of the unit. A danper on the fan intake was used to
adjust the air supplied to the conbustion chanber. The flue
gases produced during the conbustion process exit the fire-box
t hrough four flue pipes at the rear of the conbustion chanber.
The flue pipes extend through the water tank to a chanber at the
rear of the unit. |In the secondary chanber, flue gases trave
upward toward two flue pipes, where they pass back through the
water tank to the front of the unit. The upper two flue pipes
enpty into the chimey where the flue gases exit the furnace.

The exterior of the water tank is insulated and covered with
exterior nmetal sheeting. The rear of the water tank is equi pped
with a punp and plunbing fromwhich the heated water can be
circulated. Additional pipe connections and valves are |ocated
on the rear of the furnace to fill the water tank. The
manuf act urer provided the furnace with an air-handling exchanger
for heat renoval.

Simlar to the double pass furnace, the single pass unit
shown schematically in Figure 2-2 contains a steel plate fire-box
surrounded by a water tank. Several transverse water filled
tubes and a water filled transverse baffle provide additional
heat transfer surfaces. A door on the front of the unit provides



access to the fire-box. The conbustion air is controlled by a
thernostat and an electrically controlled danper. The hot gases
fl ow around the tubes and baffle to the rear of the furnace and
enpty into the chimmey. The punp and plunbing for circul ating
the water are |ocated on the rear of the furnace. The single
pass furnace was equi pped by the manufacturer with a water cool ed
heat exchanger for the test.

The furnaces were tested at two conditions. Under the
first condition, heat was renoved fromthe furnaces at a rate
typi cal of the average wi nter heat demands for honmes in warner
climate regions (15 to 20 kBtu/h). At the second condition, heat
was renoved at a higher rate (30 to 40 kBtu/h) to sinulate col der
climate requirenents. The heat extracted fromthe furnaces
during the testing was well bel ow the possi bl e heating output of
t he furnaces when fully charged. Testing under these conditions
caused cycling of the controlled conbustion process.

Each furnace was tested tw ce at each of the test
conditions. One of the units, equipped with a prototype
renmovabl e catal yst, was additionally tested once at the high heat
removal rate and once at | ower heat renoval rate. Blank MVWbG
sanpl es were also collected for each furnace. The test matrix
for this study is shown in Table 2-1.

The project generated sanple sets representing 12 tests and
three bl anks. Each of the test runs spanned the tinme to burn a
full wood charge at a set heat output rate, as defined by the
test matri x shown in Table 2-1. Each furnace was connected to an
exchanger through which its heated water was circul ated. One
unit was provided with a forced-air (air-to-air) heat exchanger.
The other unit utilized a water-to-water heat exchanger. The
heat output rate through the exchanger was determ ned by
measuring the flowrate and the inlet and outl et tenperatures of
the circulated water. The heat output rate was controlled by
regulating the water flow rate being circulated fromthe furnace
and by regulating the flow of the cooling nmedium across the
exchanger. This nmeasurenent isolated the deliverable efficiency
of the furnace fromthe deliverable efficiency of the exchanger.
The delivered efficiency was defined as the energy renoved from
the hot water divided by the energy in the wood burned as

TABLE 2-1. TEST MATRI X FOR WOOD- FI RED FURNACE TESTI NG

Fur nace Test Condition Test Nunber
Furnace A Scopi ng test H gh Heat Renoval Rate (30 to 40 kBtu/hr) A-12, A-2
Furnace A w thout catal yst H gh Heat Renoval Rate (30 to 40 kBtu/hr) A-3, A4
Furnace A w thout catal yst Low Heat Rermpoval Rate (15 to 20 kBtu/hr) A-5, A6
Furnace A with catal yst H gh Heat Renoval Rate (30 to 40 kBtu/hr) A-T7°
Furnace A with catal yst Low Heat Rermoval Rate (15 to 20 kBtu/hr) A- 8b




Furnace B H gh Heat Renoval Rate (30 to 40 kBtu/hr) B-1, B-2
Furnace B Low Heat Rermpoval Rate (15 to 20 kBtu/hr) B-3, B-4
Furnace A w thout catal yst Di | uti on Tunnel Bl ank A-9
Furnace A with catal yst Di | uti on Tunnel Bl ank A-10
Furnace B Di [ ution Tunnel Bl ank B-5

a Water tenperature significantly
recommendati on (see text).
b Substantial snoke spillage when

bel ow manuf acturer’s

draft fan on.
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determ ned using the | ower heating value (see Sanple A Table 2-
2). Specifically:

Delivered efficiency = 100 x Yenergy renoved,/energy input (1)
wher e:

Energy renoved, = (water,/60) x density, x (T, - T, x [(t+1) - t]
X specific heat,

water, = corrected water flow, gpm

density, = corrected water density, |b/gal

T, = tenperature of water |eaving furnace

T, tenperature of water entering furnace
t+1 = tine at end of recording interval, sec.
t =time at start of recording interval, sec.
specific heat = 1 Btu/ (I|b-°F)

and:

Energy input = (wood weightg,: - wood wei ght.,) X |ower heating
val ue/ (1 + wood noi sture content)

wood weight, |b
| oner heating value, Btu/lb dry
noi sture content, %

The furnaces were tested at separate wood stove testing
facilities. Both facilities are designed specifically for Mthod
5 dilution tunnel sanpling and should, therefore, have produced
simlar quality results. The Method 5G facility specifications
are restrictive enough to ensure that there were no substanti al
differences in the dilution tunnel arrangenent. The testing at
both facilities adhered to the guidance provided by the Quality
Assurance Project Plan (QAPP) devel oped under the EPA Wrk
Assignnent entitled “Em ssions from Wod-Fired Residenti al
Central Heating Furnaces.” A representative from EPA/ APPCD s
Techni cal Services Branch audited both facilities during testing
to determ ne any deviations fromthe QAPP

The unsplit, m xed hardwood used for the two scoping tests
on Furnace A was supplied by Furnace A's manufacturer. The red
oak fuel used at both test facilities for all other tests cane
fromthe sane seasoned | ot of cordwood. Sanples of the red oak
fuel were sent to Commercial Testing and Engi neering for an
ultimate and proxi mate Analysis. The results of the analysis are
shown in Table 2-2. The results from Sanple B reflect the
anal ysis of a wood chip taken fromthe surface of a typical piece
of test fuel at one facility. The analysis of Sanple A reflects
the results fromcore sanples taken froma nunber of pieces of
typical test fuel at the other facility.



2.3 EXPERI MENTAL AND SAMPLI NG PROCEDURES

Each furnace was installed per manufacturers' installation
instructions at its respective test facility upon an electronic
wei ghi ng scale as shown in Figure 2-3. The manufacturers al so
provided the testing facilities with instructions on | oadi ng and
operating the furnace. Once installed and visually inspected,
the furnaces were pre-burned and checked with the assistance of
representatives fromthe manufacturers.

TABLE 2-2. PROXI MATE AND ULTI MATE ANALYSI S FOR RED OAK

SAMPLE A
PROXIMATE ANALYSIS ULTIMATE ANALYSIS
As Dry As Dry
Received Basis Received Basis
% Moisture 21.98 XXXXX % Moisture 21.98 XXXXX
% Ash 0.27 0.35 % Carbon 39. 09 50. 10
% Volatile 69. 03 88.48 % Hydrogen 4. 89 6. 27
% Fixed Carbon 8.72 11.17 % Nitrogen 0.18 0.23
Total 100. 00 100.00 % Sulfur 0.02 0.03
% Ash 0. 27 0. 35
Btu/lb 6295 8069 % Oxygen 33.57 43. 02
% Sulfur 0.02 0.03 Total 100. 00 100. 00
MAF Btu 8097
SAMPLE B
PROXIMATE ANALYSIS ULTIMATE ANALYSIS
As Dry As Dry
Received Basis Received Basis
% Moisture 9.29 XXXXX % Moisture 9.29 XXXXX
% Ash 0.77 0.85 % Carbon 45, 21 49. 84
% Volatile 79. 26 87.38 % Hydrogen 5. 60 6. 17
% Fixed Carbon 10. 68 11.77 % Nitrogen 0. 27 0. 30
Total 100. 00 100. 00 % Sulfur 0.02 0.02
% Ash 0.77 0. 85
Btu/lb 7680 8467 % Oxygen 38. 84 42.82
% Sulfur 0.02 0.02 Total 100. 00 100. 00
MAF Btu 8540

As noted above, the fuel burned during all the tests, except
the two scoping tests on Furnace A, was seasoned, cut and split
cordwood purchased fromthe sanme source. For all tests, a test
charge of 7 Ibs of wood/ft® of useful conbustion chanber vol une
was selected fromthe cordwod. For Furnace A, each piece was

10



wei ghed and neasured in three |locations for npisture content.
The wei ghted average of the noisture content was determ ned for
t he conbi ned test charge. For Furnace B, noisture neasurenents
were averaged w thout weighting. As specified by the test
met hod, the average noisture content of the test fuel was between
15- and 25-percent noisture dry basis.

Prior to the testing, the furnace was pre-loaded with a
war m up charge consisting of 40 to 80 |Ib of cordwood simlar to
the test fuel charge. The pre-load was to be sufficient enough

11
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to raise the water tenperature in the tank to the operating
tenperature of ~180 °F. At |east one hour before the sanpling
was to begin, the heat renoval rate and the furnace were adjusted
to the test conditions. During the pre-burn period the continuous
em ssions nonitors (CEMs) were calibrated to appropriate zero and
span values. After the two-point calibration, the CEMs were set
to sanple. Also during this time, the MG sanpling train was
assenbl ed and checked for | eakage. Upon passing the | eak check
as specified by the test nethods, the sanpling trains were set to
sanpl e.

Once the pre-load fuel had been reduced to hot coals, the
MVBG sanpl i ng punps and CEM punps were started. The furnace was
stoked to its specified fuel charge. The initial scale readings
were recorded along with the process tenperatures, flue gas
concentrations, and anbient tenperature and humdity. The
critical paranmeters were continually nonitored and recorded at
regular intervals throughout the test. During the test, the
systens were continually nonitored. The water flow rate was
adj usted during the test, as needed, to naintain the desired heat
removal rate. The furnace's built-in tenperature controlling
thernostat continually nmeasured the tenperature in the water tank
and adj usted the conbustion process to suit the heat renoval
rate.

The sanpling was ceased when the entire test fuel charge had
been expended as neasured by the weight. A post-test, |eak check
of the MVbG sanpling train and verification of the CEMs zero and
span calibration values were conducted. The MWG sanple filters
were recovered by returning the filters to their |abeled petri
di shes and returning themto a desiccator. The XAD 2 absor bent
trap was sealed and stored in a freezer. The probe and gl assware
were triple rinsed with acetone into a clean, tare wei ghed pan
and placed into a fume hood for reduction. The sanple fractions
and XAD-2 were stored for later semvolatile, polycyclic aromatic
hydr ocar bon (PAH), and condensi bl e organi c anal yses. These terns
are described in nore detail bel ow

2.4 ANALYSI S

Upon recovery of sanple at the conclusion of a test, the
filters and the pan fromthe probe rinse were transferred to a
desiccator. After a mninmumof 24 hours in a desiccator, the
filters and pan rinse were wei ghed. The collected particul ate
matter was cal cul ated as the difference between the filter and
pan final weight and the tare weight. The total particul ate
matter was cal cul ated as the sumof all the values fromeach of
t he conponents for each test.

The coll ected particulate and organics fromthe filters, pan
rinses, and XAD-2 canisters were then extracted with nethyl ene
chloride and reduced to a volunme of 5nL. This reduced sanpl e was
used to neasure the organic conposition of the particul ate.

13



The condensi ble fraction represents conpounds with boiling
points greater than 300°C. A 1 nlL aliquot was renoved fromthe
5nmL extract solution. The aliquot was added to prepared and
tared mcrograv pans. The pan weights were neasured and repeated
at 24-hour intervals until a 1l-percent or less relative
di fference was recorded between consecutive wei ghings. Between
wei ghi ngs, the pans were stored in a desiccator over activated
carbon and silica gel. The net weight of the reduced aliquot was
cal cul ated by subtracting the tare weight. The net wei ght was
multiplied by five to obtain the total extracted condensible
or gani cs sanpl ed.

A second 1nmlL aliquot was renoved fromthe extracted sol vent
solution for total chromatographable organic (TCO analysis. TCO
conpounds are defined as semvolatile organics with boiling
poi nts between 100 and 300°C. The TCO determnm nations were
measured with a gas chromatograph. The aliquot was sealed in a
gl ass autosanpler vial. The sanples were injected into a fused-
silica capillary colum heated to a final tenperature of 250°C
The col um was connected to a flanme ionization detector (FID)

t hat produced a response approxi mately proportional to the weight
of organic material present in the sanple. The analyzer then
used algorithnms to calculate and validate data. The TCO program
summed together all valid data from duplicate runs of each
sanple. The TCO programthen used storage paraneters to

cal cul ate TCO mass per sanple and statistical information about
the replicate results.

The polycyclic aromatic hydrocarbons were anal yzed using a
mass spectroneter (M5). The Ms was tuned for better resolution
around a list of target analytes. The target analytes are listed
in Table 2-3.

TABLE 2- 3. PAH Target Anal yte List [nunber in () refers to
Figures 4-2 and 4-3].

Napht hal ene (1) Chrysene (11)

2-met hyl napht hal ene (2) Benzo(a) ant hracene (12)

Acenapht hyl ene (3) Benzo(b) fl uorant hene (13)

Acenapht hene (4) 7, 12- Di met hyl benz(a) ant hr acene

(14)

D benzof uran (5) Benzo( k) fl uorant hene (15)

Fl uorene (6) Benzo(a) pyrene (16)

Phenant hrene (7) 3-nmet hyl chol ant hrene (17)

Ant hracene (8) | ndeno( 1, 2, 3-cd) pyrene (18)
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Napht hal ene (1)

Chrysene (11)

Fl uor ant hene (9)

D benz(a, h) ant hracene (19)

Pyrene (10)

Benzo( ghi ) peryl ene (20)
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SECTION 3.0 - QUALITY ASSURANCE AND QUALI TY CONTROL

3.1 PREPARATI ON OF SAMPLI NG MEDI A

Al MWbG sanpling gl assware was acetone rinsed, scrubbed
with a nylon brush if necessary, and |left under a fume hood for
24 hours prior to assenbling the sanpling trains. The quartz
fiber filters were desiccated for a m ni mum of 24 hours. An
average tare wei ght was recorded for each filter after three
consecutive wei ght neasurenents. The filter casings were then
assenbl ed and sealed with alumnumfoil until the final assenbly.

The XAD-2 canister and resin were cleaned prior to
assenbling. Inpurities were extracted fromthe resin by
sequentially punping toluene and di chl or onet hane t hrough the
medi a. The solvents were then renoved fromthe resin by
evaporation with a streamof nitrogen. The XAD cani ster was
baked in an oven for 24 hours to renpove inpurities. Once
cl eaned, the canister was filled wth the XAD-2 resin and seal ed.
The seal ed containers were refrigerated until the final assenbly
in the sanple trains

When all the conponents for the sanpling train were ready
for assenbling, the conponents were visually inspected and
assenbl ed. Once the sanpling train was assenbl ed, a vacuum | eak
check was perforned on the system The assenbly was accepted if
| ess than 0.02 ft3/ mn, or approximately two-percent of the
normal sanpling rate, could be pulled through the sanpling train
whil e the probe was capped or plugged. |If the sanpling train did
not pass the | eak check, it was disassenbl ed, reassenbl ed, and
checked again until the | eakage was reduced to the acceptable
level. The sanpling train was al so checked for | eaks at the
conpletion of the test. |If the sanpling train did not pass the
post-test |eak check, the test was disregarded.

The MVbG dry gas neters have been calibrated sem -annually
against a spironeter. Tenperature and pressure neasurenents are
t aken before and after the neter, so as to convert the neasured
dry gas volune flow rates to standard pressure and tenperature.

3.2 MEASUREMENTS

Al l thernocoupl es used for neasuring tenperatures were
calibrated at the end of the test period. The thernocouples were
calibrated at two points, in freezing water and in boiling water.
Al'l of the thernocouples neasured the two calibration standards
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to wwthin 1F°. The results of the calibration are reported in
Appendi x A

The conti nuous em ssion nonitors (CEMs) used to neasure the
gas concentrations in the stack and dilution tunnel were zeroed
and spanned prior to and followi ng each test. The CEMs were
calibrated to two values. First, the CEMs were calibrated to
zero with nitrogen. The other value for the calibration, the
i nstrunment span, was neasured agai nst bottled gases of known
concentrations. At one facility, a three-point calibration was
conducted prior to testing. The other facility perforned a five
point calibration at the conpletion of all the tests. The daily
zero and span calibration checks are reported wth the test
information data. The post-test calibrations are reported in
Appendi x B.

The volune flow rate of the water circulated fromthe tank
of the furnace was neasured with either a rotaneter (Furnace A)
or atotalizing flow neter (Furnace B). The neters were
cali brated by weighing the water collected in a contai ner over a
set flowate and tined interval. The total volunme of water as
determ ned fromthe weight was then conpared to the neasured
volume flow as neasured by the neter. The results fromthe water
meter calibrations are reported in Appendi x C.

The net hod used to determ ne the average noi sture content of
the fuel differed between the two facilities. One facility
determ ned the average noisture content of the fuel in a manner
consistent with Method 28. Each individual piece of test fuel
was wei ghed and neasured for noisture content. The weight and
nmoi sture content of the individual pieces of test fuel ranged
froml.5to 5 |Ibs and 10- to 35-percent respectively. The
noi sture content value used in the cal cul ati ons was determ ned as
t he average neasured noi sture content. Because the test fuel
used was not di nensioned | unber as per Method 28, the other
facility determ ned the noisture content of the fuel as a
wei ght ed average. Each individual piece was wei ghed and neasured
for noisture content. The total weight and noisture wei ght was
determ ned. The resulting weighted average was determ ned as the
fraction of total noisture per total dry weight of the fuel
charge. Both | aboratories used the Del mhorst electric
conductivity instrunment to neasure the noisture content of the
i ndi vi dual pieces of wood. This instrunment provides a direct
readi ng of the noisture content on a dry wood basis.

The fuel charges were also | oaded differently at the two
facilities. This investigation was undertaken to determ ne
baseline em ssion factors for these furnaces at normal operating
conditions. The furnaces were therefore | oaded in a manner
recommended by the respective manufacturers. One facility | oaded
the test fuel into the firebox in a latticed fashion. Each |ayer
of fuel was turned perpendicular to the preceding |layer. The
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other facility loaded fuel into the firebox in a nore conpact
stack of parallel layers.

3.3 DATA QUALITY I NDI CATOR GOALS

Despite their differences, both facilities were able to
remain (Wth mnor exceptions) within the guidelines of the
techni cal objectives and data quality indicator goals established
in the Quality Assurance Project Plan. The EPA audited the test
procedures and equi pnment at each of the testing facilities.
Through the Technical Systens Audit (TSA), the EPA identified al
procedural nodifications and differences. The EPA concl uded that
“The TSA did not identify any major problens associated with the
i npl ementation of the QAPP ... The quality of data generated is
expected to satisfy the project’s technical objectives.”

The manufacturer of Furnace A recommended a water reservoir
set point (tenperature at which the draft is turned off) of 160
°F.  Scoping Test A-1 set point was incorrectly set at 120 °F.
Average water outlet tenperature for test A-1 was 124 °F. The
set point for the remaining tests on Furnace A was 160 °F; the
water outlet tenperature for these tests ranged from 156 to 172
°F. Aver age Furnace B water reservoir outlet tenperature ranged
from180 - 182 °F for the four tests. Although the QAPP was
witten with the concept of requiring a set point tenperature
>180 °F, this requirenment was abandoned for the tests on Furnace
A in favor of the manufacturer’s reconmmendati on. Manuf act ur er
of furnace B recomended a set point of 180 °F as being typical
of field operation.

Scoping Tests A-1 and A-2 on Furnace A burned m xed har dwood
fuel. Al the remaining tests on Furnace A, and all tests on
furnace B, used seasoned red oak fuel fromthe same source.

The data quality indicator goals fromthe QAPP are
identified in Table 3-1. It should be noted that due to the
| ength of these tests, and the fact that tests were not intended
as certification tests, the DQ goals for O, CO, and CO
measurenents were relaxed fromthe standards of Method 5H to the
| ess stringent standards set forth in Methods 3A and Met hod 10.
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TABLE 3-1. PRECI SI ON, ACCURACY, AND COVPLETENESS OBJECTI VES

Measur enent Preci si on
Met hod or Experi ment al St andard
Par anet er Ref erence Condi tions Devi ati on Accuracy Conpl et eness

Vel ocity-Pitot/

Manonet er EPA- 2 St ack 10% None 100%
Moi st ur e- Condenser EPA- 4 St ack 5% None 100%
Moi st ur e- Wt Bul b/

Dry Bul b Ther nmocoupl e Anbi ent +5% None 100%
Moi st ur e- Condenser EPA- 4 Dilution +5% None 100%
Tunnel
Stack Tenperature St ack +5% 100%
Boi |l er Water Tenperature Fur nace +5% 100%

(In & Cut)
Stove Surface
Tenperature EPA- 28 Ext er nal 5% +1°F 100%
Surface
St ove Conbusti on EPA- 28 Fi r ebox +5% +1°F 100%
Tenperature
O,- Paramagneti c Monitor 44FR58625 St ack +10% +10% Bi as 100%
CJO CO- Nondi spersi ve
I nfrared Monitor 44FR58625 St ack +2% +5% Bi as 100%
CO- NDI R Dilution — — —
Tunnel
THC-FI D 44FR58625  Stack +10% +10% Bi as 100%
Particul ate Eni ssions EPA- MVb, 5G Dil ution +10% RPD*  £15% 100%
Tunnel
Tot al Chromat ogr aphi c EPA- MVbG Dilution +10% RPD*  £25% 100%
Organi cs Tunnel
Sem vol atil e Organics EPA- MVbG Dilution +10% +20% 100%
Test Fuel Wi ght Tunnel
El ectroni c Wi ght EPA- 28 — +5% +0.5 100%
Scal e
Test Fuel Mbisture
El ectri cal EPA- 28 — +5% +3% Bi as 100%

Resi st ance
Test Fuel Moisture ASTM — — — _

a Rel ative Percent D fference
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SECTION 4.0 - DATA, RESULTS AND DI SCUSSI ON

4.1 GENERAL DI SCUSSI ON

The two furnaces were tested at separate wood stove
testing facilities follow ng prescribed EPA test nmethods. One of
the | aboratories is EPA-accredited for certification testing wood
heaters. The test nmethods provided sufficient controls to ensure
that the testing results were conparable. The test nethods did,
however, allow for sone flexibility in the equipment and neans in
whi ch the data were coll ect ed.

Both facilities were equipped with simlar dilution
tunnel arrangements. The position of the dilution tunnel "bell"
relative to the stack is set so that the negative pressure in the
tunnel does not affect the stack pressure. The Method 28
criteria require that, with the tunnel turned on, the effect on
stack pressure nust be <0.005 in. of HO The negative pressures
mai ntained in the dilution tunnel pull the stack em ssions into
it along with anbient (dilution) air. A greater or |esser anount
of excess air may have been pulled into the dilution tunnel
dependi ng upon the stack flow, so that the total tunnel
volunetric flow remains relatively constant. The sanpling rate
was related to the volunme flowrate within the dilution tunnel.
The resulting cal culation yielded a value of total neasured
em ssions i ndependent of the quantity of the excess air.

At one of the testing facilities, the dilution tunnel
flowrate was sized for nornmal wood stove testing which easily
accomodat es stack flows in the 10 - 30 cfmrange. During
prelimnary firing of Furnace A it was found that with the draft
setting at its maximum a significant fraction of the stack

em ssions were not captured by the tunnel. However, during
actual testing, the draft setting was reduced per the
manuf acturer's direction to a nearly closed position, limting

air flowinto the furnace. Under these reduced draft flow
conditions, all stack em ssions were captured during tests of the
standard furnace. When testing Furnace A with the prototype
catal yst (tests A-7 and A-8), the draft setting was cl osed down,
again at the manufacturer's direction. However, when the draft
was on, significant em ssions escaped the furnace and were not
captured by the tunnel. The draft was on for a snmall fraction of
the total test period. The effect on the neasured em ssions
cannot be quantified; the final em ssion nunbers presented in
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this report may be under estinmated by as nuch as 20% for tests A-
7 and A-8.

Anot her vari ance between the testing facilities was the
manner in which the data were recorded. One facility utilized a
data acquisition system (DAS) to record, at one mnute intervals,
the tenperatures, the CEM neasured gas concentrations, and the
wei ght of the remaining fuel. The other facility manually
recorded the same information at ten-mnute intervals. During
the ten mnute intervals, significant excursions in the neasured
gas concentrations nmay have occurred w thout being recorded. The
data were averaged over the duration of the test to mnimze the
affects the excursions m ght have on the resulting data. 1In
addition, the difference in the manner in which this portion of
the data was recorded did not affect the MWG particul ate
nmeasur enent s.

Scoping tests A-1 and A-2 with Furnace A were conducted
as prelimnary runs to evaluate the test nethods and coll ect data
to predict heat | oad mai ntenance operations, and filter and XAD 2
| oadi ngs. Both of these scoping tests were run using a different
fuel (m xed hardwoods) than the remaining tests. |In addition,
Scoping Test A-1 was run at the incorrect water reservoir
tenperature set point. The results fromscoping tests A-1 and A-
2, and fromthe two tests with the preproduction prototype
catal yst (tests A-7 and A-8) are presented separately fromthe
ot her tabul ated test results.

4.2 CALCULATED RESULTS

The MVbG sanpling train was used to cal cul ate the total
particulate matter (PM in the em ssions. The total PM was
di vided by the sanpling tinme to cal cul ate the average em ssions
in grans per hour. The burn rate of the fuel was determ ned from
the dry weight of the initial fuel charge and the sanpling tine.
The input fuel energy was determned fromthe dry charge wei ght
and the dry basis heating value of the wood as determ ned by the
ultimate and proxi mate anal yses. The ratio of particul ate wei ght
to dry fuel weight was determ ned fromthe average PM em ssion
rate and the burn rate. The total PMwas then conpared to the
total input heat; the result was a calculation of mlligrans of
particul ate matter per Btu of input heat. This value was al so
converted to mlligrans of PM per negajoule (M) of input heat.
The total PMwas al so conpared to the furnace output in units of
mlligramper Btu of output heat. The MVbG particulate results
for the conparable tests on both furnaces are presented in Table
4-1a. The organics results in the sanples, neasured as GRAV,
TCO, and PAH fractions, are reported in Table 4-2a. The PAH
results shown in Table 4-2a are based on the target conpounds
listed in Table 2-3. The gas concentrations shown in Table 4-3a
are reported as averages over the duration of the tests.
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4.3 EVALUATI ON OF RESULTS

The first two tests on Furnace A (scoping tests A-1 and
A-2) were perfornmed as an evaluation of the test nmethods. As
previously stated, the test nethods were devel oped for the
testing and certification of wood stoves and had to be nodified
for testing the central heating furnaces. These two initial
scoping tests were therefore used for nethods eval uati on and
devel opnent. These data, reported separately in Tables 4-1b
t hrough 4-3b, indicate that the devel opnental tests results, even
with different, somewhat higher noisture cordwood as fuel, are
consistent wwth the other tests. Note also that scoping test A1
was run at a |lower water tenperature set point (120° F conpared
to 160° F for all the rest of Furnace A tests). The results from
the prototype catalyst tests on Furnace A are also presented in
Tabl es 4-1b t hrough 4-3b.

In all test cases, the furnaces delivered heat at an
efficiency of about 50 percent, plus or mnus 10 percent, of the
i nput heating value of the wood. This neasurenent reflects the
conbustion of the fuel and transfer of the heat to the water in
the tank to be circulated. This does not account for the
efficiency of the heat exchanging device or electrical energy
required for the draft fan, the draft danper or the thernostats.

As noted previously one furnace (Furnace A) was supplied
by the manufacturer with a water-air heat exchanger to simulate
the home heat demand. Furnace B s nmanufacturer provided a water-
wat er heat exchanger for this purpose. Appendices D and E
respectively, showthat this had a significant effect on the
draft on/off cycle tines. Furnace A's cycle was quite vari able.
Typically, it cycled on for about 120 min. At the higher burn
rate, it then cycled off for about 60 mn. At the |ower burnrate
it cycled off for about 80 mn. Furnace B exhibited a typical on
cycle of 8 mnutes, followed by 30 and 60 mn. off cycles at
hi gher and | ower burn rates, respectively.

The MVbG data were analyzed to see if a relationship
exi sted between the neasured em ssions, in granms per M heat
input rate, and the average burn rate, in dry kil ograns of fuel
burned per hour. The relationships are illustrated in Figure 4-
1. The particulate matter em ssion factor does not show a clear
trend as a function of the burn rate. At a glance, the organic
measurenents do not show any trend, either. For a given furnace
configuration, the em ssion factors derived fromFigure 4-1
appear to be relatively constant across the burn rate range
studied. Furnace A with the prototype catal yst showed hi gher
| evel s of TCO and PAH em ssions, especially at the |ower burn
rate. This may have been due to cracking of the |arger organic
nmol ecul es as they passed through the catal yst but not conplete
oxi dation due to a |lack of excess air.

The difference in the catal yst versus noncatal yst results
from Furnace A can be explained in tw possible ways. The
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catal yst could have greatly changed the conbusti on process and
therefore, the em ssions conposition. For exanple, it was noted
that the furnace operated nuch differently with the catal yst
installed. The heat was transferred to the furnace’'s water tank
at a nuch higher rate with the catalyst. Al so, the excess oxygen
level fell to nearly zero when the draft was on (see runs TTCD-1
and 2 in Appendix D). But when the tenperature in the tank
reached the maxi num of the set range, the thernostat would stal
the conbustion. During the periods of stalled conbustion, the
tenperatures at the catal yst were not sufficient for the catalyst
to be effective. The overall process resulted in the furnace
cycling “on and of f” nore frequently.

Anot her possi bl e explanation for the difference in
catal yst versus noncatal yst results was the tinely manner in
whi ch the sanples were analyzed. Al sanples for all tests were
measured for total particulate within 24 to 36 hours after the
tests. The separate conponents were then stored for anal yti cal
anal ysis. The sanples were then extracted within 30 days after
t he neasurenents for total particulate. The extracted sanples
were then stored in a freezer until all the tests were conpl eted.
The non-catal yst sanples were stored for nearly 6 nonths while
the catal yst sanples were stored for 45 days. The non-catal yst
sanpl es were anal yzed wel|l outside the test nethod specified hold
times. Based on experience on a nunber of prior projects,
however, it is believed that the wi thout catal yst PAH data were
not severely conprom sed by this del ay.

Furnace A results for the | ow heat output w thout
catal yst runs (tests A-5 and A-6) and both tests with the
catalyst in place (tests A-7 and A-8) are suspect because the
wei gh scal e showed periods of weight gain near the end of each
test (see Appendix D, Run TTD- 1A, for exanple). These tests were
continued until the scale reached zero as specified in the
met hod. The reasons for the weight increases are not known,
possibilities include a shift in the plunbing to the heat
exchanger which placed nore weight on the scale or noisture
condensation in the furnace-stack system (al though the latter
seens highly unlikely). The plastic plunbing | ooped fromthe
back of the furnace, across the |aboratory floor, and then up to
t he heat exchanger nounted on an 8 ft high shelf. It is very
possi bl e that the piping was bunped or changed position due to
thermal stresses during the suspect tests. The data fromthese
tests are consistent with the other results so they are incl uded
in the tables, but should be treated with caution, especially the
val ues cal cul ated on a em ssion per hour basis. The val ues
cal cul ated on an em ssions per unit weight of fuel and per unit
heat value are less likely to have been affected by the weigh
scal e anomaly. These anomalies occurred late in each test during
the final phase of the charcoal burn when very little particul ate
was bei ng gener at ed.
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The | aboratory which tested Furnace A was equi pped with
two CO nonitors in the stack, one calibrated over a 0-5000 ppm
range, the other over a 0-5%range. A third CO nonitor,
cal i brated over a 0-2000 ppm range anal yzed sanples fromthe
dilution tunnel. At sone point during all tests on Furnace A,
the stack I ow range instrunent and the dilution tunnel CO nonitor
experienced CO concentrations exceeding their respective high
limts. Under this condition, the instrunents are effectively
pegged and the readi ngs are useless. Therefore, the Furnace A
CEM data in Appendix D include the mnute readings on these two
monitors but no average is shown since it would be incorrect.

Two basic furnace designs (single and doubl e pass boil er
heat exchanger) were chosen for these tests to see if this
i npacted em ssions. Table 4-4 presents the particul ate and PAH
em ssion factor data and efficiency aggregated by furnace and
operating node. Furnace A with the prototype catal yst showed
mar kedl y hi gher PAH em ssions conpared to the standard Furnace A
Furnace B showed much less variability in operation and em ssions
data conpared to Furnace AL \Wether this is due to (1) furnace
design, (2) the way the fuel was | oaded, and/or (3) the
differences in the draft on/off cycles cannot be determ ned
w thout further tests; nore than likely, all three variabl es
exerted significant influences.

Table 4-5 lists the em ssion results for various
residential conbustion devices. Furnace A test results (the next
tolast line in Table 4-5) are the average of the four tests(A-3
t hrough A-6) shown in Table 4-1a. The test results from Furnace
B (the last line in Table 4-5) are included as an average from
all four tests (B-1 through B-4). Note that all particul ate
em ssion val ues have been converted to the EPA Met hod 5H
equi valents. The levels of PAHs in the em ssions are conparable
to EPA-certified wood stoves. The data presented in Table 4-5
were originally generated by different researchers using a
vari ety of sanpling and anal ytical nethodol ogies. A nunber of
assunptions had to be nade to “nornalize” the data for
conpari son. Consequently, only order of magnitude differences
shoul d be considered significant. Readers are encouraged to
review the reference cited in the footnote for a nore thorough
under st andi ng of the dat a.

Figures 4-2 and 4-3 present results for the individual
PAH conpounds for each test on Furnaces A and B, respectively.

In testing Furnace B, dual MWbG sanpling trains were used and the
PAH results fromeach train are presented separately in Figure 4-
3toillustrate the excellent precision achieved. The target
conpounds are listed in order in Table 2-3.

These tests were designed to provide Wsconsin DNR with a
first look at em ssions fromresidential wood burning furnaces.
The differences in fuel |load configuration and draft on/off
cycling tinme make it difficult to discern any significant
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di fference between the results fromthe two furnaces. |f further
em ssions testing is conducted, it should be designed to verify
the neasured results and further investigate the effects of
variations in furnace design (including the draft on/off cycle
time) and operating protocol.
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TABLE 4- 1a. SUMVARY OF TEST RESULTS - FURNACES A AND B COVPARATI VE DATA.
Furnace/Test/ Wood Coal Moisture Average Average Particulate, EPA Method 5G
Condition Load Bed @& dry Burnrate Delivered
(wet [ (lbs basis) (dry Efficiency | g/hr | g/kg | mg/Btu | mg/MJ | mg/mJ
Ibs) ) kg/hr) €)) of dry | output | output | input
fuel
Furnace A/ A-3/high 87.0 21.3 23.9 5.86 38.8 ] 143.2 24.5 3.55 3361 1305
heat renoval
Furnace A/ A-4/high 81.2 ] 12.0 22.1 4.11 53.4 61.0 14.8 1.56 1482 791
heat renoval
Furnace A/ A-5/1 ow 80.5] 30.0 21.8 2.42 46. 4 38.5 15.9 1.93 1829 849
heat renoval @
Furnace A/ A-6/1 ow 83.0| 18.5 20.4 2.81 42. 4 48.6 17.3 2.30 2177 924
heat renoval @
Furnace B/ B-1/high 133.0 | 29.5 23.7 3.36 50.5 36.5 10.8 1.21 1145 579
heat renoval
Furnace B/ B-2/high 136.9 | 29.5 23.7 2.84 57.1 37.6 13.3 1.31 1238 707
heat renoval
Furnace B/ B-3/I ow 125.3 | 28.0 24.7 1.51 55.4 14.3 9.5 0. 96 911 505
heat renoval
Furnace B/ B-4/1ow 139.5] 28.0 23.6 1.68 55.1 15.5 9.2 0.94 892 491
heat renoval
Wei gh scal e data suspect; per hour data therefore suspect. Per kg and per heat unit data not as likely

to have been affected.




TABLE 4-1b. SUWMMARY OF TEST RESULTS - FURNACE A SCOPI NG AND PROTOTYPE CATALYST DATA.

LC

Furnace/Test/ Wood Coal Moisture | Average Average Particulate, EPA Method 5G
Condition Load Bed @& dry Burnrate Delivered
(wet [ (lbs) [ basis) (dry Efficiency | g/hr | gs/kg | mg/Btu | mg/MI | mg/mJ
Ibs) kg/hr) €)) of dry | output | output | input
fuel
Furnace A/ scoping 82.5 | NA? 29.0 4.14 58.9 35.1 8.5 0.81 767 452
test A-1/high heat
removal
Furnace A/ scoping 83.5 | NA 25.1 3.95 58.2 49.9 12.6 1.22 1158 674
test A-2/ high heat
renmoval
Furnace Alwith 84.0 | NA 21.7 4.73 47.6 53.8 11. 4 1.35 1276 583
catal yst test A-7/
hi gh heat renoval®
Furnace Alwith 87.5 | NA 18.9 2.49 54. 4 37.8 15.2 1.58 1492 812
catal yst test A-8/
| ow heat renoval®

Data not available for these tests.
Wei gh scal e data suspect; per hour data therefore suspect. Per kg and per heat unit data not as likely
to have been affected.
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TABLE 4-2a.

ORGANI C EM SSI ONS SUMVARY -

FURNACES A AND B COMPARATI VE DATA

Furnace/Test/ Gravimetric Analysis Total Chromatographable Polycyclic Aromatic
Condition Organics Hydrocarbons
g/h mg/MJ 1n g/h mg/MJ 1n g/h mg/MJ 1n
Furnace A/ A-3/high 90.5 823 3.75 34.2 2.80 25.5
heat renoval
Furnace A/ A-4/high 42.0 546 2.84 36.8 0. 890 11.6
heat renoval
Furnace A/ A-5/1 ow 27.1 597 8.31 183 0.594 13.1
heat renoval 2
Furnace A/ A-6/1 ow 33.3 632 4.53 85.9 0. 641 12.2
heat renoval @
Furnace B/ B-1/high 23.2 370 3.83 61.0 1.09 17.5
heat renoval
Furnace B/ B-2/high 21.6 407 5. 40 102 0. 893 16.8
heat renoval
Furnace B/ B-3/I ow 9.41 329 3.00 105 0. 356 12.5
heat renoval
Furnace B/ B-4/1ow 10.0 319 2.33 74.1 0. 557 17.7
heat renoval

Wei gh scal e data suspect; per hour data therefore suspect.

been affected.

Per heat unit data not as likely to have
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TABLE 4-2b. ORGANI C EM SSI ONS SUMVARY -

FURNACE A SCOPI NG AND PROTOTYPE CATALYST DATA

Furnace/Test/ Gravimetric Analysis Total Chromatographable Polycyclic Aromatic
Condition Organics Hydrocarbons
g/h mg/MJ 1n g/h mg/MJ 1n g/h mg/MJ 1n

Furnace A/ scoping 24.9 321 1.57 20.3 0. 543 7.00
test A-1/hi gh heat
removal
Furnace A/ scoping 28.1 380 5.93 80.1 0.435 5.88
test A-2/high heat
removal
Furnace Awith 20.7 234 26.7 301 2.58 29.1
catal yst A-7/ high
heat renoval @
Furnace Alwith 54.6 1170 42.8 917 2.68 57.4
catal yst A-8/ |ow
heat renoval @

Wei gh scal e data suspect; per hour data therefore suspect. Per heat unit data not as likely to have

been affected.




TABLE 4-3a. GAS CONCENTRATI ONS - FURNACES A AND B COVPARATI VE DATA.

Furnace/Test/Condition 0, % CO, % CO % THC ppm
Furnace A/ A-3/high heat renoval 9.70 10. 42 2.44 Na?
Furnace A/ A-4/high heat renoval 9.55 10. 30 1.79 Na
Furnace A/ A-5/1 ow heat renoval 11.01 8. 82 1.46 Na
Furnace A/ A-6/1 ow heat renoval 9.92 9.61 1.75 Na
Furnace B/ B-1/high heat renoval 15.76 4.01 0.93 Na
Furnace B/ B- 2/ hi gh heat renoval 16. 09 3.71 0.78 Na
Furnace B/ B-3/1 ow heat renoval 15. 40 4.68 1.27 Na
Furnace B/ B-4/1ow heat renoval 15. 38 4.63 1.10 Na
a. Hydr ocarbon anal yzer not available for these tests.

TABLE 4-3b. GAS CONCENTRATI ONS - FURNACE A SCOPI NG AND PROTOTYPE
CATALYST DATA

Furnace/Test/Condition 0, % CO, % CO % THC ppm
Furnace A/ scoping test A- 14. 27 6. 38 1.15 1057
1/ hi gh heat renoval
Furnace A/ scoping test A- 15. 59 5.16 0.62 1640
2/ hi gh heat renoval
Furnace A/wi th catal yst 11.08 9. 39 1.37 2533
A-7/ hi gh heat renoval
Furnace A/wi th catal yst 13.52 7.32 0.95 1358
A-8/| ow heat renoval

TABLE 4- 4. COVPARATI VE DATA AGGREGATED BY OPERATI NG MODE AND FURNACE
[RANGE IN ( )].

Qper ati ng Fur nace Par anet er
Mode
A B

H gh Heat 19.6 (14.8-24.5) 12.0 (10.8-13.3) MbG Parti cul ates, g/kg
removal 0.347(0. 216-0. 478) 0. 319 (0. 315-0.324) PAH, g/ kg

45.6 (38.8-53.4) 53.8 (50.5-57.1) Delivered Efficiency, %
Low Heat 16.6 (15.9-17.3) 9.35 (9.2-9.5) MbG Parti cul ates, g/kg
removal 0.236 (0.228- 0.283 (0.235-0.332) PAH, g/ kg

0.245) 44.4 (42.4- |55.2 (55.1-55.4) Delivered Efficiency, %

46. 4)
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TABLE 4-5. OVERALL

COVPARI SON OF RESI DENTI AL

WOCOD, OL, AND GAS

COVBUSTI ON EM SSI ONS*

Combustion Device M5H Particulate, mg/MJ input PAHs, mg/MJ input Mutagenicity, krev/MJ input®
Nat ural gas furnace
Convent i onal 0. 44 0. 000124 0. 007¢
H gh Efficiency 0. 43 0. 000028 NDF: d
Q| Furnace
Ret enti on head 3.2 --° 6
Convent i onal 15.1 -- 20
Conventi onal wood stove 786 40 600
Certified wood stove
Non-catal ytic 383 28 100
Catal ytic 425 24 --
Pell et (certified) 110 0. 082 --
Pel | et (exenpt) 176 0.014 --
Fi repl ace 907 41 --
Wyod furnace
Cor dwood- Swedi sh
lab tests
Intermttent 1862 --
firing
Cont i nuous 182 15. 3 148f
firing
Chi ps (dry) 45.3 <0. 02 0. 48'
U.S. EPA lab tests (this report)
Furnace A° 1048 15.6 --
Furnace B 681 16.1 - -
All data except that in itlics taken from MCrillis, R C , “Review and Analysis of Em ssions Data for
Resi dential Whod-Fired Central Furnaces,” In Proceedings of the 88" Annual Meeting of the AWA,

Air & Waste Managenent Associ ation, San Antoni o, TX, June 1995, Paper No. 95-RP137.04.
M crosuspensi on assay, TA98+S9 unl ess ot herw se not ed.
Ames plate incorporation assay, TA98+S9.



Q "0

ND means not det ect ed.

No data available for this parameter.
Ames plate incorporation assay, TA100+S9.
Only includes conparison dat a.
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SECTI ON 5 - CONCLUSI ONS

There were several data quality problens with tests of
Furnace A, all of which, although significant, are thought to be
smal | enough to not bias the results for Furnace A sufficiently
to cause an order of magnitude error. Tests of Furnace B had no
reported data quality problens. Al tests of Furnace B
particul ate matter em ssions were in the range of 36.5 to 37.6
g/ hr (high heat renoval rate - tests B-1 and B-2) and 14.3 to
15.5 g/hr (low heat renoval rate - tests B-3 and B-4) as shown in
Table 4-1a. Particulate matter em ssions from Furnace A appear
consistently higher but, within the limts of these tests,
experinmental error, and considering the testing probl ens
previously discussed that may have conprom sed the data quality
for Furnace A, a direct conparison of Furnace A and Furnace B
em ssions is wthout adequate foundation and therefore is not
meani ngful .  However, frominspection of Table 4-5, it is evident
that all wood-burning hone heating conbustion equi pnent,

i ncl udi ng wood stoves, boilers, and fireplaces, has nuch hi gher
particul ate matter em ssions than gas-fired or oil-fired hone
heati ng furnaces.
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Appendi x A - Thernocouple Calibration Data
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FURNACE A THERMOCOUPLE CALI BRATI ONS

DATE: July 10, 1995
NANE: Joseph Valenti and Russell Logan
TEST: Em ssions fromwood-fired residential heating furnace

DATA ACQUI SI TION BO LI NG WATER | CE WATER AMBI ENT % DI FFERENCE

OF OF OF

Fi re Box 211.4 32.4 68. 3 0. 56
Stove Exit 212.6 32.4 68. 3 0.11
St ack 212.8 32.4 68.0 0.22
Dl ution 211. 7 32.4 68. 3 0. 39
Anbi ent 212.6 32.4 69.1 0.11
Water In 210.7 32.4 67.4 0.94
Wat er Cut 210.7 32.4 68.0 0.94
METER BOX

Dl ution 213 31 67 1.11
Filter 213 32 68 0. 56
| nl et 211 32 68 0. 56
Condenser 213 31 68 1.11
Tenp Qut 212 32 67 0.00

A2



FURNACE B THERMOCOUPLE CALI BRATI ONS

DATE: April 13,1995

TEST: Em ssions fromwood-fired residential heating furnace
Ther nocoupl e Nunber BO LI NG WATER | CE WATER % DI FFERENCE

OF OF

1- Flue Gas 211 32 0. 56
2- Room Tenper at ure 211 32 0. 56
3-Dry Bul b- Tunnel 211 32 0. 56
4-\Wet  Bul b- Tunnel 211 32 0. 56
5-Unit Top 211 32 0. 56
6- Unit Back 211 32 0. 56
7-Unit Right Side 211 32 0. 56
8-Unit Left Side 211 32 0. 56
9-Unit Bottom 211 32 0. 56
10- Cat al yst Downstream 211 32 0. 56
11- Catal yst Center 211 32 0. 56
12- (not used) 211 32 0. 56
13- (not used) 211 32 0. 56
14- (not used) 211 32 0. 56
15- (not used) 211 32 0. 56
16- (not used) 211 32 0. 56
17-DGM i n 211 32 0. 56
18- DGM out 211 32 0. 56
19-Filter 211 32 0. 56
20-DGM i n 211 32 0. 56
21- DGM out 211 32 0. 56
22-Filter (2) 211 32 0. 56

A3



Appendi x B - CEM Calibration Data
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DATE:
NAIE:

TEST:

CEM ANALYZER

CO hi gh
CO | ow

CO dilution
07

coe
SYSTEM BI AS
CO hi gh
CO | ow

CO dilution
(07

coe

ANMBI ENT
CO hi gh
CO | ow

CO dilution
(07

(002

July 10,
Joseph Val enti

FURNACE A CEM CALI BRATI ONS

ZERO

0 ppm
0 ppm
0 ppm
0.06 %
0.02 %

ZERO

0 ppm
0 ppm
0 ppm
0.04 %
0.02 %

61 ppm
0 ppm
2 ppm
20.66 %
0.05 %

1995

and Russel |

SPAN

39307
3760
2004

9.
6.

SPAN
10132
2093
467

15.

15

Logan

Em ssions fromwood-fired residenti al

ACTUAL
ppm 39400 ppm
ppm 3760 ppm
ppm 2060 ppm
61 % 9.7 %
4 % 6.0 %

ACTUAL
ppm 10060 ppm
ppm 2060 ppm
ppm 465 ppm
01 % 15 %

% 15 %

B2

heati ng furnace

% CALI BRATI ON ERROR

0. 186
0

2.8
0. 36
1.48

% SYSTEM BI AS

0. 144
0. 66
0.1
0. 04
0



FURNACE B CEM CALI BRATI ONS

DATE: June 28, 1995

TEST: Em ssions fromwood-fired residential heating furnace
CEM ANALYZER ZERO SPAN ACTUAL % CALI BRATI ON ERRCR
CO 0 % 9.99 % 9.99 % 0
(07 0 % 24.5 % 24.50 % 0
co2 0 % 20.93 % 20.93 % 0
CAL GAS #1 ACTUAL SHOULD BE % SYSTEM BI AS
CO 0.93 % 0.987 % 5.78
(0% 10.2 % 10.05 % 1.49
co2 9.43 % 9.99 % 5.61
CAL GAS #2 ACTUAL SHOULD BE % SYSTEM BI AS
CO 2.27 % 2.36 % 3.81
2 5.69 % 5.55 % 2.52
co2 5.58 % 5.88 % 5.10
CAL GAS #3 ACTUAL SHOULD BE % SYSTEM BI AS
CO 7.68 % 7.94 % 3. 27
(07 17.58 % 17.53 % 0. 29
(607 19.05 % 19.89 % 4,22
AVERAGE % SYSTEM BI AS
CO 4.29
02 1.43
co2 4.98

B3



Appendi x C - Water

Fur nace A water

DATE: July 10,

Met er

meter flow calibration

1995

NAVE: Joseph Val enti

f ur nace

wat er density: at 68°F= 8.3317 | Db/gal,

and Russel |

Logan
TEST: Em ssions from wood-fired residenti al

Cali bration Data

heati ng

at 150°F = 8.1818 | b/ gal

water tenp. during calibration = 150°F
ROTAMETER FLOW FLOW % Cal i bration
TRI AL readi ng, gpnjl b/ m n neas. gpm cal c. [difference factor
1 4. 60 39.50 4.83 4.72 1. 04951
2 4.50 39. 56 4. 84 6. 93 1.07447
3 4. 30 37.68 4.61 6. 63 1.07101
4 4.50 38. 60 4.72 4.62 1.04839
5 6. 20 51. 24 6. 26 1.00 1.01010
6 6. 10 51. 33 6. 27 2. 77 1.02847
7 6. 20 51. 40 6. 28 1.31 1.01326
Aver age 1.04217
Furnace B water neter flow calibration
Test | aboratory water neter calibration.
Wat er tenperature not recorded.
Cal cul at ed bserved Assuned Qbserved Calibrati
Gal | ons Wi ght Density Gal | ons Fact or
18. 29 152. 3 8. 326955 20. 31 0. 90032
29. 67 247.1 8.328278 32.59 0.91032
30. 52 254. 2 8. 328965 33.54 0. 90995
32.13 267.6 8. 328665 35. 46 0. 90606
Aver age 0.90666

C1
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Appendi x D - CEM Run Dat a
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Appendi x E - Method 5G Meter Box Data
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Appendi x F - Method 5G Summary Dat a
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Appendi x G - Organi c Anal yses Data Sheets.
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MSG MG
particulate |- -organics-- Delivered particulate |- -organics--
mg/MJin  grav, mg/MJin tco, mg/MJin pah,mg/MJin  efficiency  mg/MJ out grav, mg/MJ oitco, mg/MJ out pah, mg/MJ out
452 321 203 7.00 589 76 544 344 119
674 380 80.1 5.88 58.2 1158 652 137.6 101
1304 823 342 255 388 3358 2121 88.0 658
792 546 36.8 116 53.4 1483 1022 69.0 216
849 597 183 131 46.4 1830 1286 394.9 282
923 632 859 122 424 2174 1489 2025 287
607 234 301 291 476 1276 492 632.5 613
810 1170 917 57.4 54.4 1489 2151 1686 105.6
581 370 610 175 505 1149 732 1208 346
708 407 102 16.8 57.1 1240 712 177.8 29.4
502 329 105 125 554 905 595 189.4 225
492 319 741 17.7 551 893 579 1345 321
724 515 148 188 515 1406 1000 288.0 36.5
801.27 587.69 207.29 2023 5001 169210 1219.70 405.63 4165
57064 356,35 85.42 1611 5455  1046.73 654.50 155.63 20.65
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Figure 4-1. Summary of particulate and organic emissions data for wood-fired furnnaces A and B.
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Figure 4-1. Summary of particulate and organic emissions data for wood-fired furnaces A and B.




Run TDD-1A, Low Burn Rate Run TTD-1B, Low Burn Rate
Run # 1, Low Bum Rate, Sampling Train A Run # 1, Low Bum Rate, Sampling Train B
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Figure 4-2 PAH Results for Furnace A. (Target Conpounds are ldentified in Table 2-3.)Figure 4-3. PAH results for Furnace B. (Target Conpounds are Identified in Table 2-3.)
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Furnace B Modified Method 5G Meter Box Data for Run 1
Date: 13 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 inlet outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
0 12534 115, 88 567.5 30 81 81 77 9446 30 77 80 78 267 025 174 179
10 118.00 150. 94 568.0 30 83 82 79 945.1 30 81 80 80  .264 023 179 185
20 11750 125 90 568.5 30 83 82 78 9457 30 82 81 79 269 019 177 182
30 117.00 119 90 569.0 30 85 83 79 946.2 30 82 81 79 265 018 176 181
40 1165 116 88 569.5 30 84 83 79 9467 30 82 81 79 265 015 174 179
50 1155 179 99 570.1 30 85 84 79 9472 30 82 82 80  .265 .040 173 178
60 1045 154 94 570.6 30 85 84 79 9477 30 83 82 79  .268 .029 180 186
70 1035 133 91 5711 30 86 85 78 9482 30 84 83 79  .268 025 179 184
80 103.0 124 82 5717 30 86 85 78 9487 30 85 83 79 272 020 177 182
90 1025 119 90 572.2 30 87 86 79 9492 30 85 84 79  .268 019 176 181
100 102.0 117 89 572.7 30 87 86 79 9497 30 85 84 79 269 018 175 180
110 1015 115 81 573.7 30 87 86 78 950.2 30 85 84 79  .268 017 174 178
120 940 290 81 573.2 30 88 87 81 950.7 30 86 85 81  .264 .032 180 185
130 920 138 91 574.2 30 88 87 74 9512 30 86 85 74 266 .025 180 185
140 915 129 90 574.7 30 89 88 79 9517 30 87 86 80  .265 .030 179 184
150 91.0 122 90 575.2 30 89 88 74 9522 30 87 86 80  .270 .020 178 183
160 905 119 90 575.2 30 89 88 79 9527 30 87 86 80  .265 018 176 182
170 90.0 116 90 576.2 30 89 89 79 9532 30 87 86 80  .268 015 176 180
180 90.0 115 90 576.2 30 90 80 80 953.7 30 87 86 80  .265 015 175 180
190 89.5 134 94 577.2 30 89 80 80 954.2 30 87 87 80  .265 022 173 178
200 825 149 99 577.7 30 90 80 80 954.7 30 88 87 80  .263 .030 180 186
210 81.0 135 91 578.0 30 89 89 80 955.0 30 88 87 80  .265 .025 180 185
220 80.5 128 91 5785 30 91 90 80 955.5 30 88 88 81  .260 .020 179 184
230 80.0 121 90 579.0 30 90 90 80 956.0 30 88 87 80  .263 .020 178 183
240 795 117 90 579.6 30 91 90 81 956.6 30 88 87 80  .260 .020 178 182
250 795 114 89 580.0 30 91 90 80 957.1 30 88 88 81  .263 015 176 181
260 790 112 89 580.7 30 90 90 80 957.6 30 88 87 80  .265 015 175 180
270 790 111 89 581.3 30 90 90 80 958.2 30 88 87 80  .265 015 174 179
280 785 170 97 581.9 30 91 90 80 958.7 30 88 87 80  .260 025 173 178
290 720 159 94 582.4 30 90 90 81 959.2 30 88 87 81  .263 .028 180 186
300 715 130 90 582.9 30 91 90 81 959.6 30 88 88 81  .265 .023 180 186
310 710 123 89 583.5 30 91 90 80 960.1 30 89 88 80  .265 .030 179 185
320 705 118 89 584.1 30 91 90 80 960.6 30 89 88 80  .265 .018 178 183
330 705 114 89 584.6 30 91 91 81 961.1 30 89 88 81  .265 015 177 183
340 700 111 88 585.2 30 91 91 80 961.6 30 89 88 81  .263 015 176 181
350 700 110 88 585.8 30 91 90 80 962.2 30 89 88 80  .265 015 175 180
360 69.5 109 87 586.3 30 91 90 80 962.7 30 88 88 80  .265 013 174 179
370 685 223 104 586.9 30 91 90 81 963.3 30 89 88 81  .260 .040 173 178
380 64.5 137 90 587.4 30 91 90 82 963.8 30 89 88 82  .268 .020 180 186
390 645 123 88 588.0 30 91 91 82 964.4 30 89 88 82  .268 .020 179 185
400 64.0 117 87 588.6 30 92 91 83 964.9 30 90 89 83  .265 .020 178 183

410 635 113 87 589.2 30 92 91 83 965.5 30 90 89 83 .265 .018 176 182
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Furnace B Modified Method 5G Meter Box Data for Run 1
Date: 13 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 inlet outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
420 635 110 87 589.8 30 92 92 83 966.1 30 90 89 83  .265 015 176 181
430 635 109 86 590.4 30 92 92 84 966.6 30 90 90 83  .265 015 175 180
440 63.0 108 86 5911 30 93 92 84 967.3 30 91 90 84 265 015 174 179
450 63.0 107 86 591.6 30 93 92 84 967.9 30 91 90 84 265 015 173 178
460 675 231 104 592.1 20 93 92 84 968.3 20 91 90 84  .260 .050 173 178
470 67.5 130 88 592.2 30 93 93 82 968.5 30 91 90 84 265 020 179 185
480 58.5 119 87 592.7 30 93 93 84 969.0 30 91 90 83  .267 .018 178 184
490 58.5 115 87 593.3 30 93 93 85 969.5 30 91 90 84 267 017 177 182
500 58.0 111 86 593.8 30 93 92 86 970.0 30 91 90 84 267 016 176 181
510 58.0 109 86 594.4 30 93 93 85 970.5 30 91 90 84 267 015 175 180
520 575 108 86 594.9 30 93 93 86 971.1 30 91 90 84  .268 015 174 179
530 575 107 85 595.4 30 93 93 85 971.6 30 91 90 84 267 014 173 178
540 56.5 251 107 596.0 30 93 93 86 972.1 30 91 90 85  .261 .050 173 179
550 540 130 87 596.5 30 93 93 85 972.6 30 91 91 85  .270 021 179 185
560 535 116 86 597.0 30 93 93 85 973.2 30 91 91 85  .268 019 178 184
570 535 112 86 597.5 30 93 93 85 973.7 30 91 91 85  .269 017 177 183
580 53.5 109 85 598.1 30 93 93 85 974.2 30 91 91 84  .268 016 176 181
590 535 107 85 598.6 30 93 93 85 974.7 30 91 90 84 267 015 175 180
600 53.0 107 85 599.2 30 93 93 85 975.3 30 91 91 84 270 015 174 179
610 53.0 106 84 599.7 30 93 93 85 975.8 30 91 90 84 271 014 173 178
620 51.0 299 116 600.2 30 93 93 85 976.3 30 91 91 85  .263 042 176 181
630 50.0 122 86 600.7 30 93 93 85 976.8 30 91 91 84 270 .020 178 184
640 50.0 113 85 601.3 30 93 93 85 977.3 30 91 90 84 270 018 177 183
650 50.0 110 85 601.8 30 93 93 85 977.9 30 91 90 84  .269 015 176 182
660 50.0 108 84 602.3 30 93 93 84 9783 30 91 91 84 270 015 175 181
670 495 108 84 602.8 30 93 93 84 978.8 20 91 91 83  .270 015 174 180
680 495 107 84 603.4 30 94 93 84 9794 30 91 91 83  .268 014 174 179
690 490 137 89 603.9 30 93 92 83 979.9 30 91 91 83  .266 022 173 178
700 47.0 158 88 604.4 30 93 93 82 9804 30 91 90 83  .268 021 179 184
710 465 115 84 605.0 30 91 92 82 980.9 30 89 90 82  .270 017 178 184
720 465 110 84 605.5 30 89 90 83 9814 30 89 88 82  .269 016 177 182
730 46.0 108 83 606.1 30 87 89 82 9820 30 88 88 82  .269 015 176 181
740 46.0 107 83 606.6 30 85 87 81 9825 30 86 87 82  .270 014 175 181
750 46.0 106 83 607.2 30 85 86 81 983.0 30 85 86 82  .270 013 174 180
760 46.0 106 83 607.7 30 84 85 80 983.6 30 84 85 81  .270 012 174 178
770 440 275 110 608.2 30 83 84 80 984.1 30 83 84 82  .263 043 177 182
780 435 119 84 608.8 30 82 83 80 984.6 30 83 83 81  .220 016 179 184
790 430 111 84 609.3 30 82 83 80 985.2 30 82 83 81  .279 014 177 183
800 430 108 83 609.9 30 82 82 80 985.7 30 83 83 81 271 012 177 182
810 430 106 83 610.4 30 82 82 80 986.2 30 82 83 80  .272 011 175 181
820 430 106 83 611.0 30 81 81 79 986.8 30 82 82 80  .272 011 175 180

830 43.0 125 86 611.5 30 81 81 79 987.3 30 82 82 80 .270 .019 173 179



v13

Furnace B Modified Method 5G Meter Box Data for Run 1
Date: 13 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 inlet outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
840 405 333 110 612.1 30 81 81 79 987.8 30 82 82 80  .270 023 179 185
850 40.0 120 84 612.6 30 81 81 79 988.3 30 82 82 80  .270 014 179 185
860 400 111 83 613.2 30 80 81 79 988.9 30 82 81 80  .270 014 178 184
870 40.0 108 83 613.7 30 81 81 79 9894 30 81 81 79 2711 011 177 182
880 400 107 83 614.3 30 81 81 78 989.9 30 81 81 79 270 011 176 181
890 40.0 106 82 614.8 30 80 80 78 990.5 30 81 81 78 272 011 175 180
900 395 104 82 615.4 30 80 80 78 991.0 30 81 81 78 272 011 173 179
910 385 245 103 615.9 30 80 80 78 9915 30 81 81 79 267 034 174 180
920 370 132 85 616.4 30 80 80 78 992.0 30 81 81 79 272 017 179 185
930 365 114 83 617.0 30 80 80 78 992.6 30 81 81 79 21 014 178 184
940 365 108 82 617.5 30 80 80 78 993.1 30 81 81 78 272 012 176 182
950 365 106 82 618.1 30 80 80 78 993.6 30 81 81 78 273 011 176 182
960 365 105 82 618.6 30 80 80 78 9942 30 81 81 78 270 011 175 180
970 36.0 105 82 619.2 30 80 80 78 954.7 30 81 81 78 275 011 174 180
980 36.5 200 94 619.7 30 81 80 78 995.2 30 81 81 78 270 029 173 179
990 330 195 84 620.3 30 80 80 78 995.7 30 80 80 73 272 021 179 185
1000 330 119 84 620.8 30 82 81 77 996.3 30 81 81 78 274 .016 180 185
1010 325 111 83 621.4 30 82 81 76 996.8 30 81 81 77 274 014 178 184
1020 325 108 83 621.9 30 83 82 77 9973 30 82 81 77275 013 178 183
1030 320 106 82 622.4 30 84 83 76 997.8 30 82 82 77275 012 176 182
1040 320 105 83 623.0 30 84 83 77 9984 30 83 82 77275 012 175 181
1050 315 104 82 623.5 30 85 84 77 998.9 30 83 82 77275 012 175 180
1060 305 203 9% 624.1 30 85 85 77 9994 30 83 83 78 272 .030 175 180
1070 280 146 86 624.6 30 86 85 78 1000.0 30 83 83 78 274 .020 180 186
1080 275 116 83 625.2 30 86 86 78 1000.5 30 83 83 78 275 .019 180 185
1090 275 110 82 625.7 30 87 86 77 1001.0 30 86 85 7277 015 178 184
1100 275 106 82 626.2 30 88 87 77 10015 30 87 86 77 274 015 178 183
1110 275 104 86 626.7 30 89 88 78 1002.1 30 89 87 77 273 015 177 182
1120 275 104 83 627.3 30 89 88 78 1002.6 30 89 88 7272 014 174 181
1130 270 104 83 627.8 30 90 89 77 1003.1 30 90 88 77 270 013 175 180
1140 265 194 95 628.3 30 87 88 78 1003.6 30 87 88 77 267 .030 173 179
1150 240 151 87 628.8 30 84 86 79 1004.1 30 85 86 7721 020 179 186
1160 240 116 84 629.3 30 83 83 77 1004.6 30 84 85 78 .268 015 179 185
1170 240 110 84 629.8 30 82 83 78 1005.1 30 83 84 78 274 015 178 183
1180 235 108 84 630.3 30 82 82 78 1005.6 30 82 83 78 269 013 177 182
1190 235 107 84 630.8 30 81 81 78 1006.1 30 82 83 78 273 011 176 181
1200 235 106 84 631.3 30 81 81 77 1006.6 30 82 82 77 276 011 175 180
1210 230 106 84 631.8 30 80 81 77 1007.1 30 81 82 7272 010 175 180
1220 230 154 91 632.3 30 80 80 77 1007.6 30 81 81 77 267 019 173 178
1230 205 278 102 652.8 30 80 80 77 1008.1 30 81 81 78 270 022 179 184
1240 205 121 86 633.3 30 80 80 77 1008.6 30 81 81 77 270 015 179 185

1250 200 113 86 633.8 30 80 80 77 1009.1 30 81 81 7 271 .014 178 183



G133

Furnace B Modified Method 5G Meter Box Data for Run 1
Date: 13 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 inlet outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
1260 200 110 86 634.3 30 80 80 76 1009.6 30 81 81 76 .268 013 177 182
1270 195 108 85 634.8 30 80 80 75 1010.1 30 81 81 76 272 011 176 181
1280 195 107 86 635.3 30 80 80 76 1010.6 30 81 81 76 270 011 175 180
1290 195 108 86 635.8 30 80 80 75 1011.1 30 81 81 76 270 011 174 179
1300 190 162 93 636.3 30 80 80 76 1011.6 30 81 81 76 267 023 173 178
1310 170 188 92 636.8 30 80 80 76 1012.1 30 81 81 76 267 020 179 185
1320 165 117 87 637.3 30 80 80 75 1012.6 30 81 81 76 .269 015 179 184
1330 165 113 87 637.8 30 81 80 75 1013.1 30 81 81 76 .269 013 177 183
1340 160 111 88 638.3 30 82 81 77 1013.6 30 82 82 77 269 012 177 182
1350 160 110 87 638.8 30 83 82 77 1014.1 30 83 82 77 268 011 176 182
1360 160 109 87 639.3 30 83 82 77 1014.6 30 83 82 77 267 011 175 180
1370 160 109 87 639.8 30 85 84 77 1015.1 30 84 83 77 270 010 175 180
1380 1558 184 97 640.3 30 85 84 77 1015.6 30 84 83 78 .268 025 174 179
1390 1350 211 95 640.8 30 85 84 77 1016.1 30 84 83 78 269 021 179 185
1400 1350 122 89 641.3 30 86 85 78 1016.6 30 85 84 78 .268 015 179 185
1410 13.00 114 89 641.8 30 86 85 78 1017.1 30 84 84 78 269 014 178 184
1420 13.00 112 88 642.3 30 85 85 78 1017.6 30 84 83 78 .269 014 177 183
1430 13.00 111 89 642.8 30 86 85 78 1018.1 30 84 83 78 270 012 176 182
1440 13.00 110 88 643.3 30 84 84 78 1018.6 30 84 83 78 .268 011 175 180
1450 1250 109 87 643.8 30 83 83 78 1019.1 30 83 83 78 269 010 174 179
1460 1250 155 93 644.3 30 83 83 78 1019.6 30 83 83 78 267 019 173 178
1470 11.00 237 108 644.8 30 83 83 78 1020.1 30 83 83 79 262 031 175 180
1480 10.00 132 90 645.3 30 83 82 78 1020.6 30 83 83 79  .268 016 179 184
1490 09.50 117 90 645.8 30 83 82 78 1021.1 30 83 83 79 270 014 178 183
1500 09.50 113 89 646.3 30 82 82 78 1021.6 30 82 82 79 266 013 177 182
1510 09.50 111 89 646.8 30 82 82 77 1022.1 30 82 82 78 .266 011 176 181
1520 09.50 110 90 647.3 30 82 82 78 1022.6 30 83 82 78 .269 010 175 180
1530 09.40 110 90 647.8 30 82 82 77 1023.1 30 82 82 78 .269 010 174 179
1540 09.50 117 91 648.3 30 82 82 77 1023.6 30 82 82 78 .266 015 173 178
1550 08.00 201 102 648.8 30 82 82 77 1024.1 30 82 82 78 .268 025 174 179
1560 07.00 175 95 649.3 30 82 82 77 1024.6 30 82 82 78 269 019 178 184
1570 06.50 120 91 649.8 30 82 82 77 1025.1 30 82 82 78 .266 015 179 183
1580 06.50 114 91 650.3 30 82 82 78 1025.6 30 82 82 78 .268 013 177 182
1590 06.50 113 91 650.8 30 82 82 77 1026.1 30 82 82 78 274 011 177 181
1600 06.50 112 91 651.3 30 82 82 78 1026.6 30 82 82 78 270 010 176 181
1610 06.50 111 91 651.8 30 82 82 78 1027.1 30 82 82 78 .266 010 175 180
1620 06.50 110 91 652.3 30 82 82 78 1027.6 30 82 82 78 269 011 174 179
1630 06.00 175 99 652.8 30 82 82 78 1028.1 30 83 83 79 265 020 173 178
1640 05.00 213 105 653.3 30 82 82 78 1028.6 30 83 82 79 364 025 175 181
1650 04.00 136 93 653.8 30 82 82 78 1029.1 30 83 83 79  .268 014 179 184
1660 04.00 118 92 654.3 30 82 82 78 1029.6 30 83 82 79 271 013 178 183

1670 04.00 114 91 654.8 30 82 82 78 1030.1 30 83 83 79 271 011 177 182



913

Furnace B Modified Method 5G Meter Box Data for Run 1
Date: 13 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 inlet outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
1680 04.00 112 91 655.3 30 82 82 78 1030.6 30 83 83 79  .368 011 176 181
1690 04.00 111 90 655.8 30 82 82 78 1031.1 30 83 82 79 270 011 175 180
1700 03.50 110 90 656.3 30 82 82 78 1031.6 30 83 83 79 270 011 174 179
1710 03.50 158 9% 656.8 30 82 83 78 1032.1 30 83 83 79  .268 016 173 178
1720 03.00 184 100 657.3 30 82 82 78 1032.6 30 83 83 75 270 021 173 179
1730 02.00 207 104 657.8 30 83 83 78 1033.1 30 83 83 80  .267 026 176 181
1740 01.00 175 95 658.3 30 83 83 78 1033.6 30 83 83 79 269 019 179 184
1750 01.00 122 91 658.8 30 83 83 79 1034.1 30 83 83 79 21 014 179 184
1760 01.00 115 90 659.3 30 83 83 79 1034.6 30 83 83 79 270 012 178 183
1770 01.00 110 90 659.8 30 83 83 78 1035.2 30 83 83 79 270 011 177 182
1780 01.00 111 90 660.3 30 83 83 78 1035.7 30 83 83 79 271 011 176 181
1790 01.00 110 89 660.8 30 83 82 78 1036.3 30 83 83 79 271 010 175 180
1800 00.50 109 89 661.3 30 82 82 78 1036.7 30 83 83 79 270 010 174 178
1810 00.00 261 100 661.8 30 83 83 78 1037.2 30 83 83 78 270 019 173 179



LT3

Furnace B Modified Method 5G Meter Box Data for Run 2
Date: 15 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 Inlet Outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
0 132.81 112 87 6619 30 82 81 76 37.3 30 80 80 78 261 .013 173 182
10 1315 154 95 6624 30 82 82 76 37.8 30 80 80 78 .258 .022 170 178
20  115.00 213 101 6629 30 83 82 77 38.3 30 81 80 82 .260 .031 176 185
30 11450 137 90 6635 30 83 82 77 38.8 30 81 80 78 .260 .024 173 182
40 1140 127 89 6640 30 83 83 77 39.3 30 82 81 77 264 .020 171 180
50 1115 272 121 6645 30 84 83 77 39.8 30 83 82 81 253 .051 170 179
60 97.0 162 94 6650 30 85 84 78 40.3 30 84 82 80 .260 .030 177 187
70 96.0 142 90 6655 30 85 84 77 40.8 30 84 82 78 261 .026 174 184
80 95.0 133 90 6660 30 85 84 77 41.3 30 84 83 78 263 .023 172 181
90 94.5 167 97 6665 30 85 85 78 41.8 30 84 83 78 .258 .027 168 177
100 815 307 126 667.0 30 86 85 79 42.3 30 85 83 82 248 .041 174 185
110 785 149 91 6675 30 86 85 78 42.8 30 85 83 78 .260 .035 173 185
120 775 138 90 6681 30 86 85 78 434 30 84 83 78 .260 .025 171 182
130 770 128 89 6687 30 86 86 78 43.9 30 85 84 78 262 021 168 179
140 725 379 148 669.2 30 86 86 78 4.4 30 84 84 79 .248 .063 179 181
150  66.0 155 92 669.7 30 85 85 79 44.9 30 84 84 78 263 .029 174 186
160  65.0 139 90 6702 30 84 84 79 454 30 84 83 79 259 .023 171 183
170 645 129 89 6708 30 83 83 78 46.0 30 83 83 79 .260 .020 169 180
180  63.0 229 105 6713 30 82 83 79 46.5 30 83 83 79 .257 .039 167 177
190 575 157 92 6718 30 82 83 85 47.0 30 82 83 89 .260 .025 174 186
200 565 134 89 6724 30 83 83 80 47.6 30 83 83 90 263 .020 172 183
210 565 125 89 6729 30 82 82 78 48.1 30 83 82 89 264 .019 171 181
220 56.0 120 89 6734 30 82 82 78 48.6 30 82 82 86 .265 .017 169 179
230 540 307 117 6740 30 82 82 84 49.2 30 82 82 83 255 .046 170 180
240 520 134 90 6745 30 83 82 89 49.7 30 82 83 89 .260 .030 173 183
250 520 124 90 6750 30 82 82 89 50.2 30 82 83 89 264 .017 171 180
260 520 119 90 6755 30 82 82 88 50.7 30 82 83 89 .260 .015 169 179
270 495 333 125 6761 30 82 82 89 51.3 30 82 82 89 .257 .048 171 182
280 485 134 91 6766 30 82 82 89 51.8 30 82 82 89 264 .020 173 184
200 480 123 90 6771 30 82 83 89 52.3 30 82 83 90 261 .017 170 182
300 475 119 90 6777 30 82 82 90 52.9 30 82 82 89 263 .015 169 179
310 455 317 123 6782 30 82 82 87 53.4 30 82 82 90 .260 .045 170 181
320 445 134 92 6787 30 82 82 83 53.9 30 82 82 87 261 .019 172 183
330 445 123 91 6792 30 82 81 88 54.4 30 82 82 89 261 .015 171 181
340 440 118 91 6798 30 82 82 87 55.0 30 82 81 89 259 014 169 179
350 430 274 113 6803 30 81 81 83 55.5 30 82 82 89 .256 .039 169 179
360 415 142 93 6809 30 81 81 90 56.0 30 82 81 89 262 .020 172 183
370 415 124 91 68L4 30 81 81 85 56.5 30 82 82 88 261 .017 170 181
380 415 120 91 68L9 30 82 82 89 57.0 30 82 82 89 .260 .013 168 179
390 405 259 112 6825 30 82 82 87 57.5 30 82 82 88 .257 .035 168 178
400 380 152 95 6830 30 82 82 83 58.1 30 82 82 85 .250 .019 173 184

410 38.0 127 92 6836 30 82 82 81 58.6 30 82 82 83 .260 .015 171 182



813

Furnace B Modified Method 5G Meter Box Data for Run 2
Date: 15 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 Inlet Outlet

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N °F °F
°F °F °F °F °F in.H,0
420 380 120 92 6841 30 82 82 80 59.1 30 82 82 81 .260 .013 169 180
430 375 180 100 6847 30 82 82 79 59.7 30 82 82 80 255 .025 168 178
440 350 285 119 6852 30 82 82 80 60.2 30 82 82 90 .250 .038 170 181
450  34.0 138 93 6857 30 82 82 90 60.7 30 82 82 90 255 .020 172 183
460 335 124 92 6863 30 82 82 90 61.2 30 82 82 90 .258 .015 170 181
470 335 120 91 6868 30 82 82 89 61.8 30 82 82 89 .260 .013 169 179
480 325 217 105 6873 30 82 82 89 62.3 30 82 82 89 255 .028 167 178
490 300 248 102 6879 30 82 82 90 62.8 30 82 82 90 255 .025 173 185
500  29.0 134 92 6884 30 82 82 90 63.2 30 82 82 90 .260 .018 173 184
510 285 125 92 6889 30 82 82 90 63.7 30 82 82 90 .265 .015 171 182
520 285 120 91 6894 30 82 82 89 64.2 30 82 82 90 .260 .013 169 180
530 280 185 100 6900 30 82 82 85 64.8 30 82 82 87 .260 .025 167 178
540  25.0 344 133 6905 30 82 82 90 65.3 30 82 82 90 .250 .033 171 182
550 235 138 93 6911 30 82 82 90 65.8 30 82 82 90 .260 .020 173 184
560  23.0 126 81 6916 30 82 82 89 66.3 30 83 83 90 .260 .015 171 182
570 230 120 91 6921 30 83 83 89 66.8 30 83 82 90 .258 .015 169 180
580 225 222 105 6927 30 82 82 90 67.3 30 82 82 90 255 .030 167 178
590  20.0 270 104 6932 30 82 82 90 67.8 30 83 82 90 .250 .023 173 183
600  20.0 132 92 6932 30 82 82 81 67.9 30 82 82 79 .260 .015 172 183
610 195 122 91 6937 30 82 82 81 68.3 30 82 82 79 .260 .015 170 181
620 195 118 90 6842 30 82 82 80 68.9 30 82 82 78 .260 .013 168 179
630 180 265 113 6947 30 82 82 80 69.3 30 82 82 78 255 .038 168 178
640  16.0 170 95 6953 30 82 82 79 69.8 30 82 82 79 .258 .020 173 184
650  16.0 128 90 6958 30 82 82 79 70.3 30 83 82 78 .260 .015 172 183
660 155 121 90 6963 30 82 82 78 70.8 30 83 82 78 .260 .015 170 181
670 155 117 89 6968 30 82 82 78 713 30 82 83 78 .260 .020 168 179
680 145 269 113 6974 30 82 82 79 718 30 83 83 79 255 .038 168 179
690 120 189 95 6980 30 82 82 79 724 30 83 83 79 .260 .020 173 184
700 115 129 90 6985 30 82 82 79 73.0 30 82 83 79 262 .016 172 183
710 115 120 89 699.1 30 82 82 79 735 30 82 82 75 262 014 170 181
720 115 117 88 699.6 30 82 83 79 74.0 30 83 82 79 262 .010 168 179
730 105 266 112 7002 30 82 82 80 745 30 82 82 79 .257 .040 167 178
740 085 218 98 700.7 30 82 83 81 70.0 30 83 82 79 226 .026 173 184
750  08.0 130 90 7012 30 82 83 80 755 30 82 82 79 230 .016 172 183
760  08.0 120 88 7017 30 82 82 80 76.0 30 83 82 79 230 012 169 180
770 080 143 98 7023 30 82 83 81 76.6 30 82 82 79 225 .030 166 178
780  06.0 302 122 7088 30 82 83 81 77.1 30 82 82 79 224 .043 169 180
790 045 149 90 7034 30 82 82 80 77.6 30 82 82 79 228 .017 173 184
800 045 125 88 7059 30 83 82 80 78.1 30 82 82 79 242 .015 171 182
810 045 118 87 7044 30 82 83 80 78.6 30 82 82 79 231 .013 169 180
820 045 203 100 7050 30 82 83 80 79.2 30 82 82 79 227 .028 167 178

830 02.5 294 121 7055 30 82 83 82 79.6 30 83 83 80 .223 .041 170 181



613

Furnace B Modified Method 5G Meter Box Data for Run 2
Date: 15 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft  Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocty inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

840  01.0 141 89 7060 30 83 83 80 80.3 30 83 83 79 229 .019 173 184

850  01.0 122 87 7066 32 82 82 79 80.7 30 83 82 78 229 .015 171 182

860  01.0 117 87 7071 30 82 83 79 81.2 30 82 83 78 .230 .014 169 180

870 005 223 103 7077 30 82 82 79 81.7 30 82 82 78 225 .030 167 178

872 0 239 107 7078 30 82 82 78 81.8 30 83 82 78 225 .034 167 178



0c3

Furnace B Modified Method 5G Meter Box Data for Run 3
Date: 19 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Velocity inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

0 139.52 116 92 7078 30 83 82 78 823 30 80 80 79 257 011 172 177
10 131.00 234 116 7084 30 84 83 84 829 30 81 80 83 251 010 172 177
20 128.00 175 98 7089 30 84 83 81 834 30 82 81 82 210 025 177 183
30 127.50 133 94 7085 30 84 84 79 839 30 83 82 79 .270 019 175 181
40 127.00 125 93 7100 30 85 84 78 844 30 84 82 79 257 019 173 179
50 126.50 154 98 7105 30 85 85 79 849 30 84 82 80 253 021 171 177
60 119.0 163 97 7110 30 86 85 80 855 30 84 83 81 .258 055 181 185
70 1195 138 95 7115 30 87 86 78  86.0 30 85 84 79 .262 021 179 184
80 119.0 129 93 7120 30 84 84 78 865 30 83 84 80 .259 019 177 182
90 1185 124 93 7126 30 83 83 80 870 32 83 83 80 .259 017 175 180
100 118.0 121 93 7131 30 82 83 80 875 30 83 83 81 257 015 175 179
110 1175 120 93 7136 30 82 82 81 880 30 83 83 81 .263 015 173 178
120 1175 144 98 7141 30 82 82 82 886 30 83 83 82 .256 020 171 176
130 107.5 228 106 7146 30 82 82 85  89.1 30 83 83 85 .256 029 177 183
140 106.0 142 95 7151 30 82 82 81 896 30 83 83 83 .256 021 170 182
150 105.5 132 95 7156 30 82 82 83 901 30 83 83 83 .256 019 173 179
160 104.5 126 94 7161 30 82 82 83 906 30 83 83 83 257 018 171 178
170 102.5 256 117 7166 30 81 82 84 911 30 82 83 85 .250 040 172 177
180 096.0 151 96 7171 30 82 82 82 915 30 82 83 82 257 023 179 185
190 095.0 138 95 7176 30 82 82 83 920 30 82 83 83 .256 020 178 183
200 094.5 129 95 7181 30 82 82 84 925 30 83 83 83 257 019 177 182
210 094.5 125 95 7186 30 82 82 84 930 30 83 83 83 .256 016 175 181
220 094.0 122 95 719.2 30 82 82 84 935 30 83 83 84 .259 015 174 180
230 093.5 120 95 719.7 30 82 82 84 940 30 83 83 83 .255 015 173 178
240 093.5 135 98 7202 30 82 82 84 945 30 83 83 84 .255 019 172 177
250 088.0 172 99 720.7 30 82 83 83 950 30 83 84 84 .255 013 178 183
260 087.0 138 96 7212 30 82 83 84 955 30 84 84 84 .255 020 178 183
270 086.5 129 96 7217 30 83 83 84  96.0 30 84 84 84 .280 018 176 181
280 086.5 123 95 7222 30 83 83 84 965 30 83 84 84 .250 015 175 180
290 086.0 120 95 7227 30 83 82 84 971 30 83 84 84 .255 015 174 179
300 086.0 119 95 7233 30 83 83 84 976 30 84 84 84 .255 013 173 178
310 086.0 117 95 7238 30 83 83 85 982 30 84 84 85 .260 018 172 177
320 082.5 190 100 7243 30 83 83 85 987 30 84 84 85 .260 020 178 184
330 082.0 131 96 7248 30 83 83 85 992 30 84 84 85 .258 018 177 183
340 082.0 125 96 7254 30 83 83 85  99.8 30 84 84 85 .258 018 176 181
350 081.5 121 96 7259 30 83 83 85 100.3 30 84 84 85 .260 015 175 180
360 081.5 119 95 7265 30 83 83 85 100.9 30 84 84 85 .258 013 173 179
370 081.0 118 95 7270 30 83 83 85 1014 30 84 84 85 .258 013 172 178
380 080.5 156 100 7275 30 83 83 85 1019 30 84 84 85 255 019 171 177
390 077.5 166 99 7280 30 83 83 85 1024 30 84 84 85 255 023 178 183

400 077.0 132 96 7286 30 83 83 85 1029 30 84 84 85 .260 .019 177 182



Tc3

Furnace B Modified Method 5G Meter Box Data for Run 3
Date: 19 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Velocity inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

410 076.5 126 95 7291 30 84 84 85 1035 30 85 85 85 .260 015 176 181
420 076.0 122 94 7296 30 83 83 85 104.0 30 84 84 85 .258 015 175 180
430 076.0 119 94 730.1 30 83 83 85 1045 30 84 85 85 .256 015 174 179
440 075.5 117 94 730.7 30 83 83 85 105.1 30 84 85 85 .258 013 173 178
450 075.5 116 94 7312 30 83 83 85 105.6 30 84 84 85 .258 013 172 177
460 074.5 206 105 7317 30 83 83 .85 106.1 30 84 84 85 255 030 172 177
470 071.0 151 97 7233 30 83 83 86 106.6 30 84 84 85 .258 020 174 184
480 070.0 130 94 7328 30 83 83 86 107.2 30 84 84 85 .258 018 177 183
490 070.0 124 94 7334 30 83 83 85 107.7 30 84 84 85 .260 015 176 182
500 069.5 120 93 7339 30 83 83 85 108.2 30 84 84 85 .258 015 175 181
510 069.5 118 93 7345 30 83 83 85 108.7 30 84 84 85 .260 015 174 180
520 069.5 115 93 7350 30 83 83 85 109.3 30 84 84 85 .260 013 172 178
530 069.0 149 97 7356 30 83 83 85 109.8 30 84 84 85 .258 020 171 177
540 065.0 211 100 7361 30 83 83 86 110.3 30 84 84 85 .258 023 177 184
550 064.5 135 94 736.7 30 83 83 85 1109 30 84 84 85 .262 018 177 184
560 063.5 127 93 7373 30 83 83 85 1115 30 83 84 85 .255 015 176 182
570 063.5 122 93 7378 30 82 83 85 1120 30 83 84 84 .256 015 174 181
580 063.5 118 93 7384 30 82 83 85 1125 30 83 84 84 .256 013 173 179
590 063.0 116 92 7390 30 82 83 85 1131 30 83 83 84 255 013 171 178
600 062.0 229 107 7396 30 82 82 85 1137 30 83 83 84 247 031 171 177
610 059.0 148 95 7401 30 82 82 85 1142 30 83 83 84 255 020 178 185
620 058.5 128 93 7406 30 82 82 85 1147 30 83 83 84 257 016 177 184
630 058.5 123 92 7412 30 82 82 85 1153 30 83 83 84 .258 014 175 182
640 058.0 119 92 7417 30 82 82 85 1158 30 83 83 84 .255 012 174 180
650 050.0 116 92 7423 30 82 82 84 1164 30 83 83 84 257 011 172 179
660 058.0 114 91 7429 30 82 82 84 1170 30 83 83 84 .256 011 171 178
670 056.5 258 112 7434 30 82 82 84 1175 30 83 83 83 252 032 172 178
680 054.5 142 93 7440 30 82 82 84 1180 30 83 83 84 .256 019 177 184
690 054.0 125 92 7445 30 82 82 84 1185 30 83 83 84 257 015 176 182
700 054.0 119 91 7451 30 81 82 84 1191 30 83 83 84 257 013 175 181
710 053.5 117 91 7456 30 82 82 84 1196 30 83 83 83 257 012 174 180
720 053.5 115 91 746.2 30 82 82 84 1202 30 82 83 83 255 016 172 179
730 053.5 149 96 746.7 30 81 82 84 1207 30 82 83 83 255 016 171 177
740 051.0 307 124 7473 30 81 82 85 1213 30 83 83 84 .254 040 175 182
750 050.0 132 92 7478 30 81 82 84 1218 30 83 83 84 257 016 176 183
760 050.0 123 91 7484 30 81 82 84 1223 30 83 83 83 257 014 175 182
770 049.5 118 91 7489 30 81 82 84 1229 30 83 83 83 257 012 174 181
780 049.5 116 91 7495 30 81 81 83 1234 30 82 83 83 .258 011 173 179
790 049.5 115 90 750.1 30 81 81 83 1240 30 82 82 83 .256 011 172 178
800 049.0 221 105 750.6 30 81 81 83 1245 30 82 83 83 252 025 171 177

810 046.5 149 93 7516 30 81 81 84 1241 30 82 83 83 .257 .019 178 184
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Furnace B Modified Method 5G Meter Box Data for Run 3
Date: 19 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Velocity inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

820 045.5 126 91 7517 30 81 82 84 1256 30 82 83 83 255 015 177 183
830 045.5 120 91 7523 30 81 81 83 1262 30 82 82 83 .256 013 175 181
840 045.5 116 90 7529 30 81 81 83 1267 30 82 82 83 257 012 174 180
850 045.5 115 90 7534 30 81 81 83 1272 30 82 82 83 .256 011 173 179
860 045.0 115 90 7540 30 81 81 83 12738 30 82 82 82 .258 010 172 178
870 044.0 231 106 7545 30 81 81 83 1283 30 82 82 82 252 027 171 178
880 042.0 151 93 7550 30 81 81 83 1289 30 82 82 83 257 020 177 183
890 041.5 125 91 7555 30 81 81 83 1294 30 82 82 83 .256 015 176 183
900 041.5 119 90 756.1 30 80 81 83 130.0 30 82 82 82 .258 014 175 182
910 041.5 116 90 756.7 30 81 81 83 1308 30 82 82 82 .256 012 174 180
920 041.5 114 89 7573 30 81 81 83 1310 30 82 82 82 257 011 173 179
930 041.0 114 89 7578 30 80 81 83 1315 30 82 82 82 .258 010 172 178
940 040.5 207 102 7583 30 80 81 83 1320 30 82 82 82 .262 022 171 177
950 037.5 177 94 7588 30 81 81 83 1325 30 82 82 82 .261 020 178 184
960 037.5 127 90 759.3 30 81 81 83 1330 30 82 82 82 .263 011 177 184
970 037.0 120 89 759.8 30 81 81 83 1335 30 82 82 82 .263 014 177 182
980 037.0 117 89 7004 30 81 81 82 1341 30 81 82 82 .268 012 176 181
990 036.5 115 88 760.9 30 80 81 82 1346 30 81 81 82 .263 011 175 180
1000  036.5 113 88 7614 30 80 80 82 1352 30 81 81 81 .263 011 174 179
1010  036.5 113 88 7630 30 80 80 82 1357 30 81 81 81 .265 011 172 178
1020 0355 243 107 7625 30 80 80 82 136.3 30 81 81 81 .258 038 172 177
1030 0335 143 90 763.1 30 81 80 82 136.8 30 81 81 81 .262 017 178 184
1040  033.0 123 88 7636 30 80 80 82 1373 30 81 81 81 .264 014 177 183
1050  033.0 118 88 764.2 30 80 80 81 1379 30 80 81 81 .264 013 176 182
1060 0325 114 88 764.7 30 80 80 81 1384 30 80 81 81 .262 012 175 180
1070 0325 113 88 765.2 30 80 80 81 1389 30 80 81 80 .262 012 174 179
1080 0325 112 87 7658 30 79 80 81 1395 30 80 80 80 .262 011 173 179
1090 325 143 92 766.4 30 80 80 81 140.1 30 80 81 80 .261 018 172 177
1100 0295 194 94 766.8 30 80 80 81 140.6 30 81 81 81 .262 021 179 185
1110  029.0 126 89 7674 30 80 80 81 1411 30 80 80 80 .262 015 178 184
1120 029.0 119 81 767.9 30 80 80 81 1416 30 80 80 80 .262 014 177 183
1130 029.0 115 88 7685 30 80 80 81 1422 30 80 81 81 .262 012 175 181
1140 029.0 113 88 769.0 30 79 79 80 1427 30 80 81 81 261 011 175 181
1150 0285 112 88 769.5 30 79 80 81 1432 30 80 80 80 261 010 174 179
1160 0285 111 88 7701 30 80 80 80 1438 30 80 81 80 .260 011 173 178
1170 028.0 221 104 7706 30 80 80 81 1443 30 81 81 81 .256 031 172 178
1180 0255 152 93 7711 30 80 80 81 1448 30 81 81 81 .259 018 179 185
1190 0255 124 90 7717 30 80 80 81 1453 30 81 81 81 .260 016 177 184
1200 0255 118 90 7722 30 80 80 81 1458 30 81 81 81 .259 014 176 182
1210 0255 115 90 7727 30 80 80 81 1464 30 81 81 81 .258 014 175 181

1220 025.5 114 90 7733 30 80 80 81 1470 30 81 81 81 .259 012 174 180
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Furnace B Modified Method 5G Meter Box Data for Run 3
Date: 19 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Velocity inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

1230 0255 113 90 7738 30 80 80 81 1475 30 81 81 81 .258 011 172 178
1240  025.0 159 97 7744 30 80 80 81 1480 30 81 81 81 .256 021 171 177
1250 0225 194 97 7749 30 81 80 82 1485 30 81 82 81 .256 019 178 184
1260  022.0 128 92 7754 30 81 80 82 149.0 30 81 81 81 .258 015 177 183
1270 022.0 120 92 7780 30 81 80 82 1495 30 81 81 82 257 014 176 181
1280 0215 117 92 7765 30 81 81 82 150.1 30 81 81 82 .259 012 175 180
1290 0215 116 92 7770 30 81 81 82 150.6 30 81 81 82 .260 012 174 179
1300 0215 115 92 7776 30 81 80 82 1511 30 81 81 82 .256 011 173 179
1310 0215 115 92 7781 30 81 81 82 1517 30 82 82 82 .256 011 172 178
1320 020.0 250 112 7786 30 81 81 83 1522 30 82 82 82 251 034 173 179
1330 0185 146 95 779.2 30 81 81 83 1527 30 82 82 83 .256 018 178 184
1340 0185 125 93 779.7 30 82 81 82 1532 30 82 82 82 .255 015 177 183
1350  018.0 120 93 780.2 30 82 81 83 1537 30 82 82 82 .255 013 176 182
1360  018.0 118 93 780.7 30 81 81 83 1543 30 82 82 82 .254 012 175 181
1370  018.0 117 93 7813 30 82 82 83 1548 30 82 82 83 .260 012 174 180
1380 0175 117 93 7818 30 81 81 83 1553 30 82 82 83 .255 011 173 178
1390 0175 116 94 7824 30 82 82 83 1558 30 82 82 83 255 010 171 177
1400  016.5 220 109 7829 30 82 82 83 156.4 30 82 82 83 .250 031 172 178
1410 0145 158 97 7834 30 82 82 84 156.9 30 83 82 83 .256 020 178 184
1420 0145 127 95 7839 30 82 82 84 1574 30 83 83 83 255 015 177 183
1430 0145 122 95 7845 30 82 82 83 1579 30 83 83 83 .258 014 176 182
1440 0145 119 95 7851 30 83 82 84 1585 30 83 83 84 255 013 176 181
1450  014.0 118 94 7856 30 83 82 84 159.0 30 83 83 84 257 012 174 180
1460  014.0 118 95 786.1 30 82 83 84 1595 30 83 84 84 253 010 173 179
1470  014.0 115 95 786.6 30 83 83 84 160.1 30 83 84 84 .254 011 172 177
1480 0135 194 108 7871 30 83 83 84 160.6 30 83 83 84 .254 023 171 177
1490 0115 244 104 7876 30 83 83 85 161.0 30 84 84 84 253 021 177 183
1500  011.0 132 96 788.2 30 83 83 85 1616 30 84 84 84 253 015 177 183
1510  011.0 123 95 7888 30 83 83 84 162.1 30 84 84 84 .255 014 176 182
1520  011.0 121 95 789.3 30 83 83 84 162.6 30 84 84 83 .254 013 175 181
1530  011.0 119 95 789.8 30 84 84 83 1632 30 85 84 82 .255 011 174 180
1540  011.0 119 96 790.3 30 84 84 83 1637 30 85 85 82 .254 011 174 179
1550  011.0 118 96 790.8 30 85 85 83 664.2 30 86 85 81 .254 016 172 178
1560  011.0 139 99 7914 30 86 86 82 1647 30 87 85 81 .256 016 171 176
1570  010.0 267 88 7918 30 86 86 83 165.2 30 87 86 82 .250 039 173 178
1580  008.5 147 98 7922 30 86 86 84 165.7 30 87 86 83 .256 019 177 183
1590  008.5 127 97 7929 30 86 86 84 166.3 30 87 87 83 255 015 177 182
1600  008.5 123 97 7935 30 86 86 84 166.8 30 87 87 84 .256 014 176 181
1610  008.5 121 96 7440 30 85 85 84 1674 30 85 85 84 255 013 175 180
1620  008.0 119 96 7945 30 84 85 85 167.9 30 84 85 84 .256 013 174 179

1630 008.0 118 96 7951 30 84 84 85 168.4 30 84 84 85 .255 .011 173 178
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Furnace B Modified Method 5G Meter Box Data for Run 3
Date: 19 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft Water Temperature
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Velocity inH,0 Inlet Outlet

Min. Lb Temp °F ft® Inlet Outlet  °F ft® Inlet Outlet °F aP °F °F
°F °F °F °F °F inH,0

1640  008.0 118 96 7956 30 84 84 85 169.0 30 84 84 85 255 011 172 177
1650  007.5 207 109 796.1 30 84 84 86 169.5 30 83 84 85 .250 029 171 176
1660  005.5 202 103 796.6 30 84 84 86 170.0 30 83 84 86 252 020 177 183
1670  005.5 131 98 7971 30 84 83 86 1705 30 83 84 86 254 018 177 182
1680  005.5 125 97 7977 30 84 83 86 1710 30 83 83 86 .255 015 176 181
1690  005.5 122 97 7982 30 83 83 86 1715 30 83 83 86 253 012 175 180
1700  005.5 120 97 7988 30 83 83 86 1721 30 83 83 86 252 013 174 179
1710  005.5 119 97 799.3 30 83 84 86 1726 30 83 84 86 255 011 173 178
1720 005.0 119 97 799.9 30 84 83 86 1732 30 83 84 86 .256 011 171 177
1730  005.0 173 104 800.4 30 83 83 87 1737 30 83 84 86 253 020 171 176
1740  003.5 241 116 8009 30 84 83 87 1742 30 83 84 86 251 030 173 179
1750 0025 144 99 801.5 30 84 84 87 1747 30 83 84 87 .255 016 177 183
1760  002.5 126 98 8022 30 84 83 87 1753 30 83 84 87 257 015 176 181
1770 0025 122 97 8025 30 85 84 86 1758 30 84 84 85 .256 013 175 181
1780 0025 121 98 803.1 30 85 85 85 176.4 30 86 86 85 .256 012 174 179
1790 0025 120 98 803.7 30 86 86 85 177.0 30 87 86 84 .255 011 173 179
1800 0025 119 97 8042 30 87 86 84 1775 30 88 87 84 .256 011 172 177
1810 0025 153 102 804.7 30 87 87 84 1780 30 88 88 84 .256 018 171 176
1820  001.5 206 109 8052 30 88 87 84 1785 30 88 88 84 .253 026 172 177
1830  000.5 229 114 805.7 30 88 87 84 1780 30 88 88 84 .253 030 175 180

1833 000.0 197 103 8058 30 87 87 84 179.0 30 88 88 84 .255 .020 178 182
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Furnace B Modified Method 5G Meter Box Data for Run 4
Date: 21 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocity inH,0

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N
°F °F °F °F °F in.H,0

0 136.86 133 91 8060 30 78 78 74 1791 30 78 78 76 262 .015
10 127.00 221 100 806.6 30 78 78 79 1796 30 78 78 79 .257 .026
20 12650 136 92 806.1 30 77 78 77 180.2 30 77 78 77 .258 .020
30 12650 128 91 807.6 30 76 77 76 180.7 30 77 77 76 259 .016
40 11950 304 134 8082 30 75 76 85 1812 30 76 77 85 .248 .048
50 11350 150 93 8087 30 75 76 78 1817 30 76 76 78 .257 .023
60 113.00 136 92 809.2 30 76 76 77 1822 30 76 76 77 .258 .020
70 109.50 292 127 809.8 30 77 76 80 1828 30 77 77 81 248 .049
80 102.00 153 94 8103 30 78 77 77 1833 30 78 77 77 261 .025
90 101.00 138 93 8108 30 79 78 76 1838 30 78 78 76 251 .021
100 10050 148 99 8114 30 77 78 77 1843 30 78 78 78 252 .025
110 09200 216 102 8119 30 76 77 78 1849 30 78 78 79 255 .029
120 09050 146 93 8124 30 76 77 76 1854 30 78 78 77 .258 .020
130 090.00 135 43 8130 30 76 77 76 1859 30 78 78 77 .260 .020
140 089.00 165 100 8135 30 76 77 77 1865 30 78 78 78 .258 .024
150 08350 164 96 8140 30 76 76 77 187.0 30 78 78 78 255 .024
160 08250 140 93 8146 30 76 76 77 1875 30 78 78 78 .257 .020
170 08200 130 43 8151 30 76 77 78 1880 30 78 79 78 .256 .019
180 08100 188 102 8157 30 76 77 78 1885 30 78 78 78 254 .024
190 07750 160 96 8162 30 76 76 78 189.0 30 78 78 78 .258 .020
200 077.00 134 94 816.8 30 76 76 78 189.6 30 78 78 78 .258 .018
210 07650 126 93 8173 30 76 77 78 1901 30 78 79 78 .257 .016
220 07550 222 107 8179 30 77 77 78 1906 30 79 79 78 .256 .029
230 07300 156 96 8184 30 77 77 79 1911 30 79 79 79 259 .030
240 07250 133 94 819.0 30 77 77 79 1917 30 79 79 79 .260 .016
250 07200 126 94 8195 30 77 77 79 1922 30 79 79 79 263 .015
260 07050 260 113 8200 30 77 77 79 1927 30 79 79 79 259 .034
270 068.00 146 96 8206 30 77 77 79 1933 30 79 79 80 .258 .019
280 06750 132 95 8212 30 77 77 79 1938 30 79 80 79 262 .016
290 067.50 126 94 8217 30 77 77 79 1943 30 79 80 79 259 .015
300 06450 311 112 8223 30 77 78 80 1949 30 80 80 81 .257 .022
310 064.00 138 96 8229 30 77 78 79 1955 30 80 80 80 261 .018
320 06350 129 95 8234 30 81 79 80 196.0 30 81 80 81 .260 .015
330 063.00 163 101 8239 30 82 81 81 1965 30 82 81 81 .257 .020
340 060.00 212 102 8245 30 83 82 81 1971 30 82 81 82 264 .022
350 05950 136 96 8250 30 84 83 82 1976 30 83 82 83 .260 .019
360 050.00 128 96 8256 30 85 84 82 1981 30 84 83 83 261 .016
370 05850 166 101 8261 30 81 83 81 1986 30 82 83 82 .260 021
380 05550 207 102 8267 30 80 82 81 1991 30 81 82 82 .257 .022
390 05450 137 97 8273 30 80 81 82 199.7 30 81 82 82 .267 .019
400 05450 128 96 8278 30 79 80 82 2002 30 81 81 82 .260 .015

410 054.00 160 102 825.3 30 79 79 82 200.8 30 80 81 82 .256 .020

Water Temperature
Inlet Outlet

°F °F

170 179
173 183
171 181
169 178
168 180
171 182
168 178
167 179
172 183
169 180
168 178
173 184
171 182
170 180
167 177
173 184
171 181
169 179
167 177
173 183
170 180
168 178
167 177
172 183
170 180
168 178
168 179
172 183
169 180
167 177
173 183
171 182
169 179
167 177
173 184
171 181
169 179
167 177
173 184
171 181
169 179
167 177
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Furnace B Modified Method 5G Meter Box Data for Run 4
Date: 21 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocity inH,0

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N
°F °F °F °F °F in.H,0

420 05150 300 125 8289 30 80 80 83 2013 30 81 81 83 255 .042
430 05050 143 98 8295 30 82 81 84 201.8 30 82 82 82 259 .020
440 050.00 130 97 8300 30 81 81 83 2023 30 82 82 82 .257 .016
450 050.0 125 97 8305 30 84 82 83 2028 30 84 83 83 .258 .015
460 049.00 221 110 8311 30 86 84 84 2033 30 84 83 83 255 .030
470 04650 191 102 8316 30 85 84 84 2039 30 84 84 83 .260 .025
480 046.00 132 98 8322 30 86 85 84 2044 30 85 84 83 255 .018
490 046.0 129 98 8327 30 87 85 84 2049 30 85 84 83 255 .016
500 046.0 124 98 8332 30 88 86 84 2055 30 86 85 83 255 .015
510 045.0 235 113 8338 30 86 86 85 206.0 30 85 85 84 252 .035
520 042.0 231 107 8343 30 85 86 85 2065 30 85 85 85 .250 .025
530 0415 140 100 8349 30 82 84 84 2070 30 83 84 84 .256 .020
540 0415 130 99 8354 30 84 83 84 2076 30 84 84 84 .260 .018
550 041.0 126 99 8360 30 83 83 84 2081 30 83 84 84 .260 .015
560 040.5 206 109 8365 30 82 83 84 2086 30 83 83 84 245 .028
570 0370 321 134 8371 30 82 83 85 2092 30 84 84 86 243 .048
580 035.0 150 100 8376 30 83 83 84 209.7 30 85 84 85 .250 .020
590 035.0 135 100 8382 30 83 83 84 2102 30 85 84 84 .250 .018
600 034.5 122 99 8387 30 83 83 83 2107 30 85 85 84 .250 .015
610 034.5 123 98 8393 30 83 83 83 2113 30 85 85 84 .250 .015
620 0335 251 117 839.8 30 83 83 84 2118 30 85 85 85 248 .033
630 030.0 184 103 840.4 30 83 83 84 2124 30 85 85 85 .248 .023
640 030.0 139 99 8409 30 83 83 83 2129 30 85 85 85 255 .020
650 029.5 129 99 8415 30 83 83 83 2134 30 85 85 84 253 .015
660 029.5 124 98 8420 30 83 83 83 2139 30 85 85 84 .250 .015
670 029.0 218 111 8425 30 83 83 83 2145 30 85 85 84 .250 .029
680 0260 360 142 8431 30 82 83 84 2150 30 84 84 85 .248 .030
690 025.0 146 100 8436 30 82 83 83 2155 30 84 84 84 252 .020
700 024.5 132 98 8442 30 82 83 83 2160 30 84 84 84 .250 .018
710 024.5 125 97 8447 30 82 82 83 2166 30 83 84 84 252 .015
720 024.5 122 97 8453 30 82 83 83 2171 30 84 84 84 253 .013
730 023.0 255 116 8458 30 83 83 84 2176 30 84 84 84 248 .035
740 021.0 184 101 846.4 30 82 83 84 2182 30 84 84 84 .250 .023
750 020.5 136 97 8469 30 82 83 83 2187 30 84 84 84 253 .018
760 020.5 127 96 8475 30 83 83 83 2192 30 83 84 83 253 .015
770 020.5 122 95 8480 30 83 83 83 2197 30 84 84 84 .250 .013
780 020.5 194 105 8485 30 83 83 83 2203 30 84 84 84 .250 .025
790 019.0 300 125 9491 30 83 83 84 2208 30 84 84 85 245 .033
800 017.0 163 99 849.7 30 82 83 84 2214 30 84 84 84 253 021
810 016.5 133 97 850.2 30 83 83 84 2219 30 84 84 84 253 .017
820 016.5 126 96 850.8 30 82 83 83 2224 30 84 84 84 254 .015

830 016.5 122 95 851.3 30 82 83 83 222.9 30 84 84 84 .255 .012

Water Temperature
Inlet Outlet

°F °F

179 180
172 182
179 180
169 178
168 176
174 183
172 181
171 179
168 178
168 176
173 182
171 181
170 180
169 178
167 176
172 181
173 183
172 181
170 179
168 177
167 177
174 184
171 182
170 180
168 178
167 176
172 182
172 183
171 180
169 179
167 177
167 176
173 183
171 182
170 180
168 178
166 176
169 179
173 183
173 182
171 180
169 178
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Furnace B Modified Method 5G Meter Box Data for Run 4
Date: 21 June 1995

Elasped Weight Flue Tunned DGM #1 ROTO1 DGM DGM  Filter DGM#2 ROTO2 DGM DGM Filter Tunnel  Draft
Time Remain Gas Temp Read Read Temp Temp Temp Read Read Temp Temp Temp Veocity inH,0

Min. Lb Temp °F ftd Inlet Outlet °F  ft Inlet  Outlet °F N
°F °F °F °F °F in.H,0

840 016.5 173 102 851.8 30 82 83 83 2235 30 84 84 84 252 .020
850 015.0 272 118 8524 30 82 82 83 2240 30 83 83 84 249 .031
860 012.5 177 99 8529 30 82 82 84 2245 30 83 83 84 253 .024
870 012.5 135 96 8534 30 82 82 83 2251 30 83 84 83 .256 .017
880 012.0 128 95 8540 30 82 82 82 2256 30 83 83 83 .256 014
890 012.0 122 94 8545 30 82 82 82 2261 30 83 83 83 262 014
900 0115 178 101 855.0 30 84 83 82 2266 30 84 82 82 261 .022
910 010.0 283 119 8555 30 85 84 83 2271 30 85 84 83 .257 .039
920 008.5 180 98 856.1 30 87 85 83 2277 30 86 85 84 262 .032
930 008.0 135 95 856.6 30 88 87 84 2282 30 88 87 84 259 .018
940 008.0 125 94 8572 30 88 86 82 2287 30 87 86 83 259 .016
950 008.0 120 93 857.7 30 84 85 82 2293 30 84 85 82 261 014
960 007.5 239 110 8582 30 82 83 82 2298 30 83 84 82 .256 .042
970 0055 301 124 8588 30 82 82 83 2303 30 83 83 82 255 .040
980 004.5 152 95 859.3 30 81 82 82 2308 30 82 83 82 261 .020
990 004.5 130 93 859.8 30 81 81 82 2314 30 82 83 82 .260 .016
1000 004.5 123 93 860.4 30 80 81 82 2319 30 82 82 82 .265 .015
1010 004.0 205 104 860.9 30 81 81 82 2324 30 82 82 82 .260 .028
1020 002.5 204 120 8614 30 80 81 82 2329 30 82 82 83 .258 .040
1030 001.0 177 96 8620 30 80 80 82 2335 30 81 82 82 .260 021
1040 001.0 132 93 8625 30 81 81 82 2340 30 82 82 81 262 .016
1050 001.0 123 92 8630 30 81 81 81 2345 30 82 82 81 261 .015
1060 000.5 177 100 8636 30 82 81 81 2350 30 82 82 81 259 .023

1063 000.0 213 105 863.7 30 81 80 81 235.2 30 82 81 80 .255 .029

Water Temperature
Inlet Outlet

°F °F

167 176
167 177
173 184
173 182
171 180
168 179
166 176
167 178
173 183
172 182
169 180
167 177
166 177
169 180
172 183
170 181
168 179
166 176
168 179
172 183
170 181
169 179
166 177
166 176



