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June 21, 2007

Steve Yager

Assistant Division Director
Railroad Commission of Texas
6506 Bolm Rd.

Austin, TX 78721

Email: steve.yager@rrc.state tx.us

Subject: Project Number 236B Final Report, “Testing of an
LPG Fueled Industrial Engine and an Aftermarket
Emissions Control System”

Dear Mr. Yager:

Project Number 236B has been completed and this constitutes the
final report for the program. Thank you for the opportunity to perform
this work for you at Carnot Emission Services (CES).

The program entailed procuring an older, high-hour, LPG fueled
industrial engine. The engine received was a GM 4.3L VB with an
undetermined amount hours. A replacement Woodward Governor
mixer, regulator and pressure lock-off were added to the base engine,
and ultimately integrated with a new Engine Control Systems control
module and catalyst. Testing was performed in several stages to
determine baseline emissions and performance of an aged catalyst and
02 sensor on tailpipe emissions.

PROGRAM HISTORY

A GM 4.3L V6 engine was obtained with an unknown amount of
hours of engine service. The engine was removed from service due to
coolant leaks. Upon receiving the engine it was necessary to perform
mechanical repairs to bring the engine into testable condition. Rebuilt
cylinder heads and head gaskets were required and these repairs were
performed at CES.

The engine was installed in a transient test cell having, full-flow
dilute emission sample capabilities that meet 40 CFR 1048 and 1065
LS| LPG engine testing. The test cell setup is shown in Figure 1 with
the catalyst and emissions control equipment installed.

The engine was tested over three D2 steady state cycles and three
LSl transient cycles in the “as found” condition, with no cayalyst or
emission control equipment. The test cycles are shown in Appendix A.
A TermiNOx electronic control system provided by Engine Control
Systems was installed, which consisted of an electronic control module,
wiring harness, and pneumatic actuator (see Figure 2). An
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aged O2 sensor and an aged 3-way stoichiometric catalyst were also part of the
system (Figure 3).

Figure 1. Test Cell Setup of GM 4.3L V6

With the emissions equipment installed, one D2 cycle was performed. Two
partial D2 tests were performed over the most heavily weighted modes — 2 (25%), 3
(30%) and 4 (30%). Three additional LS| transient tests were also performed with the
TermiNOx system installed.

Figure 2. ECM, Wiring Harness, and Pneumatic Actuator



Figure 3. Oxygen Sensor and Catalyzed Muffler

The changes made with the TermiNOx system included the replacement of the mixer
diaphragm valve with an IMPCO AV1-14-3 silicon valve. The Engine Control Systems
program code values were set for Case #3. Table 1 shows the tests performed on
each configuration.

Table 1. Summary of Hardware and Tests

HARDWARE TESTS
Three Steady-State D2
s Three Transient LS|
Aged Catalyst and Sensor with Three Steady-State D2
TermiNOx system Three Transient LS|

PROGRAM RESULTS

In working with the ECS system, there were only two adjustments consisting of
an idle and rated fuel air mixture adjustment screws. Several engine operating points,
not listed in Table 1, were checked to properly set the adjustment screws.

Emission results are provided in Table 2. For multiple similar tests, the average
and coefficient of variation (COV) were calculated. The COV is an indication of
repeatability and is defined as a single standard deviation divided by the average and
multiplied by 100 percent.

The engine in its “as found” condition had slightly varied NOx emissions over
both the steady state and the transient cycle. Brake specific NOx (BSNOx) emissions
ranged from 16.14 to 16.61 g/(kW-hr) for the D2 tests and 7.42 to 10.89 g/(kW-hr) for



the LS| transient tests. The average brake specific CO (BSCQO) for the “as found” D2

tests was 29.73 g/(kW-hr) and 30.19 g/(kW-hr) for the “as found” transient tests.

The transient emission results with the “aged catalyst and aged O2 sensor”
show lowered BSNOx numbers ranging from 2.81 to 4.54 g/(kW-hr), with a COV of
23.33%. The average BSCO results were 3.34 g/(kW-hr). Comparing the average
transient results of the aged catalyst and O2 sensor to the “"as found” condition, the
ECS system reduced 66.5% of BSNOx emissions with a 3.3% reduction in fuel
consumption. These results are summarized in Table 3. The steady state D2 results
with a catalyst also show lowered BSNOx ranging from 4.70 to 5.35 g/(kW-hr) over the
three tests, with a COV of 6.50%. These results are summarized in Table 4. The
processed emission data sheets are included in Appendix B.

Table 2. Emission Results

EMISSIONS [g/(kW-hr)] BSFC
Name Date Test | [ka/(kW-
BSCO | BSCO2 | BSHC | BSNOx | BS(THC+Nox) hr)]
As Found
T1B 1R1 6/08/2007 D2 32.03 84389 2.36 16.39 18.75 0.301
T1B 1R2 6/08/2007 D2 27.44 B836.6 2.36 16.61 18.97 0.296
T1B 1R3 6/08/2007 D2 30.72 836.1 2.49 16.14 18.63 0.298
Average | 29.73 840.2 2.36 16.50 18.86 0.299
cov 7.87 0.52 3.07 1.43 0.92 0.82
MNI1718
T1B_1R1 6/11/2007 Lsl 28.84 B805.4 2.29 7.42 9.M 0.287
NI1719
T1B 1R2 6/11/2007 LSl 30.33 807 .1 2.30 10.89 13.20 0.288
NI1720
T1B 1R3 6/11/2007 LS| 31.41 807 4 2.3 10.23 12.53 0.289
Average | 30.19 806.7 2.30 9.51 11.81 0.288
cov 4.27 0.14 0.49 19.36 15.69 0.36
With TermiNOx and aged catalystio2 sensor
T2B 1R1 6/13/2007 D2 0.72 821.9 0.04 5.35 5.40 0.275
T2B 1R2 6/13/2007 D2 0.83 818.1 0.06 5.09 5.15 0.274
T2B 1R3 6/13/2007 D2 T3 8241 0.03 4 47 4.50 0.278
Average | 0.80 851.0 0.05 5.05 5.10 0.285
cCov 9.48 6.32 2215 6.50 6.50 6.32
NI1722
T2B 1R1 6/13/2007 LSl 2.84 828.0 0.23 2.81 3.05 0.278
NI1723
T2B_1R2 6/13/2007 LSl 337 827.8 0.19 4.00 4.19 0.279
NI1724
T2B 1R2 6/13/2007 LSl 3.84 824.7 0.15 4.54 4. 68 0.278
Average | 335 8269 0.19 3.78 397 0.278
Ccov 15.06 0.22 23.00 23,33 21.13 0.16

COV = (one standard deviation/average) x 100%




Table 3. Emission Change over Transient LS| Testing

i e With TermiNOx Percent

LS| Transient Emissions As Found System Change
BSCO g/(kW-hr) 30.19 3.35 88.9
BSCO2 g/(kW-hr) 806.7 826.9 -25
BSHC a/(kW-=hr) 2.30 0.19 91.7
BSNOx a/(kW-hr) 9.51 3.78 60.2
BS(THC+NOx) a/(kW-=hr) 11.81 3.97 66.4
BSFC kg/(kW-hr) 0.288 0.278 a3

Table 4. Emission Change over D2 Testing

; o With TermiNOx Percent

LSl Transient Emissions As Found System Change
BSCO g/(kW-hr) 30.06 0.80 a7.3
BSCO2 a/{kW-=hr) 838.86 851.01 -1.4
BSHC g/(kW-hr) 2.40 0.05 98.1
BSNOx g/(kKW-hr) 16.38 5.05 69.2
BS(THC+NOx) g/(kW-hr) 18.79 5.10 72.9
BSFC kg/(kW-hr) 289 0.285 4.6

The first LSI transient test and the first D2 test will be used for verification of
results. Both the LSI transient and the D2 test meet the reduction goals in emissions
as determined for this test.

COMMENTS

The performance of the ECS system was sensitive to the two adjustment
screws related to idle and rated fuel air mixture ratios. Substantial NOx and CO
emission reductions were demonstrated with the ECS TermiNOx system utilizing an
aged catalyst and O2 sensor. With the installation of a properly calibrated TermiNOx
system it was possible to meet the emissions targets as required for this project.



CLOSURE

This report and emissions results are provided on the enclosed CD-ROM. It
was a pleasure to work with the Texas Railroad Commission on this program. If there
are any questions, please contact us at 210-928-1724 or by email. We look forward to
working with you in the future.

Approved by: Sincerely yours,

S‘-m 'y A . = zale, {g!_—:_—:.-———;%if;
Steve E. Griffin Bradley Dento{_—

CEO Test Engineer

sqriffin@sore-aces.com bdenton re-aces.com




Appendix A:

Test Cycles and Power Curve
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Texas Railroad Commission GM 4.3L V6 LPG
Base Engine As Found WOT Power Lug Curve
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Emissions Data Sheets



CARNOT EMISSION SERVICES
EPAICARS (150 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2368

LPG Test Cel'Stand: 4
Engine Model Mumber:  GM 4.30L HIC Ratio: 2,67 Test Operator:  BD
Engine Serial Nurnber,  WEW1SUFD Engine Cycle: 4 Stroke Test Date: 060807
Engine Displacement [cofin®3]: 4300 2824 Qil Type:  Quaker Sate SAE 10MB0 Start Test:  14:08:34
Emission Cirl System;  mixer TestMo: T1B_3r1
Ratediidie Speed. 2800 B0 hote: D2 LPG Test Engina Hre. Since RowdDur: 250 1.08

Bl AIR CONDITION: . L JEETCACTORE.

_| [_Temp_Cew Point_Earo Dry-Wet _NOx Hum. _Particulate F Factor

T mbme | [T2eg F] [Beg 1 [inhal | [[Comection Gorecion  Hrmidity MU
Bz

25.88 B1.T 29167 0.958 1.046 12.08 1.028
2224 B34 631 28170 0.865 1.037 12.68 1.031
1611 BT 820 28170 0.976 1.060 12.16 1.028
5.58 Bi.1 600 28188 0.879 1.021 11.33 1.026
6.74 T8.5 57.2 M.163 0.968 0.881 10.23 1.022

R .
K co__ct HC
Ihp] | Tppm] [%] [opmC3] [ppm] [mg]
66.47 (213758 328 856 4757 0.000 ] 3224 | 13631 J2862.2 8596 49822 #D0hVD
4921 |1861.61 278 TE4 5381 0.000 3.80 3274 | 11867 28064 8 76.85 57224 #D0OVO
3270 |1083.55 1.5 558 4243 0.000 545 333.3 | M4z 205728  57.BA 46942 R0V
18,37 | 86827 1.76 48.8 3033 0000 61T 2342 | 4025 128088 2560 23070 #DIhvi
8,72 178421 253 3.4 114.6 0,000 423 107.6 3708 B462.3 31.28 4015 RO

P o ITE BRAK] o
cg CO2 HC :
_ [on lahr] “lath] | = 2388 ghphr = 3203  gikWehr
5 16431 430 2481 WD 3.2 = 6203 ghphr = 84387 gikWEhr
20088 TOE2 1921 143.06 #DIVIDI 1230 S= 176 ghphr = 236 W
21427 BiT18 1736 13783 #DNDI 281 = 1222 ghphr = 1633  gkWehr
120,76 38427 1068 6821 WDV 4.81 = 1388 ghphr = 1875 gkWhr
3758 8482 313 401 #Diviol 0.67 = #DIVIDI  gihphr = #DIVIOL gikWEhr
TA085 195200 5466 37802 #DNDI 302 = 0495 |bhphr = 0301  kg/kWMihr

CELL  OIL [|[LTEANK  RT BANK ik

(MODE [Hg] | | [degF] [degF] [degF]{ [degF] [deg F] =__ 5000 glkWihw = 5000 gikihe
1 10331 6861 | 0664 | | 11322 801 2600 [ 13352 13365
2 10346 5081 | 0583 | | 10708 806 2686 [ 12877 13082
3 1.0327 33.77 | 0668 a7 808 2817 12283 12451
4 10253 1885 | 0522 TBI0  B72 2448 | 1TSS 11533
5 10255 685 | 0472 5956 848 2320 | 9354 1001.5

CONFIDENTIAL BUSINESS INFORMATION
070808 TeRRC-GM4.3L SM-D2 test T1IB_3r1 LPG EPA Form.xls aof 61 112007
EPAJCARE Data Shest US Texas Railroad Commission 10009 AM



CARNOT EMISSION SERVICES
EPAICARE (IS0 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2368

Fuel ID: LPG
HIC Ratio: 267

Engine Cycle: 4 Siroke

Oil Type: Cuaker Siate SAE 1030

Test CelllBland:
Test Opargtor:  BD
Tesl Date:  06:0807
Start Test:  15:34:28
TestMo: Ti1B_3r2
Engine Hrs. Since RevdDur, 440 0.62

Engine Manufacturer;
Engine Model Mumber: G 431
Engine Serial Mumbar:  \WEW1SUFD

Engine Displacement [oofin®3] 4300 2624

Emission Ctrl System:  Mixer

Rated/idie Speed: 2800 800

Note: D2 LPG Test
"

] ACTORS
| Temp_Dew Point_Baro | | DryiNet_NOx Hum,_Particulate F F
! E : F in-h Comection Comection  Humidity  MA
1 100 i 1 28,151 oasT 1.008 10.88 1.024
2 75 81.9 810 F8144 0965 1.020 1477 1.028
| 50 BO.6 585 28143 0876 1014 11.14 1.026
4 1800 25 487 120.0 1801 4781 =2.33 8,70 TB.S 56,8 28,145 0.BED 0877 10.00 1.021
5 1800 10 19.5 120.0 1800 18.25 -5.40 5.50 TB.T 58.5 28,143 0,968 0.987 2.99 1.021

[athr] fh
316 32542, 42187 #DIviol
s 2TBB3 4 BEB3 54312 #DIVIOI
548 210282 5344 51572 #DIVIO!
B.34 128048 3273 24508 WDIVIOI
4.38 HDIVIDI

[gfhr]  [gihr] [ghr]  [ghr] 2046  ghphr = 2744 glkWW-hr
14189 16271 482 2110 EDhil : 8238 ghphr = B3558  g/kW-hr
32154 GOTOE 2166 13576 #DIVOI 12.41 178 ghphr = 236 gk
9485 £3I0BE 1803 15472 EDIVIO) 10,00 1238 ghpde = 1881  gikWhr
4095 38414 982  73S2  EDIIDI 4.50 1815 gmphe = 1897  g/kWehr
3350 H20.8 308 346 gD 0.53 EDIVIDL  gihpde = EDIVDL gk
641,63 195608 5521 38860 DIV 3137 0467 Idhp-hr = 0396 kghWehr

PRE CAT CELL CHL I LT BAMEK BT BANE
[Hg] | | [9egF] [deot] [degr]] ;
1 1.0278 BaE2 | 0.506 1120.0 BS5.2 2385
2 1.0321 £1.22 | 0.541 10678 BEB 2B1E 1287.7 13011
3 10296 3483 | 0513 Brr.2 B6.7 2850 1238.4 1241.2
4 1.0247 1873 | 0481 TES.O B4.0 257
5 1.0251 6.41 0461 5‘93_2 B2.5 2339

CONFIDENTIAL BUSINESS INFORMATION
070606 TxRRC-GM4.3L 5M-D2 test TIB_32 LPG EPA Formuds of Bi117z007
EPA|CARE Data Sheet LS Texas Radroad Cormmission 10:08 AM



CARNOT EMISSION SERVICES
EPA/CARE (IS0 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2388

P s e o HILAR g SRR
Engine Manufaciurer.  TX RR Comm. FuellD: LPG Test Cell'Stand: 4
Engine Model Number:  GM 4.3L HIC Ratio: 267 Test Operalor:  BDVEG
Engine Serial Number:  WEWISUFD Engine Cyclec 4 Stroke Test Date:  0B0AMN0T
Engine Displacement [ocfin®3]: 4300 262.4 Oil Type:  Quaker State SAE 10030 Start Test:  16:12:00
Emission Cirl System:  mixer TestNe:  T1B_3r3
Rated/|dle Speed: 2800 8O0 Mote: D2 LPG Test Engine Hrs, Since Revd/Dur:  5.40 0.77]

—

Temp Dew Point Baro Et'm' NOx Hum. Parficulate F Factor
% :j [9eg F]__[in-hg] § ||Comection Comeclion  Hurnidity  MIA
C \ ¥ B1.2 29135 0855 1.038 1184  1.030
1803 14381  -1.50 22.18 842 625 29130 0.985 1.032 12.43 1.033
1802 B88.25 087 16.30 826 B1.6 29133 0876 1.045 12,04 1.030
1801 4B8.78 016 B.89 80.5 602 29132 0.e79 1.024 11.41 1.026
1800 19.13 -1.81 5,56 7.7 583 29126 0.989 1.007 1107 1.026

431211 3, j 3 313 27612 326805 B4 43600 #DIVID!
4935 |178488 275 #91 5336 0000 392 3274 || 11857 279806 8079 85754  #OND
3371 |102881 202 882 4223 0000 538 3333 || 87B.8 208778 60.34 457,24  #DIVO!
1673 | 47054 178 470 3264 0000 68,22 2341 || 2178 129721 3423 24743 OO
656 118122 252 B45 1105 0000 4,35 107.7 || 251.7 B419.5 2834 3868 @DV
= e .
3] coz HZ O PM
[gih] [hp] = 2281 ghp-hr = 3072  gikWeiw
1 0, 136,08 16345 454 2160 ugw%l 334 = 8235 ghphr = 83613 g/kWhr
2 025 | 28893 60052 Z2T0 14188 #DINIOI 12.35 = 1B ghphr = 248  gikWthr
3 030 | 20384 62633 18.10 13747 #DNVOI 1011 = 1204 ghphr = 1614 gkWhr
4 030 | 6534 38016 1027 7423  #DNO! 502 = 1380 ghphr = 1863  gRAthr
5 010 | 2517 8419 2.83 3.87  #DIVIO! 0.66 #DMVID!  ghp-hr = #0001 gRW-hr
1.00 [ 72113 186266  58.45 378,95 #OIVD! 31.46 0480  Ivhp-hr = 0.288  kgW-hr
i!--_. ;‘-. \PERS ] RA]
g PRE CAT CELL LT BANK,  RT BANK
['Hal [degF] [degF] [degF]|l [deg F] [deg F]
1 10338 8915 | 0.544 11203 875 2604 | 132ez 13281
2 10367 61.20 | 0571 10708 885 2666 | 12879 1307 .2
3 10339 3485 | 0553 9767  BTE 2626 | 1zME 12805
4 10308 1723 | o526 75T BT 2485 | 11430 1673
5§ 10280 &75 | D510 B061  B54 2340 | o538 1004.9
CONFIDENTIAL BUSINESS INFORMATION
070608 TeRFRC-GM4. 3L SM-D2 test T1B_3r3 LPG EPA Form xls of &1112007
EPAJCARE Data Sheet US Taxas Raliroad Commission 10:08 AM



CARNOT EMISSION SERVICES
EPA LS| TRANSIENT EMISSION TEST RESULTS
CES PROJECT: P-2388

Engine Manufaciorer.  TH

Engire: Model Number:  GM 4,30 HC Ratio: 267 Test Operator:  SGE/ED
Engine Seral Number:  WEWISUFD Engine Cycle: 4 Siroke Test Date:  0BM1/07
Engine Displacement [cofin™3): 4300 2 2624 Qil Type:  Texaco - SAE 10W30 Test Tima: 1740
Emission Cirl System:  Mixer Cycle Type: 40 CFR 1048 Apgp. |l Composita LS| Test Moc  NITT18 TIB_1R1
Pated/|dle Speed: 2800 800 Motes:  Basaline Conlig - Ne Cat Start/End Hrs: 72 033

Comments: 0
0.22 sec SpaCmdFilter, T80 romds Max Accel/Del

2151  ghphr = 28B4 ghWhe
BO0E  ghphr = 80540 gkWihe

170 phphe = 229  glnthe
553 ghphr = T4 gRWhr
724  ghphr = 871 g
0.471_ Ilbhphe = 0.287 kghitchr
NI1T718 1R1 LPG Bsin TRC GM 43 LS| Engine Data Sheet GSE007

EPA|ICARE Data Shest US CONFIDENTIAL BUSINESS INFORMATION 10700 AbA



Engine Manulacturer.  TRC FuellD: LPG Tesi Cell/Stand: 4
Engine Modal Number:  GM 4.3L HIC Fiatioc  2.67 Test Dperator:  SG/ED
Engine Serial Mumbar:  WSWASUFD Engine Cyche: 4 Stroke Test Date: D&M 107
Engine Displacement [oain®d 4300 224 Ol Type:  Texaco - SAE 10030 Teat Time: 1815
Emizsion Cirl Systern:  Mixer Cycle Type: 40 CFR 1048 App |l Composite L3I TestMo:  NHTIB TIB_1R2
Ratediidle Speed: 2800 500 Motes: _Baseline Config - Mo Cat StanEnd Hrs: 78 033

Comments: 0
0.22 sec SpdCmdFiller, TA0 rpmis Max Accel'Ded

NI171% 1R2 LPG Bain TRC GM 43 LS| Engine Data Sheet
EPA|CARE Data Shest US

WO Hurmn,  Particulate F Feclor

1.11

%WMUN I-hmty T
T 7

15,80 1,056

CONFIDENTIAL BUSINESS INFORMATION

G25200T
10:15 AM



CARNOT EMISSION SERVICES

EPA L8 TRANSIENT EMISSION TEST RESULTS
CES PROJECT: P-236B

4
Test Dperator:  SG/BD
Test Date:  D&M107
Test Tima: 1838
Test No:  NIT20 TIE_1R3
Star/End Hrs: 80 033

LPG
HIC RaBoc 267
Engine Cycle: 4 Stroke
0dl Typa: Texaco - SAE 10W30
Cycle Type: 40 CFR 1048 App.ll Composite LS
Comments: 0
0.22 sec SpdCmdFilter, T80 rpmd's Max AccelTiel

Engine Manufacturer,
Engine Model Nurmber:  GM 4,31
Engine Serial Number:  WEWASUFD

Engine Displacement [coin®3): 4300 2624

Emission Cirl System:  Mixer

Ratedfidie Speed:  ZE00 B0

NOx Hum, _ParSculate F Factor |

= 2343 ghphr = 3141 gKWehr
= B0 ghp-hr = BOT.45 gkWehr
= 172 ghp-hr = 231 ghWHhr
= 763 ghp-hr = 1023  ghkWehr
- 8.35 gMmphr = 1283 gkWehr
= D475 Ibvhp-hr = 0.2B8  kgkWehr
NI1720 1R3 LPG Bsin TRC GM 43 L5 Engina Data Sheat Gi252007

EPA|CARE Data Sheat US CONFIDENTIAL BUSINESS INFORMATION 10:18 AM



CARNOT EMISSION SERVICES
5, EPAJCARE (IS0 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2368

Engine Manudacturer: FuellD: LPG Test Cell'Stand: 4
Engine Model Mumber:  GM 4.3L H/C Ratio: 267 Test Operstor:  MOVBD
Engine Serlal Mumber:  \WEW1SUFD Engine Cycla: 4 Siroke Test Date: 06N 2007
Engine Displacerment fcoin®3] 4300 262.4 Ol Type:  Quaker State SAE 10W30 Start Test:  10:51:40
Emission Cirl System:  mibver, HOZS TWC TestMo: T2B 3R1
Rated/ldie Speed: 2800 BOO MNote: D2 LPG Test  With Catalyst Enrnm Since RovdDur. 8,50 1,85

1

2 .

3 3274 144 225 22 5122 0.000 507
4 16.87 0.77 168 21 3538 0.000 671
5 6.31 1.75 235 4.2 742  0.000 487

0.40

T02 1722 0.25 014 #DIVIH 6263 ghp-hr = 83988 g&W-hr
184 71852 023 282 WDIVIO! 1219 005 ghphr = 007 g&Wehr
024 8012 058 142 84 2DV 282 T.40 ghp-hr = 583 gkWhr
.11 35863 0.45 8101 #DIVID! .06 746 ghp-hr = 1000 gkW-hr
004 TO1.2 0.14 261 #DIVIO! 0.63 #DIVIDI  ghp-hr = HDIVIOL g/kWHhF
EE& 124181 1.85 22953  #DIVIDI 1.0 0.482 lohg-hr =  0.281  kg'kW\Hhe

PRECAT CELL OIL

P [deg F] [deg F] [EFi g F
1 10336 6823 | D403 11512 B38 2586 || 13834 13622
2 10328 6036 | 0395 10950 B33 MBET | 12907 13181
3 1.0325 3380 | 0407 9512 B42 2568 || 12366 12483
4 102717 1733 | 0361 7763 B30 B2 || 11478 11519
5 10199 644 | 0308 )] 808 2345 | 9548 1003.3

CONFIDENTIAL BUSINESS INFORMATION
070613 TxRRC-GM4.3L SM-D2 test TZB_3R1 LPG EPA Form of 6/21/2007
EPA|CARE Data Sheet US Texas Rairoad Commission 11:02 AM



CARNOT EMISSION SERVICES
EPA/CARE (150 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2388

NOx Hum. Particulate F Factor
Comection Comection  Humnidity  NiA
0863 0843 BB 1042
0872 0963 BE2 1043
0875 0817 THE 1034
0882 0504 TED 1030
0873 0831 667 1.024

el (el | [ppm] _[%] _ [ppmC3] |
] B #DIvin!
15 ! 13.2 260878 168 000 #0N
000 210 00 2488 0.000 0.0 201308 000 25053  #ODIVDI
000 158 on 1824 0.0 122083 000 155.06  #OIWO!
074 232 42 458 0.2 79982 144 17.86 __ #0IViDH

12.18
0.95
491
J ; i 0.83
[ SUM| 100 16.81  18570.1 099  123.58 #DIVID 30.85

PRE CAT CELL
I
0.410 11488  B7.7 2852 || 13544 1380.2
0358 10951 871 2609 | 12956 13148
0368 9TeE BES 2581 | 12398 12449
0.347 8022 BS54 262 | 11375 11518
0.309 B10.8 B40 2338 'B"E_Z 1004.7

CONFIDENTIAL BUSINESS INFORMATION
070613 TxRRC-GM4, 3L 5M-D2 1est T2B_3r2r LPG EPA Form of /152007
EPA|CARB Data Sheet US Texas Railroad Commission 3:56 PM



CARNOT EMISSION SERVICES
EPA/CARE (IS0 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2368

Tast CellStand:
Test Operstor.  MDVBD
Test Date: 061307
Starl Test: 11:17:13
TestNo:  T2B_3R3
Engine Hrs. Since Rovd/Dur: 13,60

- LPG
HIC Ratio: 267
Engine Cycle: 4 Stroke
Ol Type:  Quaker State SAE 10W30

MNole: D2 LPG Test With

Note:  Modes 1 & & from T2B_3R2r

0871 0.960 842 1.038

0.975 0.888 6.68 1.030
0.982 0878 841 1.025
0.573 0.831 5.67 1.024

HC NOx  PM |

344282 860 000 WO
276729 3.20 0.00  #DIVID|
201871 0.00 23811 #DIIO!
123446 000 15355  WOIVID|
7999.2 144 17.88__ #DIVID|

RAKE El AN

082  ghphr = 0B3 gk

: B10.0  ghphr = BISO7T  gkWhr
1251 004 phphr = 006 pkWhr
999 379  ghphr = 508 gk
504 384 ghphr = 515  glkWhr
0,63 #DIVID!  ghphr = #DIVIDI  QAMWEhe
31 44 0450 bhp-hr = 0,274 Iﬂw-ﬂ'

LTBANK  RTBANK

CONFIDENTIAL BUSINESS INFORMATION
070613 TxRRC-GM4. 3L 5M-D2 test T2B_3r3 LPG EPA Form of &1 52007
EFA|CARE Data Sheet US Texas Railroad Commission 358 PM



CARNOT EMISSION SERVICES
EPAICARE (IS0 8178 D2) EMISSION TEST RESULTS
CES PROJECT: P-2368

e T o s e L S _INF TION
Engine Manufacturer:  TX RR Comm, Fuel ID:  LPG Test CellStand: 4
Engine Model Mumber:  GM 4,31 HIC Ratio: 2,67 Tesi Operator;  MIVED
Engine Serial Murmber:  WEW1SUFD Engine Cycle: 4 Stroke Test Date: 061307
Engine Displacement [cain®3); 4300 2524 Oil Type:  Cuaker State SAE 10W30 Start Test:  12:02:30
Emission Cirl Systern:  mixer, HO25 TWC Test Mo:  TZB_3R4
Rated/idle Speed: 2800 00 Note: D2 LPG Test  With Cata Enging Hrs. Since RowdDur: 14.30 0.54]

Note:  Modes 1 & 5 from T2B_3R2r

o S EACT S
TunE Dew Point  Baro Dry-Wiet MOx Hum.  Particu F Factor
E deg F] [deg F in-hg] Comection Comection  Humidity KA
1 95.8 533 244 963 0.943 B.87 1.042
2 5 \ B39 524 29132 0.872 0.863 8.57 1.038
3 1800 50 Bs5.8 12000 imea 8541 oeT BO.& 4TE 28130 0.975 0.897 .20 1.031
4 1800 6 479 1200 1803 4723 =1.37 BT.3 446 20129 0.982 0.BTE 6.39 1.027
5 1800 10 18.2 120.0 1805 18.20 =499 Bd.& 456 28138 0.973 0.831 8,67 1.024

rci
266.0 344282 8,60 0.00  #DIVAD!
14.4 27309.3 0.74 0.00  #DINVIO
308 oo 20180.0 0,00 18836  #DINVIOI
2508 0.1 12268.8 Q.00 15277 #Divial
110.8 0.2 THE82 1.44 17.88  WDIVIDI

5] _[%_!I“ [ghr] 055  ghphr = 073 gRW-hr
1 005 | 1330 17214 043 000 #ono 6145  ghp-hr = B24.05  g/kWehr

2 025 | 358 68273 048 000 EDIVDI 002  ghphr = 003 gkWhe

3 030 | 000 80570 000 BES1 EDIVIO) 2.91 333 ghphr = 447 gk

4 030 | 00E 38808 000 4583  #DIV0| 487 336 ghpdr = 450 gk

| s | 010 | ooz 7ess 0.4 179 #DIVID) 0.63 #DIVIOL  phpte = BDIVIDL g/kWhr
100 | 1604 100862  0.76 _ 103.53 #DINI 31.06 D453 Ibhphr = 0.276  kglkW-hr

LT BANK BT BAMNE
[deg F] [deg
1354 4 1360.2
1297.7 13175 D PEAK and RATED CONDITIONS
1286.7 1247.0 kW @ rpm
11338 11485 N @ rpm
848 2 1004.7 Nm @ epm
COMFIDEMTIAL BUSINESS INFORMATION
070613 TxRRC-GM4 3L 5M-D2 test T2B_%r4 LPG EPA Form of 8152007
EPA|CARE Dala Sheet US Tewas Radroad Cormmission 357 PM



CARNOT EMISSION SERVICES
EPA LS| TRANSIENT EMISSION TEST RESULTS
CES PROJECT: P-2368

Fusl ID: LPG
HC Ratio: 267 Test Qperabor:
Engine Cycle: 4 Stroke Test Date:
Oil Type:  Temxaco - SAE 10W30 Test Tima:
Cycle Type: 40 CFR 1048 App.ll Composite LS1 Test Mo
HNotes,  ECS Catalysi Start/End Hrs 16.1

oananarT

12:58

NITT22 T2B_1R1
0.33

Comments: 0
0.22 sec SpdCmdFilter, TEOD rprs Max AccelTel

MI1T22 1R1 LPG Bsin TRC GM 43 L51 Engine Data Sheet
EFA|CARE Data Sheat US

COMFIDENTIAL BUSINESS INFORMATION

BR2E2007
10:03 AM



CARNOT EMISSION SERVICES
EPA LS| TRANSIENT EMISSION TEST RESULTS
CES PROJECT: P-2368

FuslID: LPG 4
HIC Ratioc 2,67 T MIVBD

Engine Cycle: 4 Stroke DEM 3T

Oil Type:  Texaco - SAE 10W30 13:40

Cycle Typa: 40 CFR 1048 App.|l Composite LS NI1T23 T2B_1R2

Motes: ESC Catalyst an/Er g 0.33

Comments: 0
0.22 sec SpdCmdFilter, T80 rpms Max AccelTel

NI1723 1R2 LPG Bsin TRC GM 43 L51 Engine Data Sheet Br252007
EPA|CARE Data Sheet US CONFIDENTIAL BUSINESS INFORMATION 10:04 AM



CARNOT EMISSION SERVICES
EFA LS TRANSIENT EMISSION TEST RESULTS

CES PROJECT: P-236B

TRC = FuelID: LPG

Engine Model Mumber:  GM 4,50 HWIC Ratio: 267 T MDED |
Engine Sarial Mumber:  WEW1SUFD Engine Cycla: 4 Slroke Tesi Date: 0813007
Engine Displacemant fcoin®3): 4300 2624 Oil Type: Taxaco - SAE 10WE0 Tesl Time: 1403
Emission Cirl System:  Mixer Cycle Type: 40 CFR 1048 App Il Composite LSI TestMoc  MI1T24 T2B_1R3
Raledidie Spesd: 2800 HIJ-_ Nﬂi ECS Calabyst Start/End Hrs: 162 033
Comments: 0

0.22 sec SpdCrdFiller, TED rpem/s Max AccelDel

1'-"934»-5 !! 20

MI1724 1R3 LPG Bsin TRC GM 43 LS| Engine Data Shest
EPAJCARE Dala Sheel US

CONFIDENTIAL BUSINESS INFORMATION

B25/2007
10:05 AM





