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Figure 44. Comparison of Particulate Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)*, and Clean Air
| Systems Catalyzed Trap
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Figure 45. Comparison of Particulate Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)*, and Clean Air

Systems Catalyzed Trap
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Figure 46. Comparison of Hydrocarbon Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 47. Comparison of Hydrocarbon Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 48. Comparison of Carbon-Monoxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 49. Comparison of Carbon-Monoxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 50. Comparison of Carbon Dioxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 51. Comparison of Oxides of Nitrogen Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 52. Comparison of Oxides of Nitrogen Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 53. Comparison of Particulate Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)*, and Clean Air
Systems Catalyzed Trap
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Figure 54. Comparison of Particulate Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)*, and Clean Air
Systems Ca9t4alyzed Trap



160.00-

\

140.00-

120.004

100.00

80.00- B

HC (g/bhp-hr)

60.00-

0.00-

8 Bare Engine

— Cat 3306 DST

= Cat 3306 Clean Air Systems
B Cat 3306 DST After Repair

Figure 55. Comparison of Hydrocarbon Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air

Systems Catalyzed Trap
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Figure 56. Comparison of Hydrocarbon Mass Emission Rates from
Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air

Systems Catalyzed Trap
96



7.00-1
6.00~

5.00

4.00

3.00

CO (g/bhp-hr)

) Bare Engine

Cat 3306 DST

Cat 3306 Clean Air Systems
Cat 3306 DST After Repair

Figure 57. Comparison of Carbon-Monoxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air

Systems Catalyzed Trap
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Figure 58. Comparison of Carbon-Monoxide Mass Emission Rates
| from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
] Systems Catalyzed Trap
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Figure 59. Comparison of Carbon-Monoxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure 60. Comparison of Carbon Dioxide Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
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Figure 61. Comparison of Oxides of Nitrogen Mass Emission Rates
from Caterpillar 3306: Bare Engine, DST System(s)* and Clean Air
Systems Catalyzed Trap
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Figure A.2-6 Downstream Face of the Rohmac/DCL Trap Prior to
Regeneration
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Figure A.4-2 End View of the DST Heat Exchanger
(Taken During the Repairs of the Coolant Leak)
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Figure A.4-3. Manifold Section of the DST Heat Exchanger
During the Repair Process
(Note Coolant Leaking From Cracks Between Mounting Holes)
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Figure A.4-5 Internal End View of the DST Filter Canister
(Taken Following the Detection of Coolant Leak)




Figure A.4-6 DST Heat Exchanger During the Repair Process
(Note Evidence of Exhaust Leak Between High and Low
Temperature Streams)
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Figure A.4-7 Manifold-Body Gasket From the DST
Heat Exchanger During the Repair Process
(Note Evidence of Exhaust Leak Between High and
Low Temperature Streams)
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Emissions Data for MWM D916-6 with Low-sulfur (0.05%) Fuel (in g/r)

Mode 1
Test | Test 2 Test 3 AVG
PM 24.756 | 23.28 | 23.304 | 23.780
HC 3.72 4,08 3.24 3.680
CO 5256 | 5112 | 50.52 | 51.400
C0O2 40092.6 | 37594.68 | 39143,88| 38943.72
Nox 247.56 | 251,04 | 248.4 | 249.000
Mode 2
Test 1 Test 2 Test 3 AVG
fPM 20,424 | 20,592 | 20.472 | 20.496
HC 5.76 4.92 4.68 5.120
CcO 44.04 | 462 | 4524 | 45.160
Cc0o2 34315.44| 34670.4 | 34489.8 | 34491.88
Nox 249.72 | 251.28 | 252.96 | 251.320
Mode 3
Test 1 Test 2 Test 3 AVG
PM 19.716 | 18.576 | 17.628 | 18.640
HC 4.8 4.56 4.44 | 4.600
fco 3228 | 30.72 | 33.84 | 32.280
icoz 26066.16] 25849.56] 25610.4 | 25842.04
[Nox 231,48 | 229.32 | 228.72 | 229.840
Mode 4
Test 1 Test2 |Test3 AVG
PM 10.632 | 10.596 | 11.232 | 10.820
HC 2.16 2.16 252 | 2.280
CcO 29.76 | 30.24 | 31.2 | 30.400
CO2 14191.08] 14169.48| 14315.4 | 14225.32
Nox 1212 | 117.24 | 118.68 | 119.040
Mode 5
Test 1 Test 2 Test 3 AVG
PM 24048 | 22.884 | 22.2 | 23.044
HC 2,16 2.28 1.8 2.080
[+ 3732 | 354 | 3552 | 36.080
fcoz 29745.24| 29440.8 | 29190.84 29458.96
fNox 195.84 | 146.64 | 198.48 | 180.320
Mode 6
Test 1 Test 2 Test 3 AVG
PM 16.488 | 16.848 | 16.872 | 16.736
HC 2.4 2.52 2.4 2.440
cO 31.2 | 3036 | 29.88 | 30.480
jco2 24414 |24605.88]24289.92] 24436.60
INox 200.52 | 4.8 137.88 | 114.400
Mode 7
Test 1 Test 2 Test 3 AVG
PM 13.704 | 14,832 | 14.868 | 14.468
HC 228 . 3 312 | 2.800
fco 2676 | 29.76 | 30.48 | 29.000
jco2 18239.28| 18194.88| 18224.4 [ 18219.52
[Nox 186.96 | 185.4 | 184.44 | 185.600
Mode 8
Test 1 Test 2 Test 3 AVG
PM 1368 | 1.902 | 3.366 | 2.212
HC 0.42 | 0.420
ico 8.58 8.82 9 8.800
jcoz2 2649.72 | 2595.96 | 2541.9 |2595.860
{Nox 32.88 31.5 30.12 | 31.500

Emissions Data for MWM D916-6 with High-sulfur (0.25%) Fuel (in g/hr)

Mode 1
Test 1 Test 2 Test 3 AVG
PM 33.528 | 33.84 [ 29.628 [ 32.332
HC 3.48 3.48 3.24 3.400
ico S5L12 | 5244 | 51.96 | 51.840
jco2 44178.6 | 42818.64| 43093.2 | 43363.48
INox 255.6 | 255.12 | 256.68 | 255.800
Mode 2
Test 1 Test 2 Test 3 AVG
PM 2526 | 25.128 | 25.752 | 25.380
HC 5.28 5.16 492 | 5.120
Ico 444 | 4152 | 44.16 | 43.360
Jco2 35865 | 35823 |36107.16]35931.72
INox 234.24 | 232.92 | 232.44 | 233.200
Mode 3
Test 1 Test 2 Test 3 AVG
PM 21.588 [ 20.964 | 20.712 | 21.088
HC 5.28 4.68 5.4 5.120
ico 28.92 | 29.52 | 30.48 | 29.640
CO2 26761.8 | 27064.68| 26566.2 [26797.56
Nox 218.16 | 219.48 | 218.04 | 218.560
Mode 4
Test | Test 2 Test 3 AVG
PM 13.596 | 14.22 | 14.364 | 14.060
HC 2.28 2.88 3.00 | 2.720
() 30.72 | 33.36 | 34.08 | 32.720
CO2 14856.12| 14707.08] 14779.92| 14781.04
Nox 118.92 | 116.76 | 117.24 | 117.640
Mode 5§
Test 1 Test 2 Test 3 AVG
PM 31.56 | 29.568 | 27.96 | 29.696
HC 1.56 1.68 2.16 1.800
Cco 33.84 | 31.56 | 31.08 | 32.160
jco2 31528.08] 31080 |30822.36|31143.48
{Nox 185.4 | 179.83 | 184.2 | 183.160
Mode 6
Test1 |Test2  [Test3 AVG
PM 20.208 | 23.268 [ 22.092 | 21.856
HC 2.88 3.12 3.00 | 3.000
fco 26.64 27.6 | 26.88 | 27.040
CO2 25705.08| 25681.08] 25618.44 | 25668.20
Nox 189.96 | 188.04 | 187.8 [ 188.600
Mode 7
Test 1 Test 2 Test 3 AVG
PM 16.536 | 17.352 | 17.46 | 17.116
HC 3.36 3.72 3.48 3.520
CO 23.4 27.6 | 25.92 | 25.640
C02 18835.92 18976.08 | 18957.48] 18923.16
Nox 176.64 | 177.6 | 175.68 | 176.640
Mode 8
Testl |Test2 |Test3 AVG
PM 4578 | 5.814 | 5.526 | 5.306
HC 0.3 0.54 0.72 [ 0.520
Ico 8.2 12.3 15.06 | 11.860
[co2 2850.96 | 2784.6 | 2791.86 [2809.140
INox 24.18 | 22.56 | 22.98 | 23.240
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Emissions Data for Lister Petter LPU-2 bare engine (in g/hr)

Mode 1
Test 1 Test2 |Test3 AVG
M 109.464 | 102.612 | 100.128 | 104.068
{HC 4.92 2.16 1.56 | 2.880
flco 799.44 | 653.88 | 613.68 | 689.000
flco2 16479.96] 16582.32) 16366.68| 16476.32
"_Nox 3144 | 32.04 | 32.04 | 31.840
Exh Temf 1457 1775 1792 |1674.667
yodez
Test 1 Test2 |Test3 AVG
[pM 4.1925 | 3.744 | 3.432 | 3.79
[HC 6.975 7.2 6.36_| 6.845
[co 18.75 18 17.28 | 18.010
[lco2 11016.6 | 10783.8 | 10859.16] 10886.52
[[Nox 51.225 | 51.36 | 51.96 | 51.515
|Exh Temg 915 903 898 | 905.333
Mode 3
Test 1 Test2  |Test3 AVG
fleM 3.168 | 3.36 | 3.096 [ 3.208
HC 1272 | 1428 | 12.36 | 13.120
iico 15.72 ‘1 18,24 | 15.36 | 16.440
lco2 5048 | 9102.48 | 9168.12 |9106.200
|INox 50.88 | 51.24 | 51.72 | 51.280
{Exh Temd 748 747 748 | 747.667
Mode 4
Test 1 Test2 AVG
PM 4.548 | 3.66 | 4.104
HC 6.96 4.92 1 5.940
[ 17.52 | 13.68 | 15.600
[[coz 7016.28 | 7017.6 [7016.940}
|_Nox 40.44 | 40.56 | 40.500
Exh Temd 583 578 | 580.500
Mode 5§ -
Test 1 Test2  |Test3 AVG
llpM 109.044 | 108.876 | 109.392 | 109.104
llHc 17.52 | 16.8 | 17.04 | 17.120
llco 472.92 | 452.64 | 456.6 | 460.720
co2 11580.48] 11390.04] 11270.16] 11413.56
Nox 23.28 | 22.44 | 21.72°] 22.480
Exh Temg 1138 1162 1233 |1177.667
Mode 6 _ -
Test | Test2 |Test3 Test 4 Test 5 AVG
PM 5.388 | 6.78 [ 5.532 6 5.508 5.842
HC 10.68 | 10.56 [ 8.52 4.56 4.2 7.704
co 36.24 | 3612 | 35.04 | 2772 | 27.72 | 32.568
co2 8105.28 | 8010.12 | 7881.6 [ 7467.72 | 7509.72 | 7794.888
Nox 58.32 | 50.16 | 48.12 | 40.68 | 40.92 | 47.640
Exh Temgd 1349 1483 1810 1526 1560 | 1545.600
glode7
Test 1 Test2 |Test3 AVG
[pMm 2.508 | 2.976 | 3.1575 | 2.881
[HC 24.84 | 234 24 24.080
[co 4644 | 44.64 | 46.2 | 45.760
icoz2 6033.96 | 5989.8 |5952.675]5992.145)
[[Nox 56.52 | 53.88 | 54.525 | 54.975
[Exh Temd 567 567 569 | 567.667
lztodeS
 Test 1 Test2 |Test3 AVG
(pM 0.168 [ 0.15 | 0.138 | 0.152
fHC 0.24 0.12 0.12 | 0.160
[[co 1.44 1.5 1.08 | 1.340
[coz2 1267.26 | 1267.44 | 1252.08 [ 1272.260§
[[Nox 31.56 | 3246 | 33.24 | 32.420
[Exh Temd 269 231 27 | 242.333

.

Emissions Data for Lister Petter LPU-2 with failed trap (in g/hr)

Mode 1
Test] {Test2 AVG
(pm 38.712 | 34.836 | 36.774
HC 0.12 0.06 | 0.090
[ 234 2.94 | 2.640
Co2 8614.26 | 8643.54 |8628.900
Nox 16.32 | 16.56 | 16.440 ||
|[Exh Temd 1452 1459 }1455.500)}
Mode 2 _
Test 1 Test 2 AVG
iPM 2.094 | 435 [ 3.222
{HC 0.06 0.15 [ o0.105
llco 0.3 1.5 0.900
flco2 5985.72 | 11776.28| 8880.998)
INox 4.6 48 36.300
lExh Temd 940 037 | 938.500
Mode 3
[Test1 [Test2 AVG
(pM 2.19 | 2.505 | 2.348
HC 0.3 0.3 0.300
co 1.5 1.35 | 1.425
[ 9931.5 [9856.125}9893.813
Nox 48.825 | 48.975 | 48.900
|Exh Temd 931 763 | 847.000
Mode 4
| Test 1 Test2 AVG
(oM 0.816 | 0.978 [ 0.897
HC 0.24 0.240
CO 2.04 0.6 1.320
Co2 7688.4 | 7647.84 | 7668.120
Nox 37.74 | 37.68 | 37.710
|[Exh Temd 596 593 | 594.500
Mode §
Test 1 Test 2 AVG
fpM 34.962 | 37.698 | 36.330
HC 0.06 0.12_| 0.090
CcO 0.6 0.72 | 0.660
CO2 5920.8 | 5902.2 |5911.500
Nox 12.48 | 12.24 | 12.360 ||
Exh Temd 1208 1217 [1212.500
Mode 6
Test 1 Test 2 AVG
(pM 1.674 | 1.65 1.662
{HC 0.48 0.3 0.390
ico 0.24 0.96 | 0.600
[coz 4311.3 | 4270.86 | 4291.080
INox 19.68 | 20.28 | 19.980
J{Exh Temg 827 824 | 825.500
Mode 7
Test 1 Test2 AVG
fPM 0.39 | 0.342 [ 0.366
f{HC 1.02 0.96 0.990
coO 0.66 0.42 | 0.540
co2 3224.1 | 3213.96 | 3219.030
IINox 25.74 | 25.92 | 25.830
{Exh Temd 602 592 | 597.000
Mode 8
Test 1 Test2 AVG
PM 0.054 | 0.084 | 0.069
fHC 0 0 0.000
Ico 0.72 | 0.720
fcoz 1290.84 | 1353.18 | 1322.010
INox 27.48 | 28.5 | 27.990
|[Exh Temd 281 248 | 264.500

Appendix B-2. LPU-2 Emissions Data
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Emissions Data for Lister Petter LPU-2 Bare Engine (in g/hr) Emissions Data for Lister Petter LPU-2 Rohmac/DCL system with new trap (in g/hr)

Mode 6 Mode 6
Testl [Testz JTest3 [Testa [Tests | AVG Test1 [Ttz ] AVG
IPM 5.388 | 6.78 | 5.532 6 5.508 | S.842 [P 0978 | 1.182 | 1.080
HC 10.68 | 10.5 8.52 | 456 42 | 7.704 HC 0 [0 0.000
co 36.24 | 36.1 3504 | 2772 | 27.72 | 32.568 Co 078 | 0.54 | 0.660
co2 8105.28 ] 8010.12 | 7881.6 | 7467.72 | 7509.72 | 7794.888 co2 8205.18 | 8042.34[8123.760}
Nox. 58.32 | 50.16 | 48.12 | 40.68 | 4092 | 47.640 Nox 36.66 | 37.38 | 37.020
[Ex.Temd 1349 J 1483 | 1810 | 1526 ) 1560 |1535.600f IEx Temy 806 807 | 806.500
Mode 7 Mode 7
Test1 [Test2  |Testd AVG ﬂrm 1_|Test2 AVG
M 2.508 | 2.976 | 3.1575 | 2.881 M 1.05 | 0.24 .645 |
HC 24.84 | 234 24 | 24.080 {HC 0.06 0 .030
co 4644 | 44.64 | 462 | 45.760 co 0.84 0.9 .870
co2 6033.96 | 5989.8 |5952.675]5992.145} co2 6597.84 | 6546.24 ] 6572.
Nox 56.52 | 53.88 | 54.525 | 54.975 | Nox 44.34 45 | 44.670
|Ex. Tem_s67 567 569 ] 567.667 [Ex. Temd 593 597 1 595.000
Emissions Data for Lister Petter LPU-2 Bare Engine (in g/r) Emissions Data for Lister Petter LPU-2 Rohmac/DCL system with oxidatioa catalyst only (in g/hr)
Mode 1 Mode 1
Test]  (Test2 ‘Tcix 3 AVG Test 1 Test2 AVG
| 109.464 [ 102.612 ] 100.128 | 104.068 [P~ 60.06 | 67.146 | 63.603
{HC 492 | 216 .56 | 2.850 HC 1.44 12 | 1.320
co 799.44 | 653.88 | 613.68 | 689.000 . co 262.74 | 260.64 | 261.690
co2 16479.96] 16582.32{ 16366.68] 16476.32] co2 7997.88 | 7956.42 17977.15
Nox 3144 | 32.04 | 32.04 | 31.840 Nox 7.08 | 5.8 | 6.450
[Ex. Temg 1457 | 1775 | 1792 _|1674.667] [Ex. Temd 1351 ] 1389 ]1370.000}
‘ Mode § Mode 5
Iit( 1 l‘l‘:st 2 'Tcst 3 AVG Test1 {Test AVG
[PM 109.044 [ 108.876 | 109.392 | 109.104 {PM 54.828 | 55.662 | 55.245
e 1752 | 168 | 17.0¢4 | 17.120 {HC 0.24 03 | 0270
co 472.92 | 452.64 | 456.6 [ 460.720 co 0.96 1.08 | 1.020
co2 11580.48[11390.04] 11270.16] 11413.56] co2 5648.52 | 5607.42 [ 5627.970)
Nox 2328 | 22.44 1 21,72 | 22480 Nox 1284 | 12.3 [ 12.570
Ex.Temg 1138 | 1162 | 1233 |1177.667 |Ex_Temd 1203 | 1205 [1204.
Mode 7 Mode 7
[lesi [Test2[Test3s | _AVG Testl [Test2 [Testd | AVG
[P 2.508 | 2.976 | 3.1575 | 2.831 : P~ 2.874] 1.128 | 1.056 | 1.68¢
|9 24.84 [ 234 24 | 24.080 [HC 1.32 132 | 138 X
co 4644 | 4464 | 462 | 45.760 co 042 | 036 | 012 .30C
co2 6033.96 [ 5989.8 ]5952.673|5992.145] CO2 3136.32] 3115.14 | 3102.42]3117.960%
Nox 56.52 | $3.88 | 54.525 | 54.975 | Nox 24.66_| 25.02 | 2532 | 25.000 §
{Ex. Temd 567 567 569 | 567.667] {Ex Temd 622 | 601 597 ] 606.667 |
Emissions Data for Lister Petter LPU-2 Bare Engine (in g/hr)  Emissions Data for Lister Petter LPU-2 Rohmac/DCL systera with new trap and Pallflex paper filter (in g/hr)
Mode 7 Mode 7
Test] |Test2  [Test3 AVG Test | 'E_t 2 AVG
M 2,508 | 2.976 | 3.1575 | 2.881 [Pa 0222 | 0.042 | 0.13
[HC 2484 | 234 24 | 24.080 [HC 2.1 2.16 130 |
co 4644 | 4464 | 462 | 45.760 [ 0.6 0.84 .720
co2 6033.96 | 5989.8 [5952.675]5992.145) co2 5528.76 | 5396.64 | 5462.7
Nox 56,52 | 53.88 | 54.525 | 53.975 | Nox 38.64 | 39.78 | 39.210
[Ex. Temd 567 567 569 | 567.6671 [Ex. Temgd 616 609 | 612.500 |

Appendix B-3. LPU-2 Emissions Data




Emissions Data for Isuzu C240 bare engine (in g/hr)

Mode 1 e
Test 1 Test2 AVG
IlPM 1.7 [ 11124 [ 11.412
HC 4.56 6.12 | 5340
co 41.64 | 51.48 | 46.560
c0o2 36463.8 | 36823.68] 36643.74
Nox 194.76 | 189.6 | 192.180 f
Ex, Temp| 1065 1077 |1071.000}
Mode 2
Test 1 Test2 AVG
M 10.344 | 10.188 [ 10.266
HC 6 5.52 | 5.760
co 46.8 | 45.48 | 46.140
Cc02 20094.48] 20156.88] 29125.68
Nox 216.36 | 219 | 217.680
Ex, Temp| 828 825 | 826.500
Mode 3
Test 1 Test 2 AVG
{[eM 9.833 [ 10.704 [ 10.269
HC 49.05 | 55.68 | 52.365
co 32,175 | 37.08 | 34.628
Cco2 21905.48] 21872.4 | 21888.94
Nox 200.4 | 209.4 | 204.900
|'Ex. Templ 646 646 | 646.000
Mode 4
Test 1 Test2 AVG
pM 11.27 [ 11.85 | 11.560
fuc 5.4 5.85 | 5.625
co 23.5 | 23.175 | 23.338
c0o2 13960.9 | 13992.98] 13976.94
Nox 118 | 121.875 ] 119.938
|Ex. Temp| 444 444 | 444.000
Mode 5
Test 1 Test2 AVG
PM 34.392 | 35.076 [ 34.734
IPLC 0.48 0.24 | 0.360
CO 111.6 | 110.4 | 111.000
{co2 24669.48| 24595.2 | 24632.34
Nox 73.08 | 68.88 | 70.980
Ex, Temp| 1092 1093 ]1092.500)
Mode 6
Test 1 Test 2 AVG
(PM 3.864 [ 3.792 | 3.828
[HC 1.44 0.72 1.080
[lco 14.16 | 5.76 | 9.960
[lcoz 17282.76| 6799.68 [ 12041.22
Nox 91.08 | 35.76 | 63.420
Ex. Temp| 758 750 | 754.000
Mode 7
Test 1 Test2 AVG
eM 3.348 | 3.128 | 3.238
{HC 3.24 3.6 3.420
co 15 15.825 | 15.413
cO2 12440.28] 12569.33] 12504.8
Nox 97.68 | 93.3 | 95.4%0
llEx., Temo] 542 546 | 544.000
Mode 8
Test 1 Test2 AVG
M 0.222 | 0264 [ 0.243
E_Hc 0.66 0.72 | 0.6%0
Cco 14.58 | 13.44 | 14.010
ilco2 1691.22 | 1668.12 [1679.670
INox 1278 | 12.06 | 12.420
IEx. Temp{ 198 189 | 193.500

Emissions Data for Isuzu C240 with Trap and Oxidation Catalyst (in g/hr)

Mode 1
Test 1 Test2 AVG
M 9.822 | 9.338 | 9.580
HC 0.674298] 0.525 | 0.600
CcO 0.9 0.900
(7 37554.63| 37134.6 | 37344.62
Nox 193.6733| 195.825 | 194.749
[Ex. Temp] 1199 1195 ]1197.000§
Mode 2
Test 1 Test2 AVG
(M 1.695 6.03 3.863
[2C 0.675 | 0.675 | 0.675
[lco 0 0.000
lico2 29320.8 | 29292.6 | 29306.7
{Nox 231.3 | 230.1 | 230.700
{Ex. Temp| 917 921 | 919.000
Mode 3
Test 1 Test 2 AVG
(pM 0.96 2.7 1.830
flHC 0.45 0.45 | 0.450
co 0.825 | 0.675 | 0.750
cOo2 22842.68| 22885.43 | 22864.05
Nox 206.4 | 200.625 | 203.513
Ex. Temp| 697 699 698.000
Mode 4
Test1  [Test2 AVG
PM 0.06 | 0.1125 | 0.086
HC 0.3 0.375 | 0.338
cO 1.575 | 1.575 | 1.575
CO2 14365.2 | 14401.2 | 14383.2
[[Nox 103.2 | 95.7 | 99.450
|Ex. Temp| 482 485 | 483.500
lztodes
Test 1 Test 2 AVG
M 11.828 | 7.335 | 9.582
laC 0.225 0.3 0.263
[ 1.35 1.8 1.575
CO2 25221 [25035.98]25128.49
Nox 68.625 | 65.925 { 67.275
[Ex. Temp] 1261 1275 |1268.000
Mode 6
Test 1 Test 2 AVG
{pM 0.1575 | 0.12 | 0.139
{HC 0.225 0.3 0.263
[ 0.225 | 0.15 [ 0.188
co2 18020.4 | 18053.55] 18036.98}|
Nox 86.775 | 88.8 | 87.788
Ex. Temp| 867 860 863.500
Mode 7
Test] |Test2 AVG
fem 0.0675 | 0.09 [ 0.079
fHC 0.375 | 0.45 | 0.413
ico 1.125 { 0.375 | 0.750
fcoz 13147.28] 13172.93] 13160.1
{Nox 83.775 | 85.65 | 84.713
JEx. Temp] 622 618 | 620.000
Mode 8
Test 1 Test 2 AVG
iPM 0.03 | 0.0225 [ 0.026
HC 0.075 | 0.225 | 0.150
CcO 0.15 4.8 2.475
cO2 1821.525] 1794 [1807.763}
Nox 17.475 | 15.6 | 16.538
IEx. Temp| 233 223 | 228.000
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Emissions Data for Isuzu C240 bare engine (in g/hr) Emissions Data for Isuzu C240 with Oxidation Catalyst and Trap (in g/hr)

Mode 1 Mode 1
Test1 |Test2 AVG Test 1 Test 2 AVG
PM 11.7 11.124 | 11.412 PM 6.9075 | 6.7425 | 6.825
HC 4.56 6.12 5.340 HC 0.45 0.375 0.413
CcO 41.64 51.48 | 46.560 CO 3.3 0.825 2.063
C02 36463.8 | 36823.68| 36643.74 CO2 39984.68 | 40076.93 | 40030.8
Nox 194,76 | 189.6 | 192.180 Nox 195.75 | 183.45 | 189.600
Ex. Temp| 1065 1077 |1071.000 Ex. Temp] 1193 1206 | 1199.500
Mode 3 Mode 3
Test1 |Test2 AVG Test 1 Test 2 AVG
PM 9.833 10.704 { 10.269 PM 0.705 0.84 0.773
HC 49.05 55.68 | 52.365 HC 0.225 0.075 0.150
CcO 32,175 | 37.08 | 34.628 CO 2.7 1.65 2.175
CcO2 21905.48] 21872.4 {21888.94 CcO2 22345.28|22137.15| 22241.21
Nox 200.4 209.4 | 204.900 Nox 200.025 | 187.65 | 193.838
Ex. Temp| 646 646 646.000 Ex. Temp| 706 708 707.000
Mode 5 Mode 5§
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 34.392 | 35.076 | 34.734 PM 7.395 6.84 7.118
HC 0.48 0.24 0.360 HC 0.075 0.075
CO 111.6 110.4 | 111.000 CO 1.575 1.05 1.313
CO2 24669.48] 24595.2 | 24632.34 CO2 23712.6 | 23642.63| 23677.61
Nox 73.08 68.88 | 70.980 Nox 71.475 | 69.075 | 70.275
Ex. Temp} 1092 1093 }1092.500 Ex. Temp] 1184 1181 |1182.500
Mode 7 Mode 7
Test 1 Test 2 AVG : Test 1 Test 2 AVG
PM 3.348 3.128 3.238 PM 0.0375 | 0.045 0.041
HC 3.24 3.6 3.420 HC 0.075 0.075 0.075
CcO 15 15.825 | 15.413 CO 1.65 1.650
C02 12440.28| 12569.33] 12504.8 C02 12872.25] 12657.38| 12764.81
Nox 97.68 93.3 95.490 Nox 77.025 | 78.975 | 78.000
Ex. Temp] 542 546 544.000 Ex. Temp] 613 605 609.000
Emissions Data for Isuzu C240 bare engine (in g/hr) Emissions Data for Isuzu C240 with Oxidation Catalyst only (in g/hr)
Mode 1 Mode 1
Test1  |Test2 AVG Test 1 Test 2 AVG
PM 11.7 11.124 | 11.412 PM 19.788 | 19.512 | 19.650
HC 4.56 6.12 5.340 HC 0.36 1.08 0.720
CcO 41.64 51.48 | 46.560 CcO 4.08 3.96 4.020
C02 36463.8 | 36823.68| 36643.74 CO2 36590.88| 36981.6 | 36786.24
Nox 194.76 | 189.6 | 192.180 Nox 186.72 186.6 | 186.660
Ex. Temp| 1065 1077 |1071.000 Ex. Temp] 1065 "| 1183 |1124.000
Mode 5 Mode §
Test 1 Test 2 AVG Test 1 Test 2 Test 3 AVG
PM 34,392 | 35.076 | 34.734 PM 53.676 | 53.172 | 58.524 | 55.124
HC 0.48 0.24 0.360 HC 0.24 0.12 0.12 0.160
CO 111.6 1104 | 111.000 CcO 5.04 4.44 6.6 5.360
CO2 24669.48| 24595.2 | 24632.34 C02 25327.68]25662.96 | 25625.28 | 25538.64
Nox 73.08 68.88 | 70.980 Nox 69.36 69 72 70.120
Ex. Temp| 1092 1093 |1092.500 Ex. Temp] 1236 1237 1231 | 1234.667

Appendix B-5. Isuzu C240 Emissions Data



Emissions Data for bare Caterpillar 3306 (in g/br) Emissions Data for Caterpillar 3306 with DST I (in g/hr)

Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 34.15 | 36.756 | 35.453 lp™M 117.73 | 56.4375 | 87.084
HC 31.64706] 23.4 | 27.524 HC 25.125 | 14.175 | 19.650
co 147.6471] 167.28 | 157.464 co 15.6 | 8.925 | 12.263
CO2 86429.411 83610.96} 85020.19) CO2 93152.1 [ 54524.18] 73838.14
Nox 499.6471 499.647 Nox 473.55 | 308.325 | 390.938
||Bxk Temg 1094 1130 | 1112.000 Exh Temg 1178 1147 [1162.500
Mode 2 Mode 2
Test 1 |Test 2 AVG Test 1 ITest2 AVG
{lpM 55.416 | 54.78 | $5.098 PM 57.945 | 56.16 | 57.053
HC 32.16 | 30.96 | 31.560 HC 10.95 11.7 | 11.325
[¢fs) 188.64 | 182.88 | 185.760 co 15.375 | 18.225 | 16.800
CO2 70344.72 70580.16} 70462.44 CcO2 72499.88| 72084.3 | 72292.09
Nox 676.68 | 675.48 | 676.080 Nox 619.275 | 613.2 | 616.238
Exh Temg 861 875 | 868.000 |[Ext Temgd 920 925 | 922.500
Mode 3 Mode 3
Test | Test 2 AVG Test 1 Test 2 AVG
PM 71.856 | 71.172 | 71.514 lPM 2.75 | 28.52 | 25.638
HC 39.96 | 38.04 | 39.000 HC 11.55 | 11.475 | 11.513
[¢) 169.8 | 167.04 | 168.420 co 19.05 | 20.475 | 19.763
CO2 56281.8 | 56201.16] 56241.48 co2 55716.75] 55582.88] 55649.81
Nox 645.6 | 644.4 | 635.000 Nox 641.325 | 579.075 | 610.200
Exh Temyg 1094 1130 {1112.000 Exh Temj 739 737 | 738.000
Mode 4 Mode 4
Test 1 Test 2 AVG Test 1 Test 2 AVG
(lpM 84.47 | 87.28 | 85.875 PM 4.043 | 4.178 | 4.111
HC 37.4583| 38.4 | 37.929 HC 15.825 | 14.475 | 15.150
[0 107.3709] 110.2 | 108.785 Co 21.00 | 22.125 | 21.563
CO2 37166.93| 37021.4 | 37094.16) cO2 36258.75] 36604.5 | 36431.63
Nox 337.6966] 337.2 | 337.448 Nox 320.625 | 318.75 | 319.688
{[Exh Temg 483 483 | 483.000 Exh Temg 505 507 | 506.000
lldode 5 Mode §
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 91.608 | 89.712 | 90.660 [ 5.196 6.18 | 5.688
HC 9.00 8.64 | 8.820 HC 9.6 6.72 | 8.160
Cco 158.28 | 147.36 | 152.820 co 7.68 9.00 | 8.340
CO2 56241.24{ 55020.12| 55630.68 CcO2 58748.4 | 58266.12| 58507.26
Nox 211.2 211.200 || Nox 222.36 | 221.16 | 221.760
|[Exh Temd 1098 1094 [ 1096.000] Exh Temy 983 1000 | 991.500
Mode 6 Mode 6
Test 1 Test 2 AVG Test 1 Test 2 AVG
I[PM 17.364 | 16.884 | 17.124 PM 4.698 | 4.482 [ 4.590
HC 14.16 | 13.56 | 13.860 HC 1.62 1.38 | 1.500
CO 52.92 | 52.44 | 52.680 (&) 3.42 5.04 | 4.230
co2 41964.2441623.92[41794.08 cO2 41920.8 [ 41020.08[ 41470.44
Nox 334.32 | 419.88 | 377.100 Nox 348.42 | 354.12 | 351.270
Exh Temg 703 700 | 701.500 |[Exh Temd 766 751 | 758.500
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test 2 AVG
fipM 20.346 | 21.048 | 20.697 Y 2.154 | 2.358 | 2.256
HC 9.72 9.84 | 9.780 [HC 2.94 2.58 | 2.760
CO 3132 | 27.6 | 29.460 llco 5.34 3.36 | 4.350
CO2 30531.24[31371.36{ 30951.3 cO2 30754.44} 30665.22] 30709.83}
Nox 490.2 | 489.84 | 490.020 Nox 466.8 | 472.08 | 469.440
Exh Temy 537 537,000 Exh Temy 556 555 | 555.500
Mode 8 Mode 8
Test 1 Test 2 AVG Test 1 Test 2 AVG
{{PM 3.2925 | 3.24 | 3.266 (M 0.288 | 0.162 | 0.228
{HC 2,025 | 225 | 2.138 [HC 52.56 | 55.98 | 54.270
co 45.00 | 41.85 | 43.428 cCo 113.88 | 116.4 | 115.140
CO2 4806.3 |4721.925!4764.113 co2 4613.64 | 4965.96 | 4789.800
Nox 59.625 | 60.825 | 60.225 Nox 47.16 | 48.00 | 47.580
|[Exh Temd 194 187 | 190.500 Exh Temg 219 194 | 206.500

Appendix B-6. Caterpillar 3306 Emissions Data




Emissions Data for Caterpillar 3306 bare engine (in g/hr) Emissions Data for Caterpillar 3306 with DST I with no oxidation catalyst (in g/hr)

Mode 1 Mode 1
Test 1 Test2 AVG Test 1 Test 2 AVG
PM 34,15 | 36.756 | 35.453 PM 108.56 | 88.87 | 98.715
HC 31.64706] 23.4 | 27.524 HC 10.3 46.3 | 28.300
cOo 147.6471| 167.28 | 157.464 CcO 138.7 | 133.4 | 136.050
[coz 86429.41( 83610.96] 85020.19 [co2 87388.1 | 85460.3 | 86428.7
[[Nox 499.6471 499.647 [INox 58.7 | 534.8 | 296.750
{{Exh Temgd 1094 1130 [1112.000 [Exh Temg 1122 1172 [1147.000
Mode 2 Mode 2
Test | Test 2 AVG Test 1 Test 2 AVG
PM 55.416 | 54.78 | 55.098 PM 32.80 | 32.16 | 32.525
HC 32.16 | 30.96 | 31.560 HC 40.9 39.3 | 40.100
CcO 188.64 | 182.88 | 185.760 CO 181.4 187 | 184.200
[lco2 70344.72|70580.16] 70462.44 CO2 71168.2 | 71012.5 | 71090.35
(Nox 676.68 | 675.48 | 676.080 Nox 646 647.9 | 646.950
[Exh Temfd 861 875 | 868.000 Exh Temp 915 907 | 911.000
Emissions Data for Caterpillar 3306 bare engine (in g/hr) Emissions Data for Caterpillar 3306 with DST II (in g/hr)
Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test 2 AVG
{(PM 34,15 | 36,756 | 35.453 PM 34,3875 27.81 | 31.099
{IHC 31.64706) 23.4 | 27.524 HC 12.075 | 12.975 | 12.525
[co 147.6471| 167.28 | 157.464 CcO 13.275 | 13.95 | 13.613
C0o2 86429.41] 83610.96| 85020.19 [co2 84532.58] 81383.4 | 82957.99
Nox 499.6471 499.647 [INox 561.225 | 507.525 | 534.375
Exh Temgd 1094 1130 [1112.000 i|Exh Temg 1155 1118 |1136.500
Mode 2 Mode 2
Test 1 Test 2 AVG Test 1 Test 2 AVG
iPM 55.416 | 54.78 | 55.098 PM 11.7975 | 13.2975 | 12.548
1HC 32.16 | 30.96 | 31.560 HC 10.5 10.95 | 10.725
iico 188.64 | 182.88 | 185.760 CO 18.375 | 22.2 | 20.288
[coz 70344.72] 70580.16] 70462.44 CO2 72514.95| 72908.85| 72711.9
INox 676.68 | 675.48 | 676.080 Nox 616.125 | 612.225 | 614.175
([Exh Temf 861 875 | 868.000 ‘ Exh Temg 914 912 | 913.000
Mode 5 Mode §
Test 1 Test 2 AVG Test 1 Test2 AVG
M 91.608 | 89.712 | 90.660 PM 3.12 [ 2.925 | 3.023
I[HC 9.00 8.64 8.820 HC 2.1 1.8 1.950
iico 158.28 | 147.36 | 152.820 Cco 4.575 4.575
[co2 56241.24] 55020.12| 55630.68 [co2 43344.23| 43978.8 | 43661.52
IINox 211.2 211,200 {[Nox 167.4 | 166.65 | 167.025
(Exh Temg 1098 1094 |1096.000 |Exh Temg 1028 1034 |1031.000
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test 2 AVG
(M 20.346 | 21.048 | 20.697 (pM 0.99 [ 0.945 | 0.968
[HC 9.72 9.84 | 9.780 [HC 2.7 2.925 | 2.813
iico 31.32 | 27.6 | 29.460 iico 1.125 3.3 2.213
c0o2 30531.24] 31371.36] 30951.3 CO2 31581.82] 31713.3 [31647.56
Nox 490.2 | 489.84 | 490.020 Nox 461.93 | 473.7 | 467.815
Exh Temg 537 537.000 Exh Temg 543 536 | 539.500

** The results were from the repeated testing on DST after it was "fixed”
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Emissions Data for Caterpillar 3306 bare engine-after checkup (in g/hr)

Emissions Data for Caterpillar 3306 with DST III (in g/hr)

Mode 1 Mode 1
Test 1 Test2 |Test3 Test 4 AVG Test 1 Test2 |Test3* AVG
(pM 34.56 [ 32.184 32.184 PM 34.932 | 26.46 | 29.268 | 30.220
[HC 47.64 | 4596 | 36.24 | 36.24 | 39.480 HC 17.64 | 26.64 | 22.140
[lco 142.2 | 137.76 | 124.32 | 136.56 | 132.880 Cco 14.28 | 8.28 8.64 | 10.400
[coz 89224.8 | 87880.92(91530.12[91827.36] 90412.80 Cco2 80699.04| 80383.8 | 65516.28) 75533.04
{INox 481.68 | 462.72 | 494.28 | 506.64 | 487.880 | [[Nox 385.68 | 372.96 | 346.08 | 368.240
IExh Temd 1101 1109 1094 1098 [1100.333) {[Exh Temd 1198 1196 1174 |1189.3331
Mode 2 _ Mode 2
Test 1 Test2 |Test3 Test 4 AVG [Test 1 Test 2 AVG
[pM 47.076 | 48.216 43.176 | 45.696 iPM 5.796 [ 5.94 | 5.868
[HC 50.16 | 50.16 141.00662] 42 44.389 HC 14.28 | 12.12 | 13.200
[lco 162 | 162.84 {168.0795| 166.8 | 165.906 co 14.28 | 15.12 | 14.700
[[coz 69888.84| 71885.76] 72709.27] 72922.08] 72505.70 cO2 66092.16] 66595.68] 66343.92
[[Nox 544.44 | 624.96 |619.8675| 622.32 | 622.383 Nox 476.64 | 468.12 | 472.380
{Exh Temd 878 876.2 887 873 | 878.733 [Exh Temd 929 927 | 928.000
Mode 3 Mode 3 .
[Test1 [Test2  [Test3 AVG Testl  |Test2 | AVG
ieM 60.336 | 60.204 | 60.588 ] 60.376 iPM 2.837143[3.214286] 3.026
HC 47.64 | 46.08 48 47.240 lHC 14.14286} 14.74286] 14.443
CcO 157.2 | 152.76 | 151.08 | 153.680 [co 52.8 |17.57143] 35.186
co2 57959.4 | 58596.36] 57997.56] 58184.44 [lcoz 48648.6 | 48369.86] 48509.23
Nox 613.08 | 603.36 | 612.12 [ 609.520 ((Nox 504.7714] 503.5714] 504.171
|'Exh Temd 696 694 692 | 694.000 [Exh Temd 738 740 | 739.000
Mode 4 Mode 4
Test 1 Test 2 AVG [ Test 1 Test 2 AVG
ipM 68.1 [68.79826] 68.449 M 1.242857] 1.56 | 1.401
lHC 39.6 [41.38829[ 40.494 fHC 13.88571] 15.17143] 14.529
co 98.6 [105.7354] 102.168 [[co 5.142857]18.51429] 11.829
CO2 36144 |36756.08] 36450.04 ico2 31057.29] 30807.94) 30932.61
Nox 311.2 [308.1475] 309.674 INox 255.2571] 259.2 | 257.229
Exh Temd 478 479 | 478.500 {Exh Temd 520 529 | 524.500
yodes l\r&des —
ﬁ‘cst 1 Test 2 AVG Test 1 Test 2 AVG
[pM 39.36 | 39.492 [ 39.426 (pM 2.808 [ 3.348 [ 3.078
[[HC 23.88 | 24.00 | 23.940 (HC 5.16 6.36 | 5.760
{co 79.2 70.8 | 75.000 fco 5.04 | 5.040
{coz2 54458.64] 53988.72 54223.68] co2 46472.4 |45889.08| 46180.74)
INox 229.08 | 229.2 | 229.140 [[Nox 196.8 | 196.08 | 196.440
|[Exh Temd 975 987 | 981.000 {Exh Temd 987 973 | 980.000
Mode 6 Mode 6
Test 1 Test 2 AVG [ Test 1 Test 2 AVG
(P 14.784 | 15.264 | 15.024 (pM 1.448571] 1.277143] 1.363
lHC 25.32 252 | 25.260 THC 5.657143|4.628571| 5.143
[lco 43.92 | 45.48 | 44.700 fco 4.371429(0.514286] 2.443
[[co2 40808.52| 40994.881 40901.70 co2 33461.66] 33303.34| 33382.50
|Nox 385.08 | 377.4 [381.240 Nox 282.5143]282.4286) 282.471
Exh Temg 704 694 | 699.000 Exh Temg 732 723 727.500
g{ode7 Mode 7
Test | Test 2 AVG Test 1 Test 2 AVG
IpM 25.236 | 23.292 | 24.264 oM 0.555 | 0.5475 | 0.551
[HC 25.68 | 25.56 | 25.620 {HC 5.175 | 4.275 | 4.728
{co 30.96 | 30.00 | 30.480 ico 2.475 4.5 3.488
co2 30972.6 | 30974.64[30973.62 fcoz 24698.181 24925.43] 24811.80)
Nox 469.68 | 463.8 | 466.740 Nox 341.325 | 346.575 | 343.950
Exh Temg 504 505 | 504.500 Exh Temp 534 | 534.000
Mode 8 Mode 8
Test 1 Test 2 AVG Test 1 Test2 AVG
[Fm 3,107071]3.383008] 3.245 IeM 0.084 | 0.042 | 0.063
fHC 20.62891]20.07083| 20.350 | 1] 5.4 4.14 | 4.770
[co 60.10399] 61.09611] 60.600 fco 2574 | 26.1 | 25.920
llco2 7807.28 | 8420.155( 8113.717 lco2 4333.86 | 4683.06 | 4508.460%
{Nox 106.7101| 101.364 | 104.037 {Nox 55.44 | 54.78 | 55.110
{Exh Temd 208 196 | 202.000 [Exh Temg 230 202 | 216.000
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Emissions Data for bare Caterpillar 3306 (in g/hr) Emissions Data for Caterpillar 3306 with CleanAir (in g/hr)

Mode 1 Mode 1
Test I |Test2 AVG Test1 {Test2 AVG
(pM 34.15 | 36.756 | 35.453 (M 18.473 [ 16.365 | 17.419
[HC 31.64706] 23.4 | 27.524 [EHC 0975 | 1.425 | 1.200
[lco 147.6471| 167.28 | 157.464 lco 3.975 | 0975 | 2.475
[lcoz 86429.41{ 83610.96} 85020.19 [lco2 90115.35]91648.88] 90882.11
[INox 499.6471 499.647 || |_Nox 523.2 | 521.85 | 522.525
[Exh Temd 1094 1130 [1112.000} Exh Temgd 1112 1151 |1131.500
Mode 2 Mode 2
Test1 |Test2 AVG Test1  |Test2 AVG
(lPM 55.416 | 54.78 | 55.098 IPM 2.2 | 24.435 [ 23.318
([ 32,16 | 30.96 | 31.560 jHC 1.575 .65 | 1.613
([co 188.64 | 182.88 ] 185.760 fico 2325 | 255 | 2.438
[[co2 70344.72| 70580.16} 70462.44 [ico2 73586.25| 73484.33| 73535.29
[INox 676.68 | 675.48 [ 676.080 ((Nox 648.075 | 638.475 | 643.275
[Exh Temd 861 875 | 868.000 [Exh Temg 902 901 | 901.500
Mode 3 Mode 3
Test 1 Test 2 AVG Test 1 Test2 AVG
iPM 71.856 | 71.172 | 71.514 [lPM 19.35 19.350
[[HC 39.96 | 38.04 | 39.000 HC 2.25 2.250
[lco 169.8 | 167.0% | 168.420 Cco 2475 2.475
[lco2 56281.8 {56201.16] 56241.48 co2 59134.35 59134.35|
| Nox 645.6 | 644.4 | 645.000 Nox 609 609.000
Exh Temg 1094 1130 11112.000 Exh Temg 712 712.000
Mode 4 Mode 4
Test 1 [Test2 AVG Test1  |Test2 AVG
(pMm 84.47 | 87.28 | 85.875 (pMm 0.9075 | 1.08 | 0.994
[HC 37.4583 | 38.4 | 37.929 [HC 3.3 3.3 3.300
lco 107.3709] 110.2 | 108.785 lico 0.6 2.475 | 1.538
[coz 37166.93] 37021.4 | 37094.16 co2 38571.6 | 38563.2 | 38567.4
[[Nox 337.6966] 337.2 | 337.448 Nox 323.925 | 322.125 | 323.025
|Exh Temg — 483 483 | 483.000 Exh Temg 500 511 | 505.500
Mode 5§ Mode §
Test | Test2 AVG Test 1 Test2 AVG
(eM 91.608 | 89.712 | 90.660 iPM 20.84 | 24.16 | 22.500
[HC 9.00 8.64 | 8.820 {HC 0.6 0.4 0.500
[lco 158.28 | 147.36 | 152.820 [[co 2.4 2.400
llco2 56241.24] 55020.12| 55630.68 [lcoz 58387.8 | 58718.7 | 58553.25
[INox 211.2 211.200 | [Nox 254.7 | 261.5 [ 258.100
|Exh Temy 1098 1094 11096.000) |[Exh Temd 1005 982 | 993.500
Mode 6 Iz{ode 6
Test 1 Test2 AVG Test 1 Test 2 AVG
[pMm 17.364 | 16.884 | 17.124 M 13.66 [ 13.298 | 13.479
[HC 14.16 | 13.56 | 13.860 {HC L5 1.275 | 1.388
[co 5292 | 52.44 | 52.680 lco 2.175 1.8 1.988
[[co2 41964.24 41623.92[ 41794.08} llcoz 42365.4 | 42364.73[ 42365.06/
[Nox 334.32 | 419.88 | 377.100 Nox 410.025 | 408.75 | 409.388
|{Exh Temd 703 700 | 701.500 lExh Temgd 718 698 | 708.000
Mode 7 Mode 7 —
| Test 1 Test 2 AVG Test 1 Test 2 AVG
([pM 20.346 | 21.048 | 20.697 lpM 0.848 [ 0.923 | 0.886
[EC 9.72 9.84 [ 9.780 fuc 0.3 0.075 | 0.188
[co 31.32 | 27.6 | 29.460 jco 4575 | 5.325 | 4.950
fcoz 30531.2431371.36] 30951.3 Icoz 31881.45] 32178.6 |32030.03}
[Nox 490.2 | 489.84 | 490.020 {INox 480.00 | 485.025 | 482.513
|Exh Temd 537 537,000 {Exh Temg 519 516 | 517.500
Mode 8 Mode 8 —
Test 1 |Test2 AVG Test1 |Test2 AVG
[pMm 3.2925 | 3.24 | 3.266 IpM 0.615 | 0.525 | 0.570
HC 2,025 | 225 | 2.138 fHC 1.65 | 0.525 | 1.088
co 45.00 | 41.85 | 43.425 [co 47.775 | 47.55 | 47.663
[[co2 4806.3 |4721,925(4764.113 ico2 5257.65 | 5131.875| 5194.763
INox 59.625 | 60.825 | 60.225 [INox 65.175 | 63.15 | 64.163
[Exh Temd 194 187 1'150.500 |Exh Temd 193 191 [ 192.000
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Emissions Data for MWM D916-6 with Low-sulfur (0.05%) Fuel (in g/bhp-hr) Emissions Data for MWM D916-6 with High-sulfur (0.25%) Fuel (in g/bhp-hr)

Mode 1 . Mode 1
Test] [Test2 |Test3 AVG Test1 |Test2 |Test3 AVG
(pM 0.346 | 0328 | 0.331 | 0.335 lieM 0.44 | 0453 | 0.394 | 0.429
HC 0.05 0.06 0.05 | 0.053 IHC 0.05 0.05 0.04 | 0.047
co 0.74 0.72 072 | 0.727 {lco 0.67 0.7 0.69 | 0.687
Cc0o2 560.95 | 557.7 | 556.28 | 558.310 [coz 580.01 | 572.84 | 573.25 | 575.367
[Nox 3.46 3.53 353 | 3.507 [(Nox 3.36 341 341 | 3.393
Mode 2 : Mode 2
Test]  |Test2 [Test3 AVG Test1 [Test2 [Test3 AVG
(G 0.334 | 0336 | 0.334 [ 0.335 iPM 0414 | 0.411 [ 0.421 | 0.415
[HC 0.09 0.08 0.08 | 0.083 IlHC 0.09 0.08 0.08 | 0.083
co 0.72 0.75 0.74 | 0.737 ([co 0.73 0.68 0.72 | 0.710
CO2 561.78 | 565.16 | 562.27 | 563.070 [[coz 587.82 | 585.74 | 589.89 | 587.817
[Nox 4.09 4.1 4.12 | 4.103 (Nox 3.84 3.81 3.8 3.817
Mode 3 i Mode 3
Test 1 Test2  [Test3 AVG Test1 [Test2 |Test3 AVG
(pm 0.463 | 0.436 | 0.419 | 0.439 iPM 0.512 | 0.488 | 0.491 | 0.497
HC 0.11 0.1t 0.11 0.110 [HC 0.13 0.11 0.13 | 0.123
CcO 0.76 0.72 0.8 0.760 [co 0.69 0.69 0.72 | 0.700
co2 611.65 | 606.32 | 608.18 | 608.717 [coz 634.4 | 629.88 | 629.24 | 631.173
Nox 5.43 5.38 5.43 | 5413 [[Nox 5.17 5.11 5.16 | 5147
Mode 4 Mode 4
Test] [Test2  |Test3 AVG Test1  |Test2  [Test3 AVG
lieM 0.913 | 0931 | 0.946 | 0.930 iPM 1.158 | 1.213 | 1.198 | 1.190
{HC 0.19 0.18 021 | 0.193 {HC 0.2 0.24 025 | 0.230
ilco 2.55 2.66 2.63 | 2.613 lco 2.62 2.85 284 | 2.770
ilcoz 1218.6 | 1244.92 | 1206.29 [1223.270 [coz 1265.63 | 1254.47 | 1232.75 | 1250.950
([Nox 10.41 10.3 10 10.237 || [Nox 10.13 | 9.9 9.78 | 9.957 |
Mode § Mode 5
Test 1 Test2  {Test3 AVG Test 1 Test2 |Test3 AVG
pM 0429 | 0.409 1 0.399 | 0.412 ) IpM 0.553 | 0.523 | 0.499 | 0.525
"& 0.04 0.04 0.03 | 0.037 {HC 0.03 0.03 0.04 | 0.033
co 0.67 0.63 0.64 | 0.647 ico 0.59 0.56 0.55 | 0.567
[coz 530.57 | 526.24 | 525.03 | 527.280 llco2 552.43 | 550.26 | 549.92 | 550.870
[Nox 3.49 2.62 3.57 | 3.227 [Nox 3.25 3.18 3.29 | 3.240
Mode 6 Mode 6
Test] |Test2 [Test3 AVG Test]1 |Test2 |Test3 AVG
leM 0.353 | 0.362 | 0.364 | 0.360 (M 0.432 | 0499 | 047 [ 0.467
{HC 0.05 0.05 0.05 | 0.050 [HC 0.06 0.07 0.07 | 0.067
co 0.67 0.65 0.65 | 0.657 [[co 0.57 0.59 0.57 | 0.577
cO2 522.95 | 528.86 | 524.22 | 525.343 llcoz 549.69 | 550.41 | 545.09 | 548.397
Nox 4.29 2.98 | 3.635 |INox 4.06 4.03 3.99 | 4.027
Mode 7 -Mode 7 _
Test 1 Test2  |Test3 AVG Test 1 Test2 |Test3 AVG
(oM 0.429 | 0.463 | 0.471 [ 0.454 eM 0.517 | 0.54 | 0.548 | 0.535
“_Hc 0.07 0.09 0.1 0.087 lHC 0.1 0.1 0.1l | 0.107
Cco 0.84 0.93 0.97 | 0.913 ilco 0.73 0.86 0.81 0.800
[coz 570.79 | 568.38 | 577.18 | 572.117 icoz2 589.04 | 590.97 | 594.75 | 591.587
{[Nox 5.85 5.79 5.84 | 5.827 {Nox 5.52 5.53 5.51 | 5.520
Mode 8 _ Mode 8
Test 1 Test2  [Test3 AVG Test 1 |Test2 |Test3 AVG
{pM 3.067 [ 3.718 [ 6.002 | 4.262 [em 8.151 | 10.322 | 9.798 [ 9.424
[HC 0.71 | 0.710 laC 0.5 0.93 1.31 | 0.913
co 19.19 | 17.24 | 16.06 | 17.497 [[co 14.62 | 21.85 | 26.73 | 21.067
CO2 5945.7 | 5078.77 | 5434.11 | 5486.193] ilco2 5076.56 | 4944.06 | 4949.94 | 4990.187
Nox 73.77 | 61.66 | 53.74 | 63.057 | {[Nox 43.01 | 40.07 | 10.72 | 41.267
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Emissions Data for Lister Petter LPU-2 bare engine (in g/bhp-hr) Emissions Data for Lister Petter LPU-2 with failed trap (in g/bhp-hr)

Mode 1 Mode 1
Testl |Test2 |Test3 AVG Test 1 Test2 AVG
(em 6122 | 5778 T 5.676 | 5.859 [pMm 4.481 | 3.923 | 4.202
HC 0.27 0.12 0.09 | 0.160 [HC 0.02 0.01 0.015
CcO 4.71 | 36.82 | 34.79 | 38.773 [lco 0.27 0.33 | 0.300
CcO2 921.7 | 933.69 | 927.82 | 927.737 [coz 997.02 | 973.37 | 985.195
Nox 1.76 1.8 1.81 1.790 INox 1.89 1.87 | 1.880
Exh Temd 1457 1775 1792 [1674.667 [Exh Temd 1452 1459 |1455.500
l)idode 2 Mode 2 N
[Testt [Test2 ITest AVG Test1  [Test2 | AVG
M 0319 | 0.286 [ 0.264 [ 0.290 (pM 0.332 | 0.345 | 0.339
HC 0.53 0.55 0.49 | 0.523 HC 0.0t 0.01 | 0.010
co 1.43 1.37 1.33 1.377 co 0.05 0.12 | 0.085
CcO2 839.36 | 824.45 | 837.9 | 833.903 CcO2 950.12 | 934.63 | 942.375
Nox 3.9 3.93 4.01 | 3.947 Nox 3.9 3.95 | 3.928
([Exh Temg 915 903 898 | 905.333 {Exh Temgd 940 937 | 938.500
Mode 3 Mode 3
Testl |Test2 JTest3 AVG Test 1 Test2 AVG
(pM 0326 | 0342 | 0319 | 0.329 iPM 0.223 | 0.259 [ 0.241
HC 1.31 1.45 1.27 1.343 llHC 0 0 0.000
co 1.62 1.85 1.58 1.683 ico 0.15 0.14 | 0.145
CO2 930.87 | 925.05 | 943.22 | 933.047 co2 1010.78 | 1018.72 | 1014.750
Nox 5.24 5.2 5.32 | 5.253 Nox 4.97 5.06 | 5.015
[Exh Temd 748 747 748 | 747.667 Exh Temgd 931 763 | 847.000
Mode 4 Mode 4
Test 1 Test2 AVG Test 1 Test 2 AVG
(pM 0.881 | 0.727 [ 0.804 M 0.164 [ 0.196 | 0.180
HC 1.34 0.97 | 1.155 {lHC 0.05 0 0.025
co 3.39 2,71 | 3.050 fco 0.41 0.12 | 0.265
CO2 1359.75 | 1392.39 [1376.070} [coz 1543.86 | 1535.71 | 1539.785
Nox 7.84 8.05 | 7.945 {Nox 7.57 7.57 | 1.570
[Ext Temd — 583 580 | 581.500 |Exh Temd 596 593 | 594.500
Mode § - Mode §
Test 1 Test2 |Test3 AVG [ Test 1 Test 2 AVG
[eMm 7.833 | 7.889 | 7.996 [ 7.906 PM 5.067 | 5.512 1 5.2%
HC 1.26 1.22 1.25 1.243 IHC 0.01 0.01 0.010
co 33.98 | 32.8 | 33.38 | 33.387 co 0.09 0.11 | 0.100
co2 831.94 | 825.37 | 823.84 | 827.050 co2 858.09 | 862.9 [ 860.495
Nox 1.67 1.63 1.59 | 1.630 Nox 1.81 1.79 | 1.800
|Exh Temd 1138 1162 1233 |1177.667, {Exh Temg 1208 1217 _|1212.5004
Mode 6 _ Mode 6 S
Test 1 Test2 |Test3 Test4 |Test5 AVG Test 1 Test 2 AVG
u_PM 0.505 | 0.635 | 0.518 [ 0.568 | 0.516 0.543 ipM 0.317 | 0.308 | 0.313
HC 1 0.99 0.8 0.43 0.4 0.724 fHC 0.09 0.05 | 0.070
lIco 3.4 3.38 3.28 2.62 2.59 3.054 Ico 0.04 0.17 | 0.105
flco2 758.93 | 750.02 | 737.97 | 707.17 | 703.16 | 731.450 lcoz 816.53 | 799.79 | 808.160
INox 5.49 4.7 4.5 3.85 3.83 4.474 I_Nox 3.73 3.8 3.765
[Exh Temp 763 780 771.500 Exh Temg 827 824 | 825.500
Mode 7 l=wode 7 —_—
Test 1 Test2 |Test3 AVG  Test 1 Test 2 AVG
fPM 0367 | 0.435 | 0.458 | 0.420 fpM 0.116 [ 0.102 | 0.109
HC 3.64 3.43 3.48 | 3.517 ' [HC 0.3 0.29 | 0.295
cO 6.78 6.52 6.69 | 6.663 ico 0.2 0 0.100
co2 882.15 | 875.7 | 862.71 | 873.520 fco2 959.55 | 956.54 | 958.045
Nox 8.26 7.87 7.9 8.010 INox 7.66 7.72 | 7.6%0
{Exh Temd 567 567 569 | 567.667 lExh Temgd 602 592 | 597.000
Iziode 8 Mode 8
Test 1 Test2 |Test3 AVG Test 1 Test 2 AVG
iPM 0283 | 0.276 | 0.255 | 0.271 IeM 0.146 | 0.202 | 0.174
1HC 0 0 0 0.000 | (™ 0 0 0.000
fco 2.39 2.74 2.04 | 2.3%0 fco 0 1.71 | 0.855
[coz 2162.11 | 2347.07 [ 2318.72 | 2275.967 jco2 3585.66 | 3221.89 [ 3403.775)
i[Nox 52.64 | 60.15 | 61.57 | 58.120 INox 76.42 | 67.81 | 72.115
|Exh Temd 269 231 227 | 242.333 |Exh Temg 281 248 | 264.500
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Emlssions Data for Lister Petter LPL-2 Bare Engine (in g/bhp-hr) Emissions Data for Lister Petter LPU-2 Rohmac/DCL system with new trap (in g/bhp-hr)

Mode 6 Mode 6 —
Testl [Test2 h‘gr 3 Testd |TestS AVG Test1l [Test2 AVG
PM 0.505 | 0.635 ) 0.5:15 1| 0.568 0.516 | 0.548 {PM 0.091 0.111 .10
|HC 1 .99 0¢ .43 04 | 0724 {HC 0 0 .00C
co 34 .38 3.28 .62 2.59 3.054 (] 0.07 0.05 0.060
cOo2 758.93 | 750.02 | 757.9” | 707.17 | 703.16 | 731.450 CcO2 763.98 | 753.03 | 758.505
Nox 5.46 4.7 4.5 .85 .83 4.468 Nox 341 3.5 3.455
|Ex. Tcma 134/ 1483 18:0 326 360 _|1545.600] IEx Temy 806 807 | 806.500
Mode 7 — ’ Mode 7
Test1 JTest2 |Test3 AVG Test1_ |Test2 AVG
'E’M 0.367 0.435 0.455 0.420 PM 0.033 033
HC 3.64 343 345 3.517 HC [ 0 .000
co 6.78 6.52 6.69 6.663 co 0.12 0.1 0.125
co2 882.15 | 875.7 | 862.71 | 873.520 co2 924.07 | 916.84 | 920.455
M 8.26 71.87 7.9 8.010 Nox 6.21 6.3 6.260
Ex, Temg 567 567 569 561& IF_(. Temg 3593 597 .‘25000
Emissions Data for Lister Petter LPU-2 Bare Engine (in g/bhp-hr) Emissions Data for Lister Petter LPU-2 Rohmece/DCL system with oxidation catalyst only (in g/bbp-hr)
Mocli_e 1 hlo_de 1
Testl |Test2 [Tets I _AVG [lestt_JTeiz_ | AvVG
PM 6.122 5.718 5.676 5.859 IPM .05 7.881 7.466
HC. 0.27 0.12 0.09 .160 lHC .17 0.14 0.155
co 44.71 36.82 | 3459 | 38.773 co 30.84 30.59 | 30.718
c0o2 921.7 | 933.69 | 927.82 | 927,737 CO2 938.72 | 933.85 | 936.285
Nox 1.76 1.8 1.51 1790 Nox 0.83 0.68 0.755
|Ex. Tcmﬂ 1457 1775 1292 _11674.667) |Ex Tema 1351 1389 1370.m
Mode § Mode 5
Testt {Test2 jTests AVG Testl (Test2 AVG
M 7.833 7.880 | 7.5 | 7.906 PM 8.087 8. 8.149
HC 1.26 1.22 1.2§ 1.24; HC .04 0.04 .040
[(e] 33.98 32.8 35.35 [ 33.387 co .14 0.16 0.150
co2 831.94 { 825.37 | 825.84 | 827.050 co2 $33.12 | 827.05 | 830.085
Nox 1.67 1.63 .5 1.630 Nox 1.9 1.81 1.855
Ex. Tem) 1138 ll6_3 33, 1177.664 IEx. Temg 1203 1205 ] 1204.000] .
Mode 7 Mode 7
[fesi_JTestz JTes 1 AVG TestI_[Testz[Test3 | AVG
PM 0.367 0.435 0.458 .420 E{ 0.325 0.303 314
lHC 3.64 343 3.48 517 HC 0.38 0.38 0.39 .383
CO .78 6.52 6 65 .663 [%e] 0.13 0.1 0.03 .087
Cc0o2 882.15 | 875.7 | 862.71 | 873.520 co2 901.24 | 895.15 | 891.5 | 895.963]
Nox 8.26 7.87 9 | s.o10 Nox 7.09 7.2 1.27 7.187
IEx. Temg 567 567 569 | 567.667 IEx. Jemn 622 - 601 597 667
Emlssions Data for Lister Petter LPLU-2 Bare Engine (in g/bhp-hr) Emissions Data for Lister Petter LPU-2 Rohmac/DCL system with new trap and Pallflex paper filter (in g/bhp-hr)
Mode 7 Mode 7
Test 1 Tc_s_t 2 ITﬂB AVG Test 1 Ts‘t 2 AVG
PM 0.367 0.435 0.455 0.420 {PM 0.033 006 0.020
HC 64 | 343 ) 348 | 3.517 [HE 0.3 3 0.310
co .78 6.52 6.69 6.663 cOo 0.09 .1 0.105
CO2 882.15 | 875.7 | 862.71 | 873.520 co2 808.3 | 795.97 | 802.135
Nox 8.26 2.87 9 8.010 Nox 5.65 5.8 5.760
IEx. Temp 567 567 569 | £67.667 IEx. Templ 616 609 | 612.500

Appendix C-3. LPU-2 Emissions Data




Emissions Data for Isuzu C240 bare engine (in g/bhp-hr) Emissjons Data for Isuzu C240 with Trap and Oxidation Catalyst (in g/bhp-hr)

Mode 1 Mode 1
Test 1 Test2 AVG Test 1 Test 2 AVG
EM 0.204 | 0.192 [ 0.198 PM 0.167 | 0.159 [ 0.163
HC 0.08 0.11 [ 0.095 HC 0 0 0.000
CO 0.73 0.89 | o.810 co 0 0.02 [ 0.010
CcO2 637.19 | 634.82 | 636.005 cO2 637.33 | 631.1 [ 634.215
Nox 34 3.27 | 3.335 Nox 3.29 3.33 [ 3310
Exh Temf] 1065 1077 |1071.000 i'Exh Temg 1199 1195 [1197.000]
Mode 2 Mode 2
Test 1 Test2 AVG Test 1 Test 2 AVG
PM 0223 | 0.219 | 0.221 N_pm 0.035 | 0.126 | 0.081
HC 0.13 0.12 | 0125 HC 0 0 0.000
co 1.01 0.98 | 0.995 fico 0 0 0.000
[lcoz2 627.29 | 627.61 | 627.450 llco2 613.81 | 614.08 | 613.945
"_Nox 4.66 4.72 | 4.69%0 |[Nox 4.84 4.82 | 4.830
Exh Temg 828 825 | 826.500 |[Exh Temd 917.26 | 921 ] 919.145
Mode 3 Mode 3
Test | Test 2 AVG Test 1 Test 2 AVG
"_PM 0.285 [ 0.31 [ 0.298 |m 0.027 [ 0.077 | 0.052
HC 1.42 1.61 1.515 HC 0.01 0.01 [ o0.010
lico 0.93 1.07 | 1.000 co 0.02 0 0.010
{co2 635.11 | 632.4 | 633.755 CO2 646.14 | 651.24 | 648.6%0
lzNox 5.81 6.06 | 5.935 Nox 5.84 5.71 | 5715
Exh Temd 646 646 | 646.000 |Exh Temd 697 699 | 698.000
Mode 4 Mode 4
Test! |Test2 AVG Test 1 |Test2 AVG
PM 0.752 | 0.767 | 0.760 PM 0.004 | 0.007 | 0.006
HC 0.36 0.38 | 0.370 tac 0 0 ~
co 1.57 1.5 1.535 co 0.1 0.1 0.100
co2 931.57 | 906.15 | 918.860 {co2 025.35 | 924.75 | 925.050
Nox 7.87 7.89 | 7.880 Nox 6.65 6.15 | 6.400
Exh Temf] 444 444 | 444.000 l Exh Temf 482 485 | 483.500
Mode 5 Mode 5
Test 1 Test2 AVG Test 1 Test2 AVG
PM 0.865 [ 0.879 | 0.872 [PM 0303 [ 0.187 [ 0.245
HC 0.01 0.01_[ 0.010 II_HC 0 0 0.000
co 2.81 2.77 | 2.719% co 0.03 0.05 | 0.040
fico2 620.54 | 616.43 | 618.485 [[coz 646.13 | 639 | 642.565
Nox 1.84 1.73 1,785 IINox 1.76 1.68 1.720
lhiﬂTcmp 1092 1093 {1092.500}f |[Exh Temd 1261 1275 | 1268.000
Mode 6 - Mode 6
Test 1 Test 2 AVG - Test | Test 2 AVG
PM 0.127 | 0.125 [ 0.126 lem 0.005 | 0.004 | 0.005
HC 0.05 0.06 [ 0.055 HC 0 0 0.000
co 0.46 0.48 | 0470 co 0.01 0.01 [ o.010
ico2 568.7 | 566.64 | 567.670 CO2 581.31 | 583.36 | 582.335
“_Nox 3 2.98 2.950 Nox 2.8 2.87 | 2.838
Exh Temf 758 750 | 754.000 Exh Temg 867 860 | 863.500
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0.158 | 0.147 | 0.153 ipM 0.003 | 0.004 [ 0.004
":HC 0.15 0.17 | 0.160 fHC 0 0 0.000
co 0.7 0.74 | _0.720 co 0.05 0.02 | 0.035
f[coz 585.34 | 590.88 | 588.110 co2 604.7 | 604.26 | 604.480
ﬂ_Nox 4.6 439 | 4.495 {Nox " 3.85 3.93 | 3.8%0
Exh Temg — 542 546 | 544.000 |Exh Temd 622 618 | 620.000
Mode 8 Mode 8
Test | Test 2 AVG Test 1 Test 2 AVG
PM 0.249 | 0.295 | 0.272 pM 0.055 [ 0.044 [ 0.050
HC 0.75 0.77 | 0.760 HC 0.12 0.23 | 0.175
() 16.24 149 | 15.570 ico 0.18 5.3 2.740
co2 1881.92 | 1847.15 [ 1864.535]| [coz 2013.87| 1971.5 }1992.685]
Nox 14.25 | 13.38 | 13.815 me 1932 | 17.13 | 18.225
HExh Temd 198 189 | 193.500 Exh Temg 233 223 | 228.000

Appendix C4. Isuzu C240 Emissions Data




Emissions Data for Isuzu C240 bare engine (in g/bhp-hr) Emissions Data for Isuzu C240 with Oxidation Catalyst and Trap (in g/bhp-hr)

Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test 2 AVG
(PM 0.204 | 0.192 T 0.198 PM 0.118 | 0.115 | 0.117
[HC 0.08 0.11 0.095 HC 0 0 0.000
[co 0.73 0.89 | 0.810 6] 0.06 0.01 | 0.035
C02 637.19 | 634.82 | 636.005 CO2 682.19 | 685.31 | 683.750
Nox 3.4 3.27 | 3.335 ] Nox 3.34 3.14 | 3.290
Exh Temf 1065 1077 [ 1071.000 Exh Tem] 1193 1206 |1199.500
Mode 3 Mode 3
Test I [Test2 AVG Test1 |Test2 AVG
(eM 0285 | 0.31 0.298 PM 0.02 | 0.024 | 0.022
[HC 1.42 1.61 1.515 HC 0.01 0 0.005
flco 0.93 1.07 | 1.000 CO 0.08 0.05 | 0.065
Cc02 635.11 | 632.4 | 633.755 {ico2 646.09 | 642.86 | 644.475
Nox 5.81 6.06 | 5.935 {[Nox 5.78 545 | 5.615
Exh Temy] 646 646 | 646.000 |Exk Temg 705 708 | 706.500
Mode § Mode §
Test 1 Test 2 AVG  Test 1 Test 2 AVG
{lPM 0.865 | 0.879 | 0.872 IPM 0.195 | 0.181 | 0.188
[HC 0.01 0.01 | 0.010 IHC 0 0 0.000
[[co 2.81 277 | 2.790 llco " 0.04 0.03 | 0.137
ficoz 620.54 | 616.43 | 618.485 [lco2 625.35 | 626.35 | 649.200
[Nox 1.84 1.73 1.785 fiNox 1.89 1.83 1.783
[Exh Temg 1092 1093 |1092.500 [[Exh Temg 1184 1181 ]1182.500
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test2 AVG
(PM 0.158 | 0.147 | 0.153 PM 0.002 | 0.002 ] 0.002
(EC 0.15 0.17 | 0.160 HC 0 0 0.000
[lco 0.7 0.74 | 0.720 co 0.08 0 0.040
[co2 585.34 | 590.88 | 588.110 co2 603.55 | 592.47 | 598.010
[Nox 4,6 4,39 4.495 Nox 3.61 3.7 3.655
[Exh Temd 542 546 | 544.000 Exh Tem 613 605 | 609.000
Emissions Data for Isuzu C240 bare engine (in g/bhp-hr) Emissions Data for Isuzu C240 with Oxidation Catalyst only (in g/bhp-hr)
Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0.204 | 0.192 [ 0.198 PM 0.338 | 0.338 [ 0.338
HC 0.08 0.11 0.095 HC 0.01 0 0.005
co 0.73 0.89 [ 0.810 CO 0.07 0.07 | 0.070
Cc02 637.19 | 634.82 | 636.005 lcoz2 624.68 | 640.69 | 632.685
Nox 3.4 327 | 3.335 i[Nox 3.19 3.23 [ 3.210
Exh Tem 1065 1077 | 1071.000 |Exh Temy] 1185 1183 [1184.000
Mode 5 Mode 5
Test 1 Test 2 AVG Test 1 Test2 |Test3 AVG
PM 0.865 | 0.879 | 0.872 M 1.366 | 1.356 | 1.481 | 1.401
HC 0.01 0.01 0.010 IHC 0 0 0 0.000
co 2.81 2.77 | 2.790 fico 0.13 0.11 0.17 | 0.137
c0o2 620.54 | 616.43 | 618.485 cO2 644.68 | 654.45 | 648.47 | 649.200
Nox 1.84 1.73 1.785 Nox 1.77 1.76 1.82 | 1.783
Exh Temy] 1092 1093 [1092.500 Exh Temg 1236 1237 1231 [1234.667

Appendix C-5. Isuzu C240 Emissions Data



Emissions Data for bare Caterpillar 3306 (in g/bhp-hr) Emissions Data for Caterpillar 3306 with DST I (in g/bhp-hr)

Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0.275 | 0.298 | 0.287 PM 0.934 | 0.736 | 0.835
HC 0.25 0.19 | 0.220 HC 0.2 0.18 0.190
[ 1.16 1.33 1.245 ) 0.12 0.12 0.120
CO2 677.1 | 666.75 | 671.925 co2 739.4 | 711.49 | 725.445
Nox 3.91 3.910 Nox 3.76 4.02 | 3.890
|Exh Temd 1094 1130 {1112.000 Exh Temg 1178 1147 ]1162.500
yode 2 Mode 2
Test | Test 2 AVG Test 1 Test 2 AVG
lPM 0.571 | 0.562 | 0.567 PM 0.595 | 0.577 | 0.586
fHC 0.33 0.32 | 0.325 HC 0.11 0.12 | 0.115
co 1.94 1.88 1.910 co 0.16 0.19 0.175
co2 72421 | 724.58 | 724.395 co2 744.78 | 740.79 | 742.785
Nox 6.97 6.93 6.950 Nox 6.36 6.3 6.330
Exh Temd 861 875 | 868.000 Exh Temg 920 925 | 922.500
Mode 3 Mode 3
Test1 |Test2 AVG Test 1 Test 2 AVG
PM 1.086 { 1.075 | 1.081 PM 0.343 0.43 0.387
HC 0.6 0.57 | 0.58% HC 0.17 0.17 0.170
co 2.57 2.52 | 2.545 co 0.29 0.31 0.300
Cco2 850.5 | 849.04 | 849.770 co2 840.47 | 838.69 | 839.580
Nox 9.76 9.73 9.745 Nox 9.67 8.74 | 9.205
{Exh Temd 694 698 | 696.000 Exh Temd 739 737 | 738.000
Mode 4 Mode 4
Test 1 Test 2 AVG Test 1 Test 2 AVG
lpM 5.083 | 5.261 | 5.172 PM 0.243 | 0.251 | 0.247
HC 2.25 2.31 2.280 HC 0.95 0.87 0.910
[ 6.46 6.64 | 6.550 : ) 1.26 1.33 1.295
co2 2236.71 | 2231.72 | 2234.215 co2 2179.95 | 2196.41 | 2188.180
Nox 2032 | 20.33 | 20.32% Nox 19.28 | 19.13 | 19.205
Exh Temg 483 483 | 483.000 Exh Temg 505 507 | 506.000
Mode § Mode 5§
Test1 | Test 2 AVG Test 1 |Test2 AVG_]
(lpm 0.953 | 0.932 | 0.943 PM 0.054 | 0.065 | 0.060
HC 0.09 0.09 | 0.090 HC 0.1 0.07 | 0.085
() 1.65 1.53 1.590 CO 0.08 0.09 | 0.085
cO2 585.07 | 571.77 | 578.420 co2 610.68 | 608.11 | 609.395
Nox 2.2 2.200 Nox 2.31 2.31 2.310
Exh Temg 1098 1094 | 1096.000 Exh Temgd 983 1000 | 991.500
lzlode 6 Mode 6
Test | Test 2 AVG Test 1 Test 2 AVG
{pM 0.241 | 0.234 | 0.238 1PM 0.065 | 0.062 | 0.064
{HC 0.2 0.19 | 0.195 JHC 0.02 0.02 | 0.020
llco 0.73 0.72 0.725 co 0.05 0.07 0.060
{co2 581.35 | 575.93 | 578.640 CO2 583.06 | 570.07 | 576.565
INox 4.63 5.81 £.220 Nox 4.85 4.92 | 4.888
{[Exh Temg 703 700 | 701.500 JExh Temg 765 751 | 758.000
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test 2 AVG
pPM 0.419 | 0.433 | 0.426 ipM 0.044 | 0.049 | 0.047
lHC 0.2 0.2 0.200 fHC 0.06 0.05 0.055
&) 0.64 0.57 | 0.608 co 0.11 0.07 0.090
co2 628.3 | 645.33 | 636.815 cO2 635.02 | 633.36 | 634.190
Nox 10.09 | 10.08 | 10.085 Nox 9.64 9.75 9.695
Exh Temd 537 537.000 Exh Temg 556 555 | 555.500
Mode 8§ Mode 8
Test 1 Test 2 AVG Test 1 Test 2 AVG
{pM 8.531 | 7.507 | 8.019 M 0.814 [ 0.391 | 0.603
HC 5.2 529 [ 5.245 [HC 148.23 | 134.45 | 141.340
Cco 116.49 | 96.99 [ 106.74 ) 321.28 | 279.31 | 300.295
CO2 12451.7 | 10946.15] 11698.93 cOo2 13017.7 | 11915.42| 12466.56
Nox 154.54 | 141.04 | 147.790 Nox 133.14 | 115.17 | 124.155
Exh Temg 193 186 | 189.500 Exh Temg 219 194 | 206.500

Appendix C-6. Caterpillar 3306 Emissions Data




Emissions Data for Caterpillar 3306 bare engine (in g/bhp-hr) Emissions Data for Caterpillar 3306 with DST I no catalyst (in g/bhp-br)

Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test2 AVG
PM 0.275 | 0.298 [ 0.287 1PM 0.877 0.73 0.804
HC 0.25 0.19 | 0.220 {[HC 0.08 0.38 | 0.230
co 1.16 1.33 | 1.245 fico 1.12 1.1 1.110
co2 677.1 | 666.75 | 671.925 CO2 705.79 | 701.82 | 703.805
Nox 3.91 3.910 Nox 0.47 439 | 2.430
Exh Temg 1094 1130 J1112.000 Exh Temg 1122 1172 [1147.000
Mode 2 Mode 2
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0.571 | 0.562 [ 0.567 (eM 0.338 | 0.331 | 0.335
HC 0.33 032 | 0.325 fiHC 0.42 0.4 0.410
co 1.94 1.88 | 1.910 fico 1.87 1.92 | 1.895
CO2 724.21 | 724.58 | 724.395 ficoz 731.64 | 730.44 | 731.040
Nox 6.97 6.93 | 6.950 : IINox 6.64 6.66 6.650
Exh Temg 861 875 | 868.000 |[Exh Temd 915 907 | 911.000
Emissions Data for Caterpillar 3306 bare engine (in g/bhp-hr) Emissions Data for Caterpillar 3306 with DST II (in g/bhp-hr)
Mode 1 Mode 1
Test 1 Test 2 AVG Test 1 Test2 AVG
PM 0.275 1 0.298 | 0.287 M 0.282 | 0.23 0.256
HC 0.25 0.19 | 0.220 llHC 0.1 0.11 0.105
CO 1.16 1.33 | 1.245 iico 0.11 0.12 0.115
[coz 677.1 | 666.75 | 671.925 ficoz 693.24 | 672.82 | 683.030
([INox 3.91 3.910 [(Nox 4.6 4.2 4.400
[[Exh Temd 1094 1130 [1112.000 [Exh Temg 1155 1118 |1136.500
Mode 2 Mode 2
Test 1 Test2 AVG Test 1 Test2 AVG
PM 0.571 | 0.562 | 0.567 iPM 0.122 | 0.137 | 0.130
HC 0.33 032 | 0.325 {lHC 0.11 0.11 0.110
co 1.94 1.88 | 1.910 llco 0.19 023 | 0.210
CO2 724.21 [ 724.58 [ 724.395 Co2 747.32 | 750.38 | 748.850
Nox 6.97 6.93 | 6.950 Nox 6.35 6.3 6.325
Exh Temf] 861 875 | 868.000 Exh Temgd 914 912 | 913.000
Mode § Mode §
Test 1 Test 2 AVG Test 1 Test 2 AVG
(pM 0.953 | 0.932 [ 0.943 PM 0.043 0.04 0.042
[HC 0.09 0.09 | 0.090 HC 0.03 0.03 0.030
fico 1.65 1.53 1.590 CcO 0.06 0.060
[co2 585.07 | 571.77 | 578.420 flcoz 598.28 | 606.38 | 602.330
[[Nox 2.2 2.200 [INox 2.31 2.3 2.305
[[Exh Temgd 1098 1094 [1096.000 {|Exh Temd 1028 1034 | 1031.000
Mode 7 Mode 7
Test 1 Test2 AVG Test 1 Test2 AVG
PM 0.419 | 0.433 [ 0.426 PM 0.02 0.02 | 0.020
HC 0.2 0.2 0.200 HC 0.06 0.06 | 0.060
cO 0.64 0.57 | 0.605 cO 0.02 0.07 | 0.045
flco2 628.3 | 645.33 | 636.815 [coz 653.55 | 657.64 | 655.595
[[Nox 10.09 | 10.08 | 10.085 [[Nox 9.56 9.82 | 9.690
[Exh Temd 537 537.000 |Exh Temd 543 536 | 539.500

** The results were from the repeated testing on DST after it was "fixed”

Appendix C-7. Caterpillar 3306 Emissions Data




Emissions Data for Caterpillar 3306 bare engine - after checkup (in g/bhp-hr) Emissions Data for Caterpillar 3306 with DST III (in g/bhp-hr)

Mode 1 _ Mode 1
Test1 [Test2 [Test3 |Test4 AVG Test1 [Test2 |Test3 AVG
{PM 0.268 | 0.249 0.259 H_PM 0.274 | 0.209 | 0.23 0.238
{HC 0.37 0.36 0.28 028 [ 0.323 HC 0.14 0.21 0.175
fco 1.1 1.07 0.96 1.05 1.045 {lco 0.1 0.07 0.07 0.083
icoz 690.92 | 680.7 [ 707.03 | 707.38 | 696.508 llco2 633.92 | 634.51 | 613.89 | 627.440
l}m: 3.73 358 | 3.82 3.9 | 3.758 "Nox 3.03 | 294 | 271 | 2.893
Exh Temg 1101 1109 1094 1098 | 1100.500 Exh Temp 1198 1196 1174 |1189.333
Mode 2 _ Mode 2
Test 1 Test2  |Test3 Test 4 AVG [ Test 1 Test 2 AVG
PM 0.479 | 0.491 0.485 iPM 0.059 | 0.06 0.060
HC 0.51 0.51 0.42 0.43 0.468 IHC 0.14 0.12 0.130
&) 1.65 1.66 1.712 1.7 1.683 {co 0.14 0.15 0.145
{co2 711.73 | 731.61 | 742.33 | 742.19 | 731.965 ilco2 669.18 | 674.87 | 672.025
[INox 5.54 6.36 6.33 6.33 | 6.140 {Nox 4.83 4.74 4.785
|[Exh Temgd 878 876.2 887 873 | 878.550 [[Exh Temg 929 927 | 928.000
Mode 3 _ Mode 3 _
Test 1 Test2 Test 3 AVG Test 1 Test 2 AVG
F’M 0.903 | 0901 | 0.908 [ 0.904 ‘_PM 0.042 | 0.048 | 0.045
HC 0.71 0.69 072 | 0707 HC 0.21 022 | 0.218
Cco 2.35 2.29 226 | 2.300 co 0.79 0.26 | 0.525
co2 866,91 | 876.53 | 869.64 | 871.027 co2 723.42 | 720.01 | 721.715
Nox 9.17 9.03 9.18 | 9.127 Nox 1.63 7.5 7.565
I'Exh Temg 696 694 692 | 694.000 |'Exn Temg 738 740 | 735.000
Mode 4 __ Mode 4
Test | Test2 AVG Test 1 Test2 AVG
E’M 4.086 [ 4.112 | 4.09 PM 0.074 | 0.094 | 0.084
HC 2,37 248 | 2.425 HC 0.82 0.91 0.865
() 5.92 632 | 6.120 CO 0.31 1.11 0.710
co2 2168.39 | 2196.44 | 2182.415) co2 1841.32 | 1845.6 |1843.460
Nox 18.67 | 18.41 | 18.540 Nox 15.13 | 15.53 [ 15.330
I'Exh Temd 478 479 | 478.500 {Exh Temd 520 529 | 524.500
Mode § - Mode §
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0.431 [ 0432 | 0.432 iPM 0.031 | 0.037 | 0.034
HC 026 | 026 | 0.260 fHC 006 | 0.07 | 0.065
co 0.87 078 | 0.825 co 0.06 | 0.060
co2 596.87 | 591.29 | 594.080 coz 515.29 | 510.71 | 513.000
Nox 2.51 251 | 2.510 Nox 2.18 2.18 | 2.180
|'Exh Temd 975 987 | 981,000 [Exh Temd 987 973 | 980.000
Mode 6 — Mode 6 —
Test 1 Test 2 AVG Test 1 Test2 AVG
PM 0215 [ 0222 | 0.219 "_PM 0.021 | 0.019 | 0.020
HC 0.37 0.37 | 0.370 HC 0.08 0.07 | 0.075
co 0.64 0.66 | 0.650 fco 0.06 0.01 0.035
co2 592.04 | 595.15 | 593.595 icoz 485.58 | 483.72 | 484.650
Nox 5.59 5.48 5.535 B_Nox 4.1 4.1 4.100
Exh Temg 704 694 699.000 Exh Temg 732 723 727.500
Mode 7 Mode 7
Testl  [Test2 AVG |’ Test 1 |Test2 AVG
PM 0.546 [ 0.504 [ 0.528 pM 0.012 | 0.012 | 0.012
HC 0.56 0.55 | 0.555 l_HC 0.11 0.09 | 0.100
co 0.67 0.65 | 0.660 co 0.05 0.1 0.075
co2 669.73 | 670.34 | 670.035 fcoz 533.76 | 537.87 | 535.815
Nox 10.16 | 10.04 | 10.100 B_Nox 7.38 748 | 7.430
Exh Temg 504 505 | 504.500 Exh Temp 534 | 534.000
Mode 8 _ Mode 8
Test 1 |Test2 AVG Test1 |Test2 AVG
u_PM 4724 | 4.647 | 4.686 PM 0.283 [ 0.121 | 0.202
HC 31.43 | 27.65 | 29.540 u}xc 18.06 | 11.64 | 14.850
lco 91.29 | 84.14 | 871.715 CcO 85.08 | 73.83 | 79.905
llcoz 11870.44] 11586 _| 11728.22) co2 14460.02] 13232.53] 13850.78
n_Nox 162.15 | 139.41 | 150.780 : Nox 185.02 | 154.86 | 169.940
Exh Temd 208 196 | 202.000 Exh Temg 230 202 | 216.000

Appendix C-8. Caterpillar 3306 Emissions Data




Emlissions Data for bare Caterpillar 3306 (in g/bhp-hr) Emissions Data for Caterpillar 3306 with Clean Air System (in g/bhp-hr)

Mode 1 Mode 1
Test 1 Test2 AVG Test 1 Test2 {Test3 AVG
"gM 0.275 | 0.298 | 0.287 {PM 0.115 | 0.146 | 0.127 | 0.129
HC 0.25 0.19 | 0220 |HC 0.01 0.01 0.01 | 0.010
[iCo 1.16 1.33 1.245 iico 0.05 0.03 0.01 | 0.030
[lco2 677.1 | 666.75 | 671.928 CO2 703.07 | 713.25 | 709.22 | 708.513
[(Nox 3.91 3.910 N Nox 392 | 414 | 4.04 | 4.033
{Exh Temj 1094 1130 |1112.000 Exh Temg 1128 1112 1151} 1130.333]
Mode 2 Mode 2
Test 1 Test2 AVG Test 1 Test 2 AVG
IPM 0.571 | 0.562 [ 0.567 iPM 0.229 | 0.251 | 0.240
HC 0.33 0.32 | 0.325 {HC 0.02 0.02 | 0.020
co 1.94 1.88 | 1.910 Ico 0.02 0.03 | 0.025
CcOo2 724.21 | 724.58 | 724.395 llco2 757.53 | 756.13 ] 756.830
Nox 6.97 693 | 6.950 {Nox 6.67 6.57 | 6.620
|Exh Temg 861 875 | 868.000 {Exh Temg 902 901 | 901.500
Mode 3 ’ Mode 3
Test 1 Test2 AVG Test 1 Test2 AVG
ieM 1.086 [ 1.075 | 1.081 lieM 0.292 0.292
HC 0.6 0.57 | 0.585 HC 0.03 0.030
co 2.57 252 | 2.545 co 0.04 0.040
CcO2 850.5 | 849.04 | 849.770 C02 893.64 893.640
Nox 9.76 9.73 | 9.745 Nox 9.2 9.200
|Exh Temg 694 698 | 696.000 |[Exh Temd 712 712.000
Mode 4 Mode 4
Test 1 Test 2 AVG Test 1 Test 2 AVG
(pm 5.083 [ 5.261 | 5.172 (pMm 0.054 | 0.065 | 0.060
lHC 2.25 2.31 2.280 [lHC 0.2 0.2 0.200
co 6.46 6.64 | 6.550 [[co 0.04 0.15 0.095
co2 2236.71 | 2231.72 |2234.215 llco2 2315.89 | 2316.7 |2316.295)
Nox 20.32 | 20.33 | 20.325 [[Nox 19.45 | 19.35 | 19.400
Exh Temg 483 483 | 483.000 [[Exk Temd 500 511 | 505.500
Mode 5 Mode 5
Test § Test 2 AVG X Test 1 Test2 AVG
(pM 0.953 | 0.932 | 0.943 PM 0.216 | 0.246 | 0.231
[HC 0.09 0.09 | 0.090 lHC 0.01 0 0.005
cO 1.65 1.53 | 1.5%0 lco 0.02 | 0.020
Cc02 585.07 | 571.77 | 578.420 llco2 604.37 | 598.97 | 601.670
Nox 22 2.200 {iNox 2.64 2.67 | 2.655
haxh Temf 1098 1094 | 1096.000] |Exh Temy 1005 981 | 993.000
Mode 6 lldode 6
Test 1 Test 2 AVG Test 1 Test 2 AVG
PM 0241 [ 0234 | 0.238 pM 0.19 | 0.185 [ 0.188
HC 0.2 0.19 | 0.195 {HC 0 0 0.000
co 0.73 0.72 | 0.725 Ico 0.03 0.03 | 0.030
C0O2 581.35 | 575.93 | 578.640 ilco2 588.43 | 587.81 | 588.120
Nox 4.63 5.81 5.220 [Nox 5.7 5.67 | 5.685
Exh Temg 703 700 | 701.500 |Exk Temd 718 698 | 708.000
Mode 7 Mode 7
Test 1 Test 2 AVG Test 1 Test 2 AVG
fPM 0.419 | 0433 | 0.426 PM 0.017 [ 0.019 | 0.018
[HC 0.2 0.2 0.200 [HC 0.01 0.03 | 0.020
co 0.64 0.57 [ 0.605 llco 0.09 0.11 | 0.100
co2 628.3 | 645.33 | 636.815 icoz2 658.39 | 666.39 | 662.390
Nox 10.09 | 10.08 | 10.085 |INox 9.91 10.04 | 9.975
|[Exh Temd 537 §37.000 [Exh Temd 519 516 | 517.500
Mode 8 Mode 8
Test1_ |Test2 AVG Test1  |Test2 AVG
feMm 8.531 | 7.507 | 8.019 IpM 1.423 | 1.304 | 1.364
|HC 5.2 5.29 | 5245 fHC 3.9 120 | 2.598
[ 116.49 | 96.99 | 106.74 Ico 110.86 | 117.71 | 114.285
coz 12451.7 | 10946.15]11698.93 ico2 12191.36| 12712.37| 12451.87
Nox 154.54 | 141.04 | 147.790 iNox 151.2 | 156.41 | 153.805
[Exh Temd 193 186 | 189.500 |Exh Temgd 193 191 | 192.000

Appendix C-9. Caterpillar 3306 Emissions Data
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Concentration (ppm)

HC Concentration Trace for First Regenerative Cycle on Lister-Petter with
Failed* Rohmac/DCL System
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Figure D.1-1

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Concentration (ppm)

16000

CO2 Concentration Trace for First Regenerative Cycle on Lister-Petter with
Failed* Rohmac/DCL System

14000 -

12000 -

10000 -

8000 -

6000 -

4000 -

2000 -

100 200 300 400 500 600

Time (sec)
Figure D.1-3

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Exhaust Gas Temperature Trace for First Regenerative Cycle on Lister-
Petter with Failed* Rohmac/DCL System
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Figure D.1-6

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Concentration (ppm)

12000

CO2 Concentration Trace for Second Regenerative Cycle on Lister-Petter
with Failed* Rohmac/DCL System
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Figure D.2-3

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Concentration (ppm)

50

NOx Concentration Trace for Second Regenerative Cycle on Lister-Petter
with Failed* Rohmac/DCL System
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Figure D.2-4

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Temperature (°F)

1200

Exhaust Gas Temperature Trace for Second Regenerative Cycle on Lister-
Petter with Failed* Rohmac/DCL System
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Figure D.2-6

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Concentration (ppm)

CO, Concentration Trace for a Regenerative Cycle on Lister-Petter with

Rhomac/DCL System
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NOx Concentration Trace for a Regenerative Cycle on Lister-Petter with
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N
(e
1

P & T T 7

Concentration (ppm)

— —
o (¥}
1 1

w
1

o

100 200 300 400 500 600 - 700

Time (sec)

Figure D.3-4




00L

S-€° 2an3yy
(99s) sy,

009 00S 00¥ 00€ 00¢ 001

- 01

- 61

- 0T

- 6C

0¢

¢t

UIRISAS TO(/OBWOUY YNM 133394
~J9)SI'T U0 I[ILD) JAIIBIIUIZIY © J0] kL], danssoadyoeg pioJlueA] ISneyxy

(O i) sanssaag




00L

9-¢*( d1nsy
(99s) sy,

009 00S 00¥ 00¢ 00¢ 001 0

: . : : : : : 0
- ,ooN
- 00V
- 009

- 008

I\): 0001

002l

WISAS TI/OBWOYY YHM
J19139J-I9)SI'T UO J[IL)) 9ANBIFUISIY B J0] ddel], dinjerddua J, sesy jsneyxsy

(d,) 2anyexaduiag,

T R Ty £ g —

T

g T ——_ T




Appendix E

—— T

M e sy B 0

< o2 Ny Tl



ggodman

GOODMAN EQUIPMENT CORP

Ron Eberhart

Sr. Vice President
Goodman Equipment Corp.
5430 W. 70 Place
Bedford Park, Ill. 60638

Dear Ron,

TONY BILITSKI

REGIONAL MANAGER

March 19, 1998

Ron the following is synopsis of what happened on March 3™ and March 4® this week at WVU. Mr. Roger
Fredrick from Beckwith performed all checks on the Cat 3306 engine serial # 23C2672 that had 41 hours
recorded on the meter. Assisting with the testing was Mr. Dan Carder from WVU.

Specifications to check

1. Fuel rack setting discrepancy

2. Check fuel injection timing

3. Check for engine blow-by.

4, Check for valve lash and valve timing

5. Check valve seals for leaks.

6. Check spray patterns of injectors.

Findings/Reset Specifications

Rack settings found:  3.35 mm full load
3.45 mm full torque

Reset rack settings to:  3.17 mm full load
3.25 mm full torque

Timing found to be OK (perfect) by pin
timing to engine.

Ran engine to operating temperature (1065
degrees F). We loaded engine and checked
blow-by to be at 2” water. (4” water is the
maximum spec.)

Found 2 intake valves 0.004 too tight.
Adjusted to factory specification 0.015.
Found all exhaust valves 0.004 too loose.
Adjusted to factory specification 0.025.

Taking into consideration the resulits of the
previous tests (example: 1065 degree
operating temp) and other specifications
found, it could be determined with
reasonable certainty that there are no leaking
valve seals in this engine.

This check needed to be done at a test bench
so the injectors had to be removed and then
checked. All injectors tested to spec.




This check needed to be done at a test bench
so the injectors had to be removed and then
checked. Pressure tested at 700 to 750 psi.

7. Check opening pressure of injectors.

With items 6 & 7 completed, the injectors were then reinstalled. The engine was then run again to check
for any fuel leaks. No leaks were found and the testing was considered complete.

I will be sending the original service reports from Caterpillar to your attention in Chicago.

Regards,
Tony




JUN 11 ’S8B ©@93:28AM CONSOL INC R&D MORGANTOWN

CONSOL Inec.
C RESEARCH & DEVELOPMENT
ONSOL Rt. 19 S at Indian Creek

Morgantown, WV 28505
FACSIMILE TRANSMISSION
Date:June 11, 1998 No. of Pages (including cover): 2
TO FROM
Name: Name:
DR. GAUTAM PRAMOD THAKUR
Company: R & D Phone No.:
MECH. & AEROSPACE 304 883-3207
ENGINEERING '
Location: Department:
wvu
FAX No.; FAX No.:
283-6689 (304) 883-3209
Verification Phone No: Verification Phone No.:
293-3111 (304) 983-3201

Comments:




JUN 11 ’98 @9:22AM CONSOL INC RED MORGANTOWMN:gaq B,

~rerwris) 11 i
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GOODMAN EQUIPMENT CORPORATION RONALD D, ERERHART
Eenicr Vica Prasidem

Fv |
Juge 10, 1998 ‘/ﬂj 4(9‘:«‘/\7' ﬁa‘:&h/

bt
Mr.PmmodC.Thath,gé r 11 (9.

Consol, Inc.

Rasearch & Development
Route 1, Box 119

Morgantown, WV 26505-9759

Dear Pramed:

With reference to your inquiry en the ecnditian of the CAT3306 engine and DET™ exhaust trastment
package being tested at West Virginia University, we wigh to inform you of the following findings,

1, The CAT3306 engine was inspected and sdjusted by the local CAT dealer, Beskwith Machinery, apd is
to the best of our knowledge in proper running condition,

2. TheDSTT® exhaust treatment packags was flushed by our local representative, Tony Bllitski, and
nesessary adjustments made to the flter housing lid, and is to the best of our knowledge in preper

running candition,

If you should have any questions ar require some additiona! information, please let us know and we will be
pleased 10 help, :

Yours very truly,

(o AN

Ronald D, Eberhart
Senior Vice President

Mining
, Bnelosures

RIRdConte Thaksr

— j
E430 WEST 70TH PLACE « BEDFOAD PARK, ILLINGIS 63533 « 703-456-1188 = PAX 708-458.39838




SENT BY:OLATHE. KANSAS 112-17-97 ; 2:45PM LISTER-PETTER INC.- 913042936689:# 1/ 2

Telefax Transmission

December 17, 1997

Clomentine ~ By
- The Lister-Potter X

To: Dan Carder Englich Sotter. \
Company: iversity of West Virginia The right diesel

pany Hniversity of West Virg for the job,
Telefax No.: 304-293-6689

IVECO aifo

Pages: 2
Subject: Rohmac - LPU Emissions
From: Jack Echalier — Product Service Manager
Copied to: TJP RHS BAH

This is in response to Buck Lovern’s request for base line emission data for the LPU2
engine that you are testing for Rohmac.

Please find attached some figures recently taken from an LPU3 engine. This 3-cylinder
engine is identical in bore, stroke and fuel injection equipment to the 2-cylinder engine
you are testing. .
We should stress that these were obtained from a single engine test, and we cannot
vouch far the accuracy or repeatability of these figures. We are providing them simply
for you to compare with your own readings, and would ask you to keep them
confidential.

If you need any further information please feel free to contact either Trevor Pumell,

who is responsible for the Rohmac account, or Richard Soper, who is the engineer
responsible for emissions, and who took the attached readings.

Regards,

ick

Lister-Petter Inc.«815 E. 56 HighWQ-Oluﬂ;;, Kansas 68081-401 4 USAeTelephona: 913/784-3512«Telefax: 313/764-543
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EXHAUST EMISSIONS
3 LISTER-PETTER MINE PUP
' MODEL LPU-3
3 Date: 15 December 1887 Dry Bulb: 75°F
: S/N: 4700028LPU3ABD1 Wet Bulb; 58°F
Barometer; 29.23" Hg Rel. Hum.: 35%
* Load BHP BHP  Torque  Speed v
J Spsed  Factor Advertsed Qhssrved Ohssrved Observed O2% CO2% COppm NOppm NO2 ppm SO2ppm: CxHy %  Exc. Alr S
J200 RPM  10D% 28.8 28.5 1821 3240 ipm 13.8 5.5 490 429 15 22 0.02 2.73 ©
4 75% 218 229 13.8 bt 3316 ipm 16.4 33 303 ast 42 0 0 467 )
: 50% 14.4 154 9.2(b! 3355 1ipm 20 07 298 207 57 0 0 26.25 ;o
0% 0 0 0 3375 ipm 21 NRR 5§05 65 55 0 0 NR "
on
2200 RPM  100% 233 241 21.3bf 2263 ipm 10.8 7.5 704 398 6 34 0.03 2.04 g
; 75% 15 18.2 163§  2350mpm 15.5 41 999 495 59 0 0.03 3.82 .-
g 50% 117 129 10.71bf 2418 mpm 208 0.3 302 422 66 0 0.01 NR -
0% ] 0 0 2498 rpm 21 NR 205 102 64 0 4] N/R T
=
2000 RPM  100% 213 221 216t 2045 pm 9.8 8.3 792 374 4 15 0.01 1.86 ' E'ﬂ‘?
75% 16 178 1631t 2179 1pm 154 4.2 816 493 56 0 0.02 382 )
50% 10.7 12.2 10.8 bt 2250 ipm 20.5 0.4 629 470 76 21 0.03 5285 g
) 0% 0 0 0 2333 rpm 21 N/R 254 119 50 0 0 N/R Eé’
970RPFM 0% 0 0 0 970 rpm 21 NR 56 507 65 0 0 N/R g
CALIBRATION CHECK v
: Pre-Test SpanGas 897.5 1006 85.2
3 ) Instrument Reading 820 1015 109
Post-Test: Span Gas 997.5 1006 85.2 ©0
- Instrument Reading 983 1009 08 =
W
3]
3 Emissions Analyzer is an ECOM-AC, ulilizing electro-chemical sensor cells. Probe was nttnd 3 Inches from exhaust manifold oulet, perpendicular to flow, in 1.6"NPT pipe. ©
: Dynamometer is a Carl Schenck wates-brake; BHP = Ibf lorque x RPM 12000, =
&
3
0
Gensfly.xis [

i
!
!



Mona TOT CeeT 24/D
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TECHNICAL DATA
QD-60-30TMC
MSHA PART 32 (SCHEDULE 24) CERTIFIED

Genserat .
Output (SAE-J 8166)
MSHA Part 32 Certitied

Intermittent ratings Gross BHP/mun-! §7/3000, 4872500

Net BHP/min-} 53/3000, 47/2500

Mine venuilation Rqd. CFM ' 5§500/3000, 5000/2500
Number of cylincer 4
Displacemaent cm? 2,369
Momaent of inertia GD¢ kgm? 1772
Speed droop

Permanent for genset S 45
Idie rpm mun-1 700
No load maxrpm mn-1 3260

e ———— o

Caoling system
180 soc tememrre "™ §1/1500.61 1800, 100 3000
Trermostat

Upening temperature °C (F") 765 (170}

Fully cpened temperature °C (F%) 90 (194} :
Top tank temperature .

Norma! ‘C {(F 80 ~85 (176 — 185}

Max aliowatie ‘T (F) 95 (203)
Min. aliowabie radiator cap prassure kgremd lpsd 05(7)
g i s, e, S 10
Coolng water capacity lengine anty) lit.{Qts) 6.2 (5.5)

Alrintake system

inlstrestnction
Ax clasner
Dry type with precieaner nmH20
Diy type with precieaner
and safety element mmH20
Max. sliowabie wniet festrcuon with
duty ax hLiter slermment mm20
Ar flow m¥min
Exhaust system
Exh. back presswe mmig
Exh. pipe
-
Min aliow, wnternal duemeter mm
Exh. temperature {4
Exh gus tiow' m’rmin

Lubrication system

Standard os pan capacity ht
Od pressuce kgrem?
Anguianity imits ot std ol pan dag

Fuel system
Feed pump suction nead m

Fusipipe min aliawabile internal dameter mm

Electrical system
Max aliowabdie resistance of startng ercunt mi}

Recommenced batiery capacity AM

Powaer take off
FrontP T O kgtm

®

Medium Duty Heavy Duty

250 -
300 250
635 635

1511500, 181:1800. 302/3000
75 ; - ~= 730

45
480/1500. 510/1800. 660/3000
38:1500. 48-1800. 94/3000

15~ 2ildle,
40/1500. 41 1800. 43/3000

Front up 35. Frontgown 35,

Side to sice 35

e
1 4
8
1
12 - 100
75




POWER BHP

-1 mr=s | ENGINE PERFORMANCE
ISUZU DIESEL QD—-sa

OF NORTH AMERICA INC

DIESEL

ENGINES NOVI, MICHIGAN

MODEL:

2.4L-4 CYL PRECOMBUSTION

APPLICATION: ___UNDERGROUND MINES

MSHA-PART 32-CERTIFIED

CONDITIONS: SAE-J816b-GROSS BHP

l l I
| | | E
| ' | | &
108 LB-FT — i 110 <
Z---ﬁ—--*—-"—_.~§.~.QLN | 106 2
. 102 ¢
I 99 LB-FT 93
60 / | - ¢4 E
N |1 [ 1] I 1]
CERTIFIED BY THE U.S. FEDERAL 57 BHP |
— MINE SAFETY AND HEALTH ADMINISTRATION I
__ FOR USAGE IN MOBIL DIESEL POWERED A4 -
| EQUIPMENT; IN NON-GASSY, NON-COAL y | 1
MINES. PART 32 (SCHEDULE 24) TITLE 30 I
50 |— CERTIFICATION NUMBER 24/D105-0
| - 48 BHP |
I I
I | 1]
I i |
| P | |1
40 ,
I | RATED WITHIN 5% AT: |
I / 85%F AMBIENT TEMPERATURE ;|
| /- 29.00 IN. Hg DRY BAROMETRIC |1
| 4 PRESSURE T
I pd I I | 1
30 7 ™
| // ! I I ;
| | | |
| | | | £
| l =
’ . <
20 ( I ! I I 480 3
1 * ]
| O D B e
I —t— l————""'/ I 440 u
- . :
I | | | | i
| T |
I ' | |
1000 1500 200 2500 3000

CURVE NO: _ 2.4-301-3G=161
. _. SFPTFMBER 1. 1982




RECEIVED.  3.25.97;

2:20PM;

TRUG 22 '97 15:28 FR AECP-NOUL

! 810 380 8031 => nAGER EQUIPMENT CO.:

42

1 810 383 €831 TO 912254241367 P.82/85

Type 4 cyiindar, four cycie, water-cooied, overhead valve,
vertical in-line. indirect inisctad.
Piston disniacement 2329 e’ (145 CID)
' PART 52 PART 38
(Schaduie 24) {Schecuia 31)

Performanes ("Rating, SAE J816b) RPM R gmf B8RP ‘{gﬂ,
3000 87 5500 52 5500
2500 43 5000 43 4500

Engina rotational directian Countsr clockwise as viewsd from fivwheei.

Enaine starting method Elsctric starter motor: gser reduction type.

Engine stoo method Fuet cut-off laver iocated on govemar.

Compression ratie 20:1

Dimensions (LxWxH) 800mm (31.5 in) x 535mm (21.1 in) x 654mm (27.3 in)

Air intaks svstom Nahurally aspiratod

Ersive oing sy R T T P e e~

Fiting order V=32

Fuel used Dicsai fuei

Polarity & voitage of oloctric svs. Neastive grounding 12V.

Lubrication oil capacitvy Max 4.3 lit (4.5 ots) Min 3.5 lit (3.7 ais}

E Coolam capacity 5.2 Iit (5.5 ats) engine oniv.
I Dry wewaht 223 kg (492 1bs) o s——

Cast iron; mencbiccktype. Five main bearing support.
Alurrﬁm.ul’t alloy crankcase; removabie type. integrated
water delivery pipe and [ube ¢il gailery.

Chromard prass-in liner, imm (.0384 in) thick. Chromium

plated drv liner. -

Cast iron; monobicck type. Overhead vaive, two vaives

inder, (cne intake, one exhaust), Containing switl
g:m?usﬁcnchm, glow plugs & injections nozzis
within the head assambiy.
Cylindar head cover Dis cast aluminum ailov. Bolt mourted
Intat Manifold C&ahnni:mmdhy.ﬁmgs;moswd.ctrwﬂwﬁd‘
ongme.
Exhaust Manifoid Cast iron afloy. Flanga; three stud, Frt upward LH side

sqine.
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AECEIVED:  8.25.497; 2:21PM; 1 810 380 8031 => HAGER ECUIPMENT CO.; #4
RUG 25 97 15:28 FR AECF-NWVI 1 918 383 6831 TO 912854241387 P.84s85
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AECEIVED: -3.25.87; 2:21P4; 1 810 J80 £031 »> ~AGER EQUIPMENT CO.; 105

AUG 25 97 15:28 FR QEGP-NOUI 1 818 323 6331 TO 912854241387 P.85/85
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AECEIVEL:  3-25-97:  z:20PW3 1 810 380 8031 => ~AGER EQUIPKENT CO.; 43

UG 2£ 97 15:28 FR AECP-NOVI 1 818 353 €31 TO 912854241367 P.83/8S
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:—‘NOV 11 ’97 ©2:48PM GOODMAN IMPROVED 788 496 3333

General Englne
ata .

Alr intake
System

Control Syatem

Cooling System
(Englne Only)

Exhaust Systam

Fuel Systemn

Lube OIf System

Mounting System
(Engine Only)

sml*flng System

{Engine with
SAE 10w3a0 Ol))

.3308 PCNA INDUSTRIAL ENGINE GENERAL INFORMATION SHEET
81 METRIC ENGLISH
No. of Cylinders & Atrangement ................ IN-LINE 81X -
Bore & Stroke ...... P e e et e 121 x 152 mm x mm 475x600inx in
Displacoment.......... frrieieanes theeeseasens 105L 638 cuin
Compresgsion Ratlo . ... ........ teeaneanas teaTes 21te 1
Cyelo ..... teeranasene R T L . 8
Hotation-Facing Fiywheel End ............ chevae ccw
Firing Order....... Cvreaceens e etnneseenaas 153824
Syetem Regtriction Limits;
Max, Allowabie w/Clean Dry Element ....,...... 3.7 kPa 18 in HO
Max. Allowable w/Dirty Element............. . 8.2 kPa 25In HO
Cleaner Typo.......... Cereeneenen Ceereenenes Dry 1 Stage
Gevernor et teereeetittaccennennn Hydra-Mechanical
Shutoff Type ...... veestiieersane Ceeiesacenns Manual
Engine Coclant Capacity .............. treseens 158L 188 qt
Coolant Qutiat Temperature (Max. Allowable). ... .. 83°C 210°F
Coclant Inlst Temparature (Min. Allowabis) ....... 71°C 1609F
Coolant’8tatic Head (Max Allewable)............. 174m 57 1t
8ystemn Pressure (Min. Recommended) ...... vees 48 kPa 7psl
Caalant System Regulator:
Start 1o Open Temperawrs........... Cevernes 77-81°C 170-177°F
Fully Open Temperature . ..o vvevveencnn.. . 90-84°C 1868-201°F
Exhaust Manifold Typs ..... tecvaaens tvessasans Dry
Static Walght on Exhaust Connection
{Max, Allowable) ....... teavean- Cecaceranes . 23 kg 511b
8ystem Back Pressure (Max. Allowablg).......... 8.5 kPa 84 in H0
Fuel 8ystom Type . v+ ...0u... tetrenanan ieeees Sleeve Meter
Fifter Typs ............ Ceeveeeaes Ceedereeans . Canister
Priming PUmp Type .....ccooiireneninnennens Manual
Fuel Supply Line Restriction (Max, Allowabls) . . ... 20 kPa 6 in Hg
Fuel Return Line Restrictlon (Max, Allowable) .. ... 20 kPa € in Hg
Normal Fue! Prassurg,....... Ceetiettecncaneea 240 kPa 35 psi
Fuel Flow to Transfer Pump (Max.) ......... Veens 1135 Lh 30.0 gph
Refill Volume with Filter Change ................ 27L 28 qt
Sump Capacity:
Low Mark Level ... ....cvviieivinnennncennns 31: 2 20 qt
High Mark Leval ..... Ceverenees Ceeennreaeas 25L a8Baq
Qil Pressure SAE 10w30 Oil @ 83°C (210°F); :
Normal Range ....... feeesesianasoacnas vees 324372 kPa 47-54 psl
Mn.@Llowldle .........oovevnnninnnnnn. 63 kPa 10 psi
FIler TYPO vttt ieiiie e iiereeennnnnns ) Canister
Oll Typs Rocommended ................... cees API CD
Crankcase Ventilation Type .. ....... Vevrenes . To Atmosphete
Oil'Cosler Type ........ Ceeesetanenerreneenes Tube
Length Overall. . ........coiiiiiiiiriiennann, 1270.0 mm 50.00 In
Height Overall ..... S P cree 1009.2 mm 37.83 In
Width Overali........... feeecestatennracannas 759.3 mm 2987 in
Unit Dry Weight. .. ................ Cieveeeanas 829.9 kg 2050 Ib
Flywheel Houslng 8lze ........c.....vuens.n.. SAE 1
Statie Bending Moment @ Rear Face
Flywheel Mousing (Max. Allowable) ............ 1358 N'm 12002 1b<in
Dimensional Drawing Number .................. 4WE3E0
Recommended Battery Capacity (Min.)
for 60 sec, Cranking @ 0°C (32*F)
and Above Ambient Tomperture: .
12VoltMoter .......oeeenieiinnennnnnen, 1140 CCA
24 VoIt MOIOr .. iv i vniieneenrnnnnnennnns 570 CCA
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P.3

/ANDUSTRIAL ENGINE PERFORMANCE CURVE

MODEL 3306 PCNA

TM8737-00

600 44D g
578 — — = @20 —]
- "\\ © \*&
ﬁi n
596 et e 350 Ef;
500 o~ 350 A
i 120 5 150
. o
gi 100 — g & 1251 —
22 o = CER 7_{
1 .
- E = ..
!
ué 5
252 = 0.420 o
E x -
E, o gE- =
= 0.400
é' E% 28 —’A’A i gg | e
£8 234 o
EE 216 b ' Eg o0 t
1000 1200 1400 1600 1600 2000 2200 é 1000 1200 1400 1E0C 1800 2000 2200
Engine Spead - mm Engins Speed - rpm
112 kW @ 2200 SI METRIC 150 HP @ 2200 ENGLISH
Engiee  Engine  Engine ne Fuel ssrc e Engine ine  Engine Fusl p8¥c
Epeed Povear Tornua EP Rats rg ?’s,;.a P’;.vu % aﬁap Rate L8/
pm kW kPa Lh h pm HP LB FT PS8! GAL/N HP h
2200 12 s 588 341 2573 200 150 358 8s - 90 0423
p £000 108 506 607 0.7 2457 2000 102 s e 8.1 0.404
’ 1800 29 526 634 na3 2330 1800 133 a8 82 7.2 0383
1600 91 s5e2 656 25.4 234.8 1600 122 400 . 85 6.7 0.338
1500 a7 856 069 235 228.1 1500 117 410 97 62 0378
1400 a 584 676 R0 225.1 . 1a00 114 418 88 58 0370
1200 73 582 658 188 2108 1200 e8 42 101 50 0.381
1000 (7] 569 €83 155 2208 1000 80 420 99 4.1 0.363
¥
Inlake Intake Exhaust Exhaust Alr Exhaust intuke intake Exhaust Exhayst Alr Exhaust
€ngine ylnll 1ls_!lﬂH _Hrlnnﬂ ?Aek F'lng Flow | Engine Manit 1I'Aaml #unn _?uk Frlg\ln F'I;Iw
Speed ress omp emp emp mi Pross () (] omp
pm__ kPa (gouge) °C *C c min min s&':’ IN.Hg (gauge) "F -? *F min min
2000 -086 294 833 s18 0.6 207 | 2200 -11 85 1180 1160 340 1012
£000 -06 28.4 S04 582 a9 255 | 2000 ~1.0 85 1120, 1080 314 899
. 1600 ~08 24 5% 571 8.2 2 1800 -1.0 8 . 100 1060 281 819
1600 -0.8 29.6 549 627 74 19.7 1600 -1.0 85 +- 1020 q9e0 250 698
1500 -06 294 548 24 8.9 186 1500 -1.0 85 1015 15 23 848
1400 -08 20.4 643 621 6.4 170 | 100 -0,9 85 1010 870- 27 602
1200 -08 204 521 99 64 138 1200 -0.8 85 870 830 189 489
1000 ~-0.8 204 510 438 44 111 1000 0,7 L] 850 810 164 392
EJECTION DATA HEAT REJECTION DATA
Rojects rects Reéjextion RAndiati R ﬂ n R Re n Radiztion  Rejection
g g S S JEEL BT DR |we e SE SR ORGSR
Al (14 Power
_mpm W W W kW W kW mm  HP au;‘,‘:?.. &i‘m&u smrrn.n Btu/min Stwmin
2200 112 108 .

200 150






