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Run 1.1.xlsm

Sample Calculations — ASTM E2618 & E2515

Client: Alternate Heating
Model: SE110
Run: 1

Equations used to calculate the parameters listed below are described in this appendix. Sample
calculations are provided for each equation. The raw data and printout results from a sample run are
also provided for comparison to the sample calculations.

Msqp — Weight of test fuel spacers, dry basis, kg

Mcqap— Weight of test fuel crib, excluding nails and spacers, dry basis, kg
Dcay - Density of fuel crib, excluding spacers and nails, dry basis, Ibs/ft’
Meragp - Total weight of fuel crib excluding nails, dry basis, kg

BR — Dry burn rate, kg/hr

V, — Average gas velocity in the dilution tunnel, ft/sec

Q.4 — Average gas flow rate in dilution tunnel, dscf/hr

Vi) — Volume of gas sampled, corrected to dry standard conditions, dscf
m,, — Total particulate matter collected, mg

C, - Concentration of particulate matter in tunnel gas, dry basis, corrected to STP, g/dscf
E; — Total particulate emissions, g

PR - Proportional rate variation

PMg — Particulate emissions for test run, g/hr

PMg — Particulate emission factor for test run, g/dry kg of fuel burned
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Run 1.1.xlsm

Msqp — Weight of test fuel spacers, dry basis, kg
ASTM E2780 equation (1)

Msap = (Msyp )(100/(100 + FMs))

Where,
FMg = average fuel moisture of test fuel spacers, % dry basis
MSWb

weight of test fuel spacers, wet basis, kg
Sample Calculation:
FMs= N/A %

Mg = N/A Ibs

0.4536 = Conversion factor from Ibs to kg

Msdb =[( N/A x 0.4536) (100/(100+ N/A )

MSdb = N/A kg
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Mcqp,— Weight of test fuel crib, excluding nails and spacers, dry basis, kg
ASTM E2780 equation (2)

Mcap = Z[(Mcpnwb)(100/(100 + FMcpy))]

Where,

Mcprwb weight of each test fuel piece n in fuel crib, excluding nails and spacers, wet basis, kg

FMCPn

Average fuel moisture of test fuel n in fuel crib, % dry basis

Sample Calculation (test fuel piece 1):

MCpup =  7.82
FMcp,= 19.8

7.8 (100/(100+ 19.8 )
6.5 Ibs

Total dry crib weight, excluding spacers = 45.84 Ibs
Mcg, = 20.79 kg
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Dcgp - Density of fuel crib, excluding spacers and nails, dry basis, Ibs/ft?
ASTM E2780 equation (3)

Dcab = Mcan/Ve

Where,
Ve = Volume of fuel crib, ft’

Sample calculation:

3

Ve = N/A in
1728 = conversion from in® to ft*
Dews = 4584/ NIA * 1728

= NA Ibs/ft®
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Merads - TOtal weight of fuel crib excluding nails, dry basis, kg

ASTM E2780 equation (4)

Metagh = Msgb + Mcgn

Sample calculation:

MFTAdb = N/A + 20.79

N/A kg

PFS-TECO

Page 5 of 14



Run 1.1.xlsm

BR - dry burn rate, kg/hr
ASTM E2780 equation (5)

BR - 60 MFTAdb
0
Where,
<] = Total length of test run, min
Sample Calculation:
Mgsp = 20.79 kg
0 = 151 min
60 x 20.8
BR = 151
BR = 8.26 kag/hr
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Run 1.1.xlsm

V, — Average gas velocity in the dilution tunnel, ft/sec
ASTM E2515 equations (9)

\V4

s =F xkp =< C, x(\/AP)an >

Ts(avg)

P <M

Where:
F, =  Adjustment factor for pitot tube center point reading = Votay , ASTM E2515 Equation (1)
Vscent

Vcent = Dilution tunnel velocity calculated after the multi-point pitot traverse at the center, ft/sec

Vstray = Dilution tunnel velocity calculated after the multi-point pitot traverse, ft/sec
Kp = Pitot tube constant, 85.49
Co = Pitot tube coefficient: 0.99, unitless

AP* = Velocity pressure in the dilution tunnel, in H,O
T, = Absolute average gas temperature in the dilution tunnel, °R; (°R = °F + 460)
P, = Absolute average gas static pressure in dilution tunnel, = Py, + Py, in Hg

Ppar = Barometric pressure at test site, in. Hg

Pq = Static pressure of tunnel, in. H,0; (in Hg = in H,0/13.6)
M =

Sample calculation:

**The dilution tunnel wet molecular weight; Mg = 28.78 assuming a dry weight of 29 Ib/Ib-mole

17.46
Fp: _— = 0.948
18.41

846  + 460 172
Vo= 0948 x 8549x 099 x 0276 x ( (3020 + -0.23) 2878)

. X .

13.6

Vo= 17.49 ft/s

*The ASTM test standard mistakenly has the square root of the average delta p instead of the average of the square root of
delta p. The current EPA Method 2 is also incorrect. This was verified by Mike Toney at EPA.

*The ASTM test standard mistakenly identifies Ms as the dry molecular weight. It should be the wet molecular weight as
indicated in EPA Method 2.
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Qsq — Average gas flow rate in dilution tunnel, dscf/hr
ASTM E2515 equation (3)

(?sd

Where:

3600
Bus

A

Tst
Ps
Ts(avg)
PSld

Sample calculation:

(gal:

CDSd =

PFS-TECO

=3600x(1-B,.)xV, xAxTS—‘dx s

P

F)Std

s(avg)

=  Conversion from seconds to hours (ASTM method uses 60 to convert in minutes)
= Water vapor in gas stream, proportion by volume; assume 2%
= Cross sectional area of dilution tunnel, ft?

= Standard absolute temperature, 528 °R
=  Absolute average gas static pressure in dilution tunnel, = Py, + Py, in Hg
=  Absolute average gas temperature in the dilution tunnel, °R; (°R = °F + 460)

=  Standard absolute pressure, 29.92 in Hg

-0.23
3030 + ———
528 13.6

X
846 + 460 29.92

3600x(1-0.02) x 17.49 x 0.7854 x

47553.0 dscf/hr
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Vmestd) — Volume of Gas Sampled Corrected to Dry Standard Conditions, dscf
ASTM E2515 equation (6)

AH
Phai' + 13.6
Vm(.m.’) = KI Vm Y T
Where: m
K, = 17.64°R/in.Hg
Vi = Volume of gas sample measured at the dry gas meter, dcf
Y = Dry gas meter calibration factor, dimensionless
Ppar = Barometric pressure at the testing site, in. Hg
AH = Average pressure differential across the orifice meter, in. H,O
Tm = Absolute average dry gas meter temperature, °R
Sample Calculation:
Using equation for Train 1: 1.13
( 3030 +——— )
Vet = 17.64  x 24392 x 1.005 x 13.6

( 823 + 460 )

Vm(std) = 24.226 dscf

Using equation for Train 2: 1.10
( 3030 +——— )
Vi) = 17.64 x 23121 x 1.011 x 13.6

( 827 + 460 )

Viey = 23.081  dscf

Using equation for ambient train: 0.00
Vi) = 17.64 x 3425 x 1 X 13.6

( 670 + 460 )

Vm(std)= 34.740 dscf
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Run 1.1.xlsm

C, - Concentration of particulate matter in tunnel gas, dry basis, corrected to STP, g/dscf
ASTM E2515 equation (13)

_ n
C ) K ’ " V m(std )
Where:
K, = Constant, 0.001 g/mg
m, = Total mass of particulate matter collected in the sampling train, mg
Vin(std) = Volume of gas sampled corrected to dry standard conditions, dscf

Sample calculation:

For Train 1:
1.8
24.23

Cs= 0.001 x

Cs= 0.00007 g/dscf

For Train 2
1.9
23.08

Cs= 0.001 x

Cs= 0.00008 g/dscf

For Ambient Train

0.3
34.74

C.= 0.001 x

C,= 0.000009 g/dscf
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E; — Total Particulate Emissions, g
ASTM E2515 equation (15)

ET = (Cs _Cr)XQstd x4

Where:
Cs = Concentration of particulate matter in tunnel gas, g/dscf
C, = Concentration particulate matter room air, g/dscf
Qsta = Average dilution tunnel gas flow rate, dscf/hr
0 = Total time of test run, minutes
Sample calculation:
For Train 1

Er=( 0.000074
Er= 7.86 g

0.000009 ) x  47553.0 x 151 /60

For Train 2
E;r = ( 0.000082
E;= 8.82 g

0.000009 ) x 47553.0 x 151 /60

Average
E= 834 g

Total emission values shall not differ by more than 7.5% from the total average emissions

7.5% of the average = 0.63
Train 1 difference = 0.48
Train 2 difference = 0.48
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PR - Proportional Rate Variation
ASTM E2515 equation (16)

Where:

g, xV xVg xT, xT,

m_|‘ir|3_|;m<‘i$

}(100

Total sampling time, min

Length of recording interval, min

Volume of gas sample measured by the dry gas meter during the “ith”

time interval, dcf

Volume of gas sample as measured by dry gas meter, dcf

Average gas velocity in the dilution tunnel during the "ith" time interval, ft/sec

Average gas velocity in the dilution tunnel, ft/sec

Absolute average dry gas meter temperature during the "ith" time interval, °R

Absolute average dry gas meter temperature, °R

Absolute average gas temperature in the dilution tunnel during the "ith" time interval, °

Absolute average gas temperature in the dilution tunnel, °R

Sample calculation (for the first 1 minute interval of Train 1):

PFS-TECO

PR =

PR =

(

151 x 0.144 x 1749 x( 821 + 460 ) x ( 823 + 460 ) )
1 x 24392 x 1710 x( 84.6 + 460 ) x ( 682 + 460 )

93 %
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PMg — Particulate emissions for test run, g/hr
ASTM E2780 equation (6)

PMg = 60 (E;/6)

Where,

m
i
1

Total particulate emissions, grams

@
1

Total length of full integrated test run, min

Sample Calculation:

E; (Dual train average)

6

8.34 g
151 min

PMg=60 x( 834/ 151)

PMg = 331 ghr
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PMg — Particulate emission factor for test run, g/dry kg of fuel burned
ASTM E2780 equation (7)

PMg = E/Meragb

Sample Calculation:

E: (Dual train average) = 8.34 g
MBdb = 20.79 kg
PMg = 8.34/ 20.79
PMg = 0.40 a/kg
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