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Introduction and Explanatory Notes 

This report presents compositional data for the test samples used to satisfy the various endpoints 
of the USEPA High Production Volume Chemical Program for the Gasoline Blending Streams 
Category. 

The data to characterize the hazard potential of Gasoline Blending Streams has been developed 
over several decades under several different test programs. The test material compositional data 
has been taken directly from the various analytical data reports for these different programs. The 
types of test material compositional data presented is essentially the same, however the format 
for data presentation varies by testing program. 

The test material compositional data can be matched to the environmental and health effects 
Robust Study Summaries by the information provided in the third section of the HPVIS robust 
study summary entitled: 

Test Substance Purity~Composition and 
Other Test Substance Comments 

The data is organized by testing program. For example, API # 83-05 is the sample number for a 
petroleum stream tested in the API Streams Program conducted in the 1980's. 



T a b l e  o f  C o n t e n t s  

API STREAMS DATA 

CAS # API # 

64741-55-5 AP1#81-03 
64741-55-5 AP1#81-04 
64741-55-5 AP1#83-20 
64741-63-5 AP1#83-04 
64741-66-8 AP1#83-19 
64741-68-0 AP1#83-06 
64741-87-3 AP1#81-08 
68955-35-1 AP1#83-05 

Stream Name 

Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 
Naphtha (Petroleum), 

Light Catalytic Cracked 
Light Catalytic Cracked 
Light Catalytic Cracked 
Light Catalytically Reformed 
Light Alkylate 
Heavy Catalytic Reformed 
Sweetened 
Catalytic Reformed 

HPV HIGH NAPHTHENIC NAPHTHA TEST MATERIAL 

64741-41-9 Naphtha (Petroleum), Heavy Straight-Run 

PETROLEUM PRODUCT STEWARDSHIP COUNCIL 

64741-55-5 
64741-63-5 
64741-66-8 

Naphtha (Petroleum), Light Catalytic Cracked 
Naphtha (Petroleum), Light Catalytically Reformed 
Naphtha (Petroleum), Light Alkylate 

API UNLEADED GASOLINE SAMPLES 

none 1 
none 

None 

PS-6 
API 91-01 A (1991 Analysis) 
API 91-01 B (1994 Analysis) 
API 94-01 

CLEAN AIR ACT SECTION 211(b) 

none 
none 

211 (b) API 99-01 Unleaded Baseline Gasoline 
Baseline Gasoline Vapor Condensate (Batch A & B) 

1 Formulated gasoline does not nave a CASRN on the USEPA TSCA Inventory 

i i 



OTHER (not associated with a specific testing program) 

64741-55-5 

64741-55-5 

64741-68-0 

64741-87-3 
64742-82-1 

68513-02-0 
none 
none 

Naphtha (Petroleum),Light Catalytic Cracked (Test Material 
MEHSL CRU # 84152) 
Naphtha (Petroleum),Light Catalytic Cracked (Test Material 
MEHSL CRU # 86045) 
Naphtha (Petroleum), Heavy Catalytic Reformed (Test Material F- 
184) 
Naphtha (Petroleum), Sweetened (Test material F-251) 
Naphtha (Petroleum), Hydrodesulfurized Heavy (Test Material F- 
185) 
Naphtha (Petroleum), Full-Range Coker (Test Material F-250) 
Light Naphtha n-Hexane Rich (Test Material F-186) 
Light Naphtha Isohexane Rich (Test Material F-187) 

o o o  
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Naphtha Data Presentation 

CLI Log # 
API Description. 

DC1236 
81-03 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Distillation 
IBP/5 
zo/2o 
30/40  
50/60 
70/80 
90/95 
End Point 
Received 
Residue 
Loss 

D287 @60 
D287 @15 C 
D2224 gm/mol 

RI units 

D3120 ppm/wt 
Chemil. ppm/wt 
NAA wt % 
coulom, ppm/wt 

D86 vol/deg F 

70.3 
.7005 

82 
1.4026 

640 
8 
0.029 

<1 

93/106 
113/123 
133/143 
153/168 
185/208 
244/280 
35O 

9 9 . 0  
0 .5  
0 . 5  

Hydrocarbon Type Analysis 

Saturates 
01efins 
Aromatics 

D1319 vol 

W • 

% 

Total 

56.2 
35.3 
8.5 

100.0 

Hiah Olefin Mass Spectrometer Analvsis 

Paraffins 
Naphthenes 
Oleflns 
Aromatics 
Indans/Tetralins 
Naphthalenes 

D1019/MS vol 
W R 

W W 

m W 

W R 

• W 

% 

Total 

42.8 
10.2 
36.5 
10.2 
0.3 
0.0 

100.0 
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Naphtha Comvonent Analysis by Capillary GC and GC/MS 

CLI Log # 
API Designation 

DC-1236 
81-03 

Component ID 
by GC/MS 

Iso-Butane 
Isobutene 
Butene-i 
n-Butane 
trans-2-Butene 
cis-2-Butene 
3-methyl-l-butene 
I so-Pent ane 
.l-Pentene 
2-Methyl-l-butene 
n-Pentane 
2-Methyl-l, 3-butadiene 
trans-2-Pentene 
3,3-Dimethyl-l-but ene 
c is-2-Pentene 
2-Methyl-2-but ene 
t r ans-i, 3-Pentadlene 
Cyclopentadlene 
2,2-Dimet hylbutane 
cls-1,3-Pent aa iene 
Cyclopentene 
4-Methyl-l-pent ene + 

3-Methyl-l-Pentene 
Cyclopentane + C6 olefin 
2,3-Dimet hylbutane 
2,3-D imethyl- l-but ene 
2-Methylpentane 
4-Methyl-2-pentene 
3-Methylpentane 
2-Methyl-l-pent erie 
l - 8 e x e n e  
n - H e x a n e  
cis-3-Hexene 
trans-3-Hexene 
trans-2-Hexene 
3-Methyl-cis-2-pentene 
3-Methyl-t r ans-2-pentene 
cis-2-Hexene 
Met hylcyclopent ane 
N.D. 

Component ID 
bV CaD GC 

, 
, 

* 

u n k n o w n  
unknown 

unknown 

Wt % 

0.13 
0.07 
0.12 
0.83 
0.58 
0.66 
0.28 

13.86 
1.16 
1.86 
3.19 
0.04 
3.12 
0.03 
1.72 
4.05 
0.05 
0.01 
0.07 
0.10 
0.66 

0.47 
0.42 
1.57 
0.26 
7.30 
0.49 
4.47 
O.82 
0.57 
1.93 
0.87 
1.68 
1.27 
0.93 
0.71 
1.19 
3.63 
0.02 
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Component ID 
by GC/MS 

Component ID 
by Cap GC Wt % 

3,4-Dimet hyl-l-pentene 
N.D. 
N.D. 
N.D. 
1-Methylcyclopentene + 

Ben z en e 
2,4-Dimet hyl-l-pent ene 
N.D. 
Cyclohexane 
N.D. 
2,4-Dimethyl-2-pentene 
a Dimethylcyclopentene 
2-Ethyl-3-methylbutene 
2-Methylhexane 
a Cyclohexene 
3-Methylhexane 
C7 Naphthene or olefin 
c Is-I, 3-Dimet hyl cyc lopentane 
t r ans-i, 3-Dimethylcyclopent ane 
C7 Naphthene or olefin + 

paraffin 
N.D, 
C7 Naphthene or olefin 
C7 Naphthene or olefin 
a Methylcyclohexene 
C7 paraffin 
n-Heptane 
C7 Naphthene or olefin 
C7 Naphthene or olefin 
C7 Naphthene or olefln 
C7 Naphthene or olefin 
N.D. 
N.D. 
a Methylcyclohexene 
c7 Naphthene or olefin 
Met hylcyc lohexane 
C7 Naphthene or olefin 
N.D. 
C7 Naphthene or olefln 
2,5-Dimet hylhexane 
2,4-Dimet hylhexane 
C7 Naphthene or olefin 
a Methylcyclohexene 
N.D. 
an Ethylcyclopentene 
Toluene 
2,3-Dimethylhexane 
N.D. 
a Methylcyclohexene 

unknown 0.07 
unknown 0.04 
unknown 0.05 
unknown 0.05 

Benzene 2.87 
unknown 0.09 
unknown 0.07 
* 0.26 
unknown 0.05 
unknown 0.23 
unknown 0 . 0 7 .  
unknown 0.28 
* 3.41 
unknown 0.17 
* 2.45 
fused 0.10 
* 1.07 
* 0.82 
3-ethylpentane 

+ unknown 0.88 
unknown 0.07 
unknown 0.19 
unknown 0.16 
unknown 0.32 
unknown 0.70 
* 0.69 
unknown 0.35 
unknown 0.38 
unknown 0.28 
unknown 0.35 
unknown 0.12 
unknown 0.26 
unknown 0.29 
unknown 0.33 
* 1.62 
ethylcyclopentane 0.13 
unknown 0.02 
unknown 0.43 
* 0.35 
* 0.32 
unknown 0.24 
unknown 0.21 
unknown 0.03 
unknown 0.40 
* 4.66 
unknown 0.13 
unknown 0.05 
unknown 0.26 
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Component ID 
bY GC/MS 

2-Methylheptane 
4-Methylheptane 
1,2,4-tr imet hylcyc lopentane 
3-Methylheptane 
N.D. 

C8 Paraffin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
a Dimethylcyclohexene or hexadiene 
C8 Naphthene or olefin 
n-Octane 
C8 Naphthene or olefln 
a Dimethylcyclohexene or hexadiene 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C9 Paraffin 
C8 Naphthene or olefin 
2,3,5-Tr imethylhexane 
c is- 1,2-Dimet hylcyc lohexane 
Naphthene or olefin + 

2,4-dimethylheptane 
2,6-Dimethylhept ane 
Ethylbenzene 
C8 Naphthene or olefin 
p + m Xylene 
2,3-Dimethylhept an e 
3,4-Dimet hylheptane 
2-Methyloct ane 
C9 Naphthene or olefin 
C9 Naphthene or olefin 
o-Xylene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene or olefin 
C9 Naphthene or olefin 
C9 Naphthene or ole£1n 
C9 Naphthene or olefin 
n-Non an e 
C10 Paraffin 
C10 Paraffin 
C9 Naphthene 
C10 Paraffin 
n-Pr opylbenzene 
1-Met hyl-3-et hy 1ben zene 
1-Me t hyl - 4 -et hylben z ene 

Component ID 
b y  CaD GC Wt % 

* 0.81 
unknown 0.26 
unknown 0.17 
* 1.22 
unknown 0.11 

2,2,5 Trimethylhexane 0.36 
unknown 0.17 
unknown 0.17 
unknown 0.06 
unknown 0.16 
unknown 0.08 
unknown 0.24 
n-octane 0.45 
unknown 0.27 
unknown 0.23 
unknown 0.05 
unknown 0.05 
unknown 0.07 
unknown 0.13 
unknown 0.08 
unknown 0.05 
unknown 0.09 

* 0.19 

* 0.14 
* 0.67 
unknown 0.03 
* 2.42 
* 0.12 
* 0.18 

* 0.19 
unknown 0.04 
unknown 0.02 
* 0 . 7 5  
* 0.05 
unknown 0.02 
unknown 0.02 
unknown 0.02 
unknown 0.02 
unknown 0.02 
unknown 0.02 
* 0.09 
unknown 0.02 
unknown 0.03 
unknown 0.02 
unknown 0.04 
* 0.08 

* 0.42 
* 0.15 
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Component ID 
bv GC/MS 

1-Methyl-2-et hylbenzene + 
4-Methylnonane 

1,2,4-Tr imethylben zen e 
n-Dec ane 
1,2,3-Tr imet hylben zene 
Cll Paraffin 
Indane 
1,3-D iethylben zene 
1,3-D imet hyl-5-ethylb en zene 
Cll Paraffin 
Cli Paraffin 
Cll Paraffin 
C10 Alkylbenzene + paraffin 
2-Methyl indane 
Undecane 
C10 Alkylbenzene 
CI0 Alkylbenzene 
5-Methylindane 
4-Methylindane 
Naphthalene 

Component ID 
bv CaD GC 

unknown 

* 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

Total 

Wt % 

0.15 
0.53 
0.12 
0.07 
0.02 
0.04 
0.04 
0.04 
0.02 
0.02 
0.02 
0 . 0 4  
0.02 
0 .08  
0.02 
0.02 
0 .02 
0 .02 
o . l o  

i00.00 

Note: * indicates capilliary GC ID matches that of GC/MS 
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Polvnuclear Aromatics Data Presentation 

CLI Log # 
API Designation 

DC-1236 
81-03 

Component 

Indene 
Naphthalene 
l-Met hy In apht h a I en e 
2-Met hylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimethylnaphthalene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz [a] anthrancene 
Chrysene 
Benzo [b] fluoranthene 
Benzo [k ] fluoranthene 
Benz [a] pyrene 
Benzo [g,h, i] perylene 
Indeno [1,2,3,c,d]pyrene 
Perylene 
Dibenz [a,h] anthracene 
Dibenzo [def,p] chrysene 
9,10-Dimethylanthracene 
2-Me t by1 an t hr ac en e 
Benzo [a] fluorene 
7,12-Dimet hylbenzene [a ] anthracene 
Dibenzo [a, e] pyr ene 
Benzo [b] chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Dibenz [a,h] acridine 
Diben zo [ a, h] pyr ene 
3-Methylcholanthrene 
2,3-Ben zofluorene 
Ben zo [g, h, i ] fluoranthene 
Napht ho [ 1,2,3,4, def ] chrysene 

3.7 * 
470 
190 
280 

0 . 5 2  * 
<0.04 * 
0.19 * 
6.1" 
0.15 * 

<0.011 
<0.120 
<0.029 
< 0 . 0 2 0  
<0. I0 
<0.002 
<0.0004 
<0.003 
<0.003 
<0.003 
<0. 009 
<0.005 
<0.002 
<0.029 
<0.085 
<0.047 
<0.0012 
<0.003 
<0. 003 
<0.014 
<0.005 
<0. 003 
<0.0013 
<0.007 
<0.0008 
<0.08 
< 0 . 0 1 6  
< 0 , 0 0 1 0  

Note: * Indicates data by GC/MS 

25 



Naphtha Data Presentation 

CLI Log # 
API Description. 

DC-1237 
81-04 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Distillation 
IBP/5 
lo/2o 
3o/40 
50/60 
7o/8o 
90/95 
End Point 
Received 
Residue 
Loss 

D287 @60 
D287 @15 C 
D2224 gm/mol 

RI units @20 C 

D3120 ppm/wt 
Chemil. ppm/wt 
NAA wt % 
coulom, ppm/wt 

D86 vol/deg F 

60.4 
.7366 

89 
1.4234 

460 
24 
0.029 

<I 

100/122 
133/152 
170/187 
211/236 
260/283 
316/340 
359 
97.5 
1.0 
1.5 

Hydrocarbon Type Analysis 

Saturates 
01efins 
Aroma tic s 

D1319 vol % 
W W 

N W 

Total 

48.4 
30.6 

I00.0 

Hiuh Olefin Mass Spectrometer Analysis 

Paraffins 
Naphthenes 
01efins 
Aromatics 
Indans/Tetralins 
Naphthalenes 

DI019/MS vol % 
W N 

m N 

W W 

W W 

m W 

Total 

34.6 
14.5 
29.2 
21.1 
0.5 
0.1 

100.0 
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Naphtha Component Analysis bv Capillary GC and GC/MS 

CLI Log # DC-1237 
API Designation 81-04 

Component ID Component ID 
bv ~C/MS bv CaD GC Wt % 

Iso-Butane 
Isobutene 
Butene-i 
n-Butane 
trans-2-Butene 
cis-2-Butene 
3-methyl-l-butene 
Iso-Pentane 
l-Pentene 
2-Methyl-l-butene 
n-Pentane 
2-Methyl-l,3-butadiene 
trans-2-Pentene 
3,3-Dimethyl-l-butene 
cis-2-Pentene 
2-Methyl-2-butene 
trans-l,3-Pentadiene 
Cyclopentadiene 
2,2-Dimethylbutane 
cls-l,3-Pentadlene 
Cyclopentene 
4-Methyl-l-pentene + 

3-methyl-l-pentene 
Cyclopentane + C6 olefln 
2,3-Dimethylbutane 
2,3-Dimethyl-l-butene 
2-Methylpentane 
4-Methyl-2-pentene 
3-Methylpentane 
2-Methyl-l-pentene 
l-Bexene 
n-Bexane 
cis-3-Bexene 
trans-3-Hexene 
trans-2-Hexene 
3-Methyl-cis-2-pentene 
3-Metbyl-trans-2-pentene 
cis-2-Hexene 
Hethylcyclopentane 

* 0.09 

* 0.09 
* 0.14 

* 0.40 
* 0.68 
* 0.77 
* 0.26 
* 8.32 
* 0.86 
* 1.44 
* 1.55 

* 0.06 

* 2 . 2 0  
* 0.02 
* 1.21 
* 2.88 
* 0.08 
* 0.01 
* 0 . 0 3  
* 0.05 
* 0.42 

* 0.33 
* 0.23 
* 0.96 

* 0.19 

* 4.37 
* 0.35 
* 2.77 
* 0.61 
* 0.42 
* 1.18 
* 0.64 
* 1.19 

* 1.07 
unknown 0.59 
unknown 0.52 
* 0.94 
* 2.51 
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Component ID 
bv GCISS 

Component ID 
bv CaD GC 

Dimethylpentane 
C7 Paraffin 
3,4-Dimethyl-l-pentene 
N.D. 
1-Methylcyclopentene 
Benzene 
2,4-Dimethyl-l-pentene 
Cyclohexane 
2,4-Dimethyl-2-pentene 
a Dimethylcyclopentene 
N.D. 
2-Ethyl-3-methylbutene 
2-Methylhexane 
a Cyclohexene 
3-Methylhexane 
C7 Naphthene or olefin 
cis-l,3-Dimethylcyclopentane 
trans-l,3-Dimethylcyclopentane 
C7 Naphthene or olefin 
C7 Naphthene or olefln 
C7 Naphthene or olefin 
a Methylcyclohexene 
n-Heptane 
C7 Naphthene or olefin 
C7 Naphthene or olefln 
C7 Naphthene or olefin 
C7 Naphthene or olefin 
C7 Naphthene or olefin 
a Methylcyclohexene 
C7 Naphthene or olefin 
Methylcyclohexane 
l,l,3-Trimethylpentane 
C7 Naphthene or olefin 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
C7 Naphthene or olefin 
a Methylcyclohexene 
an Ethylcyclopentene 
Toluene 
2,3-Dimethylhexane 
N.D. 
a Methylcyclohexene 
N.D. 
2-Methylheptane 
4-Methylheptane 
1,2,4-trimethylcyclopentane 

2,2-Dimet hylpent ane 
2,4-Dimethylpentane 

unknown 
unknown 
fused 

unknown 

unknown 
unknown 
unknown 
unknown 

fused 

unknown 

unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 

unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 

unknown 
unknown 

0.58 
0.08 
0.05 
0.05 
0.94 
0.94 
0.07 
0.23 
0.18 
0.03 
0.04 
0.27 
3.04 
0.i0 
2.04 
0.10 
0.91 
0.70 
0.58 
0.17 
0.14 
0.40  
0.60 
0.14 
0.31 
0.23 
0.31 
0.07 
0.30 
0 .28  
1.44 
0.15 
0.44 
0.30 
0.34 
0.29 
0.06 
0.27 
4.97 
0.22 
0.06 
0.32 
0.22 
1.70 
0.54 
0.14 
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Component ID 
bv C-C/MS 

Component ID 
bY CaD GC 

C8 Paraffin 
C7 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefln 
C8 Naphthene or olefin 
a Dimethylcyclohexene or hexadiene 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
n-Octane 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
a Dimethylcyclohexene or hexadiene 
C8 Naphthene or olefin 
C8 Naphthene or olefln 
a Dimethylcyclohexene or hexadiene 
2,3,5-Trlmethy!hexane 
cis-l,2-Dimethylcyclohexane 
Ethyloyclohexane + 

2,4-dimethylheptane 
a Dimethylcyclohexene o r  hexadiene 
2,6-Dimethylheptane 
C9 Paraffin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefin 
C8 Naphthene or olefln 
Ethylbenzene 
C8 Naphthene or olefln 
C8 Naphthene or olefLn 
p + m Xylene 
2,3-Dimethylheptane 
3,4-Dimethylheptane 
2-Hethyloctane 
4-Methyloctane 
C9 Naphthene or olefln 
C9 Naphthene or olefin 
C9 Naphthene or olefin 
o-Xylene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene or olefin 

2, 2,5-Tr imethylhex ane 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

u n k n o w n  

u n k n o w n  
u n k n o w n  
unknown 
unknown 
unknown 
e 

unknown 
u n k n o w n  
* 

t 
* 

u n k n o w n  
u n k n o w n  
u n k n o w n  
u n k n o w n  

u n k n o w n  
u n k n o w n  
unknown 
unknown 

0.22 
0.08 
0.14 
0.10 
0.34 
0.37 
0.Ii 
0.08 
0.15 
0.23 
0.38 
0.07 
1.35 
0.47 
0.20 
0.23 
0.10 
0.20 
0.04 
0.28 
0.15 

0.60 
0.07 
0.60 
0.07 
0.05 
0.06 
0.06 
0.04 
1.64 
0.10 
0.03 
5.25 
0.38 
1.21 
0.12 
1.39 
0.09 
0.09 
0.09 
2.04 
0.i0 
0.10 
0 . 0 7  
0.10 
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Component ID 
by GC/MS 

Component ID 
~y CaD GC Wt 

C9 Naphthene or olefin 
C9 Naphthene or olefin 
n-Nonane 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C10 Paraffin 
C9 Naphthene 
CI0 paraffin 
C10 Paraffin 
C9 Naphthene 
n-Propylbenzene 
1-Nethyl-3-ethylbenzene 
1-Methyl-4-ethylbenzene 
1,3,5-Trimethylbenzene 
2-Methylnonane 
1-Nethyl-2-ethylbenzene 
4-Methylnonane 
C9 Naphthene 
1,2,4-Trimethylbenzene 
C9 Naphthene 
n-Decane 
1,2,3-Trlmethylbenzene 
Cll Paraffin 
Cll Paraffin 
Indane 
Cll Paraffin 
Cll Paraffin 
C10 Alkylbenzene 
1,3-Diethylbenzene 
1-Nethyl-4-n-propylbenzene 
1,3-Dimethyl-5-ethylbenzene 
Cll Paraffin 
CI0 Alkylbenzene 
C11 Paraffin 
Cll Paraffin 
CI0 Alkylbenzene 
Cll Paraffin 
2-Nethylindane 
C10 Alkylbenzene 
Undecane 
C10 Alkylbenzene 
C10 Alkylbenzene 
5-Methylindane 
4-Methylindane 
Naphthalene 

unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 

e 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 

Total 

0.08 
0.07 
0.39 
0.06 
0.03 
0.07 
0.07 
0.07 
0.06 
0.41 
0.11 
0.59 
2.58 
1.00 
0.81 
0.45 
0.48 
0.39 
0 . 0 3  
2.79 
0.06 
0.54 
0.52 
0.06 
0.08 
0.32 
0.07 
0.09 
0.17 
0.31 
0.11 
0.30 
0.11 
0 . 0 4  
0.i0 
0.14 
0.14 
0.09 
0.14 
0.31 
0.14 
0 . 0 4  
0.06 
0.04 
0.03 
0 . 0 4  

i00.00 

NOTE: *Indicates capillary GC ID matches that of GC/MS. 
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Polvnuclear Aromatics Data Presentation 

CLI LOg # 
API Designation 

DC-1237 
81-04 

Indene 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimet hylnaphthalene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz [a] anthrancene 
Chrysene 
Benzo [b ] fluoranthene 
Benzo [k ] fluoranthene 
Benz [a]pyrene 
Benzo [g ,h, i ] perylene 
Indeno [ 1,2,3, c, d ] pyrene 
Perylene 
D ibenz [ a, h ] anthracene 
Dibenzo [def,p] chrysene 
9,10-Dimethylanthracene 
2-Met hylant hr ac en e 
Benzo [a ] fluorene 
7,12-Dimethylbenzene [a] anthracene 
Dibenzo [a,e]pyrene 
Benzo [b] chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Dibenz [a, h] act Idine 
Dibenzo [a, h] pyrene 
3-Met hylcholanthr ene 
2,3-Benzo f luorene 
Benzo [g ,h, i ] fluoranthene 
Naphtho [I, 2,3,4,def]chrysene 

20 * 
86 
62 
25 
8.6 * 

<0.017 * 
<0.15 * 

<0.50 * 
<0. I0 * 
<0.011 
<0. 120 
<0.029 
<0.020 
<0 • 10 
<0.002 
<0.0004 
<0.003 
<0.003 
<0.003 
<0.009 
<0.005 
<0.002 
<0.029 
<0.085 
<0.047 
<0.0012 
<0.003 
<0.003 
<0.014 
<0.005 
<0.003 
<0.0013 
<0,007 
<0.0008 
<0.08 
<0.016 
<0.0010 

Note: * indicates data by GC/MS 
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Naphtha Data Presentation 

CSI Log # 
API Description. 

API Gravity D287 @60 
Density D287 @15 C 
Molecular Weight D2224 gm/mol 
Refractive Index RI units 

Total Sulfur D3120 wt % 
Total Nitrogen Chemil. ppm/wt 
Total Oxygen NAA wt % 
Total Chloride coulom, ppm/wt 

D i s t i l l a t i o n  
IBP/5 
10/20 
30/40 
50/60 
70/80 
90/95 
End Point 
Received 
Residue 
Loss 

Saturates 
Olefins 
Aromatics 

Saturates 
Olefins 
Aromatics 

High 

Paraff ins 
Naphthenes 
Olefins 
Aromatics 
Indans/Tetral ins 
Naphthalenes 

D86 vol/deg F 

Hydrocarbon Type 

D1319 v o l  % 
i !  I !  

I I  I I  

NMR vo l  % 
H t l  

8! DJ 

Olefin Mass Spectrometer 

D2OO3/MS vol % 
11 J! 

I I  I I  

I I  I I  

I I  I I  

I I  I I  

Analysis 

Total 

Total 

Analysis 

Total 

50913002 
83-20 

69.5 
0.7033 

91 
1.4030 

0.035 
6 
0.099 
4 

99/110 
117/126 
138/151 
164/183 
197/219 
254/295 
334 
98.5 
1.0 
0.5 

39.5 
51.3 
9.2 

100.0 

47.3 
41.4 
11.3 

100.0 

30.6 
10.4 
45.6 
13,1 
0.3 
0.0 

100.0 
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Naphtha Component Analysis by Cap i l l i a ry  GC and 

CSI Log # 
API Designation 

Component ID b~ GC/M S 

Isobutane 
Isobutene + 1-Butene 
n Butane 
t-2-Butene 
c-2-Butene 
3-Methyl-l-butene 
Isopentane 
1-Pentene 
2-Methyl-l-butene 
n Pentane 
2-Methyl- l ,3-butadiene 
t-2-Pentene 
3,3-Dimethyl- l-butene 
c-2-Pentene 
2-Methyl-2-butene 
t-1,3-Pentadiene 
2,2-Di methyl butane 
2,4-Dimethylbutane + 
Cyclopentene 
4-Methyl-l-pentene 
3-Methyl-l-pentene 
Cyclopentane 
2,3-Dimethylbutane 
2,3-Dimethyl- l-butene 
4-Methyl-c-2-pentene 
4-Methyl-t-2-pentene 
2-Hethylpentane 
3-Methylpentane 
2-Methyl-l-pentene 
1-Hexene 
n-Hexane + 2-Ethyl- l -butene 
c-3-Hexene 
t-3-Hexene 
t -2 -Hexene  
2-Methyl-2-pentene 
3-Methylcyclopentene 
3-Methyl-c-2-pentene 
4-Methylcyclopentene 
3-Methyl-t-2-pentene 
c-2-Hexene 
2,2-Dimethylpentane 
Methylcyclopentane + C6 Olefin 
2,4-Dimethylpentane 
C7 Olefin 

Cycl opent adi ene 

Component ID 
by Cap GC 

~r 

i t  

i t  

i t  

i t  

i t  

i t  

i t  

i t  

i t  

~r 

i t  

i t  

i t  

~r 

i t  

~r 

i t  

i t  

I r  

i t  

i t  

i t  

i t  

~r 

~r 

~r 

unknown 

GC/MS 

50913002 
83-20 

Wt. % 

0.47 
0.52 
0.27 
0.40 
0.54 
0.32 
6.74 
1.00  
0.40 
0.88 
0,02 
2.90 
0.03 
1.67 
4.70 
0.02 
0.03 
0.01 
0.60 
0.16 
0.22 
0.15 
0.91 
0.12 
0.20 
0.47 
4 . 0 4  
2.79 
0.28 
0.49 
1.56 
0.68 
0.30 
1.41 
2.49 
0.51 
1,17 
0.25 
0.93 
2.08 
0.01 
2.69 
0.39 
0.63 
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Naphtha Component Analysis by Cap i l l i a r y  GC and GC/MS 

CSI Log # 50913002 
API Designation 83-20 

Component ID 
Component ID by GC/MS by Cap GC Wt. % 

C7 Dlef in unknown 0.01 
2,2,3-Trimethyl butane * 0.02 
C 7 0 l e f i n  unknown 0.02 
C7 Cyc lo-o le f in  unknown 0.06 
C 7 0 l e f i n  unknown 0.03 
1-Methyl cycl opentene * 2.17 
Benzene • 1.53 
C 7 0 l e f i n  unknown 0.05 
C 7 0 l e f i n  unknown 0.03 
3,3-Dimethyl pentane * 0.01 
C 7 0 l e f i n  unknown 0.2! 
C 7 0 l e f i n  unknown 0.06 
Cycl ohexane * 0.22 
C 7 0 l e f i n  unknown 0.19 
C7 Cyc lo-o le f in  unknown 0.04 
C7 CycI o -o le f i n  unknown 0.04 
C7 Cyc lo-o le f in  + C 7 0 l e f i n  unknown 0.16 
C 7 0 l e f i n  unknown 0.38 
C7 Dlef in unknown 0.20 
2,3-Dimetbyl pentane * 0.60 
2-Me:hyl hexane * 2.49 
I ,  1- Dimethyl cycl opent ane * 0.03 
C7 Cyc lo-o le f in  unknown 0.30 
3- Methyl hexane * 2.22 
C 7 0 l e f i n  unknown 0.18 
t -  I ,  3- Dimethyl cycl opentane * O. 97 
C 7 0 l e f i n  unknown 0.06 
C7 Paraf f in unknown 0.09 
c- 1,3-Dimethyl cycl opentane * 0.77 
C 7 0 l e f i n  unknown 0.20 
3-EthyIpentane * (J.13 
C 7 0 l e f i n  unknown 0.20 
2,2,4-Trimethyl pentane * 0.00 
t -1,2-Dimethylcycl  opentane * 0,43 
c 7 0 l e f i n  unknown 0.03 
C8 Cyc] o -o le f in  unknown 0.01 
C 7 0 l e f i n  unknown 0.27 
C 7 0 l e f i n  unknown 1.16 
C 7 0 l e f i n  unknown 1.63 
n Heptane * 1.22 
C 7 0 l e f i n  unknown 0.37 
C 7 0 l e f i n  unknown 0.50 
C 7 0 l e f i n  unknown 0.23 
C 7 0 l e f i n  unknown 0.01 
C~ Olef in unknown 1.11 

35 



Naphtha Component Analysis b~ Capi l l ia r~  GC and 

CSI Log # 
API Designation 

Component ID 
Component ID by GC/MS b~ Cap GC 

GC/MS 

50913002 
83-20 

klt. % 

C80 le f i n  unknown 0.63 
C80 le f i n  unknown 0.08 
C80 le f i n  unknown 0.03 
C70 le f in  unknown 0.07 
C70 le f i n  unknown 0.09 
C70 le f i n  unknown 0.01 
C8 Paraff in unknown 0.01 
Methyl cycl ohexane + 

c - I ,  2- Dimethyl cycl opentane * 1.53 
C8 Cyclo-olef in unknown 0.04 
2,2-Dimethylhexane + C7 Naphthene * 0.14 
C8 Cyclo-olef in unknown 0.04 
C70 le f in  unknown 0.07 
C8 Paraffin + C80 le f i n  unknown 0.15 
C7 Cyclo-olef in unknown 0.16 
2,5-Dimethyl hexane + 

Ethyl cycl opentane * 0.45 
C8 Paraff in unknown 0.21 
2,4-Dimet)~yl hexane + 

2,2,3-Tri  methyl pentane * 0.31 
C80 le f i n  unknown 0.03 
C80 le f i n  unknown 0.12 
a 1,2,4-Tr i  methyl cycl opentane * 0.27 
3,3- Dimethyl hexane * 0.01 
C8 Cyclo-olef in unknown 0.08 
C80 le f i n  unknown 0.05 
C7 Cycl o-o lef i  n unknown 1.14 
C80 le f in  unknown 0.26 
a 1,2,3-Trimethyl cycl opentane * 0.09 
Toluene * 5.72 
C80 le f i n  unknown 0.09 
C80 le f in  unknown 0.16 
C80 le f i n  unknown 0.16 
C8 Cycl o-o lef in  unknown 0.40 
C80 le f i n  unknown 0.08 
2,3- Dimethy I hexane * 0.14 
C80 le f i n  unknown 0.04 
C8 Paraffin unknown O.OB 
C80 le f i n  unknown 0.04 
C80 le f in  unknown D.08 
C8 Paraff in unknown 0.03 
C80 le f in  unknown 0.06 
2-Methyl heptane * 0.79 
C8 Paraffin unknown 0.03 
4-Methyl heptane * 0.25 
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Naphtha Component Anal},sis b~ Cap i l l i a r~  GC and 

CSI Log # 
API Designation 

Component ID 
Component ID by GC/MS by Cap GC 

GC/MS 

50913002 
83-20 

Wt. % 

C8 Paraf f in unknown 0,07 
C8 Paraf f in unknown 0.05 
C8 Paraf f in unknown 0,13 
C8 Paraf f in unknown 0.01 
3-Methyl heptane * 0.71 
C8 Naphthene unknown 0,11 
C 8 0 l e f i n  unknown 0.09 
C8 Naphthene unknown 0.31 
C 8 0 l e f i n  unknown 0.09 
t-1,4-Dimethyl cycl ohexane * 0,11 
C 8 0 l e f i n  unknown 0.06 
C 8 0 l e f i n  unknown 0.06 
C 8 0 l e f i n  unknown 0.10 
C 8 0 l e f i n  unknown 0.35 
C 8 0 l e f i n  unknown 0.01 
1,2,3-Tr i  methyl cycl opentane * 0.22 
C 8 0 l e f i n  unknown 0.33 
C 8 0 l e f i n  unknown 0.06 
a Dimethylcyclohexane * 0,17 
C 8 0 l e f i n  unknown 0.04 
l-Methyl - 1-ethyl cycl opentane * 0.07 
C80l.ef i  n unknown 0.18 
C 8 0 l e f i n  unknown 0.09 
C 8 0 l e f i n  unknown 0.03 
C 8 0 l e f i n  unknown 0.11 
C 8 0 l e f i n  unknown 0.05 
C8 Naphthene unknown 0.05 
C 8 0 l e f i n  + C 9 0 l e f i n  unknown 0.46 
C9 Cyc lo -o le f in  unknown 0.02 
n Octane + t-1,2-Dimethylcyclohexane * 0.26 
C 8 0 l e f i n  unknown 0.03 
C 8 0 l e f i n  unknown 0.07 
C8 Naphthene unknown 0.21 
C 8 0 l e f i n  unknown 0.01 
C 8 0 l e f i n  unknown 0.03 
C 8 0 l e f i n  unknown 0.01 
c9 Naphthene unknown 0.05 
C8 Cyc lo-o le f in  unknown 0.04 
C8 Cyc lo-o le f in  + C 9 0 l e f i n  unknown 0.08 
C 9 0 l e f i n  unknown 0.06 
C9 Paraf f in unknown 0.01 
C9 Cyc lo-o le f in  unknown 0.02 
C 9 0 l e f i n  unknown 0.03 
I sopropy I cycl opent a ne * 0.07 
C 9 0 l e f i n  unknown 0.02 

37 



Naphtha Component 

CSI Log # 
API Designation 

Component ID by GC/MS 

2,6-Dimethylheptane 
C90 le f in  
c-1,2-Dimethylcyclohexane 
C8 Naphthene 
C9 Paraff in 
C90 le f i n  
C8 Naphthene 
C9 Cyclo-olef in 
C9 Naphthene 
C90 le f i n  
C90 le f i n  
3,3 + 3,5-Dimethylbeptane 
C9 Paraff in 
Ethyl benzene 
I ,3,5-Trimethyl cycl ohexane 
I ,1,4-Trimethyl cycl ohexane 
C9 01 ef i  n 
C9 Naphthene 
C90l e l i  n 
C90 le f i n  
C90l ef i  n 
m-Xylene 
C9 Napbthene 
p-Xylene 
C9 Naphthene 
C90 le f i n  
C90l ef i  n 
C9 Naphthene 
C9 Cyclo-olef in 
C9 Naphthene 
C90l e l i  n 
C90 le f i n  
2,3,Di methyl heptane 
C90 le f i n  
C9 Cyclo-olef i  n 
C9 Paraff in 
C9 Paraff in 
C90 le f i n  
C9 Paraff in 
C90 le f i n  
C9 Naphthene 
C90 le f i n  
4-Methyl octane 
2-Methyloctane 
C9 01 ef i  n 

Analysis by Capilliar#" GC and 

Component ID 
by Cap GC 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
u nk nown 
unknown 
unknown 

unknown 

GC/MS 

50913002 
83-20 

Wt. % 

0.06 
0.11 
0.07 
0.01 
0.14 
0.04 
0.08 
0.03 
0.03 
0.03 
0.01 
0.18 
0.03 
0.90 
0.02 
0.04 
0.02 
0.03 
0.01 
0.01 
0.01 
2.49 
0.03 
0.75 
0.04 
0.02 
0.03 
0.01 
0.05 
0.02 
0.01 
0.04 
0.04 
0.01 
0.03 
0.01 
0.01 
0.01 
0.02 
0.01 
0.03 
0.03 
0.16 
0.20 
0.03 
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Naphtha Component Analxsis bx Cap i l l i a r~  GC and GC/MS 

CSI Log # 50913002 
API Designation 83-20 

Component ID 
Component ID b~, GC/MS by Cap GC Wt. % 

C9 Olef in unknown 0.01 
C9 Olefin unknown 0.02 
C9 Paraf f in  unknown 0.04 
o-Xyl ene * 1.07 
3-Methyl octane * 0.20 
C 9 0 l e f i n  unknown 0.01 
C9 Naphthene unknown 0.01 
C 9 0 l e f i n  unknown 0.05 
C9 Naphthene unknown 0.04 
C 9 0 l e f i n  unknown 0.03 
C9 Naphthene unknown 0.01 
C9 Naphthene unknown 0.03 
C 9 0 l e f i n  unknown 0.03 
C9 Dlef in unknown 0.01 
i ,1,2-Trimethyl cycl ohexane * 0.02 
C 9 0 l e f i n  unknown 0.07 
C9 Naphthene unknown 0.04 
C9 Olefin unknown 0.04 
C9 Naphthene unknown 0.06 
C 9 0 l e f i n  unknown 0.06 
C9 Naphthene unknown 0.02 
n-Nonane * 0.01 
C 9 0 l e f i n  unknown 0.03 
Isobutyl cycl opentane * 0.02 
CI0 Naphthene unknown 0.01 
C 9 0 l e f i n  unknown 0.03 
C 9 0 l e f i n  unknown 0.02 
n Nonane * 0.10 
C 9 0 l e f i n  unknown U.01 
C9 Naphthene unknown 0.01 
I sopropyl benzene * L) .03 
C9 Naphthene unknown 0.04 
c9 Naphthene unknown 0.01 
C10 Cyc lo-o le f in  unknown 0.01 
CI0 Paraf f in  unknown 0.01 
CI00lefin unknown 0.01 
C9 Napbtbene unknown 0.01 
C10 Olefin unknown 0.01 
C9 Naphthene unknown 0.03 
C10 Olefin unknown 0.03 
2,2 Di methyl octane * 0.03 
C9 Naphthene unknown 0.01 
C9 Naphthene unknown 0.01 
C9 Naphthene unknown 0.01 
CI0 Paraf f in unknown 0.03 
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Naphtha Component Anal),sis b~/ 

CSI Log # 
API Designation 

Component ID by GC/MS 

cg Naphthene 
C9 Naphthene 
C10 Paraff in 
C10 Naphthene 
n-Propyl benzene 
2,6-Dimethyl octane 
C10 Ol ef i  n 
3,3-Dimethyloctane + CI0 Naphthene 
1-Methyl-3-ethylbenzene 
C10 Naphthene 
1-Methyl-4-ethylbenzene 
C10 Naphthene 
C10 Naphthene 
CI0 Paraff in 
CI0 Naphthene 
CI0 Paraff in + C10 Naphthene 
1,3,5-Trimethylbenzene 
C I 0 0 l e f i n  
2,3-Dimethyloctane 
C10 Olefi n 
1- Methyl - 2-et hyl benzene 
C10 Paraff in 
4-Methylnonane 
CIO Olefin 
2-Methylnonane 
C I 0 0 l e f i n  
3-Ethyloctane 
3-Methylnonane 
CI0 Dinaphthene 
1,2,4-Tri  methyl benzene 
C10 Ol ef i  n 
C10 Naphthene 
CI0 Dlefin 
Isobutylcyclohexane 
C10 O l e f i n  
Isobutylbenzene 
ClO Naphthene 
s-Butylbenzene 
n-Decane 
CI0 Naphthene 
1,2,3-Trimethylbenzene + 

1-Methyl-3-isopropylbenzene 
CI0 Cyclo-olef in 
Indan 
C10 Naphthene 

Capi I l iar~ GC and 

Component ID 
by Cap GC 

unknown 
unknown 
unknown 
unknown 

unknown 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

unknown 
unknown 
unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

GC/MS 

50913002 
B3-20 

Wt. % 

0.01 
0.02 
0.02 
0.03 
0.14 
0.05 
0.02 
0.03 
0.68 
0.02 
0.26 
0.01 
0.01 
0.01 
0.01 
0.01 
0.30 
0.02 
0.04 
0.01 
0.20 
0.03 
0.05 
O.02 
0.07 
0.02 
0.01 
0.06 
0.01 
0.86 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.03 
0.05 
0.01 

0.21 
0.01 
0.15 
0.01 

m 
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Naphtha Component Analysis by Capi l l ia ry  GC and 

CSl Log # 
API Designation 

Component ID by GC/MS 

Cli Paraff in 
Cli Paraff in 
Cll Paraff in 
1,3-Diethyl benzene 
C10 Naphthene 
1- Methyl -3-n-propyl benzene 
Cll Paraff in 
1- Methyl -4-n-propyl benzene 
n-Butyl benzene 
Cll Naphthene 
1,2-Di ethyl benzene 
1,4- Diethyl benzene 
l-Methyl -2-n-propyl benzene 
C11 Naphthene 
Cll Naphthene 
Cll Paraff in 
1,4-Di methyl -2-et hyl benzene 
C11 Paraff in 
i ,  3-Dimethyl -4-ethyl benzene 
Cll Paraff in 
Methyl indan 
1,2-Dimethyl -4-ethyl benzene 
C11 Paraff in 
Cll Naphthene 
C11 Aromatic 
C11 Indan/Tetral in 
Cli Aromatic 
n-Undecane 
I ,  2,4,5-Tetramethyl benzene 

Cli Aromatic 
I ,2,3,5-Tetramethyl benzene 
Cli Aromatic 
Cll Indan/Tetral i  n 
N.D. 
Cll Aromatic 
Cli Aromatic 
Cll Indan/Tetral in 
Cli Aromatic 
Cll Aromatic 
Cll Indan/Tetral in 
C11 Aromatic 
Cll Aromatic 
Cli Aromatic 
C11 Aromatic 
Naphthalene + C11 O l e f i n  

Component ID 
by Cap GC 

unknown 
unknown 
unknown 

unknown 

unknown 

unknown 

unknown 
unknown 
unknown 

unknown 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

GC/MS 

50913002 
83-20 

Wt. % 

0.01 
0.01 
0.02 
0.06 
0.01 
0.11 
0.02 
0.06 
0.03 
0.01 
O .11 
0.01 
0.04 
0.01 
0.01 
0.02 
0.07 
0.01 
0.07  
0 ,O2 
0.03 
0.19 
0.02 
0.01 
0.01 
0.03 
0.01 
0.03 

0.06 
0.06 
0.02 
0.08 
0.02 
0.01 
0.01 
0.08 
0.03 
0.02 
0.03 
0.04 
0.01 
0.02  
O.02 
0 .08  
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Naphtha Component Analysisby Cap i l l i a r x  GC and 6C/MS 

CSI Log # 50913002 
API Designation 83-20 

Component ID 
Component ID by GC/MS by Cap GC Wt. % 

Cll Indan/Tetralin unknown 0.01 
C12 Aromatic unknown 0.01 
C11 Aromatic + C11 Indan/Tetralin unknown 0.08 
C11 Indan/Tetralin unknown 0.02 
C12 Aromatic + C12 Indan/Tetralin unknown 0.04 
Cll Aromatic unknown 0.01 
C12 Indan/Tetralin unknown 0.01 
n-Dodecane * 0.02 
Cli Aromatic unknown 0.02 
Cll Indan/Tetrali n unknown 0.01 
Cll Aromatic unknown 0.01 
2-Methylnaphthalene - 0.01 
1-Methylnaphthalene * 0.01 
n-Tridecane * 0.01 

I00.00 

Note: * indicates that cap i l l i a r y  GC ID matches that of GC/MS 
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Polxnuclear Aromatics Data Presentat ion 

CSI Log # 
API Designation 

50913002 
83-20 

Component 

Indene 
Naphthalene 
l-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimethylnaphthalene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz[a]anthrancene 
Chrysene 
Benzo[b]fluoranthene 
Benzo[k]fluoranthene 
Benz[a]pyrene 
Benzo[g,h , i ]pery lene 
Indeno[1 ,2 ,3 ,c ,d ]pyrene 
Peryl ene 
Di benz[a,h]anthracene 
Di benzo[def, p]chrysene 
~,lO-Dimethylanthracene 
2-Methylanthracene 
Benzo[a]f luorene 
Dibenzo[a,e]pyrene 
Benzo[b]chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Di benz [a ,h ]acr id i  ne 
Dibenzo[a,h]pyrene 
3-Metnylcholanthrene 
2,3-Benzofluorene 
Benzo [g ,h , i ] f l uo ran thene  
Naphtho[1,2,3,4,def ]cnrysene 

Note: * Indicates data by GC/MS 

ppm(wt/vol ) 

2.9 
240 

50 
100 

0.5 * 
1.1 * 

0.3 * 
2.9 * 
0.42 * 

< 1.0 
< 0 . 5  * 
< 0 . 5  * 
< 0 . 3  
< 0.6 
< 0.3 
< 0.15 
< 0.15 
< 0.6 
< 0.6 
< 1.0 
< 0.3 
< 0.12 
< 2.0 * 
< 2.0 * 
< 2.0 * 
< 0.18 
< 0.18 
< 0.6 
< 0 . 2  
< 0.18 
< 0,08 
< 0.4 
< 0.04 
< 2.0 * 
< 1.0 
< 0.06 
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CA% ~ 
Naphtha Data Presentation 

CLI Log # 
API Description. 

DC1245 
83-04 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Distillation 
IBP/5 
lO/2O 
30/40 
50160 
70/80 
90/95 
End Point 
Received 
Residue 
Loss 

D287 
D287 
D2224 

@60 
@15 C 
gm/mol 
RI units @19 C 

D3120 ppm/wt 
Chemil. ppm/wt 
NAA wt % 
coulom, ppm/wt 

D86 vol/deg F 

56.0 
.7539 

90 
1.4289 

<i 
<I 
N.A. 
2 

120/137 
149/167 
181/204 
2o9/215 
222/234 
247/257 
277 
99.5 
0.5 
0.0 

Hydrocarbon Type Analysis 

Saturates 
01efins 
Aromatics 

D1319 vol % 

W • 

Total 

58.9 
1.1 

i00.0 

Mass Spectrometer Analysis (D27891 

Paraffins 
Naphthenes 
Aromatics 
Indans/Tetralins 
Naphthalenes 

D2789/MS vol % 
W • 

• W 

Total 

52.1 
5.4 

42.1 
0.4 
0.0 

I00.0 
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NaPhtha Component Analysis bv Capillary GC and GC/MS 

CLI Log # 
API Designation 

DC-1245 
83-04 

Component ID 
bv GC/MS 

Component ID 
bv CaD GC Wt % 

Iso-Butane 
n-Butane 
Iso-Pentane 
l-Pentene 
2-Methyl-l-butene 
n-Pentane 
trans-2-Pentene 
cis-2-Pentene 
2-Methyl-2-butene 
2,2-Dimethylbutane 
Cyclopentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
Hexene-I 
n-Hexane 
C6 01efin 
C6 01efin 
cis-2-Hexene 
trans-2-Hexene 
C6 01efin 
C7 Paraffin 
Methylcyclopentane 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
Benzene 
3,3-Dimethylpentane 
Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 
l,l-Dimethylcyclopentane 
3-Methylhexane 
cis-l,3-Dimethylcyclopentane 
trans-l,3-Dimethylcyclopentane 
2-Ethylpentane 
trans-l,2-Dimethylcyclopentane 
n-Heptane 
C7 Naphthene or olefin 
C7 Naphthene or olefin 
cis-l,2-Dimethylcyclopentane 
Methylcyclohexane 

e 

unknown 
unknown 

unknown 
N.D. 

* 

unknown 
unknown 

0.01 
0.05 
5.49 
0.01 
0.02 
4.35 
0.02 
0.01 
0.06 
0.61 
0.17 
0.74 
4.17 
3.21 
0.01 
3.93 
0.01 
0.02 
0.01 
0.01 
0.01 
0 . 5 9  
1.19 
1.17 
0.03 
5.02 
0.96 
0.13 
3.96 
1.54 
0.14 
4.79 
0.14 
0.11 
0.64 
0.18 
3.53 
0.03 
0.02 
0.07 
0.19 
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Naphtha Component Analysis bv Capillary GC and GC/MS 

CLI Log | 
API Designation 

DC-1245 
83-04 

Component ID 
bY GC/MS 

Component ID 
bv CaD GC Wt % 

Ethylcyclopentane 
2,4-Dimethylhexane 
1,2,4-Tr Imethylcyclopent ane 
2,2,3-Tr imethylpent ane 
C8 Naphthene 
Toluene 
3,3-Dimet hylhex an e 
2,3,4-Tr imethylpent ane 
2-Methylheptane 
4-Methylheptane 
3,4-Dimet hylhexane 
3-Methylheptane 
3-Met hyl-3-et hylpentane 
C8 Paraffin 
C8 Naphthene 
1-Methyl- 1-ethylcyclopent ane 
1,2,3-Tr imet hylcyc lopentane 
n-Octane 
2,4,4-Tr imethylhexane 
2,3,5-Tr imethylhexane 
2,2-Dimet hylheptane 
2,2-D imet hy i - 3-et hylpent an e 
2,4-Dimet hylheptane 
Ethylbenzene 
p-Xylene 
m-Xyl en e 
N.D. 

4-Methyloctane 
2-Methyloctane 
3-Methylootane 
2,2,4,5-Tet ramethylhexane 
o-Xylene 
N.D. 
n-Nonane 
n-Propylbenzene 
1-Methyl- 3-ethylbenzene 
1-Met hyl-4-et hylben zene 

* 0.38 
* 0.68 
* 0.05 
* 0.16 

1,2,4 Trimethylcyclopentane 0.02 
* 28.75 
* 0.39 
* 0.10 
* 1.47 
* 0.75 
* 0.22 
* 2.23 
* 0.29 
* 0.04 
unknown 0.08 
unknown 0.08 
unknown 0 . 0 9  
* 1.27 
unknown 0.01 
unknown 0.02 
* 0.05 
unknown 0.05 
fused 0.I0 
* 3.24 
* 2.82 
* 6.37 

3,4 Dimethylheptane 0.08 
* 0.17 
* 0.18 
unknown 0.03 
unknown 0.13 
* 2.19 

Isopropylbenzene 0.04 
* 0.06 
* 0.01 
unknown 0.04 
unknown 0.01 

Total i00.00 

NOTE: *Indicates capillary GC ID matches that of GC/MS. 
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Polvnuclear Aromatics Data Presentation 

CLI Log # 
API Designation 

DC-1245 
83-04 

Indene 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimethylnapht hal ene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz [a] anthranoene 
Chrysene 
Benzo [b] fluoranthene 
Benzo [k ] f!uoranthene 
Benz [a] pyrene 
Benzo [g, h, i ] perylene 
Indeno [1,2,3,c,d]pyrene 
Perylene 
Dibenz [a, hi anthracene 
Dibenzo [def,p] chrysene 
9,10-Dimethylanthr acene 
2-Methylanthracene 
Benzo [a] fluorene 
7,12-Dimethylbenzene [a] anthracene 
Dibenzo [a, e] pyrene 
Benzo [b] chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Dibenz [a,h] acridine 
Dibenzo [a,h]pyrene 
3-Methylcholanthrene 
2,3-Benzo fluorene 
Benzo [g,h,i] fluoranthene 
Naphtho [i, 2,3,4,def]chrysene 

0.014 * 
0.83 * 
0.07 * 
0.14 * 

<0.04 * 
<0.039 * 
<0.06 * 
<0.i * 

0. 026 * 
<0.011 
< 0 . 0 2  * 
< 0 . 0 2 9  
<O.020 
<0.10 
<0.002 
<0.0004 
<0.003 
<0.003 
<0.003 
<0.009 
<0.005 
<0.002 
<0.029 
<0.085 
<0.047 
<0.0012 
<0.003 
<0.003 
<0.014 
<0.005 
<0.003 
<0.0013 
<0.007 
<0.0008 
<0.08 
<0.016 
<0.0010 

Note: * Indicates data by GC/MS 
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cXs I- 

Naphtha Data Presentation 

CSI Log # 
API Description. 

50719001 
83-19 

API Gravity D287 @60 
Density D287 @15 C 
Molecular Weight D2224 gm/mol 
Refractive Index RI units 

Total Sulfur D3120 ppm/wt 
Total Nitrogen Chemil. ppm/wt 
Total Oxygen NAA wt % 
Total Chloride coulom, ppm/wt 

D i s t i l l a t i on  
IBP/5 
10/20 
30/40 
50/60 
70/8O 
90/95 
End Point 
Received 
Residue 
Loss 

D86 vol/deg 

@20 

71.3 
0.6970 

111 
1.3925 

30 
<1 
<0.02 
3 

981135 
155/186 
199/214 
223/229 
232/238 
251/277 
347 
98.0 
1.0 
1.0 

Saturates 
Olefins 
Aromatics 

Hydrocarbon T,vpe 

D1319 vol 
I I  |I 

II n 

Analysis 

% 

Total 

99.9 
<0.1 
<0.1 

I00.0 

Mass Spectrometer Analysis (D2789) 

Paraffins 
Naphthenes 
Olefins 
Aromatics 
Indans/Tetralins 
Naphthalenes 

D2789/MS vol 
el U 

II I I  

I I  I I  

I I  I I  

I I  I I  

Total 

99.4 
0.6 
0.0 
0,0 
0.0 
0 .0  

I00.0 
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Naphtha Component 

CSI Log # 
API Oesignation 

Component IO by GC/MS 

Isobutane 
n-Butane 
Isopentane 
n-Pentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
C7 isoparaf f in  
2,3-Dimethylpentane 
3-Methylhexane 
2,2,4-Trimethylpentane 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
2,3,4-Trimethylpentane 
2,3,3-Trimethylpentane 
2,3-Dimethylhexane 
CB isoparaf f in  
C8 isoparaf f in  
CB isoparaf f in  
2,2,5-Trimethylbexane 
C9 isoparaf f in  
C9 isoparaf f in  
2,3,5-Trimethy]hexane 
C9 isoparaf f ln  
C9 
C9 
C9 
C9 
C9 
C9 
C9 
C9 
C9 
C9 
C10 
C10 
C10 
CI0 
C10 
C1~ 
C10 
CI0 

isoparaf f in  
i so )a ra f f l n  
i so )a ra f f i n  
i so )ara f f l  n 
i so)araf f i  n 
i so )a ra f f i n  
i so )a ra f f i n  
i so )a ra f f l n  
isoparaf f in  
isoparaf f in  
isoparaff  n 
isoparaf f ln  
i soparaffl n 
isoparaf f ln  
i soparaffl n 
isoparaf f ln  
i soparaf f l  n 
isoparaff n 

Analysis by Cap i l l i a ry  GC and 

Component ID 
by Cap GC 

t 

t 

unknown 

unknown 
unknown 
unknown 

unknown 
unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

GC/MS 

50719001 
83-19 

Wt % 

0.39 
3.44 
7.68 
0.06 
4.43 
1.14 
0.50 
3.04 
0.24 
0.24 
1.65 
0.17 

25.70 
3.71 
4.78 

11.42 
13.65 
2.77 
0.07 
0.43 
0.06 
5.62 
0.05 
0.13 
0.81 
0.09 
0.12 
0.28 
0.06 
0.08 
0.04 
0.15 
0.05 
0.42 
0 .B1 
0.54 
0.34 
0.22 
0.06 
0.12 
I .39 
0.27 
0.11 
0.18 
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Naphtha Component Analxsis b~ Capi l l ia r~ GC and GC/MS 

CSI Log # 50719001 
API Designation 83-19 

Component ID 
Component ID by GC/MS by Cap GC Wt % 

CIO 
CIO 
ClO 
CIO 
C10 
Cll 
Cii 
CII 
Cll 
Cli 
Cll 
Cli 
Cll 
Cll 

isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f in  
isoparaf f ln  
i soparaffl n 
isoparaf f ln  
isoparaf f ln 
i soparaffl n 
isoparaff n 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

0 .I0 
0.20 
0.06 
0.11 
0.06 
0.i0 
0.49 
0.16 
0.46 
0.0g 
0.21 
0.06 
0.15 
0.10 

Total i00.00 

Note: * indicates that Cap GC ID matches that of GC/MS. 

27 



Polynuclear Aromatics Data Presentation 

CSI Log # 
API Designation 

50719001 
83-19 

Component 

Indene 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1.4-Dimethylnaphthalene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz[a]anthrancene 
Chrysene 
Benzo[b]fluoranthene 
Benzo[k]fluoranthene 
Benz[a]pyrene 
Benzo[g,h,i]perylene 
Indeno[1,2,3,c,d]pyrene 
Perylene 
Dibenz[a,h]anthracene 
Dibenzo[def,p]chrysene 
9,10-Dimethylanthracene 
2-Methylanthracene 
Benzo[a]fluorene 
7,12- Dimethyl benzene[a ]anthracene 
Di benzo[a,e]pyrene 
Benzo[b]chrysene 
Picene 
p-QuarterphenYl 
Coronene 
Di benz [ a, h ]acri dine 
Di benzo[a,h]pyrene 
3-Methylchol anthrene 
2,3-Benzofluorene 
Benzo[g,h,i]fluoranthene 
Naphtho[1,2,3,4,def]chrysene 

ppm(wt/vol ) 

<2.0" 
17 * 
8 * 

15 * 
<0.5 
<0.5 
<0.4 
<1.0 
<1.0 
<0.01 
<1.0 
<0.2 
<0.02 
<0.2 
<0.004 
<0.002 
<0.015 
<0.06 
<0.02 
<0.09 
<0.04 
<0.02 
<0.3 
<0.8 
<0.8 * 
<0.01 
<0.03 
<0.03 
<0.14 
<0.05 
<0.03 
<0.013 
<0.07 
<0.008 

<0.8 
<0.15 
<0.01 

Note: * Indicates data by GC/MS 
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Naphtha Data Presentation 

CSI Log # 
API Description, 

50913001 
83-06 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Di st i  I l ati on 
IBP/5 
10120 
30/40 
50/60 
70180 
90/95 
End Point 
Received 
Residue 
Loss 

D287 
D287 
D2224 

D3120 
Chemil. 
NAA 
coulom. 

D86 

@60 
@15 C 
gm/mol 
RI units 

ppm/wt 
ppm/wt 
wt % 
ppm/wt 

vol/deg F 

34.0 
0.8541 

106 
I .4885 

< 2 
< 1 
< 0.02 

5 

253/265 
268/275 
279/285 
290/296 
307/315 
334/342 
360 
99.0 
1.0 
0.0 

Saturates 
Olefins 
Aromatics 

Hxdrocarbon Txpe 

D1319 vol 
¢I I I  

( !  )! 

Analysis 

Total 

7.2 
<0 .1  
92.8 

100.0 

High 

Paraff ins 
Naphthenes 
Olefins 
Aromatics 
Indans/Tetralins 
Naphthalenes 

Olefin Mass Spectrometer 

D2OO3/MS vol 
g! JJ 

I I  U 

I I  U 

II J| 

% 

Analysis 

Total 

9.4 
0.1 

<0.1 
89.8 
0.6 
0.1 

I00.0 
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Naphtha Component Analysis by C a p i l l i a r y  GC and GC/MS 

CSI Log # 50913001 
API Designation 83-06 

Component ID 
Component ID by GC/MS by Cap GC Wt. % 

3,3-Di methyl hexane * 0.03 
Toluene * 15.08 
2,3-Di methyl hexane * 0.28 
2- Methyl heptane * I .  14 
4-Methyl heptane * 0.78 
3- Methylheptane * 0.73 
C8 Para f f in  unknown 0.96 

• 0 . 2 6  3-Ethylhexane 
C8 Napbthene unknown 0.01 
t -1 ,2-Dimethy l  cycl ohexane * 0.02 

• 1 . 3 7  n Octane 
2 ,3 ,5-Tr imethy l  hexane * 0.02 
2,2-Di methyl hept ane * 0.06 
2,4-Dimethyl heptane * 0.09 
1 ,1 ,3 -T r i  methyl cycl ohexane * 0.01 
C9 Para f f in  unknown 0.02 
2,6-Di methyl heptane * 0.07 
2,5 + 3,5-Dimethylheptane * 0.22 
3,3-Di methyl heptane * 0.08 
Ethyl benzene * 7.38 
m-Xyl ene * 16.50 

• 5 . 5 1  p-Xylene 
2,3 + 3,4-Dimethylheptane * 0.09 
C9 Paraf f in  unknown 0.06 
4-Methyl octane * 0.29 
2-Methyl octane * 0.32 
C9 Para f f in  unknown 0.08 
3-Methyl octane * 0.40 

• 9 . 2 8  o-Xyl ene 
• 0.33 n Nonane 

I sopropyl benzene * 0.59 
Z,Z D imethy l  oc tane  * 0.OZ 
2 ,6  + 3 , 6 - D i m e t h y l o c t a n e  * 0 .02  
n - P r o p y l  benzene * 2 .06 
l - M e t h y l  - 3 - e t h y l  benzene * 5.71 
I -  Methyl -4 -e thy l  benzene * 2.56 
I ,  3 ,5-Tr imethyl  benzene * 2.65 
C10 Para f f in  unknown 0.02 
l-Methyl - 2-ethyl  benzene * 2.45 
3- Methyl nonane * 0.06 
I ,2 ,4-Tr imethy l  benzene + * 

t -Bu ty l  benzene * 9.85 
I sobutyl benzene * 0.15 
s-Butyl benzene * 0.17 
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Naphtha Component Analysis by C a p i l l i a r y  GC and 

CSI Log # 
API Designation 

Component ID by GC/MS 
Component 
by Cap GC 

n-Decane 
1,2,3-Trimethyl benzene * 
1-Methyl-3- i  sopropyl benzene * 
l-Methyl -4- i  sopropyl benzene * 
Indan 
Indene * 
1-Methyl -2 - i  sopropyl benzene * 
I ,  3-Diethyl benzene * 
l-Methyl - 4-n-propyl benzene * 
n-Butyl benzene * 
1,2-Di ethyl benzene * 
I ,4- Diethyl benzene * 
l-Methyl - 2- n-propyl benzene * 
1,4- Dimethyl -2-ethyl  benzene * 
1,3-Dimethyl -4-ethy l  benzene * 
1,2- Dimethyl -4-ethyl  benzene * 
I ,  3-Dimethyl -2-ethy l  benzene * 
1,2-Dimethyl -3-ethy l  benzene * 
Cll Aromatic unknown 
I ,2,4,5-Tetramethyl benzene * 
I ,  2,3,5-Tet ramethyl benzene * 
Methyl i ndan 
1,2,3,4-Tetramethyl benzene * 
Cli Aromatic + CIO Indan/Tetral in unknown 
Cll  Aromatic + C10 Indan/Tetra l in  unknown 
C11 Aromatic unknown 
C11 Aromatic unknown 
Cll  Aromatic unknown 
Cli Aromatic unknown 
Cli  Aromatic + Cli Indan/Tetra l in  unknown 

~r 
Naphthalene 
Cli  Aromatic + C11 Indan/Tetra l in  unknown 
Cli Aromatic unknown 

ID 

Total 

GClMS 

50913001 
83-06 

Wt. % 

0.05 
2.13 
0.31 
0.08 
0.48 
0.02 
0.02 
0.42 
1.14 
0.95 
1.02 
0.07 
0.40 
0.68 
0.63 
1.19 
0.06 
0.33 
0.02 
0.58 
0.74 
0~08 
0.09 
0.07 
0.22 
0.14 
0.04 
0.06 
0.02 
0.03 
0.12 
0.02 
0.01 

100.00 

Note: * indicates c a p i l l i a r y  GC ID matches that of GC/MS 
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Polynuclear Aromatics Data Presentat ion 

CSl Log # 
API Designation 

50913001 
83-06 

Component 

Indene 
Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimethylnaphthalene 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz[a]anthrancene 
Chrysene 
Benzo[b] f luoranthene 
Benzo[k] f luoranthene 
Benz[a]pyrehe 
Benzo [g ,h , i ]pe ry lene  
Indeno[1 ,2 ,3 ,c ,d ]py rene  
Perylene 
Dibenz[a,h]anthracene 
Dibenzo[def,p]chrysene 
9,1O-Dimethylanthracene 
2-Methylanthracene 
B e n z o [ a ] f l u o r e n e  
D i b e n z o [ a , e ] p y r e n e  
B e n z o [ b ] c h r y s e n e  
Picene 
p - Q u a r t e r p h e n y l  
Coronene 
Di benz[a,h ]ac r i  dine 
Di benzo[a, h]pyrene 
3-Methyl chol anthrene 
2,3-Benzofluorene 
Benzo [g ,h , i ] f l uo ran thene  
Naphtho[1,2,3,4,def ]chrysene 

Note: * Indicates data by GC/MS 
N.A. ind icates in te r fe rences  in  

ppm(wt/vol ) 

N.A. 
370 * 

7 * 
13 * 

< 0.25 * 
< 0.25 * 
< 0.25 * 

0.75 * 
0.6 * 

< 1.0 
< 0 .5  * 

1.1 * 

< 0 .3  
< 0.6 
< 0.3 
< 0.15 
< 0.15 
< 0.6 
< 0.6 
< 1.0 
< 0.3 
< 0.12 
< 2.0 * 
< 2.0 * 
< 2.0 * 
< 0.18 
< 0.18 
< 0.6 
< 0.2 
< 0.18 
< 0.08 
< 0.4 
< 0.04 
< 2.0 * 
< 1.0 
< 0.06 

analysis 
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Naphtha Data Presentation 

CLI Log # 
API Description. 

DC-1239 
81-08 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Distillation 
IBP/5 
io/2o 
30/40 
50160 
70/80 
90/95 
End Point 
Received 
Residue 
Loss 

D287 @60 
D287 @15 C 
D2224 gm/mol 

RI units @20 C 

D3120 ppm/wt 
Chemil. ppm/wt 
NAA wt % 
coulom, ppm/wt 

D86 vol/deg F 

76.9 
.6782 

81 
1.3892 

1170 
<i 
0.42 

<i 

io2/ii5 
120/124 
i29/i33 
138/144 
150/159 
170/188 
238 
98.0 
1.0 
1.0 

Bvdrocarbon Type Analysis 

Saturates 
01efins 
Aromatics 

D1319 vol % 
W W 

W W 

Total 

95.9 
<0 .i 

100.0 

Mass Spectrometer Analysis (D27891 

Paraffins 
Naphthenes 
01efins 
Aromatics 
Indans/Tetralins 
Naphthalenes 

D2789/MS vol % 
W N 

N I 

W W 

W U 

W W 

Total 

72.1 
20.9 
<0.1 
6.9 
0.1 

I00.0 
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Naphtha Component Analysis by CaDilliarv GC and GC/MS 

CLI Log | 
API Designation 

DC-1239 
81-08 

Component ID 
bv GC/MS 

Component ID 
bY CaD GC Wt % 

Iso-Butane 
n-Butane 
Neopentane 
Iso-Pentane 
l-Pentene 
2-Methyl-l-butene 
n-Pentane 
trans-2-Pentene 
cis-2-Pentene 
2-Methyl-2-butene 
2,2-Dimethylbutane 
Cyclopentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
n - H e x a n e  
Methylcyclopentane 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
Benzene 
3,3-Dimethylpentane 
Cyclohexane 
2-Methylhexane 
2,3-Dlmethylpentane 
1,1-Dimethylcyclopentane 
3-Methylhexane 
cis-l,3-Dimethylcyclopentane 
trans-l,3-Dimethylcyclopentane 
trans-l,2-Dimethylcyclopentane 
n - H e p t a n e  
cls-l,2-Dlmethylcyclopentane 
Methylcyclohexane 
l,l,3-Trlmethylcyclopentane 
Ethylcyclopentane 
2,5-Dimethylhexane 
1,2,4-Trimethylcyclopentane 
C8 Naphthene 
Toluene 
2,3,4-Trimethylpentane 

e 

f u s e d  
fuged 
unknown 
u n k n o w n  
fused 
unknown 

unknown 

0.07 
1.13 
0.01 

ii.01 
<0.01 
<0.01 
19.67 
0.01 
<0.01 
0.01 
0.34 
2.62 
1.45 

11.53 
7.90 

15.71 
9.30 
0.20 
0.01 
5.10 
0.01 
5.02 
1.06 
0.54 
0.28 
1.20 
0.66 
0.51 
1.07 
1.25 
0.05 
1.06 
0.02 
0.03 
0.01 
0.02 
0 . 0 2  
0.63 
0.01 
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Component ID 
b y  GC/MS 

Component ID 
bV CaD GC Wt 

2-Methylheptane 
4-Methylheptane 
3-Methylheptane 
l,l-Dimethylcyclohexane 
trans-l,4-Dimethylcyclohexane 
C8 Naphthene 
C8 Naphthene 
C8 Naphthene 
1-Methyl-l-ethylcyclopentane 
1,2,3-Trimethylcyclopentane 
n-Octane 
Naphthene 
C9 Paraffin 
C9 Naphthene 
C9 Naphthene 
Ethylbenzene 
C9 Parraffin 
p + m Xylene 
C9 Paraffin 
C9 Paraffin 
C9 Paraffin 
n-Nonane 
C10 Paraffin 

unknown 

unknown 
unknown 
unknown 
unknown 
unknown 
u n k n o w n  
u n k n o w n  

u n k n o w n  
u n k n o w n  
u n k n o w n  
u n k n o w n  

u n k n o w n  
N . D .  
N . D .  
N . D .  
N . D .  

N . D .  
Total 

0.04 
0.01 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.16 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0 . 0 1  
0 . 0 1  
0.01 
0.01 
0.02 
o . o l  

100.00 

NOTE: *Indicates capillary GC ID matches that of GC/MS. 
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Polvnuclear Aromatics Data Presentation 

CLI Log # 
API Designation 

DC-1239 
81-08 

Component 

Indene 
Naphthalene 
1 -Met hyln apht halen e 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthalene 
Fluorene 
1,4-Dimet hylnapht hal en e 
Phenanthrene 
Fluoranthene 
Anthracene 
Pyrene 
Benz [a] anthrancene 
Ch rys en e 
Benzo [b] fluoranthene 
Benzo [k ] fluoranthene 
Benz [a] pyrene 
Benzo [g,h, i]perylene 
Indeno [ 1,2,3, c, d ] pyr ene 
Perylene 
Dibenz [a,h] anthracene 
Dibenzo [def,p]chrysene 
9,10-Dimethylanthr acene 
2-Methylanthracene 
Benzo [a] fluorene 
7,12-Dimethylben zene [ a] anthracene 
Dibenzo [a, e] pyrene 
Benzo [b] chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Dibenz [a,h] acridine 
Dibenzo [a,h]pyrene 
3-Methylcholanthrene 
2,3-Ben zofluorene 
Benzo [g,h, i] fluoranthene 
Naphtho [i,2,3,4,def] chrysene 

0.03 * 
16 * 
5.4 
8.0 
0.035 * 

<0.20 * 
0.16 * 
0.54 * 
0.028 * 

<0.011 
<0.02 * 
<0.029 
<0.020 
<0. i0 
<0.002 
<0.0004 
<0.003 
<0.003 
<0.003 
<0.009 
<0.005 
<0.002 
<0.029 
<0. 085 
<0.047 
<0.0012 
<0.003 
<0.003 
<0. 014 
<0.005 
<0.003 
<0.0013 
<0.007 
<0.0008 
<0.08 
<0.016 
<0 .00  i0 

NOTE: *Indicates data by GC/MS. 
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N~Dhtha Data Presentation 

CLI Log # 
API Description. 

DC1246 
83-05 

API Gravity 
Density 
Molecular Weight 
Refractive Index 

Total Sulfur 
Total Nitrogen 
Total Oxygen 
Total Chloride 

Distillation 
zeP/5 
lO/2O 
30/40 
50/60 
70/80 
90/95 
End Point 
Received 
Residue 
Loss 

D287 @60 
D287 @15 C 
D2224 gm/mol 

RI units 

D3120 ppm/wt 
Chemil. ppm/wt 
NAA wt 
coulom, ppm/wt 

D86 vol/deg F 

44.2 
.8045 

96 
1.4592 

<i 
<i 
<0.01 
<I 

136/168 
182/213 
230/245 
259/271 
286/306 
326/351 
392 
97.5 
1.0 
1.5 

Hydrocarbon Type Analysis 

Saturates 
01eflns 
Aroma t ics 

D1319 vol % 

Total 

36.2 
0.5 

100.0 

Mass Spectrometer Analysis (D2789) 

Paraffins 
Naphthenes 
Aromatics 
Indans/Tetralins 
Naphthalenes 

D2789/MS vol % 
w m 

m • 

m n 

W m 

Total 

32.1 
3.7 

63.3 
0.7 
O . 2  

1 0 0 . 0  
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N~vhtha Comvonent Analysis bv Cavillarv GC and GC/MS 

CLI Log # 
API Designation 

DC-1246 
83-05 

Component ID 
bv GC/MS 

Component ID 
bV CaD GC Wt % 

n-Butane 
Iso-Pentane 
l-Pentene 
2-Methyl-l-butene 
n-Pentane 
trans-2-Pentene 
cis-2-Pentene 
2-Methyl-2-butene 
2,2-Dimethylbutane 
Cyclopentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
H e x e n e - i  
n - H e x a n e  
C60lefin 
C6 01efin 
cis-2-Hexene 
trans-2-Hexene 
C6 01efin 
C7 Paraffin 
Methylcyclopentane 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
Benzene 
3,3-Dimethylpentane 
Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 

l,l-Dimethylcyclopentane 
3-Methylhexane 
cis-l,3-Dimethylcyclopentane 
3-Ethylpentane 
trans-l,2-Dimethylcyclopentane 
n-Heptane 
cis-l,2-Dimethylcyclopentane 
Methylcyclohexane 
2,2-Dimethylhexane 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
1,2,4-Trimethylcyclopentane 

unknown 
unknown 
* 

unknown 
fused 
* 

N . D .  

fused 
* 

fused 
f u s e d  

unknown 

unknown 
* 

unknown 
fused 
fused 
fused 
* 

unknown 

0.01 
2.09 
0.01 
0.02 
1.79 
0.01 
0.01 
0.03 
0.30 
0.09 
0.39 
2.13 
1.68 
0.01 
2.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.23 
0.43 
0.36 
0.03 
3.03 
0.24 
0.04 
2.53 
0.65 
0.08 
2.93 
0.i0 
0.40 
0.i0 
2.16 
0.03 
0.13 
0.02 
0.23 
0.38 
0.04 
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Navbtha Component Analvsls bv  Capillary GC and GC/MS 

CLI Log # 
API Designation 

DC-1246 
83-05 

Component ID 
bY GC/MS 

Component ID 
by CaD GC Wt % 

C8 Naphthene 
Toluene 
3,3-Dimet hylhexane 
2,3,4-Tr imethylpentane 
2-Methylheptane 
4-Methylheptane 
3,4-Dimet hylhexane 
3-Methylheptane 
3-Methyl-3-ethylpentane 
C8 Naphthene 
C8 Paraffin 
C8 Naphthene 
1-Methyl-l-ethylcyclopentane 
1,2,3-Tr imethylcyclopent ane 
n-Octane 
2,4,4-Tr imethylhex ane 
2,3,5-Tr imethylhexane 
2,2-Dimethylhept ane 
2,2-Dimethyl-3-et hylpentane 
2,4-Dimethylheptane 
Ethylbenzene 
p + m Xylene 
N.D. 
4-Methyloctane 
2-Methyloctane 
3-Nethyloctane 
2,2,4,5-Tet ramethylhexane 
o-Xylene 
n-Nonane 
Isopropylbenzene 
n-Propylbenzene 
1-Methyl-3-ethylbenzene 
1-Methyl-4-ethylbenzene 
3,3,4-Tr imethylhept ane 
1-Methyl-2-ethylbenzene 
CI0 Paraffin 
C10 Paraffin 
1,3,5-Tr imethylbenzene 
CI0 Paraffin 

N.D. 

unkno~ 
fused 

, 
, 

fused 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
, 

N.D. 
N.D. 
unkno~ 

u~no~ 

3,4-D~ethylheptane 

N.D. 
unkno~ 

unkno~ 

N.D. 
unkno~ 
N.D. 
N.D. 
unkno~ 
N.D. 

0.01 
19.61 
0.28 
0.04 
0.92 
0.46 
0.13 
1.16 
0.26 
0.02 
0.01 
0.02 
0.02 
0.02 
0.87 
0.01 
0 . 0 2  
0.06 
0.05 
0.17 
4.45 

16.81 
0.i0 
0.24 
0.23 
0 . 0 6  
0.29 
6.03 
0.24 
0.28 
1.21 
4.04 
1.79 
0.01 
2.12 
0 . 0 2  
0 . 0 2  
1.27 
0.02 
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Naphtha Component Analysis by Capillary GC and GC/MS 

CLI Log # 
API Designation 

DC-1246 
83-05 

Component ID 
bv GC/MS 

Component ID 
bY CaD GC Wt % 

1,2,4-Trimethylbenzene 
Cl0 Alkylbenzene 
Decane 
1,2,3-Trimethylbenzene 
Indane 
1,3-Diethylbenzene 
1-Methyl-3-n-propylbenzene 
n-Butylbenzene 
1,2-Diethylbenzene 
CI0 Alkylbenzene 
1-Methyl-2-n-propylbenzene 
1,3-Dimethyl-5-ethylbenzene 
CI0 Alkylbenzene 
C10 Alkylbenzene 
C10 Alkylbenzene 
CI0 Alkylbenzene 
2-Methylindane 
l-Methylindane 
CI0 Alkylbenzene 
Naphthalene 

N.D. 

unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
N.D. 
N.D. 
N.D. 
N.D. 

Total 

6.10 
0.01 
0.04 
1.20 
0.34 
0.21 
0.60 
0.46 
0.60 
0.17 
0.33 
0.31 
0.60 
0.02 
0.31 
0.44 
0.01 
0.02 
0.02 
O.os 

100.00 

NOTE: *Indicates capillary GC ID matches that of GC/MS° 
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polvnuclear Aromatics Data Presentation 

CLI Log # 
API Designation 

DC-1246 
83-05 

CQmz n n  
m=mxnmll 

Indene 
Naphthalene 
l-Methylnaphthalene 
2-Methylnaphthalene 
Ac en apht hen e 
Acenaphthalene 
Fluorene 
1,4-Dimethylnapht halene 
Phenanthrene 
Flu or ant hene 
Anthracene 
Pyrene 
Benz [ a ] anthranoene 
Chrysene 
Benzo [b] fluoranthene 
Benzo [k ] fluoranthene 
Benz [a]pyrene 
Benzo [g,h, i] perylene 
Indeno [I, 2,3,c,d]pyrene 
Perylene 
Dibenz [a,h] anthracene 
Dibenzo [def ,p] chrysene 
9,10-Dimethylanthr acene 
2-Methylanthracene 
Benzo [a] fluorene 
7,12-Dimethylben zene [ a] anthracene 
Dibenzo [a,e]pyrene 
Benzo [hi chrysene 
Picene 
p-Quarterphenyl 
Coronene 
Dibenz [a,h] acridine 
Dibenzo [a, h] pyrene 
3-Methylcholanthrene 
2,3-Benzofluorene 
Benzo [g,h, i] fluoranthene 
Naphtho [1,2,3,4,def] chrysene 

126 * 
2040 
670 

1190 
8.3 * 
.73 * 

32 * 
157 * 
51 * 
3.7 * 
4.4 * 
5.3* 
.63 *# 
.86 *# 

0.66 
0.095 
1.2 
1.3 
0.06 
<.63 * 
0.61 
<.69 * 
2.7 * 

33 * 
10.6 
4.3 *# 

<0.06 
<0.06 
1.5 

<0. I0 
<0.06 
<0.074 
10.3 * 
<0.023 
6.3 *# 

24 *# 
<0.02 

Note: * Indicates data by GC/MS 
# Indicates data from ring fraction 
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HPV High Naphthenic Naphtha 
Test Material 



HUX - Heavy Hydrocrackate from the Hydrocracker Unit. 
Where does it come from? 

The 3 barrels of  HUX or Heavy Hydrocrackate material that was shipped to you ( lot #01) begins as 
crude oil feed to the Crude Unit. Crude oil, which is primarily ANS -Alaska North Slope Crude, is 
preheated in an exchanger train and desalted in the 1 st and 2 nd stage desalters. The desalted crude is 
then sent to a preflash tower to remove some of the lighter components... The crude is again heated 
and sent to the Crude tower for fractionation. The crude tower separates the crude into fuel gas, 
naphtha, stove oil, diesel and crude tower bottoms. 
The crude tower bottoms are sent to the vacuum heater where they obtain additional heat, then onto 
the Crude Vacuum unit for further fractionation. This reduced crude is then fractionated under 
negative pressure into light vacuum gas oil, heavy vacuum gas oil and Vacuum resid. 
The Vacuum light and heavy gas oils are now feed to the Hydrocracker Unit. 

The Hydrocracker is a combined hydrogenation and Catalytic cracking process. This unit is designed 
to convert low grade gas oils to high quality gasoline components and middle distillates with a net 
consumption of Hydrogen. 
Feed from the vacuum unit is preheated and sent to a 2 stage reaction tower. Here Nitrogen and sulfur 
compounds are converted to Ammonia and hydrogen sulfide. The gas oil is then cracked and 
hydrogenated making jet fuel and lighter. 
This cracked fuel is next sent to a 2 stage fractionator where it is separated into debutanizer feed and 
jet fuel. 
The debutanizer feed tower separates it into fuel gas from the top of the tower and splitter feed from 
the tower bottom. 
The debutanizer bottom enters the Splitter tower and is separated into 3 components. 
Lux off the top of the tower, Mux from mid tower and Hux from the bottom of the tower. 
Hux, the sample which was sent to you, would normally go to the Reformer unit as its feed where it is 
turned into gasoline blending components. 



Sample Characterization of High Naphthenic Naphtha: Chemical Abstract Number Designation 

The test material used in studies to characterize mammalian toxicity and biodegradation of 

hydrocarbons in the Naphthenic (cycloparaffin) blending streams category of the HPV Gasoline 

Blending Stream Test Plan is a high naphthenic naphtha containing approximately 30% naphthenes. 

Results of studies with this test material can be used for read-across purposes for all CAS numbers 

identifying high naphthenic gasoline blending streams containing 19 to 30% or more naphthenic 

components. 

This high naphthenic naphtha is derived from hydrogenation and hydrocracking process steps with 

removal of nitrogen and sulfur (sweetening) that convert low grade gas oils to higher quality 

components for direct blending of gasoline. Due to the multiple steps in generating this test 

material, the supplying refinery identified the sample under the broad CAS #64741-41-9, with the 

Chemical Abstract name of Naphtha, petroleum, heavy straight run, a CAS number which 

encompasses the more process-specific designations sweet naphtha and heavy crackate. The 

refinery further indicated that the sample underwent the hydrocracking HUX process that also makes 

applicable the more narrowly defined designation heavy hydrocrackate. Finally, the CAS #64741- 

78-2, with the Chemical Abstract name of Naphtha, petroleum, heavy hydrocracked can and has 

been used to identify this test material and is descriptive of the hydrocracking step employed. 

This test sample identified as CAS #64741-41-9 for chain of custody purposes was collected as a 

single lot from one refinery and was chemically characterized prior to shipping in 3 drums to the 

sample repository. Contents of each drum were further analyzed to verify compositional uniformity 

between drums and distributed to the contract laboratories for testing. CAS #64741-41-9 and the 

name Naphtha, petroleum, heavy straight run will therefore be used officially to designate the test 

material. 



Cale,b Brett Report of Analysis No. 2005-003022-DRPK 

Page 2 of 2 

Sample ID : 

Customer Product Description: 

Method 

2005-003022-DRPK-001 

ID:1203-005 Naphtha 

T~t R ~  

ASTM D323 Procedure A Reid Vapor Pressure 0.00 

Units 

psi 

Initial: p / l ~  

lntertek Caleb Brett, 1114 Seaeo Avenue, Deer Park TX 77536, Ph: (713) 844-3200, Fax: (713) 844-3330, Email: dptechctr@intertek.eom 



Caleb Bre  
lntertek Caleb Brett 
I 114 Seato Avenue 
Deer Park, "IX 77536 
Ph: (713) 844 3200 
Fax: (713) 844-3330 
Email: dptechctr@intertek.eom 

Page I of 2 

Report of Analysis No. 2005-003022-DRPK 

SAMPLE DETAILS: 

SUBMITTED BY: 

YOUR REFERENCE: 

Sample(s) received on Thursday, June 2, 2005 

American Petroleum Institute (API) 

CUSTOMER PRODUCT DESCRIPTION 
ID:1203-005 Naph~a 

SAMPLE ID 

2005-003022-DRPK-001 

RESULTS: SEE ATTACHED SHEETS 

APPROVED BY: 

Intenek Caleb Brett 



,J  

Caleb Brett 
Report of Analysis No. 2005-001447-DRPK 

Page 2 of 3 

Sample ID : 2005-001447-DRPK-001 

Customer Product Description : ID: Highly Naphthenic Naptha 

Method Test Rcsnits Units 

ASTM D1319 (IP 156) Aromatics I0.1 Vol% 

ASTM D1319 (IP 156) Olefins 0.6 Vol % 

ASTM D1319 (IP 156) Saturates 89.3 Vol % 

ASTM D2386 Freezing Point <-72.0 

ASTM D2386 Freezing Point <-97.6 °F 

ASTM 1:)4052 (IP 365) API Gravity 15.56°C, 60°F 56.1 °API 

ASTM D445 (IP 7151) Kinematic Viscosity at 40°C, 104°F 0.6433 eSt 

ASTM D4629 (IP 379) Nitrogen 0.6 ppm (rag / kg) 

ASTM D5191-EPA Dry Vapor Pressure Equivalent 1.43 psi 

ASTM D5191-EPA Sample Normal 

ASTM D5443 Iso-Paraffins 28.52 Vol % 

ASTM D5443 n-Paraffins 19.88 Vol % 

ASTM D5443 Olefins 0.67 Vol % 

ASTM D5443 Naphthenes 39.59 Vol % 

ASTM D5443 Aromatics 11.12 Vol % 

ASTM D5443 > 200 °C (Non Aromatic) 0.22 Vol % 

ASTM D5453 Sulfur 2.1 ppm (tag / g) 

ASTM D6730 Paraffins 20.33 Vol % 

ASTM D6730 Iso-Paraffins 31.68 Vol % 

ASTM D6730 Olefins 1.86 Vol % 

ASTM D6730 Naphthenes 32.32 Vol % 

ASTM D6730 Aromatics 12.25 Vol % 

ASTM D6730 C14+ <0.01 Vol % 

ASTM D6730 Unknowns 1.56 Vol % 

ASTM D6730 N+A 44.57 Vol % 

ASTM D6730 Molecular Weight 112.25 

ASTM D86 Initial Boiling Point 209.8 °F 

ASTM D86 5% Recovery 225.9 °F 

ASTM D86 10% Recovery 229.0 °F 

ASTM D86 20% Recovery 233.5 °F 

ASTM D86 30% Recovery 238.4 °F 

ASTM D86 40% Recovery 244.8 °F 

ASTM D86 50% Recovery 251.7 °F 

ASTM D86 60% Recovery 260.7 °F 

Initial: pK', 

Intertek Caleb Brett, ! 114 Seaeo Avenue, Deer Park TX 77536, Ph: (713) 844-3200, Fax: (713) 844-3330, Email: dptechetr@intertek.eom 



Cameb Brett Report of Analysis No. 2005-001447-DRPK 

Page 3 of 3 

Sample ID : 2005-O01447-DRPK-001 

Customer Product Description : ID: Highly Naphthenic Naptha 

M e t h o d  T e s t  R e s u l t s  U n i t s  
,, ,,,,,,, ,,,,,, 

ASTM D86 70% Recovery 272.1 °F 

ASTM D86 80% Recovery 285.5 °F 

ASTM D86 90% Recovery 303. I °F 

ASTM D86 95% Recovery 3 i 5.9 °F 

[ ASTM D86 Final Boiling Point 352.2 °F 

ASTM D86 % Recovered 100.0 Vol % 

ASTM D86 % Residue 0.0 Vol % 

ASTM D86 % Loss 0.0 Vol % 

Initial: /7/,,'1 

lntertek Caleb Brett, 1114 Seato Avenue, Deer Park TX 77536, Ph: (713) 844-3200, Fax: (713) 844-3330, Email: dptechctr@intertek.com 



Caleb Brett 
Intertek Caleb Brett 
1114 Seaco Avenue 
Deer Park, TX 77536 
Ph: (713) 844 3200 
Fax: (713) 844-3330 
Email: dptechctr@intertek.com 

Page 1 of 3 

Report of Analysis No. 2005-001447-DRPK 

SAMPLE DETAILS: Sample(s) received on Tuesday, March 22, 2005 

SUBMITTED BY: API, Regulatory Affairs and Scientific Affairs 

CUSTOMER PRODUCT DESCI~IPTION 
ID: Highly Naphthenic Naptha 

SAMPLE ID 

2005-001447-DRPK-001 

RESULTS: SEE ATTACHED SHEETS 

APPROVEOBY: 

Intertek Caleb Brett 
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! 

27-Aug.-04 00:17:27 
I sample: HIJX :rank 31 Operator: 

Parameter: C:~HPCHEM~-ICE30~CGSB_NULTI FLG 

Gro_.r_oua 
Aromatics 
I-Paraffins 
Naphthenes 
Olefins 
Pan,ffin 
Ox3,genates 
Unidentified 
P:us 

Summary by Group 

13,742 11.795 
• 3!.192.,. 32,830 
. . . .  :'~2,92548 I,~ 28 574 " '  ' "  " "  i . . ' :  • 

4.963 • 5 . 0 9 1  
18.858 i "2.0-051 

" ~ ~ :" '" 0.000 0.000 
L1.696 1.660 

~ ;~ i 0.000 0.000 

14.415 
29.885 
31,154 

4.502 
18.615 
0.000 
1.430 
0.000 

I tST~ m a"n~o 
- 



3 

~. . . . .  v .  N I= 

Sample: HUX Tank 31 
Parameter C:\HPCHEM~-ICE30\CGSB_MULTI FLG 

27-Aug-04, 00:17:27 
Operator. 

Composite by Carbon 

Aromatics 

I-Paraffins 

Naphthenes 

Olefins 

Paraffin 

C__# %Wgt %Vol %Mol 
C6 0.109 0.093 0.157 
0 7  3,707 3,191 4.510 
CSl 4;912 4.223 5.186 
C9 • 3.881 3,315 3,623 

C10 1.033 0.888 0,863 
l C11 ....... . 0.099 l 0.085 0.076 

C6 
C7 
C8 
,C9 

'"Ci0 
C l l  
C12 

6 

C8 
C9 

C10 

C7 
C8 
C9 

C10 

. C 6  

C7 
C8 
C9 

C10 
C l l  
C12 

0.1~9 0.179 0.206 
7.875 8.611 8.809 
9.781 1 0 . 3 4 4  9.598 

., 8.,77~1"-, 9,039 7.664 
' 4;020 ..... 4.079 3.167 
0.578 0.569 0.435 
0.009 0.009 0.006 
' ' . . . . ' : ~ . L  

1'.i83 1.159 1.575 
12.754 12 .483  14.561 
11.i09 10.699 11.100 
3.605 3.396 3.201 

• 0 .897 0.837 0,717 

0.200 0.210 0.201 
0.860 0.896 0.859 
3.62~ 3,709 3.223 
0.274 0.277 0.219 

01!83 0.207 0.239 
6:727 7.339 7.525 
5.571 5.913 5.466 
4.325 4.495 3.780 
1:893 1.935 1.491 

0 : i '  0.155 0.110 
0:0~5 0.005 0.003 

/ ~ o v w y  = 100.00 
. : . . .  



27-Aug-04, 00:17:27 
F w ~  • 

t i l t  r e . . .  ~ 1  • itt --i l I B  t N  i# tlIVIi•~--i v .  w . . . . .  - -  . . . . . . . .  _ _  . . . .  t ~ -  - .  , 

Sample: HUX Tank 31 Operator: 
Parameter" C:~-tPCHEM\HCE30\CGSB_MULTI FLG 

Component List 

Pk# Time Group Component ~ %Vol 
2"T.947 16 64 2,3-Dimethylbutane 0.008 0.009 0.010 

2 29.002 16 74 2-Methylpentane 0.065 0.075 0.085 
3 31.636 16 80 3-Methy!~ht~me~;i~! 0.086 0.096 0.111 

. . . , . , - • 

4 35.357 P6 96 n-Hexane 0.183 0.207 0.239 
5 40.146 N6 112 McyC5+2,2DMC5 0.679 0.676 0.904 
6 41.766 17 116 2,4-Dimethylpentane 0.143 0.1.58 0.160 
7 45.127 A6 130 Benzene 0.109 0.093 0.157 
8 46.727 17 134 33DMC5+5m1C6ene 0.046 0.050 0.052 
9 46.992 N6 136 Cyclohexane 0.504 0.483 0.671 

10 50.190 17 156 2-MethylC6 + C7-Olefin 4.159 4.571 4.652 
.... ~ ' ~ ,  : '~. /  

11 52.019 17 166 3:Methylhexane ~ 3.264 3.572 3.673 
12 52.814 N7 172 t-l,3-DimethylcyC5 1.487 1.472 1.698 
13 53.391 N7 174 c-l,3-DMcyclopentane 1.349 1.344 1.540 
14 54.007 N7 176 t-t'~2:Dimethy!cycloC5 1.632 1.621 1.863 
15 54.168 17 180 3-Ethylpentane 0.244 0.260 0.273 
16 64.624 18 186 2,2;4-Trim'e~th~]lpentane 0.040 0.043 0.039 
17 55.001 07 189 C7-Olefin 0.008 0.008 0.009 
18 57.634 P7 200 n-Flbi~tane 6.727 7.339 7.525 
19 60.995 N7 222 Methylcyclohexane 7.067 6.858 8.068 
20 61.881 N8 224 1,1.,3-Tdmeth~'i~'c,16C5 0.486 0.485 0.485 

21 62.330 18 226 2,2-Dtmethylhexane 0.062 0.066 0.061 
22 63.709 N7 234 Ethylcycl0pentane 1.219 1.188 1.392 
23 64.404 18 240 2,2,3.:Trimethylpei~tane 0.011 0.012 0.011 
24 64.637 18 245 .2~5-DMC6 ÷•C8-olefin 0.504 0.539 0.494 
25 64.970 18 250 2,4-Dirdethylhexane 0.594 0.633 0.583 
26 65.777 N8 260 t,c;l,2~TriMcyC5 ~ 0.949 0.948 0.948 
27 66.207 18 265 3,3,DMC6 + CS~olefin 0.078 0.081 0.076 
28 67.294 N8 278 t,C-I,2,3-TriMcycI0C5 0.659 0.653 0.658 
29 67.933 18 292 2~3,4-Trimethylpeqtane 0.067 0.069 0.065 
30 68.463 A7 300 Toluene ~' ........ ~' .... 3.707 3.191 4.510 

31 69.951 08 312 cs-olefin 0.198 0.207 0.197 
32 70.283 18 314 2,3,Dimethylhexane 0.397 0.416 0.390 
33 70.428 18 316 2-M-3-Epentatie ...... 0.159 0.166 0.157 

• 34 71.621 18 326 2-Methylheptane i• 3.088 3.301 3.030 
35 71.845 18 328 4-Methylheptane 1.026 1.062 1.007 
36 72.065 07 330 C7-Diolefin + CS'Olefin 0.192 0.202 0.192 
37 72.188 08 333 CS-Olefins . "  : " 0.162 0.170 0.162 
38 72.706 N8 335 t-l,4-DiMcycloC 6'~: 1.968 1.866 1.967 
39 72.903 18 336 3-Methylheptane'." 2.529 2.673 2.482 

. .  , . . . 

, .  . . • 

Recovery = 100.00 



* . .  ' :  . , ;  

. . .  . . . . .  .=, 

_.  27-Aug-04, 00:17:27 
Sample: HUX Tank 31 . . . . . . . . . . . . .  Operator:. 
Parameter: C:~HPCHEM~HCE30\CGSB_MULTI FLG .... 

. . . . . .  . i . , .  

Component List 

Pk# Time Grou_12 
40 73.052 18 
41 73.918 08 
42 74.737 N8 
43 75.091 N8 
44 75.307 N8 
45 75.575 N8 
46 75.992 N8 
47 76.945 N8 
48 77.232 N8 
49 77.480 P8 

50 78.324 
51 78.461 
52 79.045 
53 79.375 
54 79.913 
55 79.980 
56 80.445 
57 80.823 
58 81.055 
59 81.333 

60 81.647 
61 81.862 
62 82.017 
63 82.179 
64 82.450 
65 82.793 
66 82.940 
67 83.106 
68 83.230 
69 83.405 

70 83.633 
71 84.220 
72 84.401 
73 '84.624 
74 84.885 
75 85.163 
76 85.445 
77 85.583 
78 85.75O 

Recove~ = t00.00 

Component %Wilt %Vo__.~l 
338 3-Ethylhexane 1.226 1.281 1.203 
348 C 8 - O l e f i n ,  0.252 0.263 0.251 
352 C! Ethyl-3-methylcyC5 0.814 0.788 0.813 
356 t-I-E-3-McyC5 0.749 0.727 0.748 
360 t-I-E-.2-McyC5~ i ,~i~ i , ,  0.715 0.691 0.714 
362 1LM-1-EcycloC5 ' 0.077 0.073 0.077 
368 t-l,2~DiMcycloC6 0.872 0.839 0.871 
385 t-l,3LDiMcycloC6: 0.070 0.067 0.070 
390 c-1,4-DiMcycloC6 1.317 1.262 1.316 
400 n-Octane 5.571 5.913 5.466 

09 41o  'O ier, n ' 0.173 0.179 0.153 
09 412 Cg-Olefin 0.117 0.121 0.104 

19 418 2,2,4-Trimethylhexane 0.024 0.025 0.021 
? Unidentified ~ 0.053 0.055 0.046 
19 424 2,3,5-Tnmethylhexane 0.049 0.051 0.043 

08 426 cis:2::Octehe 0.249 0.256 0.248 
19 428 2,2,3,4-TetraMG5: 0.056 0.057 0.049 

N8 432 c-l,2-DiMcy¢loC6 0.339 0.316 0.339 
19 434 2,44~imi~th~/lll'eptane 0.420 0.439 0.367 

09 436 C9:Olefin . . . . .  0.070 0.072 0.062 
. : . . ~  : : - ; ~ : ,  . 

N8 440 Ethylcyclohexa_.~e " 2.095 1.984 2.093 
19 444 2~Methyl~,-Et]lylhexane 0.056 0.058 0.049 
19. 446 2,6-DimethylhePtane 0.829 0.859 0.724 

09 449 Cg-Olefin. ~ .  0.131 0.135 0.117 
09 452 C9-Qlefins 0.941 0.967 0.836 
09 454 cg-ole{ftls 0.171 0.176 0.152 
19 458 2;5 & 3,5:DMheptane 0.718 0.739 0.628 

09 460 C9~Olefins 0.122 0.126 0.109 
19 462 3;3~Dimethylheptane 0.207 0.214 0.181 
? Unidentified ~.. 0.332 0.344 0.290 

19 466 c9-.!s0paraffin: " 0.218 0.223 0.190 
A8 475 Ethylbenzene~'. ?'~:;: 1.024 0.882 1.082 
N9 480 t-l,2,4-TrimethylcyC6 0.352 0.336 0.312 
19 485 2,3,4-Tdmethy.!hexane 0.625 0.631 0.546 

09 490 C9LOlefins ' '  0.087 0.089 0.077 
19 495 3,3,4-Trimethyi~xane? 0.153 0.153 0.134 

• . : . . :  ; . . . .  " : .  ; 

A8 500 m-Xylene 2.000 1.728 2.112 
A8 502 I~Xylene 0.710 0.615 0.749 
19 503 2,3-Dimethylheptane 0.518 0.530 0.453 



Sample: HUX Tank 31 
Parameter: C:\HPCHEM~HCE30\CGSB_MULTI t=LG " ' " ...... 

27-Aug-04, 00:17:27 
Operator: 

,;. . .  , .  

Component List 

79 85.998 
80 86.133 
81 86.189 
82 86.387 
83 86.552 
84 66.814 
85 86.954 
86 87,260 
87 87.318 
88 87.644 

89 87.814 
90 87.888 
91 88.061 
92 88.310 
93 88.407 
94 88.539 
95 88.658 
96 88.869 
97 88.945 
98 89.236 

99 89.390 
100 89,684 
101 90.006 
102 90.177 
103 90.262 
104 90.329 
105 90.965 
106 91.096 
107 91.328 
108 91.746 

109 92.094 
110 92.300 
111 92.577 
112 92.830 
113 92.901 
114 93.051 
115 93.288 
116 93.563 
117 93.819 

Recovmy = 100.0o 

Time Gro_.gB Component 
19 506 3,4-Dimethylheptane 

%W~ %Vol 
0.064 0.066 0.056 

? Unidentified : 0.067 0,069 0.060 
O9 508 ,Gg-Qlefin ;::~;J~"~ ! : 0.150 0,154 0.134 

19 510 3-Methyi-3-ethylhexane 0.246 0.248 0.215 
19 516 4~Ethyl.he, ptan~-~ ,~ 0.101 0.104 0.089 
19 518 ~4-MC8+C~-Olefi'n ' 0.884 0.916 0.773 
19 520 2-Methylootane • ~ 1.215 1.275 1.061 
? Unidentified 0.033 0.035 0.029 
19 524 C9-1soparaffin 0.139 0.144 0.122 
19 528 3-Ethylheptane 0.371 0.379 0.324 

19 530 3~-Mefl~yloctane ~ 1.431 1.473 1.250 
09 535 C9-Olefin 0.137 0.139 0.121 
N9 540 c-l,2,4:TdMcyC6 0.092 0.088 0.082 
N9 545 ,1,.l',2-TriMcycloC.6 ,, 0.149 0.145 0.132 
A8 550 o-Xylene " 1.178 0.999 1.243 
09 560 C9~Olefin 0.089 0,090 0.079 
09 562 ~39-OlefiD. 0.151 0.154 0.134 
O9 564 c9-01efin ~:~i"~:~ 0.021 0.021 0.018 

? Unidehtified • " '  0.021 0.021 0.019 
N9 568 t-I:E-~M-CyC6? ~ 0.532 0.498 0.473 

N9 570 c-i-E-4-McyC6? 0.820 0.767 0.728 
19 572 C~.!~op~i'a~H 0,427 0,435 0,373 

09 575 1-Nonene 0,099 0,101 0.088 
N9 580 Isobu~lcyclopentane 0.146 0.139 0.130 

? Unidentified 0.069 0.066 0.062 
? Uniden~fied . , 0.015 0.015 0.014 

09 590 cis-3~-Nonene'"i ' 0.066 0.067 0.058 
19 595 C9-1s,dpai'~ffirt ~ ' 0.019 0.019 0,016 

P9 600 n-Noh;a'ne 4.325 4.495 3,780 
09 604 tr~n's-'2-Nonene 0.511 0.516 0.453 

N9 606 ;l'-M:l:Ecyclohexane 0.170 0.157 0.151 
N9 608 :l:':M'-2-PcycloC5 0.017 0.016 0.015 
A9 616 Isopmpylbertzene 0.130 0.113 0.122 
09 618 cis-2-Nonene 0.029 0.030 0.026 
N9 620 ted-Butylcyclopentane 0.117 0.111 0.104 
09 622 C9=Olefirts 0.316 0.320 0.281 
09 624 C9~lefin 0.249 0.252 0.221 
N9 626 tS0propylcyclohexbhe 0.229 0.213 0.204 
110 630 2.2;Dimethyloctane 0.128 0.131 0.101 

,.L.. 

! , ~ j  



Sample: HUX Tank 31 
Parameter: C:~I-IPCHEM~I-ICE30\CGSB MUI,TI.:~LG~,•, := 

. ,  ¢ • . :  t ~  

.~7-Aug-04, 00:17:27 
Operator:. 

comp0nent List 

Pk# Time 
118 93.970 
119 94.069 
120 94.290 
121 94.370 
122 ~-4.520 
123 .94,694 
124 94.847 
125 • 94.956 
126 95.143 
127 95.399 

128 95.546 
129 95.694 
130 95.825 
131 96.014 
132 96.232 
133 96.471 
134 96.607 
135 96.860 
136 97.093 
137 97.276 

138 97.623 
139 97.703 
140 97.974 
141 98.115 
142 98.212 
143 98.402 
144 98.676 
145 98.783 
146 99.047 
147 99.231 

148 99.375 
149 99.533 
150 99.554 
151 99.705 
152 99.854 
153 100.159 
154 100.404 
155 100.579 
156 100.749 

Recovery =/O0.OO 

Groujz Component 
? Unidentified 
? Unidentified . . . . . . .  .... 

• . '  ~- i  , ; . ,  • , ? Unident~ed . . . . . . . . .  
N10 634 1-M~4-isopropylcy C67 

N9 636 sec~Butylcyclopenta~ne 
110 638 2,h::~Dimethyld~ane 
I10 640 2;5-Dime.thyloctane? 
N9 642 a~6yciope:ntahe 

? Unidentified 
110 646 3,6,Dimethyloctane 

N9 648 1-M-2-EcyclbC6 ~ 
? Unidentified 

O10 650 C10-Olefin 
A9 651 Pr()pylbenzene 
110 652 •3,1(~:6imethyloctane 
110 653 3-Methyl-5-ethylheptane 

O10 654 C10-Olefin 
A9 655 i-Etflyl~3-meth~l.l~enzene 
A9 656 1-E~i~meth.'~benzene 

? Unident~ed '" , .  : 

N10 657 Ci0-Naphthene .... 
A9 658 l;'3,5~Tdmethylbenzene 
110 659 2,3-Dimethyloctarie 

? Unidentified . . . .  
I10 660 5-Methylnonane 
I10 661 ~ ¢-Meth¥1nonane 
I10 662 2-Met~ylnonane 
A9 663 1-Ettiyi-2-methy!benzene 

N10 666 Ci.0-NaPhthene" 
? Unidentified' ' . . . . . . . .  : . ~ • . . . . •  . 

110 668 3-M;ethyln~)nane: .; 
? Unidentified.. ~' • 
? Unidentified 

O10 670 Cl~:Oiefin 
? Unident~e~ '~;~':~. 

110 672 (~lO;ISoparaffin 
A9 673 1,2,4~Td~ethylber~ -ene 

? Unidentified 
110 674 ClO;Is~l~amffin 

. ' , t ,  . '  

- - ~ '  . ' . i  

: . , ?  . 
' ~ : . . .  . ;  . "  

i - . ,  : : , .  

%Wgt %Vol %Mol 
0.021 0.021 0.016 
0.016 0.017 0.013 
0.102 0.096 0.082 
0.247 0.232 O. 197 
0.567 0.536 0.503 
0.097 O. 1 O0 0.077 ~. 
0.109 0.110 0.086 , 
0.310 0.294 0.275 
0.099 0.093 0.088 
0.730 0.737 0.575 

0.104 0.095 0.092 
0.054 0.050 0.048 
0.133 0.134 0.'107 
0.470 0.407 0.438 
0.449 0.455 0.354 
0.074 0.074 0.058 
0.100 0.101 0.080 
0.733 0.632 0.683 
0.417 0.362 0.389 
0.026 0.023 0.024 

0.081 0.076 0.065 
0.604 0.521 0.564 
0.055 0.055 0.043 
0.074 0.075 0.058 
0.231 0.235 0.182 
0.556 0.563 0.438 
0.492 0.504 0.387 
0.332 0.280 0.309 
0.148 0.136 0.118 
0.025 0.025 0.020 

0.480 0.489 0.378 
0.081 0.081 0.065 
0.093 0.093 0.074 
0.041 0.042 0.033 
0.118 0.120 0.093 
0.051 0.052 0.040 
0.750 0.639 0.700 
0.156 0.133 0.145 
0.202 0.205 0.159 



• i . = , . i ~ .  

Sample: HUX Tank 31 
Parameter:. C:~-IPCHEM~I-ICE30\CGSB MULTI FLG 

.,, 27-Aug-04, 00:17:27 
Operator: 

Component List 

Pk# Time Gro_g~..B 
157 100.899 110 
158 101.052 110 
159 101.239 ? 
160 101.342 N10 
161 101.492 110 
162 101.616 110 
163 101,615 A10 
164 102.017 110 
165 102.309 P10 
166 102.602 I l l  

167 102.817 ? 
168 103.062 I l l  
169 103.257 A9 
170 103.454 ? 
171 103.531 A10 
172 103.688 A10 
173 103.871 I l l  
174 104.089 I l l  
175 104,280 ? 
176 104.426 A9 

177 104.724 N10 
178 104.804 ? 
179 104.992 ? 
180 105.219 I l l  
181 105.330 I l l  
182 105.484 N10 
183 105.802 I l l  
184 105.990 A10 
185 106.244 A10 
186 106.432 A10 

187 106.604 A10 
188 106.710 A10 
189 106.836 A10 
190 106.996 ? 
191 107.116 A10 
192 107.371 I l l  
193 107.560 A10 
194 107.670 A10 
195 107.823 A10 

R e c o v e r y  = 100 .00  

Component 
675 C! 0-1soparaffin 
676 Isobutylcyclohexane 
Unidentifit~ :~:,~. .... "' • . -  . • , / . . , . ,  ,, ,, 

677 C10,1soparaffin 
678 C:10-1soparaffin 
682 'C10LIsc=paraffin .... 
690 Is0butylbenzene 
694 C10-1soparaffin 
700 n-Decane 
702 C11-lsoparaffin 

Unidentified 
704 C11-lsoparaffin 
705 !,2,3-Trimethylbenzene 
Unidentifii~l' 
706 l-M" 3::.is~p'¢0p~;!be nzene 
708 1-M~is0pmpylbenzene 
709 
710 C11'!soparaffin? 
Unldent~ied. . • 
712 2,3-Dihydr0indene 

714 sec-Butylcycl~hexane 
Uniderttified 
Unidentified ..... ; " 
720 3~Ethylnonane 
721 C11Llsopamffi. n 
722 C'i 0~Naphthede 
723 C-!i.~-ISoparaflih ';':'~ 
724 1,3-Djethylbe .r~.ene 
725 1-i~-3-1~iopylbehzenb 
726 1,~Qiethylbenzene '~ 

727 1-M-4:,propylbenzene 
728 Butylbenzene 
729 3,~DM-1-Ebenzene 
Unidentified. .~ . . . . . .  
730 1,2-Diethylbenzene? 
732 C11-!.soparaffin 
736 C10-Aromatic 
738 C'I 0-Aromatic: 
740 ~l-M-2-propy! benzene 

' , . .  

. ,  , . , ,  , 
• ~ ', ~ . . . , ~ j . , ;  . -  : 

. . . . . .  - . . :  . ~ ,  

%Wgt %Vol %Mol 
0.176 0.179 0.138 
0.075 0.070 0.059 
0.019 0.020 0.016 
0.071 0.072 0.057 
0.031 0.032 0.025 
0.009 0.009 0.007 
0.046 0.040 0.039 
0.077 0.078 0.061 
1.893 1.935 1.491 
0,019 0.019 0.013 

0.033 0.034 0.024 
0.025 0.025 0.018 
0.276 0.230 0.257 
0.020 0.017 0.017 
0.016 0.014 0.014 
0.039 0.034 0.033 
0.085 0.086 0.061 
0.012 0.012 0.009 
0.016 0,012 0.015 
0.169 0.131 0.160 

0.238 0.218 0.191 
0.036 0.037 0.026 
0.008 0.007 0.007 
0.061 0.062 0.044 
0.038 0.039 0.028 
0.112 0.103 0.089 
0.122 0.122 0.109 
0.051 0.044 0.043 
0.197 0.170 0.164 
0.019 0.016 0.016 

0.059 0.051 0.049 
0.061 0.053 0.051 
0.067 0.058 0.056 
0.029 0.025 0.024 
0.029 0.025 0.024 
0.031 0.031 0.022 
0.033 0.028 0.028 
0.087 0.075 0.073 
0.064 0.054 0.053 



Sample: HUX Tank 31 
Parameter: C:~-IPCHEM\HCE30\CGSB_M0LTI FLG • 

27-Aug-04, 00:17:27 
Operator: 

c0mpqnent List 

Pk# Time Group Component %Wgt %Vol 
19"~ 107.977 ? Unidentified 0.005 0.005 0.004 
197 108.091 I11 748 4-Methyldecane 0.059 0.055 0.042 
198 108.392 I l l  754 C11'-I~pi~raffin :~. 0.065 0.061 0.047 
199 108.528 A10 756 t,4~M2-Ebenzene 0.059 0.050 0.049 
200 108.691 A10 758 l,3-DM-4-Ebenzene 0.053 0.045 0.044 
201 108.819 I l l  762 3-Methyldecane 0.016 0.016 0.011 
202 108.938 ? Unidentified 0.058 0.058 0.042 
203 109.198 A10 764 1,2-DM-4-Ebenz+Clindan 0.068 0.058 0.057 
204 109.391 I l l  766 C11-lsoparaffin 0.010 0.010 0.007 
205 109.747 A10 768 !,3-DM-2-Ebenzene 0.029 0.024 0.024 

206 109.880 ? Unid~i~tified' ~ ~ ~ " '  ~' ~ ~ 0.006 0.005 0.005 
207 110.001 ? Unidentified 0.008 0.008 0.006 
208 110.178 I l l  770 C11-lsoparaffin 0.018 0.017 0.013 
209 110.511 I l l  775 Cl:~'~:lsoparaffin 0.015 0.014 0.011 
210 110.732 A11 780 1-M~-te,~-butylbenzene 0.021 0.018 0.016 
211 110.857 A10 785 1,2~'ivi-3~t~!benzene 0.024 0.020 0.020 
212 111.189 P l l  800 n-u~ecane 0.154 0.155 0.110 
213 111.367 A l l  802 1-~isqP'rop~Jber~zene 0.020 0.018 0.015 
214 111.800 A10 806 1,2,4,5-TetmMbenzene 0.011 0.009 0.009 
215 112.062 A10 810 1,2~3,5-TetraMbenzene 0.020 0.017 0.017 

216 112.402 112 812 C12-1~'d~araffifi ~'~ ..... 0.009 0.009 0.006 
217 112.634 A l l  816 Ci'l~:~0~atic :~ 0.009 0.007 0.006 
218 113.375 A l l  826 1-Eth'yJ-2-pt'0pyl~hzene 0.012 0.010 0.009 
219 113.916 A l l  832 C11-Aromatic ;: 0.004 0.004 0.003 
220 114.126 A l l  834 ;~'Methyl-3-butylbenzene 0.012 0.010 0.009 
221 114.386 A l l  836 "l!~213,4-TetraMbz+C11aro 0.010 0.009 0.009 
222 114.894 A l l  842 Cl.l-Aromatic 0.011 0.009 0.008 
223 117.920 P12 895 n-Dodecane ~ 0.005 0.005 0.003 

. , ,  - • .  . , 

, . . ,  

' "  . . . .  i . . ; :  . . . . . . .  

~ =  t00.00 

• ; : . .  • . 

• . , . . .  
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S'ample: HUX Tank 31 
Parameter. C:~HPCHEM~-ICE30\CGSB_MULTI FLG 

27-Aug-04, 00:17:27 
Operator: 

Componentsby Group 

Grou  
Aromatics 

Recotmty = 100.00 

Tim._..! Component 
45.127 130 Benzene 
68.463 300 Toluene 
64.220 475 Ethylbenzene. i :  i ;  
85.445 500 m:Xylene 
85.583 502 p-Xylene 
88.407 550 o-Xyle'ne" :' "~ ' 
92.577 616 Isopr0pylbenzene 
96.014 651 P~pylbenzene 
96.860 655 1-Ethyl-3-methylbenzene 
97.093 656 1-Ethyl-4-methylbenzene 
97.703 658 1,3,5-Tdmethylb.enzene 
98.783 663 1-Ethyl-2-methylbenzene 

100.404 673 1,2,4-Tdmethylbenzene 
101.815 690 Is0butylbenzene 
103.257 705 1,2,3-Tdmethylbenzene 
103.531 706 l-M-'3qs0propylbenzene 
103.688 708 1,M-4-isopropylbenzene 
104.426 712 2~Dihydmindene 
105.990 724 1;3-Diethylbenzene 
106.244 725 1-M-3-.propylbenzene 
106.432 726 1,4-Diethylbenzene 
106.604 727 ~;M,~.propylberizene 
106.710 728 BiJtylbenzene 
106.836 729 3,5-DM-i-Eber~ehb 
107.116. 730 1,2-Diethylbenzene? 
107.560 736 C!0~Ai'6~ati~ "~i~f 
107.670 738 Ct:0~'brnatic ~ : i  
107.823 740 1-M-12-pmpylbehzene 
108.528 756 1,~Dj~-2:Ebenzene 
108.691 758 1,;~,-QM~4-Ebenzene 
109.198 764 1 ,.2,DM-4,EbenZ+Clindan 
109.747 768 1,3-DM-2-Ebenzene 
110.732 780 1-M~-tert-buty!benzene 
110.857 785 J;2-DM-3-ethylbenzene 
111.367 802 l:E-4-is0prop~'ll0enzene 
111.800 806 1,2,4;,5-TetraMbenzene 
112.062 810 ;!:,2~3;5-TetraMbenzene 
112.634 816 C11-Aroiliatic . . . .  
113.375 826 !-Etliyl-2-propylbefizene 
113.916 832 Cl!-Aromatic ' i  
114.126 834 1-M.ethy!-3-butylbenzene 
114.386 836 1,2,3,4-"i~etraMbz+C11aro 

. . . .  : , . 

: : ~  . . 

%Vol 
0.109 0.093 0.157 
3.707 3.191 4.510 
1.024 0.882 1.082 
2.000 1.728 2.112 
0.710 0.615 0.749 
1.178 0.999 1.243 
0.130 0.113 0.122 
0.470 0.407 0.438 
0.733 0.632 0.683 
0.417 0.362 0.389 
0.604 0.521 0.564 
0.332 0.280 0.309 
0.750 0.639 0.700 
0.046 0.040 0.039 
0.276 0.230 0.257 
0.016 0.014 0.014 
0.039 0.034 0.033 
0.169 0.131 0.160 
0.051 0.044 0.043 
0.197 0.170 0.164 
0.019 0.016 0.016 
0.059 0.051 0.049 
0.061 0.053 0.051 
0.067 0.058 0.056 
0.029 0.025 0.024 
0.033 0.028 0.028 
0.087 0.075 0.073 
0.064 0.054 0.053 
0.059 0.050 0.049 
0~053 0.045 0.044 
0.068 0.058 0.057 
0.029 0.024 0.024 
0.021 0.018 0.016 
0.024 0.020 0.020 
0.020 0.018 0.015 
0.011 0.009 0.009 
0.020 0.017 0.017 
0.009 0.007 0.006 
0.012 0.010 0.009 
0.004 0.004 0.003 
0.012 0.010 0.009 
0.010 0.009 0.009 



Sample: HUXTanI~ 31 _____.__. _ ' -  ' ' : "  : 
Parameter: C:\HPCHEM\HCE30\CGSB_MULTI FI:.G ..... 

, . , " , 
., ~ . : , - -~- .~- , -~ ,~- -~. .¢~ ~ , 

27-Aug-04, 00:17:27 
Operator:. 

Group Time 
Aromatics 114.894 

I-Paraffins 

R e c o v e r y  - 100.00 

27.947 
29.002 

31.636 
41.766 
46.727 
50.190 
52.019 
54.168 
54.624 
62.330 
54.404 
64.637 
54.970 
66.207 
67.933 
70.283 
70.428 
71.621 
71.845 
72.903 
73.052 
79.045 
79.913 
80.445 
81.055 
81.862 
82.017 
82.940 
83.230 
83.633 
84.624 
85.163 
85.750 
85.998 
86.387 
86.552 
86.814 
86.954 
87.318 
87.644 

Components by Group 

Component 
842 C11-Aromatic 

, %  , .  

64 2;3-Dimethylbutane! : 
74 2-Methylpentane 
80 ~M.ethylpentan,e~,. !=~: ~ ~ 
116 ~,~Dimethylpehtan'e 
134 33DMC5+,5m1C6ene 
156 2-MethylC6 + C7-Olefin 
166 3-aeth~/Ihexane 
180 3-Ethy!pentane 
186 2~2,~Tdmethyl/~r~tane 
226 2,:~i~bthylhe~ane 
240 2,2,3-Trimethylpentane 
245 2,5-DMC6 * C8-olefin 
250 2,4-Dimethylhexane 
265 3,3:DMC6 + C8-olefin 
292 2,3,~Tdmethylpentane 
314 2~3-D!~th~/Ihe:<~iile 
316 2-M~'3~;Ei)enti~he 
326 2:Mbthylhe'pt~he 
328 4-Methyilieptan~ ~ 
336 3 ~ M e ~ y l l ~ e ~ t a n e  i i ' 
338 3:Ef~.ylheXane " ; "  
418 2,2~,4,• Tdmethylhexane 
424 2;3,5-Tdmethylhexane 
428 2,2~4:TetraMC5 !~~ 
434 2;4-Diinethylhept:~;ne 
444 2-Methyl~Eth~lhexane 
446 2,6-Dimethylheptane 
458 2,5,-&3,5-DMheptane 
462 3;3-Dimethylhepta.'ne 
466 C~lsoparaffin ~ ~.::~ .... 
485 2,3, ,4~.,Trimeth)'ihexane 
495 3,:~Tdmethy!hexane? 
503 2~3-Dim~thyll~ptane 
506 3;~Dimethyiheptane 
510 3-Methyl-3-ethylhexane 
516 4-Ethyll'ti~iStane ~ . 
518 4-MC8+cg;o!~Ifin ..... 
520 2-1y!etbyJo~ane., ~ 
524 C~!~l~i~.a. ~ffi~: L~ ::, 
528 3-~!..hylheptaiie " 

, - , ~ . . . . .  . ;  • . . .  

" "~ i . - , " ,  • " '  • ~ '~ , ' : J , . .  . . . . .  

. ~ . ~ .  , ~ , . . *  , . . , .  , .  ": . , , ~ . .  i" ,,,, 

%Wgt %VoI %Mol 
0.011 0.009 0.008 

0.008 0.009 0.010 
0.065 0.075 0.085 
0.086 0.096 0.111 
0.143 0.158 0.160 
0.046 0.050 0.052 
4.159 4.571 4.652 
3.284 3.572 3.673 
0.244 0.260 0.273 
0.040, 0.043 0.039 
0.062 0.066 0.061 
0.011 0.012 0.011 
0.504 0.539 0.494 
0.594 0.633 0.583 
0.078 0.081 0.076 
0.067 0.069 0.065 
0.397 0.416 0.390 
0.159 0.166 0.157 
3.088 3.301 3.030 
1.026 1.062 1.007 
2.529 2.673 2.482 
1.226 1.281 1.203 
0.024 0.025 0.021 
0.049 0.051 0.043 
0.056 0.057 0.049 
0.420 0.439 0.367 
0.056 0.058 0.049 
0.829 0.859 0.724 
0.718 0.739 0.628 
0.207 0.214 0.181 
0.218 0.223 0.190 
0,625 0.631 0.546 
0.153 0.153 0.134 
0.518 0.530 0.453 
0.064 0.066 0.056 
0.246 0.248 0.215 
0.101 0.104 0.089 
0.884 0.916 0.773 
1.215 1.275 1.061 
0.139 0.144 0.122 
0.371 0.379 0.324 



27-Aug-04, 00:17:27 
4 

31 ,'' ....... " S a m p l e :  HUX T a n k  . . .  ,',' . . . . .  Operator:. 
Parameter:. C:~I-IPCHEM~-ICE30\CGSB MOL~ I=~G ''' 

Components: by Group 

Group 
I-Paraffins 

Naphthenes 

Recovery = 100.00 

' % , :  

Tim..,._.~e Component %Wgt %Vol %Mol 
87.814 530 3-Met.hy!o, ctane 1.431 1.473 1.250 
89.684 572 C9-1s0paraffin 0.427 0.435 0.373 
91.096 595 cg~,|~oparamr~,~:,,~i~:.: 0.019 0.019 0.016 
93.819 630 2~2'-Dimethy!~bhe ' 0.128 0.131 0.101 
94.694 638 :~,6=~ime];hylo~.ane 0.097 0.100 0.077 
94.847 640 2,5.~Dimeti~yrc;ctaneg. 0.109 0.110 0.086 
95.399 646 3,6-Dimethyloctane 0.730 0.737 0.575 
96.232 652 3,(~-Dimethyloctane 0.449 0.455 0.354 
96.471 653 3-Methy!-5~ethylheptane 0.074 0.074 0.058 
97.974 659 2.3-E)imethyl0ctane 0.055 0.055 0.043 
98.212 660 5-Methy!n, onane 0.231 0.235 0.182 
98.402 661 4:~e~i:i~l"i~o~a-he '' ~' 0.556 0.563 0.438 
98.676 662 2-Methylnonane 0.492 0.504 0.387 
99.375 668 3-Methylnonane 0.480 0.489 0.378 

100.159 672 ci~lsoparaffin 0.051 0.052 0.040 
100.749 674 C10-1soparaffin 0.202 0.205 0.159 
100.899 675 C1Q-lsdpi~raffln ..... 0.176 0.179 0.138 
101.052 676 !~ob~ylcycloh.ex, a nb 0.075 0.070 0.059 
101.492 678 .ClO~lsoparaffin ....... 0.031 0.032 0.025 
101.616 682 ClO-lsopamffin ,,;~', -~; 0.009 0.009 0.007 
102.017 694 C10-1~soParaffih '~::~~; 0.077 0.078 0.061 
102.602 702 Ci:i;lsQp~,~h'i~,i':i = 0.019 0.019 0.013 
103.062 704 ci':1-isoparaffin'~'i~"i 0.025 0.025 0.018 
103.871 709 C11~s.0p,ara~n~ ' " 0.085 0.086 0.061 
104.089 710 Cl~l:isop~irb~n? ~:' 0.012 0.012 0.009 
105.219 720 3-.Ethylnonanei~ 0.061 0.062 0.044 
105.330 721 Cll-lsoparaffin: ; 0.038 0.039 0.028 
105.802 723 C11-lsoparaffin 0.122 0.122 0.109 
107.371 732 ci~.-Isoparaffin 0.031 0.031 0.022 
108.091 748 4-M.ethyIdecanb 0.059 0.055 0.042 
108.392 754 c11-isg  rai n 0.065 0.061 0.047 
108.819 762 3-H~t~iylclecanb 0.016 0.016 0.011 
109.391 766 C~l,:[sop~r,a~:!~:" ':~ 0.010 0.010 0.007 
110.178 770 C:!1 , - iFo~ra~. .  0.018 0.017 0.013 
110.511 775 C11'-i~3op;~;~ffin., 0.015 0.014 0.011 
112.402 812 c~2-iso~araffi~ 0.009 0.009 0.006 

~.  o.~ . . . .  • ¢ : ,  

40.146 112 McyC5+2.2DMC5 0.679 0.676 0.904 
46.992 136 cycl h  pneli!':';  0.504 0.483 0.671 
52.814 172 t-~31~ii~th~!cyC5 1.487 1.472 1.698 
53.391 174 ~l-,~DM~/~gpentane 1.349 1.344 1.540 
54.007 176 t-!.2-DimethylcycloC5 1.632 1.821 1.863 

' ~  =~. 



: ..~ : . . . . .  ; "  !::f~,..,:.... 

• . .  . . . .  

• _ . . . . .  .. . . . . .  27-Aug-04, 00:17:27 
Sample: HUX Tank 31 Operator:. 
Parameter:. C:~-IPCHEM~-ICE30\CGSB_MULTI FLG:: 

I '  

componentsby Group 
, . . . . . .  i , ~ .  " - ' ¸  

G ro_r~JZ Time Component %Wgt %Vo..__[ %Mol 
Naphthenes 60.995 222 MethylcyC!ohexane 7.067 6.858 8,068 

61.881 224 1,1;,3-Tdmethyl~cloC5 0.486 0.485 0.485 
63.709 234 Ethyicyolepe~t~el 1.219 1.188 1.392 
65.777 260 t',c-I,2;4-TdMcyCS 0.949 0.948 0.948 
67.294 278 t,c-l,2;3-TdMcy¢loC5 0.659 0.653 0.658 
72.706 335 t-i,4-DiMcyclo.~6 .... 1.968 1.866 1.967 
74.737 352 ¢l Ethyl-3=,methylcyC5 0.814 0.788 0.813 
75.091 356 t-l-E-3-McyC5 0.749 0.727 0.748 
75.307 360 t-l~E-2-McyC5 0.715 0.691 0.714 
75.575 362 i-M-1-EcycloC5 0.077 0.073 0.077 
75.992 368 ~t-!,,.Z-DiMPypleC6 .,- 0.872 0.839 0.871 
76.945 385 ~t:~,3-1~iacyd~C~ "~ 0.070 0.067 0.070 
77.232 390 c-l~4-DiMi:ycloC6 1.317 1.262 1.316 
80.823 432 c-l,2:DiMcycloC6 0.339 0.316 0.339 
81.647 440 Eth~lOjclohexane 2.095 1.984 2.093 
84.401 480 t-li~i~-T~m~th~/_icyc6 0.352 0.336 0.312 

88.061 540 ~ ;;~L4"Td~C6 :~:: 0.092 0.088 0.082 
88.310 545 1,JI~Pi~c~]~I~6C6 ' 0.149 0.145 0.132 
89.236 568 t-I-E~-M-~yC6? 0.532 0.498 0.473 
89.390 570 c-;I-E-4-M~YC6? . . . .  0.820 0.767 0.728 
90.1.77 580 Jsol~utyi'cycibpentane 0.146 0.139 0.130 
92.094 606 1,M-1-Ecyclohe:<ane 0.170 0.157 0.151 
92.300 608 1-M,2:PCyc!oC5 0.017 0.016 0.015 
92.901 620 t.e~-"Butylcyclopentane 0.117 0.111 0.104 
93.563 626 !S0i~r0"pylcyb,10hexane 0.229 0.213 0.204 
94.370 634 ~l.-M~4÷isopro~yl'~C6? 0.247 0.232 0.197 
94.520 636 ~ec;-B~[cycl0~ntane 0.567 0.536 0.503 
94.956 642 Bub~lc,y~.opb~ne 0.310 0.294 0.275 
95.546 648 1-M:Z-E~cycl0C6 " 0.104 0.095 0.092 
97.623 657 Cl~l~ap~,th~.ne~:: 0.081 0.076 0.065 
99.047 666 Cl~0~aph'tHenei:i:~i ~< 0.148 0.136 0.118 

101.342 677 C~!sopara.ffiD:~;i:: 0.071 0.072 0.057 
104.724 714 ~ec-Butylcyclohe~ane 0.238 0.218 0.191 
105.434 722 C10-Naphthene~ ' 0.112 0.103 0.089 

Olefins 55.001 189 C7-Olefin ' : : " : '  0.008 0.008 0.009 
69.951 312 CS-Ol~fi~i". ' i  ' 0.198 0.207 0.197 
72.065 330 C7-.Oiolefin+C8-Olefin 0.192 0.202 0.192 
72.188 333 C8',-Olefins i';::i" ':= 0.162 0.170 0.162 
73.918 348 ~.~OJefln~"ii!~; ..... .: 0.252 0.263 0.251 
78.324 410 Cg:;(~J~fin":'"i'~i.~':: " 0.173 0.179 0.153 
78.461 412 C~J"-0"l~efm-:;~.i~iii:~i :;: 0.117 0.121 0.104 

, i". ~ t ~ . , .  , : ,  - ~ ; " , "  

R e c o v e r y  = f 0 0 . O 0  .... ~ ' ~ " t ~ ' ~  ~ ':,= ' -  : ;  ~ '  • , ~ !  L ' .  , 

' ~ "  , .*..,~ . . , ~ , . . . . i  
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Sample: HUX Tank 31 . . , :  
Parameter: C:\HPCHEM\HCE30\CGSB_M~JLTI 'FLG :~ : 

27-Aug-04, 00:17:27 
Operator: 

Olefins 

Paraffin 

Oxygenates 
Unidentified 

Recove ry  = 100 .00  

Time 
79.980 
81.333 
82.179 
82.450 
82.793 
83.106 
84.885 
86.189 
87.888 
88.539 
88.658 
88.869 
90.006 
90.965 
91.746 
92.830 
93.051 
93.288 
95.825 
96.607 
99.705 

35.357 
57.634 
77.480 
91.328 

102.309 
111.189 
117.920 

79.375 
83.405 
86.133 
87.260 
88.945 
90.262 
90.329 
93.970 
94.069 
94.290 
95.143 

Components by Group 
. -  . . 

i ' .  • ' : 

~ .  ~ ;  ~ " i  . .  

Component 
426 cis-2-Octene 
436 C9~Olefin ...... 
449 cg~Olefin.~ .... ~'::.". 
452 C9-Olefins . .  
454 C9-Olefins .... i '  , ,  
460 C9~lefi/is :!" :':' 
490 C9~Oiefins-' 
508 C9-Olefin 
535 c9-olefin 
560 c9-01efin 
562 C9:Olefin ::: : :...~ 
564 C9-O!efin 
575 1-N0nene 
590 ~s-3-Nonene 
604 -tl, ans-2-Nonene 
618 ¢is-2-Nonene 
622 C;~-~l~fli~s : 
624 Cg:Oi~fiH " : 
650 C10-. ~lefin 

670 Cl~Olefin 

96 n-Hexane 
200 n-Heptane 
400 n-Octane 
600 h:Nbtlan'e ; 
700 n - ~ h ~  
800 n-0hdecane 
895 n-D0decahe 

Unidentifi.ed , 
Unidentified 
Unident~,e~l.:!;;:i', 
Unidentified ~'" 
Unidentified.:,.,; 
Unidentified 
Unidentified 
Unidentified, 
Unident~ .ed ....... 
Unident~i~d..l ,i...,. 
Unidentified 

%Vol %Mol 
0.249 0.256 0.248 
0.070 0.072 0.062 
0.131 0.135 0.117 
0.941 0.967 0.836 
0.17~ 0.176 0.152 
0.122 0.126 0.109 
0.087 0.089 0.077 
0.150 0,154 0.134 
0.137 0.139 0.121 
0.089 0.090 0.079 
0.151 0.154 0.134 
0.021 0.021 0.018 
0.099 0.101 0.088 
0.066 0.067 0.058 
0.511 0.516 0.453 
0.029 0.030 0.026 
0.316 0.320 0.281 
0.249 0.252 0.221 
0.133 0.134 0.107 
0.100 0.101 0.080 
0.041 0.042 0.033 

0.183 0.207 0.239 
6.727 7.339 7.525 
5.571 5.913 5.466 
4.325 4.495 3.780 
1.893 1.935 1.491 
0.154 0.155 0.110 
0.005 0.005 0.003 

0.053 0.055 0.046 
0.332 0.344 0.290 
0.067 0.069 0.060 
0.033 0.035 0.029 
0.021 0.021 0.019 
0.069 0.066 0.062 
0.015 0.015 0.014 
0.021 0.021 0.016 
0.016 0.017 0.013 
0.102 0.096 0.082 
0.099 0.093 0.088 



, . . . . . . . . . . . . . . . . . . .  " . . . .  ~ J ~  . . . . . . . . .  

ample: HUX Tank 31 = ~ 
arameter:. C:~I-IPCHEM~I-ICE30\CGSB ~ULq'I FLG 

Group 
Unidentified 

Time 
95.694 
97.276 
98.115 
99.231 
99.533 
99.554 
99.854 

100.579 
101.239 
102,817 
103,454 
104.280 
104.804 
104.992 
106.996 
107.977 
108.938 
109.880 
110.001 

Plus 

ComPOnents by Group 
! ¥ : ,  " '  

Component. 
Unidentified 
Unidentified. 

Unidentified ..... ' : ' "  ..... ' 
Unident~.e~; ~,: .,..~-,, 
Unidentified " "~  

27-Aug-04, 00:17:27 
Operator: 

Uniden~ed .... 
Unidentified 
Unidentified 
Unidentified 
Uniden~ed 
Unid~f~'i~ied 
Unidentified 
Unidentified 
Unidentified: 
Unidentified 
Unidentified 
U n i d e n i ~ : :  . :  ' 
U n i d e n t ~  

. ;  ! ; . ' ' . .  

~i ~r~:: .: 
:.~'~:= ,... ,, 

" ? , ~ 2 ~ . '  :.;.~: . . . . .  

0.054 0.050 0.048 
0.026 0.023 0,024 
0,074 0,075 0,058 
0.025 0,025 0,020 
0.081 0.081 0,065 
0,093 0,093 0.074 
0.118 0.120 0,093 
0.156 0.133 0.145 
0,019 0.020 0.016 
0.033 0,034 0.024 
0,020 0,017 0.017 
0,016 0.012 0,015 
0.036 0.037 0,026 
0.008 0.007 0,007 
0.029 0.025 0,024 
0.005 0,005 0.004 
0.058 0,058 0.042 
0,006 0,005 0,005 
0,008 0.008 0,006 

R e c o v e r y  = f O 0 , O 0  

• ~ i  ; (  
.:= . .  

• v -  , 
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VAPOR GENERATION FROM LIGHT CAT CRACKED NAPHTHA 
REPORT TO PETROLEUM PRODUCT STEWARDSHIP COUNCIL 

CHEVRON RESEARCH AND TECHNOLOGY COMPANY 

101 / 

Introduction July 14, 1995 

The Petroleum Product Stewardship Council contracted with Chevron Research and 
Technology Company to prepare a sample of vapor distillate from Light Cat Cracked 
Naphtha (LCCN) as defined in Task Order 7 (see Appendix A). The distillate will be 
used as the test article in a Rat Reproductive/Developmental Screening study and a 
Rat 90-Day Neurotoxicity study both to be conducted by Pharmaco-LSR. 

,Sample Receipt/Characterizatio~ 

The 2000-gallon LCCN sample was received from a refinery fluid catalytic cracking unit 
in March 1995. The LCCN sample was stored at ambient temperature in 55 gallon 
steel drums. An initial ASTM D86 Boiling Curve, D519 Vapor pressure, D2622 Sulfur, 
and SE-30 gas chromatography analysis were performed on this sample. Refer to 
Appendix B for analytical results. 

Result~ of Ta~k Order 7 

A glass lined Pfaudler kettle (operated as a closed system) was initially charged with a 
total sample weight of 6570 pounds on April 26, 1995. The sample was slowly heated 
and stirred, the bottoms temperature was raised to a maximum of 194 ° F and the 
overhead to a maximum of 160 ° F (see Table 1 and Chart 1). A total of 910.0 pounds 
of distillate was recovered which represents 13.85% of total. 

A second batch from the same sample was charged into the Pfaudler kettle on April 28, 
1995 with a total sample weight of 6259.6 pounds. The sample was slowly heated and 
stirred, the bottoms temperature was raised to a maximum of 175 ° F and the overhead 
was raised to a maximum of 155 ° F (see Table 1 and Chart 2). A total of 896.3 pounds 
of distillate was collected. This represents 14.31% of the initial sample. 

The distillate from both runs were chilled and uniformly mixed. The mixed Light Cat 
Cracked Naphtha Distillate (LCCND) was characterized by gas chromatography 
analysis (see Appendix C). A comparison of selected components in the starting liquid 
sample to the same components in the combined vapor distillate sample is shown in 
Table 2. 

The chilled LCCND was mixed and transferred to 5-gallon DOT approved containers. 
All of the 5-gallon containers (1806.3 pounds of test material) were shipped to 
Pharmaco-LSR. 



Table 1 
PPSC Light Cat Cracked Naphtha Vapor Generation 

Batch # 1 

0.0 
1.0 
2.0 
4.0 
5.2 
6.5 
8.6 

10.5 
11.5 
13.5 
14.3 
15.5 
15.8 
16.3 
17.3 
18.3 
19.3 
20.3 
21.3 
22.0 
22.3 
23.3 
24.3 
26.5 
28.5 
30.0 
30.8 
33.0 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
43.0 
44.0 
45.0 

Batch 1 : 
Total Sample Carged (Ibs) 
Total Overhead Recovered (Ibs) 

( 4 / 2 6 / 9 5 )  

Bottoms 
85 

105 
121 
122 
122 
134 
147 
152 
157 
167 
156 
159 
160 
162 
163 
163 
163 
163 
163 
164 
154 
157 
160 
157 
163 
164 
166 
177 
178 
181 
183 
184 
184 
185 
187 
189 
192 
194 

Overhead 
69 
71 
73 
73 
75 
78 
8O 
82 
90 

145 
105 
106 
107 
112 
106 
113 
96 

107 
112 
124 
108 
100 
89 
77 

112 
103 
130 
156 
126 
150 
145 
142 
135 
142 
151 
143 
157 
160 

6570.0 
910.0 

Overhead Recovered 13.85% 

Batch 2: 
Total Sample Carged (Ibs) 
Total Overhead Recovered (Ibs) 

6259.6 
896.3 

Batch # 2 

,Time (Hours) I 
" 0.0 I 

0.5 
1.0 
1.5 
2.5 
3.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.5 
17.5 
18.5 
19.5 
20.0 
20.5 I 

21.5 i 
22.5 
23.0 
23.5 
24.5 
25.8 
26.5 
27.5 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
35.5 
36.8 
37.8 
38.5 

(4/28/95) 
Bottoms 

63 I 
65 
81 
9O 

.108 
119 
126 
128 
130 
131 
133 
134 
135 
136 
138 
139 
140 
141 
141 
142 
144 
145 
153 
156 
155 
155 
156 
157 
157 
159 
160 
160 
160 
161 
162 
163 
164 
164 
165 
166 
166 
167 
167 
175 
172 
173 ! 

Overhead 
66 
66 
66 
66 
65 
65 
65 
68 
68 
68 
68 
68 
68 
68 
68 
69 
69 
69 
69 
7O 
7O 
71 

103 
121 
136 
134 
130 
118 
115 
130 
125 
129 
127 
124 
128 
131 
130 
109 
134 
128 
121 
128 
114 
126 
155 
132 

Overhead Recovered 14.31% 
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Chart 1 
PPSC Light Cat Cracked Naphtha 
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Chart  2 
PPSC Light Cat Cracked Naphtha 
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Table 2 
Comparison of Selected LCCN and LCCND Components 

I 
Compound Vol% 
n-butane 
isobutane i 
2-butene (cis) 
2-butene (trans) 
n-pentane ~ 

LCCN 
Liquid 

',sopentane ] 
rcyclopentane 
!l-pentene i 
12-pentene (irans) 
2-pentene (cis) 
3-methyl-1 -butene 
2-methyl-2-butsne 
2-methyl-1 -butene 
c~ctopentene 
n-hexane i 
memylcyctopemane 
cyctohexane 
2,2-climethylbutane ! 
2,3-dimethylbutane I 
2-meth)dpentane 1 
3-methylpentane l 
2-methyl-2-pentene 
2-methyl-1 -pentene 
3-methyl-2-pentene icis ) 
3-methyl-2-pentene (tra s) 
 -hex, e I i 
2-hexene (cis) 
2-hexene (trans) 
3-hexene (cis) 
1 -meth)dcyclopentene 
 nzene i 
'n-heptane i 
1-he~ene I 

12-methylhexane 
[3-methylhexane 
r methylcyclohexane 
toluene 
G-octane 
!2-methytheptane 
3-meth~dheptane 
2,2,4-tdmethylpentane 
2,3,4-tdmethytpentane 
2,4-dimethylhexane 
2,5-dimethylhexane 
ethylbenzene 
p-xylene I I 
o-xylene I I 
m-xylene i I 

TOTALS (%) i 

LCCND 
Vapor 

0.12 0.50 
0.02 0.10 f 
0.32 I 1.19 
0.22 , 0.87 

1.23 

I I 
1.8 I 3.51 

6.93 i 16.45 
i 0.27 I 0.39 

3.59 
2.03 
0.32 
5.66 
2.48 
0,69 
1.52 
2.08 
0.26 
0.03 
1.04 
4.6 

2.95 
7.54 
4.21 
0.98 
10.94 
5.77 
1.16 
1.59 
1.75 
0.15 
0.05 
1.37 
5.72 
3.11 2.78 

1.73 

1.14 I 
1.11 I 1.01 
1.76 I 1.49 
0.66 t 0.73 
0.88 
1.84 
1.56 
1.48 
1.2 

0.74 
0.48 
1.99 
1.81 
1.29 

1.70 
1.28 

0.83 
1.76 
1.57 
1.06 
0.88 
0.57 
0.20 
1.08 
0.97 
0.43 
1.74 
0.09 
0.20 
0.18 

5.61 
0.59 
0.96 
0.87 
0.33 i 0.00 
0.11 
0.26 

0.03 
0.08 

0.22 I 0.06 
1.27 , 0.14 

0.12 
0.17 
0.28 

88.95 

1.14 
1.55 
2.7 

73.07 

LCCN Liquid is the starting refinery stream material. 
LCCND Vapor is the combinded disti l late from the two vapor generation procedures. 
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PPSC TASK ORDER 7 
Pursuant to the "Master Study Agreement for Toxicological Research Programs "between 
the Petroleum Product Stewardship Council and Chevron Research and Technology 
company, dated January 14, 1994, the parties hereby commission the following work: 

Deliverables: 1) Acquisition of 2000 gallons of Light Cat Cracked Naphtha tLCCN -- 
CAS 64741-55-5) and analytical charactenzauon including D519 vapor pressure, D86 
boiling curve, D2622 sulfur, D5291 nitrogen, and SE-30 gas chromatography analysis. 
2) Vapor generation and collection according to the procedures below. 3) Analytical 
characterization (SE-30) of the condensate. 4) Ship vapor condensate as directed by 
PPSC. 

General ProceclTr~s: Vapor generation of the LCCN sample will be conducted using the 
procedures proposed for gasoline under CAA Section 211(b). Approximately one 
thousand gallons of LCCN, charged by weight, will be stirred and slowly heated till the 
vapor temperature reaches 130F or until fifteen percent of the starting weight is collected 
as condensate. The temperature of the liquid and vapor phase will be constantly 
monitored and recorded. The vapor will be condensed by passing through a chilled 
overhead collection system consisting of a 200 gallon primary receiving vessel chilled with 
water and 55 gallon secondary receiving vessels chilled with dry ice. This vapor generation 
procedure will be repeated with another sample of LCCN from the same lot. The vapor 
condensate from both procedures will be uniformly mixed and while chilled, transferr~ to 
_5 gallon containers for shipping. A sample of the mixed condensate will be analyszed by 
SE-30 gas chromatography. 

Time Table: Sample acquisition will occur in March 1995 and vapor generation will 
occur in April 1995. 

Payment Schedulex Payment is due upon receipt of invoice submitted after the vapor 
condensate is shipped. (Sample acquisition $1,000 plus shipping billed at cost. Analytical 
costs !;700, Kettle operation $22.000, Project management $1,000. Shipping charges for 
the condensate samples will be passed along to PPSC at cost). 

S t u d ~  Russell White 
Study Monitou Francis Koschier 

S PON SON CONTRACTOR 

By: ~,____~ -.. • :.,1~ __"¢-~--- 
. . , , a  

Charles R. Clark 
Petroleum Product 
Stewardship Council 

Date:- . , ,2/2- / / F_5 ~ 
/ / 

John C. Sebastian 
Chevron Research and 
Technology Company 
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PPSC LCCN 
Boiling Curve 
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..... > Deliver to: 51-2126 < ..... 

AIMS Result Report 
For: HENLEY, M. C. (1176) 

Project: LCCN 
Charge code: TT14364 PPSC/REFINERY STREAM DISTIL 

A' No. [d/Test/Element Result Unit 

5019772 WHOLE FEED PRODUCT ........ 

05ML 
30ML 
60ML 
90ML 

EPVOL 
EV20ML 
EV50ML 
EV80ML 
EVEPT 
[BP 

RESID 

[iiii D86 DIST. UPLOAD 
125 9 DEG F 10ML 
152 4 DEG F 
195 6 DEG F 
265 6 DEG F 
98 6 VOL % 

142 8 DEG F 
177 9 DEG F 
236 4 DEG F 
343 2 DEG F 
95 3 DEG F 
I 0 VOL % 

40ML 
70ML 
95ML 

EV05ML 
EV30ML 
EV60ML 
Evg0ML 
EVEPVL 
LOSS 

Approved 

13-Apr-95 
134.7 DEG F 20ML 
164 3 DEG F 
214 7 DEG F 
289 9 DEG F 
125 0 DEG F 
151 8 DEG F 
195 0 DEG F 
264 5 DEG F 
98 9 VOL % 
0 3 VOL % 

*** End of Report *** 

50ML 
80ML 
EPT 

EVIOML 
EV40ML 
EV70ML 
EV95M_L 
EVIBP 
RECVRY 

Date: 4/13/9! 
Time: ii:01 
Page: 1 

Analyst Cost 

ALET S40. 
143.0 DEG F 
178.5 DEG F 
237.3 DEG F 
343.2 DEG F 
134.2 DEG F 
163.7 DEG F 
213.9 DEG F 
287.7 DEG F 
95.3 DEG F 
98.7 VOL % 



..... > Deliver to: 51-2126 < ..... 

. i - -  AIMS Result Report 
~- ~ For: HENLEY, M. C. (1176) 

Project: LCCN 
Charge code: TT14364 PPSC/REFINERY STREAM DISTIL 

'A" ~Io. Id/Test/Element Result Unit 

5019774 WHOLE FEED PRODUCT 

40005 SULFUR IN PET. PROD. LOW 

78. PPM 
*** End of Report *** 

Date: 4/12/95 
Time: ll:0l p] 
Page: 1 

Approved 

12-Apr-95 

Analyst Cost 

BJCL $38.( 



..... > Deliver to: 51-2126 < ..... 

AIMS Result Repor~ 
For: HENLEY, M. C. (1176) 

Project: LCCN 
Charge code: TT14364 PPSC/REFINERY STREAM DISTIL 

A" ~Io. [d/Test/Element Result Unit Approved Analyst 

5019771 WHOLE FEED PRODUCT ....................... 

11304 MINI REID VAPOR PRESSURE 14-Apt-95 ALET 
7.6 PSI 

~** End of Report *** 

Date: 4/14/9 
Time: 11700 
Page: 1 

Cost 

$45 

J 
/ 

j~ 

/ 



= CHEVRON RESEARCH GASOLINE ANALYSIS 

Acquisition Date: 12-Apt-1995 Customer: MC HENLEY 
Acquisition Time: 21:2( Channel ~: 6 Analysis: GAS0549 Sample #: 2 Injection #: ] 

I. BY VOLUME * * *  DETAILED COMPOSITION, PERCENT *** 

C 
NO. 

_ 

4 
5 
6 
7 
8 
9 

10 
ii 
12+ 
TOT 

PARA 

0 00 
0 13 
8 53 
9 96 
6 74 
4 22 
2 38 
0 37 
0 08 
0.00 

32.42 

OLEF NAPH AROM UNCL 

HC 

0.00 ****** ****** ****** 
0 . 5 9  * * * * * *  * * * * * *  * * * * * *  

16.35 0.27 * * * * * *  * * * * * *  
13.87 
6.70 
1.54 
0.00 
0.00 
0.00 
0.00 

39.05 

2.34 
3.68 
2.53 
1.01 
0.03 
0.00 
0.00 
9.86 

2. BY WEIGHT 

NON- 
TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLC 
BY C # PARA I-PARA I-PARA PENT HEX 

3- 0.00 

0.00 
0.73 

25.15 1.60 
1.20 ****** 27.37 1.52 
5.61 ****** 22.74 0.74 
6.66 0.98 15.92 0.59 
2.14 0.93 6.46 0.15 
0.65 0.36 1.41 0.00 
0.13 0.00 0.21 0.00 
0.00 0.02 0.02 0.00 

16.38 2.28 100.00 4 70 

0 . 1 2  0 . 0 2  * * * * * *  * * * * * *  * * * * ~  

6.93 ****** 0.27 ***** 
8.45 ****** 2.08 0.2 
6.00 **'*** 2.40 1.2 
2.96 0.68 1.54 0.9 
2.11 0.13 0.28 0.7 
0.20 0.17 0.00 0.0 
0.08 0.00 0.00 0.0 
0.00 0.00 0.00 0.0 

26.75 0.97 6.56 3.3 

0.00 * * * * * *  * * * * * *  * * * * * *  
0 . 0 0  0.00 * * * * * *  * * * * * *  * * * * * *  ~ * * * *  4 0.Ii 

5 7.40 
6 ~ 9.15 13.42 2.45 
7 6.43 6.68 3.89 
8 4.14 1.54 2.72 
9 2.39 0.00 i.ii 

i0 0.37 0.00 0.04 
ii 0.09 0.00 0.00 
12+ 0.00 0.00 0.00 
TOT 30.07 37.22 10.49 

. 

3- 0.00 

15.07 0.28 ****** ****** 0.62 0.09 
22.74 1.40 

1.46 ****** 26.49 1.39 
6.78 ****** 23.78 0.71 
8.05 1.00 17.45 0.57 
2.60 0.96 7.06 0.15 
0.81 0.38 1.59 0.00 
0.17 0.00 0.25 0.00 
0.00 0.02 0.02 0.00 

19.87 2.36 100.00 4.31 

BY MOLAR 

0.02 ****** ****** ***** 
6.00 ****** 0.28 ***** 
7.75 ****** 2.17 0.2 
5.72 ****** 2.51 1.3 
2.90 0.66 1.64 1.0 
2.12 0.13 0.29 0.8 
0.20 0.17 0.00 0.0 
0.09 0.00 0.00 0.0 
0.00 0.00 0.00 0.0 

24.79 0.97 6.90 3.5 

4 0.17 
5 9.14 19.20 
6 9.47 14.26 
7 5.72 6.09 
8 3.23 1.23 
9 1.66 0.00 

i0 0.23 0.00 
ii 0.05 0.00 
12+ 0.00 0.00 
TOT 29.67 41.58 

0.00 
0.81 ****** ****** ****** 0.97 

0.36 ****** ****** 28.70 1.73 
2.60 1.67 ****** 28.00 1.44 
3.53 6.56 ****** 21.90 0.63 
2.16 6.76 0.80 14.17 0.45 
0.78 1.93 0.68 5.06 0.10 
0.02 0.54 0.24 1.'04 0.00 
0.00 0.i0 0.00 0.15 0.00 
0.00 0.00 0.01 0.01 0.00 
9.45 17.57 1.73 i00.00 4.49 

0.14 0.02 ****** ****** ***** 

7.41 ****** 0.36 **~** 
8.02 ****** 2.30 0.3 
5.09 ****** 2.28 1.2 
2.26 0.52 1.30 0.8 
1.47 0.09 0.21 0.5 
0.12 0.ii 0.00 0.0 
0.05 0.00 0.00 0.0 
0.00 0.00 0.00 0.0, 

24.46 0.72 6.45 3.01 

GRP. TYPE, VOL %: P = 33.18, O = 39.96, N = 10.09, A = 16.76, Saturates = 43.2 
DIENE CONTENT = 4132. vol ppm AVG MW = 89.2 API GR. = 64.6 SP. GR. =0 721" 
OCTANE NUMBER: (from pure values) RON = 83.5 MON= 75.7 

(from blending values) RON = 89.4 MON= 76.6 
CARBON-HYDROGEN RATIO =6.226 STOICH. AIR-FUEL RATIO =14.64 Ibs air/ibs fuel 
BTU/Ib = 15356. NET, 16504. GROSS; BTU/gal = 92490. NET, 99403 GROSS 
REID VAPOR PRESSURE = 7.4 BROMINE NO. = 75.8 



CHEVRON RESEARCH GASOLINE ANALYSIS 
12-AD[-1995 21:20 
5019773 WHOLE FEED PRODUCT 
Sample 2 Injection I 

DISTILLATION CURVES 

VOL % TBP D86 

, 

5. 
i 0 .  
15 .  
20.  
25 .  
30.  
35.  
40.  
45 
5O 
55 
60 
65 
70 
75.  
80 .  
85 .  
90 .  
95 .  

i00. 

i i .  97 .  
8 2 .  99 .  
8 8 .  i 0 1 .  
9 7 .  1 3 0 .  

I 0 1 .  1 4 0 .  
1 1 2 .  1 4 4 .  
1 4 0 .  1 4 6 .  
1 4 6 .  1 5 3 .  
1 5 3 .  1 5 6 .  
1 5 6 .  161 .  
1 6 1 .  176 .  
1 7 9 .  1 9 4 .  
195o 1 9 7 .  
204. 207. 
214. 228. 
231. 231. 
244. 245. 
258. 268. 
281. 280. 
292. 301. 
472° 367. 

6GASO549 
Page 2 



CHEVRON RESEARCH GASOLINE ANALYSIS 
12-Apt-1995 21:20 
5019773 WHOLE FEED PRODUCT 
Sample 2 Injection 1 

651 0.05 
653 0.01 
654 0.05 
655 0.03 
656 0.06 
659 0.02 
635 0.02 
634 0.03 

7800 0.03 
660 0.01 

7801 0.04 
7004 0.01 
755 0.01 
714 0.04 

7830 0.01 
7831 0.02 
796 0.03 
795 0.01 

UNCLASSIFIED HCS 

0 O6 
0 O2 
0 O6 
0 O3 
0 07 
0 02 
0 02 
0 04 
0 O3 
0 01 
0 04 
0.01 
0.02 
0.04 
0.01 
0.02 
0.03 
0.01 

CODE 
188 
188 
188 
188 
188 
189 
189 
189 
189 
189 
!89 
189 
189 
189 
189 
189 
189 
189 
189 
189 
189 
189 
189 
190 

4052 
4053 
190 
190 
190 
190 
190 

MOL. 
0.38 
0.17 
0.03 
0.07 
0.14 
0 .ii 
0.01 
0.12 
0.01 
0.06 
0.01 
0.02 
0.09 
0.02 
0.02 
0.04 
0 . 0 2  
0.02 
0.01 
0.02 
0.02 
0 . 0 3  
0.03 
0 . 0 6  
0 0 l  
0 O2 
0 0 l  
0 O2 
0 0 l  
0 0 l  
0 . 0 2  

VOL . 
0.47 
0.21 
0.04 
0.08 
0.17 
0.15 
0.01 
0.16 
0.02 
0.09 
0.02 
0.02 
0.13 
0 . 0 2  
0 03 
0 05 
0 O2 
0 O3 
0 O2 
0 03 
0 O3 
0 05 
0 05 
0 O9 
0 0 l  
0 O 3  
0 0 l  
0 O3 
0 0 l  
0 0 l  
0 O2 

6GASO549 

0.08 
0.02 
0.07 
0.04 
0.08 
0.02 
0.03 
0.05 
0.04 
0.01 
0.05 
0 02 
0 02 
0 06 
0 01 
0 03 
0 04 
0 O2 

WT. 
0.48 
0.22 
0.04 
0.09 
0.18 
0.16 
0.01 
0.17 
0.02 
0.09 
0.02 
0.02 
0.13 
0.02 
0.03 
0.06 
0.02 
0.03 
0 . 0 2  
0 . 0 3  
0 . 0 3  
0 O5 
0 05 
0 O9 
0 0 l  
0 O3 
0 0 l  
0 03 
0 0 l  
0 0 l  
0 02 

Page 8 

12-DIET BENZENE 
I-ME-2-PR BENZENE 
14-DIME2ET BENZENE 
13-DIME4ET BENZENE 
12-DIME4ET BENZENE 
12-DIME3ET BENZENE 
1245-TETME BENZENE 
1235-TETME BENZENE 
METHYLINDANE A 
I-ME35DIET BENZENE 
METHYLINDANE B 
C-If AROMATIC E 
I-ME-3NBU BENZENE 
NAPHTHALENE 
DIMETHYLINDANE A 
DIMETHYLINDANE B 
2-ME NAPHTHALENE 
1-ME NAPHTHALENE 

NAME 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 

H.C. C- 9 
H.C. C- 9 
H.C. C- 9 
H.C. C- 9 
H.C. C- 9 
H.C. C-10 

UNCLASSIFIED C-10 C 
UNCLASSIFIED C-10 D 
UNCLASS. H.C. C-10 
UNCLASS. M.C. C-10 
UNCLASS. H.C. C-10 
UNCLASS. H.C. C-10 
UNCLASS. H.C. C-10 
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6GASO549 

190 0.01 0.01 0.01 
190 0.09 0.13 0.14 
192 0.01 0.02 0.02 
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UNCLASS. H.C. C-10 
UNCLASS. H.C. C-10 
UNCLASS. H~C. C-12 
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* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 

4 0.14 0.12 0.09 N-BUTANE 
6 1.73 1.60 1.40 N-PENTANE 
9 1.44 1.52 1.39 N-HEXANE 

14 0.63 0.74 0.71 N-HEPTANE 
23 0.45 0.59 0.57 N-OCTANE 
41 0.i0 0.15 0.15 N-NONANE 

ISO-PARAFFINS 

CODE MOL. 
5 0.02 
7 7.41 

12 0.03 
13 0.99 
i0 4.34 
Ii 2.66 
18 O.O3 
20 0.75 
19 0.99 
15 1.67 
16 1.55 
17 0.10 
37 0.25 
28 0.01 
36 0.02 
31 0.16 
30 0.20 
38 0.05 
39 0.08 
34 0.29 
29 0.12 
24 0.73 
26 0.21 
25 0.67 
73 0.08 
51 0.22 
52 0.17 
43 0.09 
67 0.01 
53 0.13 
59 0.04 
54 0.08 
55 0.17 
50 0 .04  
56 0.05  
71 0.04 
57 O.06 
66 0 .03  

VOL. 
0.02 
6.93 
0.03 
1.04 
4.60 
2.78 
0 .O4 
0.89 
1.15 
1.99 
1.81 
0.12 
0.33 
0.01 
0.02 
0.22 
0.26 
0.06 
0 .11 
0 .37  
0.15 
0.96 
0.27 
0.87 
0.ii 
0.31 
0.24 
0.13 
0 . 0 2  
0 19 
0 O5 
0 11 
0 24 
0 05 
0 O7 
0.05 
0.08 
0.05  

WT. NAME 
0.02 ISOBUTANE 
6.00 ISOPENTANE 
0.03 22-DIME BUTANE 
0.96 23-DIME BUTANE 
4.19 2-ME PENTANE 
2.57 3-ME PENTANE 
0.04 22-DIME PENTANE 
0.84 24-DIME PENTANE 
i.ii 23-DIME PENTANE 
1.88 2-ME HEXANE 
1.74 3-ME HEXANE 
0.12 3-ET PENTANE 
0.32 224-TRIME PENTANE 
0.01 22-DIME HEXANE 
0.02 223-TRIME PENTANE 
0.21 25-DIME HEXANE 
0.25 24-DIME HEXANE 
0.06 233-TRIME PENTANE 
0.ii 234-TRIME PENTANE 
0.37 2-ME-3-ET PENTANE 
0.15 23-DIME HEXANE 
0.93 2-ME HEPTANE 
0.26 4-ME HEPTANE 
0.86 3-ME HEPTANE 
0.11 224-TRIME HEXANE 
0.32 244-TRIME HEXANE 
0.24 24-DIME HEPTANE 
0.13 235-TRIME HEXANE 
0.02 22-DIME HEPTANE 
0.19 26-DIME HEPTANE 
0.05 44-DIME HEPTANE 
0.ii 25-DIME HEPTANE 
0.25 35-DIME HEPTANE 
0.05 234-TRIME HEXANE 
0.07 23-DIME HEPTANE 
0.05 3-ME-4-ET HEXANE 
0.08 34-DIME HEPTANE 
0.05 4-ET HEPTANE 
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62 
60 
65 

4652 
4659 
151 

4650 
213 
86 
84 
85 

4663 
163 
164 

CYCLOPENTANES 

0.13 
0 21 
0 O2 
0 O5 
0 O2 
0 01 
0 03 
0.02 
0.02 
0.04 
0.04 
0.01 
0 . 0 3  
0.01 

0 19 
0 31 
0 O3 
0 O8 
0 O3 
0 02 
0 O5 
0.03 
0 O3 
0 O6 
0 O6 
0 01 
0 O6 
0 O2 

CODE 
8OO 
801 
803 
8O6 
807 
8O5 
811 
802 
817 
814 
810 
813 
848 
864 
865 
861 
812 

4326 
862 

CYCLOHEXANES 

MOL. 
0.36 
2.30 
0.ii 
0.68 
0.73 
0.36 
0.09 
0.40 
0.21 
0.07 
0.14 
0.05 
0.18 
0.18 
0.15 
0.25 
0 . 0 5  
0 . 0 3  
0.ii 

VOL. 
0.27 
2.08 
0.12 
0.72 
0.77 
0.38 
0.ii 
0.41 
0.25 
0 . 0 8  
0 . 1 7  
0 O6 
0 24 
0 21 
0 18 
0 29 
0 O6 
0 O4 
0 12 

CODE 
825 
826 
831 
828 
830 
832 
833 
827 
946 
979 
956 

MOL. 
0.30 
1.25 
0.12 
0.07 
0.14 
0.22 
0.24 
0.08 
0.03 
0.05 
0.07 

VOL. 
0 26 
i 29 
0 14 
0 O8 
0 16 
0 25 
0 27 
0 O9 
0 O4 
0 06 
0 09 

6GAS0549 

0 19 
0 31 
0 04 
0 O8 
0 04 
0 02 
0 O5 
0.03 
0.04 
0.06 
0.06 
0.01 
0 . 0 6  
0.02 

WT. 
0.28 
2.17 
0.12 
0.75 
0.80 
0.39 
0.12 
0.44 
0.26 
0.08 
0.18 
0.06 
0.25 
0.22 
0.19 
0.32 
0.07 
0.04 
0.14 

WT. 
0.28 
1.38 
0.15 
0.08 
0.17 
0.28 
0.30 
0.i0 
0.O4 
0.07 
0.i0 
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4-ME OCTANE 
2-ME OCTANE 
3-ET HEPTANE 
225-TRIME HEPTANE 
245-TRIME HEPTANE 
22-DIME OCTANE 
223-TRIME HEPTANE 
C-10 ISOPARAFFINS 
4-ME NONANE 
2-ME NONANE 
3-ME NONANE 
335-TRIME HEPTANE 
2-ME DECANE 
3-ME DECANE 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
II-DIME CYCPENTANE 
IC3-DIME CYCPENTANE 
IT3-DIME CYCPENT/~NE 
IT2-DIME CYCPENTANE 
II3-TRIME CPENTANE 
ET CYCLOPENTAI~E 
IT2C4TRIME CPENTA/~E 
IT2C3TRIME CPENTANE 
II2-TRIME CPENTANE* 
IC2T3TRIMECPENTANE, 
IIC3T4-TETRME CPENT 
IMEC3ET CYCPENTANE 
IMET3ET CYCPENTANE 
IME-IET CYCPENTANE 
IC2C3TRIMECPENTANE. 
C-9 CYCLOPENTANE B 
IME-C2ET CYPENTANE 

NAME 
CYCLOHEXANE 
ME CYCLOHEXANE 
IC3-DIME CYCHEXANE 
II-DIME CYCLHEXANE 
IT2-DIME CYCHEXANE 
IT3-DIME CYCHEXANE 
IC4-DIME CYCHEXANE 
ETHYL CYCLOHEXANE 
II3-TRIME CYCHEXANE 
C-9 CYLOHEXANES 
IC3T5-TRIME CYCHEX 
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945 0.04 
941 0.10 
944 0.03 
940 0.02 
949 0.i0 
943 0.07 
948 0.06 
836 0.02 
98O 0.02 

OLEFINS, DIENES 

0 05 
0 13 
0 04 
0 02 
0 13 
0 09 
0.07 
0.02 
0.03 

CODE MOL. 
302 0.03 
305 0.04 
304 0.30 
303 0.44 
310 0.37 
306 1.40 
309 2.86 
509 0.14 
308 4.13 
327 0.05 
307 2.37 
311 6.66 
505 0.17 
53O 0.04 
504 0 . 0 8  
450 0.97 
318 0.57 
323 0.39 
324 0.65 
317 1.15 
312 0.66 
315 1.57 
314 1.84 
320 1.75 
321 1.14 
313 0.90 
322 1.81 

2005 0.03 
537 0.04 

4500 0 . 0 5  
532 0.04 

2011 0.05 
4501 0.01 
451 1.75 

2004 0.12 
2017 0.03 
403 0.06 

2003 0.09 
2024 0.07 
2009 0.14 

VOL. 
0.02 
0.03 
0.22 
0.32 
0.32 
1.23 
2.48 
0.ii 
3.59 
0.05 
2.03 
5.66 
0.13 
0.03 
0.06 
0.69 
0.57 
0.39 
0.66 
1.14 
0.66 
1.56 
1.84 
1.73 
i.ii 
0.88 
1.76 
0.04 
0.O4 
0.06 
0.03 
0.05 
0 O2 
i 48 
0 14 
0 O4 
0 O6 
0 i0 
0 O8 
0 16 

6GAS0549 

0.05 
0.14 
0.05 
0.02 
0.14 
0.i0 
0.08 
0.03 
0.04 

WT. 
0.02 
0.03 
0 .19 
0.28 
0.29 
1.10 
2.25 
0.i0 
3.25 
0.04 
1.86 
5.24 
0.13 
0.03 
0.06 
0.74 
0.53 
0.37 
0.62 
1.08 
0.62 
1.48 
1.74 
1.65 
1.07 
0.85 
1.71 
0.04 
0.04 
0.06 
0.04 
0 05 
0 02 
1 62 
0 13 
0 04 
0 06 
0 i0 
0 08 
0 15 
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112-TRINE CYCHEXANE 
IME-C3ET CYCHEXANE 
IME-T4ET CYCHEXANE 
IME-I-ET CYCHEXANE 
IC2T3-TRIME CYCHEX 
IM-C4-ET CYCHEXANE 
IC2C3-TRIME CYCHEX 
ISOPR CYCLOHEXANE 
C-10 CYCLOHEM~ANES 

NAME 
I-BUTENE 
ISO-BUTENE 
TRANS-2-BUTENE 
CIS-2-BUTENE 
3-METHYL-I-BUTENE 
I-PENTENE 
2-METHYL-I-BUTENE 
ISOPRENE 
TRANS-2-PENTENE 
3,3-DIME BUTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
T-13-PENTADIENE 
CYCLOPENTADIENE 
C-13-PENTADIENE 
CYCLOPENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRANS-2-HEXENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
T-3ME-2-PENTENE 
33-DIME-I-PENTENE 
HEPTADIENES 
HEPTENE A 
2-ME CYCLOPENTADIENI 
44-DIME-C2-PENTENE 
HEPTENE B 
1-ME CYLCOPENTENE 
24-DIME-I-PENTENE 
3-ET I-PENTENE 
HEPTENES 
23-DIME-I-PENTENE 
5-ME-I-HEXENE 
24-DIME-CIS2-PENTENE 
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403 0.03 0 .03 0 .03  
403 0.06 0 .07  0 .07  

2033 0.30 0 .35  0 .33  
2031 0.18 0.21 0.20 
2010 0.i0 0.Ii 0.11 
2038 0.42 0.48 0.46 
2035 0.19 0.21 0.21 
5370 0.44 0.43 0.48 
5371 0.41 0.40 0.44 
2042 0.49 0.55 0.54 
2025 0.50 0.56 0.55 
2034 0.71 0.78 0.78 
2040 0.64 0.72 0.71 
2008 0.46 0.50 0.51 
2039 0.44 0.49 0.49 
4526 0.03 0.03 0.03 
4529 0.05 0.07 0.07 
4530 0.03 0.04 0.04 
4517 0.06 0.07 0.07 
4532 0.04 0.05 0.05 
4528 0.17 0.22 0.22 
4533 0.09 0.ii 0.ii 
4534 0.08 0.10 0.10 
4531 0.03 0.04 0.04 
2212 0.02 0.03 0.03 
2213 0.04 0.05 0.05 
2193 0.26 0.32 0.32 
2198 0.24 0.31 0.31 
4536 0.08 0.i0 0.1,0 

AROMATIC HCS 

MOL. 
1.67 
6.56 
1.29 
2.73 
1.14 
1.60 
0.03 
0.19 
0.53 
0.21 
0.18 
0.14 
0 54 
0 O2 
0 I0 
0 01 
0 O3 
0 O5 
0 03 
0 O2 

VOL. 
i .20 
5.61 
1.27 
2.70 
1.14 
1.55 
0.04 
0.22 
0.60 
0.23 
0 20 
0 16 
O60 
0 O3 
0 09 
0 01 
0 O4 
0 O7 
OO3 
0.02 

CODE 
600 
601 
602 
604 
6O5 
603 
607 
644 
609 
610 
613 
6O8 
612 
616 
65O 
621 
646 
647 
648 
614 

WT. 
1.46 
6.78 
1.54 
3.25 
1.36 
1.90 
0.05 
0.26 
0.72 
0.28 
0.25 
0.19 
0.73 
0.04  
0.13 
0.01 
0 .05  
0 .08  
0.04 
0.03 
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HEPTENES 
HEPTENES 
2-ME-T3-HEXENE 
5-ME-T2-HEXENE 
34-DIME-C2-PENTENE 
I-HEPTENE 
3-ME-T3-HEXENE 
C-7 CYCLOPENTENE A 
C-7 CYCLOPENTENE B 
T3-HEPTENE 
2-ME-2-HEXENE 
3-ME-C3-HEXENE 
TRANS-2-HEPTENE 
23-DIME-C2-PENTENE 
CIS-2-HEPTENE 
OCTENE B 
OCTENE E 
OCTENE F 
OCTENE C 
OCTENE H 
OCTENE D 
OCTENE I 
OCTENE j 
OCTENE G 
6-ME-C2-HEPTENE 
6-ME-T2-HEPTENE 
I-OCTENE 
C4-OCTENE 
OCTENE L 

NAME 
BENZENE 
TOLUENE 
ETHYLBENZENE 
M-XYLENE 
P-XYLENE 
O-XYLENE 
CUMENE 
N-PROPYL BENZENE 
I-ME-3-ET BENZENE 
I-ME-4-ET BENZENE 
135-TRIME BENZENE 
I-ME-2-ET BENZENE 
124-TRIME BENZENE 
SEC BUTYLBENZENE 
INDAN 
O-CYMENE 
13-DIETHYL BENZENE 
I-ME-3-PR BENZENE 
I-ME-4-PR BENZENE 
N-BUTYLBENZENE 



Appendix C 

Vapor Generation Results 



CHEVRON RESEARCH GASOLINE ANALYSIS 

Sample Name: 5025137 AVERAGED VAPOR CONDENSATE Customer: CARO 
Acquisition Date: 8-May-1995 ~ Acquisition Time: 11:30 
Channel ~: 6 Analysis: GASO552 Sample #: 2 Injection #: 1 

i. BY VOLUME 
*** DETAILED COMPOSITION, PERCENT *** 

C PARA OLEF NAPH AROM UNCL TOTALS NORMAL 

NO. HC BY C ~ PARA 

3~ 

4 
5 
6 
7 
8 
9 

I0 
ii 
12+ 
TOT 

0.00 
0 60 

19 95 
ii 84 
4 06 
0 98 
0 17 
0 00 
0.00 
0.00 

37.60 

2.32 ****** ****** ****** 
34.28 0.39 **-*** ****** 
13.87 1.89 0.88 ****** 
2.89 1.50 1.74 ****** 
0.25 0.45 0.70 0.Ii 
0.00 0.04 0.94 0.03 
0.00 0.00 0.12 0.00 
0.00 0 . 0 0  0 .00 0 .00 
0.00 0 . 0 0  0.00 0 .00 

53.61 4.28 4.38 

0.00 
2.92 

54 63 
28 48 
i0 18 
2 48 
! 18 
0 12 
0 00 
0 00 

0.14 100 00 

2. BY WEIGHT 

NON- 

ALKYL ALKYL CYCLO- CYCLO- 
I-PARA I-PAKA PENT HEX 

0.50 
3.51 
1.59 
0.57 
0.09 
0.00 
0.00 
0.00 
0.00 
6.26 

16.45 ****** 0.39 ****** 
10.25 ****** 1.75 0.15 
3.49 ****** 1.07 0.43 
0.66 0.23 0.30 0.16 
0.15 0.02 0.04 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0 .00  0 .00  0 .00 0.00 

31.10 0.24 3.55 0.73 

3- 0.00 
4 0.51 
5 18.49 
6 11.62 
7 4.13 
8 1.03 
9 0.18 

i0 0.00 
ii 0.00 
12+ 0.00 
TOT 35.96 

. 

0.00 ****** ****** ****** 

2.12 ****** ****** ****** 
33.69 
14.25 
3.07 

0 26 0.90 
0 00 1.21 
0 00 0.16 
0 00 0.00 
0 00 0.00 

53 40 5.67 

0.00 
2.64 

0.44 ****** ****** 52.62 
2.12 1.15 ****** 29.14 
1.69 2.24 ****** 11.14 
0.52 0.12 2.83 
0.05 0.04 1.48 
0.00 0.00 0.16 
0.00 0.00 0.00 
0.00 0.00 0.00 
4.81 0.15 100.00 

BY MOLAR 

0.43 0.08 ****** ****** ****** 
3.28 
1.56 
0.58 
0.09 
0.00 
0.00 
0.00 
0.00 
5.95 

15.22 ****** 0.44 ****** 
10.06 ****** 1.95 0.17 
3.55 ****** 1.19 0.49 
0.69 0.24 0.34 0.18 
0.16 0.02 0.05 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

29.76 0.25 3.97 0.84 

3- 0 00 
4 0 69 
5 19 90 
6 i0 46 
7 3 20 
8 0 70 
9 0.ii 

I0 0.00 
ii 0.00 
12+ 0.00 
TOT 35.06 

0.00 ****** ****** ****** 

2 . 9 4  * * * * * *  * * * * * ~  * * * * * *  
37.37 
13 17 
2 44 
0 18 
0 00 
0 00 
0 00 
0 00 

56 i0 

0 . 4 8  * * * * * *  * * * * * *  
1.96 1.15 ****** 
1.33 1.89 ****** 
0.36 0.66 0.08 
0.03 0.78 0.02 
0.00 0.09 0.00 
0 . 0 0  0 . 0 0  0 . 0 0  
0 . 0 0  0 . 0 0  0 . 0 0  
4 . 1 6  4 . 5 7  

0 
0 
0 

0. i0 I00 

0.00 
3.62 

57.76 
26.74 
8 86 
1 98 
0 95 

09 
00 
00 
00 

0.58 
3.53 
1.40 
0.45 
0 06 
0 00 
0 00 
0 00 
0 00 
603 

0.Ii ****** ****** ****** 
16.37 ****** 
9.06 ****** 
2.75 ****** 
0.47 0.16 
0.i0 0.01 
0.00 0.00 
0.00 0.00 
0.00 0.00 

28.86 0.17 

0.48 ****** 
1.80 0 16 
0.94 0 39 
0.23 0 13 
0.03 0 00 
0.00 0 00 
0.00 0 00 
0.00 0 00 
3.49 0 67 

GRP. TYPE, VOL %: P = 37.65, 0 = 53.68, N = 4.29, A = 4.38, Saturates = 41.94 
DIENE CONTENT = 7852. vol ppm AVG MW = 77.6 API GR. = 78.1 SP. GR. =0.6752 
OCTANE NUMBER: (from pure values) RON = 89.4 MON = 80.2 

(from blending values) RON = 97.5 MON = 81.5 
CARBON-HYDROGEN RATIO =5.776 STOICH. AIR-FUEL RATIO =14.84 ibs air/ibs fuel 
BTU/Ib = 18224. NET, 19574. GROSS; BTU/gal =102688. NET, 110299. GROSS 
REID VAPOR PRESSURE =13.4 BROMINE NO. =118.2 
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6GASO5 52 

Page 

DISTILLATION CURVES 

VOL % TBP D86 

0 
5 

i0 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

i00 

iio 
82. 
82. 
82. 
82° 
88. 
97 
97 
97 

i01 
i01 
101 
136 
140 
146 
153. 
159 ° 
168. 
195. 
231 . 
3 8 8 .  

82° 
82. 
86° 
88. 
97 
97 
97 
99 

I01 
I01 
i01 
121 
140 
140 
146 
154 
159 
176. 
197, 
231. 
326. 



CHEVRON RESEARCH GASOLINE ANALYSIS 
8-May-1995 11:30 

5625137 AVERAGED VAPOR CONDENSATE 
Sample 2 Injection i 

6GASO552 

Page 4 

* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
4 0.58 0.50 0.43 N-BUTANE 
6 3.53 3.51 3.28 N-PENTANE 
9 1.40 1.59 1.56 N-HEXANE 

14 0.45 0.57 0.58 N-HEPTANE 
23 0.06 0.09 0.09 N-OCTANE 

ISO-FAKAFFINS 

CODE MOL. VOL. 
5 0.ii 0.I0 
7 16.37 16.45 

12 0.04 0.05 
13 1.22 1.37 
i0 5.02 5.72 
ii 2.77 3.11 
18 0.02 0.03 
20 0.53 0.68 
21 0.02 0.02 
19 0.51 0.64 
15 O.84 1.08 
16 0.77 0.97 
17 0.05 0.06 
37 0.10 0.15 
31 0.04 0.06 
30 0.05 0.08 
32 0.01 0.01 
38 0.01 0.01 
39 0.02 0.03 
34 0.06 0.08 
29 0.03 0.04 
24 0.14 0.20 
26 0.04 0 . 0 6  
25 0.13 0.18 
73 0.01 0.02 
51 0.03 O.O4 
43 0.01 0.02 
53 0.01 0.02 
54 0.01 0.01 
55 0.02 0.02 
62 0.01 0.01 
60 0.01 0.02 

CYCLOPENTANES 

WT. 
0.08 

15.22 
0.05 
1.36 
5.57 
3.08 
0.03 
0.69 
0.02 
0.66 
1.09 
0.99 
0 . 0 7  
0.15 
0.06 
0.08 
0.01 
0.01 
0.03 
0.09 
0.04 
0.21 
0.06 
0.19 
0 . 0 2  
0 . 0 5  
0 02 
0 02 
0 O1 
0 03 
0 O1 
0 02 

NAME 
ISOBUTANE 
ISOPENTANE 
22-DIME BUTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
22-DIME PENTANE 
24-DIME PENTANE 
33-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
3-ET PENTANE 
224-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
33-DIME HEXANE 
233-TRIME PENTANE 
234-TRIME PENTANE 
2-ME-3-ET PENTANE 
23-DIME HEXANE 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
224-TRIME HEXANE 
244-TRIME HEXANE 
235-TRIME HEXANE 
26-DIME HEPTANE 
25-DIME HEPTANE 
35-DIME HEPTANE 
4-ME OCTANE 
2-ME OCTANE 

CODE MOL. VOL. WT. 
800 0.48 0.39 0.44 
801 1.80 1.75 1.95 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
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803 0.06 0.06 0.07 
806 0.30 0.34 0.38 
807 0.32 0.36 0.40 
805 0.15 0.17 0.19 
811 0.03 0.03 0.04 
802 0.12 0.13 0.15 
817 0.05 0.06 0.07 
814 0.02 0.02 0.02 
810 0.03 0.03 0.04 
813 0.01 0.01 0.01 
848 0.03 0.04 0.05 
864 0.03 0.03 0.04 
865 0.02 0.03 0.03 
861 0.04 0.05 0.05 
862 0.02 0.02 0.03 

CYCLOHEXANES 

CODE MOL. VOL. WT. 
825 0.16 0.15 0.17 
826 0.39 0.43 0.49 
831 0.02 0.02 0.03 
828 0.01 0.01 0.01 
830 0.02 0.02 0.03 
832 0.03 0.03 0.04 
833 0.03 0.04 0.05 
829 0.01 0.01 0.01 

OLEFINS, DIENES 

5 
0 
7 
0 
4 

i0 
0 
0 
0 
1 
0 
0 
0 
0 

VOL. 
0 .i0 
0.16 
0.87 
1.19 
0.98 
0.01 
2.95 
.77 
.25 
.54 
.i0 
.21 
94 
29 
O6 
12 
16 
65 
25 
55 
86 

CODE MOL. 
302 0.12 
305 0.19 
304 1.09 
303 1.53 
310 1.05 
5O6 0.01 
306 3.13 
309 6.20 
509 0.29 
308 8.08 
327 0.09 
307 4.56 
311 11.97 
505 0.33 
530 0.08 
504 0.14 
450 1.53 
319 0.60 
318 0.23 
323 0.51 
324 0.79 

WT. 
0.09 
0.14 
0.79 
i.ii 
0.95 
0.01 
2.82 
5.60 
0.25 
7.30 
0.i0 
4.12 

10.81 
0 29 
0 O7 
0 13 
1 34 
0 65 
0 25 
0 55 
0.86 
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II-DIME CYCPENTANE 
IC3-DIME CYCPENTANE 
IT3-DIME CYCPENTANE 
IT2-DIME CYCPENTANE 
II3-TRIME CPENTANE 
ET CYCLOPENTANE 
IT2C4TRIME CPENTANE 
IT2C3TRIME CPENTANE 
II2-TRIME CPENTANE* 
IC2T3TRIMECPENTANE. 
IIC3T4-TETRME CPENT 
IMEC3ET CYCPENT2~NE 
IMET3ET CYCPENTANE 
IME-IET CYCPENTANE 
IME-C2ET CYPENTANE 

NAME 
CYCLOHEXANE 
ME CYCLOHEXANE 
IC3-DIME CYCHEXANE 
II-DIME CYCLHEXANE 
IT2-DIME CYCHEXANE 
IT3-DIME CYCHEXANE 
IC4-DIME CYCHEXANE 
IC2-DIME CYCHEXANE 

NAME 
I-BUTENE 
ISO-BUTENE 
TRANS-2-BUTENE 
CIS-2-BUTENE 
3-METHYL-I-BUTENE 
14-PENTADIENE 
I-PENTENE 
2-METHYL-I-BUTENE 
ISOPRENE 
TRANS-2-PENTENE 
3,3-DIME BUTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
T-!3-FENTADIENE 
CYCLOPENTADIENE 
C-13-PENTADIENE 
CYCLOPENTENE 
4-METHYL-I-PENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
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317 
312 
315 
314 
320 
321 
313 
322 

2005 
537 

4500 
532 

2011 
4501 
451 

2004 
2017 
403 

2003 
2024 
2009 
403 
403 

2033 
2031 
2021 
2038 
2035 
5370 
5371 
2042 
2025 
2034 
2040 
2008 
2039 
4529 
4527 
4532 
4528 
4533 
4534 
4531 
2193 
2198 
4536 

AROMATIC HCS 

1.20 
0.68 
1.47 
1.64 
1.60 
0.96 
0.78 
1.43 
0.02 
0.03 
0.04 
0 . 0 2  
0 . 0 3  
0.01 
1.16 
0.07 
0.02 
0.03 
0 . 0 5  
0.04 
O.O8 
0.01 
0 . 0 3  
0 . 1 6  
0 . 0 9  
0.04 
0.17 
0 . 0 8  
0.17 
0.16 
0 17 
0 18 
0 25 
0 21 
0 15 
0 15 
0 01 
0 01 
0.01 
0.03 
0.02 
0.01 
0.01 
0 . 0 4  
0 . 0 3  
0.01 

1.28 
0.73 
1.57 
1.76 
1.70 
!.01 
0.83 
1.49 
0.03 
0.03 
0.05 
0 . 0 2  
0.04 
0.01 
1.06 
0.09 
0 . 0 2  
0 . 0 4  
0.06 
0.04 
0.09 
0.02 
0.04 
0.19 
0.ii 
0.05 
0.20 
0.09 
0.18 
0.16 
0.21 
0.22 
0 . 3 0  
0 . 2 6  
0.18 
0.18 
0.02 
0.02 
0.01 
0.05 
0.02 
0.02 
0.01 
0 . 0 5  
0 . 0 4  
0.01 

CODE 
600 
601 
602 

MOL. 
i. 15 
1.89 
0.13 

VOL. 
0.88 
1.74 
0.14 

6GAS0552 

1.30 
0.74 
1.60 
1.78 
1.74 
1.05 
0.85 
1.54 
0.03 
0.04 
0.05 
0 . 0 3  
0.04 
0.01 
i .23 
0.09 
0.02 
0.04 
0.06 
0.05 
0 .i0 
0.02 
0.04 
0.20 
0.Ii 
0.05 
0.21 
0.i0 
0.21 
0.19 
0.22 
0.23 
0.32 
0.27 
0.20 
0.19 
0.02 
0.02 
0.01 
0 . 0 5  
0 . 0 2  
0 . 0 2  
0.01 
0 . 0 5  
0.04 
0.01 

WT. 
1.15 
2.24 
0.18 
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2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRA/gS-2-HEXENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
T-3ME-2-PENTENE 
33-DIME-I-PENTENE 
HEPTADIENES 
HEPTENE A 
2-ME CYCLOPENTADIENE 
44-DIME-C2-PENTENE 
HEPTENE B 
1-ME CYLCOPENTENE 
24-DIME-I-PENTENE 
3-ET I-PENTENE 
HEPTENES 
23-DIME-I-PENTENE 
5-ME-I-HEXENE 
24-DIME-CIS2-PENTENE 
HEPTENES 
HEPTENES 
2-ME-T3-HEXENE 
5-ME-T2-HEXENE 
2-ME-I-HEXENE 
I-HEPTENE 
3-ME-T3.HEXENE 
C-7 CYCLOPENTENE A 
C-7 CYCLOPENTENE B 
T3-HEPTENE 
2-ME-2-HEXENE 
3-ME-C3-HEXENE 
TRANS-2-HEPTENE 
23-DIME-C2-PENTENE 
CIS-2-HEPTENE 
OCTENE E 
OCTENE C 
OCTENE H 
OCTENE D 
OCTENE I 
OCTENE J 
OCTENE G 
I-OCTENE 
C4-OCTENE 
OCTENE L 

NAME 
BENZENE 
TOLUENE 
ETHYLBENZENE 
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604 0.26 0.28 0.35 
605 0.ii 0.12 0.15 
603 0.16 0.17 0.22 
644 0.05 0.06 0.07 
609 0.20 0.24 0.30 
610 0.09 0.i0 0.13 
613 0.09 0.ii 0.15 
608 0.05 0.06 0.08 
612 0.26 0.31 0.41 
611 0.03 0.04 0.05 
650 0.01 0.01 0.01 
646 0.01 0.01 0.02 
647 0.01 0.01 0.02 
648 0.01 0.01 0.02 
651 0.01 0.02 0.02 
656 0.03 0.03 0.05 

UNCLASSIFIED HCS 

CODE MOL. VOL. WT. 
188 0.02 0.03 0.03 
188 0.03 0.04 0.04 
188 0.01 0.01 0.01 
188 0.02 0.02 0.03 
189 0.01 0.02 0.02 
189 0.01 0.02 0.02 
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M-XYLENE 
P-XYLENE 
O-XYLENE , 
N-PROPYL BENZENE 
I-ME-3-ET BENZENE 
I-ME-4-ET BENZENE 
135-TRIME BENZENE 
I-ME-2-ET BENZENE * 
124-TRIME BENZENE * 
123-TRIME BENZENE * 
INDAN , 
13-DIETHYL BENZENE 
I-ME'3-PR BENZENE 
I-ME-4-PR BENZENE 
12-DIET BENZENE * 
12-DIME4ET BENZENE * 

NAME 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 8 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 



VAPOR GENERATION FROM LIGHT CATALYTICALLY REFORMED NAPHTHA 
REPORT TO PETROLEUM PRODUCT STEWARSHIP COUNCIL 

CHEVRON RESEARCH AND TECHNOLOGY COMPANY 

DECEMBER 9, 1996 

i/,o \q 

Introduction 

The Petroleum Product Stewardship Council contracted with Chevron Research and Technology 
Company to prepare a sample of vapor distillate from Light Catalytically Reformed Naphtha 
(LCRN) as defined in Task Order 8 (see Appendix A). The distillate will be used as the test 
article in a Rat Reproductive/Developmental Screening study and a Rat 90-day Neurotoxicity 
study, both to be conducted by Huntingdon LS. 

Sample Receipt/Characterization 

The 2000-gallon LCRN sample was received from Amoco Corporation on September 3, 1996. 
The LCRN sample was stored at ambient temperature in new 55-gallon drums. An initial ASTM 
D86 Boiling Curve, D519 Vapor pressure and SE-30 gas chromatography analysis were 
performed on the sample. See Appendix B for analytical results. 

Results of Task Order 8 

A glass-lined Pfaudler Kettle (operated as a closed system) was initially charged with a total 
sample weight of 6479.2 pounds on October 7, 1996. The sample was slowly heated and stirred, 
the bottoms temperature raised to a maximum of 154°F and the overhead temperature to a 
maximum of 147°F (See Table 1 and Chart 1). A total of 973.0 pounds of distillate was 
collected, representing 15.02% of the total. 

A second batch from the same sample was charged into the Pfaudler Kettle on October 10, 1996, 
with a total sample weight of 6589.4 pounds. The sample was slowly heated and stirred, the 
bottoms temperature raised to a maximum of 154°F and the overhead temperature to a maximum 
of 147°F (see Table 1 and Chart 2). A total of 988.6 pounds of distillate was collected, 
representing 15.00% of the total. 

The distillate from both runs was chilled and uniformly mixed. The mixed Light Catalytically 
Reformed Naphtha Distillate (LCRND) was characterized by gas chromatography (see Appendix 
C). A comparison of selected components in the starting liquid sample with the same components 
in the combined vapor distillate sample is shown in Table 2. 

The chilled LCRND (total of 1961.6 pounds) was transferred to 5-gallon DOT approved 
containers and shipped to Huntingdon LS on October 22, 1996. A one-quart sample was shipped 
to Dustek, Inc., for determination of lower explosive limit. 
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Table 2 
Comparison of Selected Components 

Light Catalytically Reformed Naphtha (LCRN) ~aad Distillate (LCRND) 

Compound 
n-butane 
n-pentane 
n-hexane 
n-heptane 
n-octane 
isobutane 
isopentane 

LCRN 
Liquid 
0.78 
8.05 
4.69 
3.59 
0.40 
0.03 
11.39 

22-dimethylbutane 1.26 
23-dimethylbutane 1.11 

22-dimethylpentane 

2-methylpentane 5.17 
3-methylpentane 4.00 

0.72 

LCRND - Vapor 
Condensate* 

2.97 
20.56 
4.49 
1.00 
0.03 
0.10 
34.23 
2.26 
1.56 
6.78 
4.71 
0.47 

24-dimethylpentane 0.84 0.53 
33-dimethylpentane 0.87 0.46 
23-dimethylpentane 1.70 0.72 
2-methylhexane 4.30 1.75 
3-methylhexane 5.18 1.97 
3-ethylpentane 0.49 
22-dimethylhexane 0.14 
25-dimethylhexane 0.18 
24-dimethylhexane 0.29 
33-dimethylhexane 0.11 
23-dimethylhexane 0.21 
2-methylheptane 0.67 
4-methylheptane 0.29 
3-methylheptane 0.79 
cyclopentane 

0.17 
0.03 
0.03 
0.05 
0.02 
0.03 
0.08 
0.03 
0.09 
0.45 

1 C3-dimethylcyclopentane 

0.26 
methylcyclopentane 0.62 0.53 
11-dimethylcyclopentane 0.10 0.05 

0.07 0.19 
0.17 0.07 
0.23 0.09 

1T3-dimethylcyclopentane 
1T2-dimethylcyclopentane 
methylcyclohexane 
2-methyl- 1-butene 
2-methyl-2-butene 
trans-2-pentene 
benzene 

0.41 
0.07 
0.16 
0.05 
8.37 

29.77 toluene 
ethylbenzene 0.45 
m-xylene 0.49 

0.11 
0.20 
0.36 
0.14 
6.21 
5.78 
0.03 
0.03 

p-xylene 0.27 0.01 
o-xvlene 0.05 0.00 

98.91 
¢ 

Totals, % Weight 99.25 

*Blend of condensates from Batch 1 and Batch 2 
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TASK ORDER 8 



= 

PPSC TASK ORDER 8 

Pursuant to the "Master Study Agreement for Toxicological Research Program" between 
the Petroleum Product Stewardship Council and Chevron Research and Technology 
company, dated January 14, 1 994, the parties hereby commission the following work: 

Deliverables: 1) Unload 2000 gallons of Light Catalytically Reformed Naphtha (LCRN) 
from tanker truck. (Cost of delivery billed directly to PPSC.) 2) Analytical 
characterization of LCRN including D519 vapor pressure, D86 boiling curve, D2622 
sulfur, D5291 nitrogen, and SE-30 gas chromatography analysis. 3) Generation of vapor 
condensate according to the procedures below. 4) Analytical characterization (SE-30) 
of the blended condensate sample. 5) Ship vapor condensate as directed by PPSC. 

General Procedures: Vapor generation of the LCRN sample will be conducted using the 
procedures proposed for gasoline under CAA Section 211 (b). Approximately one 
thousand gallons of LCRN will be charged by volume. The sample will be stirred and 
slowly heated until the vapor temperature reaches 130F or fifteen percent of the starting 
volume is collected as condensate. (Based on data from the benchtop vapor generation 
done last year, we will likely take 15% of the starting volume.) The temperature of the 
liquid and vapor phase will be constantly monitored and recorded. The vapor will be 
condensed by passing through a chilled overhead collection system. This vapor 
generation procedure will be repeated with another sample of LCRN from the same lot. 
The vapor condensate from both procedures will be uniformly mixed and while chilled, 
transferred to 5 gallon containers for shipping. A sample of the mixed condensate will 
be analyzed by SE-30 gas chromatography. 

Time Table: Vapor generation will occur within two months of delivery of LCRN. 

Payment Schedule: Total cost approximately $27,000 plus cost of shipping the vapor 
condensate sample. Payment is due upon receipt of invoice submitted after the vapor 
condensate is shipped. (Unloading 2000 gallons of sample $3,200, Analytical costs 
$800, Vapor generation $22,000, Project management $1,000. Shipping charges for 
the condensate samples will be passed along to PPSC at cost). 

Study Director: Russell White 
Study Monitor: Francis Koschier 

SPONSOR 
By: J / J s  - t  

Charles R. Clark 
Petroleum Product 
Stewardship Council 

Date: ~ / ~ / ~ / ~  

CONTRACTOR 

John C. Sebastian 
Chevron Research and 
Technology Company 

Date: ~,/~.,~ ~J i ~ ) ~  



APPENDIX B 

ANALYTICAL RESULTS 
LIGHT CATALYTICALLY CRACKED NAPHTHA 



Sample Name: 
Acquisition 
Channel ~: 

CHEVRON RESEARCH GASOLINE ANALYSIS 

6050335 REFORMATE 9/3/96 Customer: CARR 
D a t e :  4 - S e p - 1 9 9 6  A c q u i s i t i o n  T ime :  0 9 : 1 9  
13 Analysis: GASOI79 Sample ~: 5 Inject~on-~:~~./ 

*** DETAILED COMPOSITION PERCENT *** / ~'], ] 
i. BY VOLUME ' / ~" , " 

NON- 
C PARA OLEF NAPH AROM UNCL TOTALS NORMAL ALKYL 

NO. HC BY C # PARA I-PARA 

i 

I -PARA---I~ENT HEX 

3- 0.00 0.00 ****** ****** ****** 0.00 0.00 ****** ****** ****** ****** 
4 1.02 0.00 ****** ****** ****** 1.02 0.98 0.04 ****** ****** ****** 
5 22.72 0.38 0.25 ****** ****** 23.34 9.34 13.38 ****** 0.25 ****** 
6 17.95 0.28 0.60 6.93 ****** 25.76 5.18 12.77 ****** 0.60 0.00 
7 18.83 0.29 1.14 25.01 ****** 45.27 3.83 15.00 ****** 0.75 0.39 
8 3.23 0.01 0.26 1.06 0.00 4.56 0.41 2.56 0.26 0.18 0.08 
9 0.02 0.00 0.03 0.00 0.00 0.05 0.00 0.02 0.00 0.03 0.00 

i0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 63.76 0.96 2.28 33.00 0.00 i00.00 19.73 43.76 0.26 1.81 0.46 

2. BY WEIGHT 

3- 0.00 0.00 ****** ****** ****** 0.00 0.00 ****** ****** ****** ****** 
4 0.81 0.00 ****** ****** ****** 0.81 0.78 0.03 ****** ****** ****** 
5 19.45 0.34 0.26 ****** ****** 20.05 8.05 11.41 ****** 0.26 ****** 
6 16.23 0.27 0.62 8.37 ****** 25.49 4.69 11.54 ****** 0.62 0.00 
7 17.70 0.28 1.18 29.77 ****** 48.94 3.59 14.11 ****** 0.77 0.41 
8 3.12 0.01 0.27 1.26 0.00 4.66 0.40 2.47 0.25 0.19 0.08 
9 0.02 0.00 0.03 0.00 0.00 0.05 0.00 0.02 0.00 0.03 0.00 

i0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 57.34 0.90 2.36 39.40 0.00 100.00 17.51 39.57 0.25 1.87 0.49 

3. BY MOLAR 

3- 0.00 0.00 ****** ****** ****** 0.00 0.00 ****** ****** ****** ****** 
4 1.21 0.00 ****** ****** ****** 1.21 1.17 0.04 ****** ****** ****** 
5 23.35 0.42 0.32 ****** ****** 24.08 9.66 13.69 ****** 0.32 ****** 
6 16.31 0.28 0.64 9.28 ****** 26.50 4.71 11.60 ****** 0.64 0.00 
7 15.30 0.25 1.04 27.98 ****** 44.57 3.11 12.19 ****** 0.68 0.36 
8 2.36 0.01 0.21 1.02 0.00 3.61 0.30 1.87 0.19 0.15 0.06 
9 0.01 0.00 0.02 0.00 0.00 0.03 0.00 0.01 0.00 0.02 0.00 

i0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 58.54 0.95 2.23 38.28 0.00 i00.00 18.94 39.40 0.19 1.80 0.42 

GRP. TYPE, VOL %: P = 63.76, O = 0.96, N = 2.28, A = 33.00, Saturates = 66.03 
DIENE CONTENT = 0. vol ppm AVG MW = 86.6 API GR. = 61.7 SP. GR. =0.7325 

OCTANE NUMBER: (from pure values) RON = 81.3 MON = 76.6 
(from blending values) RON m 84.9 MON = 79.4 

CARBON-HYDROGEN RATIO -6.547 STOICH. AIR-FUEL RATIO -14.50 ibs air/ibs fuel 
BTU/Ib u 11649. NET, 12588. GROSS; BTU/gal - 71206. NET, 76942. GROSS 
REID VAPOR PRESSURE m 7.1 BROMINE NO. - 1.8 



CHEVRON RESEARCH GASOLINE ANALYSIS 
4-Sep-1996 09:19 

6050335 REFORM_ATE 9/3/96 
Sample 5 Injection 1 

13GASOI79 

Page 3 

* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
4 1.17 0.98 0.78 N-BUTANE 
6 9.66 9.34 8.05 N-PENTANE 
9 4.71 5.18 4.69 N-HEXANE 

14 3.11 3.83 3.59 N-HEPTANE 
23 0.30 0.41 0.40 N-OCTANE 

ISO-PARAFFINS 

CODE MOL. VOL. WT. NAME 
5 0.04 0.04 0.03 ISOBUTANE 
8 0.02 0.02 0.02 NEOPENTANE 
7 13.67 13.35 11.39 ISOPENTANE 

12 1.27 1.41 1.26 22-DIME BUTANE 
13 1.12 1.22 I.ii 23-DIME BUTANE 
i0 5.19 5.75 5.17 2-ME PENTANE 
ii 4.02 4.38 4.00 3-ME PENTANE 
18 0.63 0.78 0.72 22-DIME PENTANE 
20 0.73 0.91 0.84 24-DIME PENTANE 
21 0.75 0.91 0.87 33-DIME PENTANE 
19 1.47 1.78 1.70 23-DIME PENTANE 
15 3.71 4.61 4.30 2-ME HEXANE 
16 4.48 5.49 5.18 3-ME HEXANE 
17 0.43 0.51 0.49 3-ET PENTANE 
37 0.02 0.03 0.03 224-TRIME PENTANE 
28 0.10 0.14 0.14 22-DIME HEXANE 
36 0.01 0.01 0.01 223-TRIME PENTANE 
31 0.14 0.19 0.18 25-DIME HEXANE 
30 0.22 0.30 0.29 24-DIME HEXANE 
32 0.08 0.11 0.11 33-DIME HEXANE 
29 0.16 0.22 0.21 23-DIME HEXANE 
24 0.51 0.70 0.67 2-ME HEPTANE 
26 0.22 0.30 0.29 4-ME HEPTANE 
25 0.60 0.82 0.79 3-ME HEPTANE 
55 0.01 0.02 0.02 35-DIME HEPTANE 

CYCLOPENTANES 

CODE MOL. VOL. WT. NAME 
800 0.32 0.25 0.26 CYCLOPENTANE 
801 0.64 0.60 0.62 ME CYCLOPENTANE 
803 0.09 0.09 0.10 II-DIME CYCPENTANE 
806 0.16 0.18 0.19 IC3-DIME CYCPENTANE 
807 0.15 0.17 0.17 IT3-DIME CYCPENTANE 
805 0.20 0.22 0.23 IT2-DIME CYCPENTANE 
811 0.03 0.03 0.04 II3-TRIME CPENTANE 
802 0.08 0.08 0.09 ET CYCLOPENTANE 
817 0.03 0.04 0.04 IT2C4TRIME CPENTANE 



CHEVRON RESEARCH GASOLINE ANALYSIS 
~-Sep-1996 09:19 

6050335 REFORMATE 9/3/96 
Sample 5 Injection 1 

13GASO179 

600 9.28 6.93 8.37 
601 27.98 25.01 29.77 
602 0.37 0.38 0.45 
604 0.40 0.41 0.49 
605 0.22 0.23 0.27 
603 0.04 0.04 0.05 

Page 

BENZENE 
TOLUENE 
ETHYLBENZENE 
M-XYLENE 
P-XYLENE 
O-XYLENE 



APPENDIX C 

ANALYTICAL RESULTS 
LIGHT CATALYTICALLY CRACKED NAPHTHA DISTILLATE 



CHEVRON RESEARCH GASOLINE ANALYSIS 

Sample Name: 6059939 VAPOR CONDENSATE LCRN Customer: CARO 
Acquisition Date: 15-Oct-1996 Acquisition Time: 15:29 
Channel #: 13 Analysis: GASOI91 Sample #: 2 Injection #: 1 

i. BY VOLUME 
*** DETAILED COMPOSITION, PERCENT *** 

NON- 
C PARA OLEF NAPH AROM UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 

NO. HC BY C # PARA I-PARA I-PARA PENT HEX 

3 -  0 . 0 0  0 . 0 0  * * * * * *  * * * * * *  * * * * * *  0 . 0 0  0 . 0 0  * * * * * *  * * * * * *  * * * * * *  * * * * * *  
4 3 . 4 8  0 . 1 1  * * * * * *  * * * * * *  * * * * * *  3 . 6 0  3 . 3 7  0 . 1 1  * * * * * *  * * * * * *  * * * * * *  
5 57.84 0.88 0.39 ****** ****** 59.11 21.57 36.27 ****** 0.39 ****** 
6 19.79 0.28 0.46 4.65 ****** 25.18 4.47 15.32 ****** 0.46 0.00 
7 6.81 0.i0 0.35 4.39 ****** 11.65 0.96 5.85 ****** 0.26 0.i0 
8 0.38 0.00 0.03 0.05 0.00 0.46 0.03 0.31 0.04 0.03 0.00 
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

i0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 88.30 1.37 1.24 9.09 0.00 i00.00 30.40 57.86 0.04 1.14 0.I0 

2. BY WEIGHT 

3- 0.00 0.00 ****** ****** ****** 0.00 0.00 ****** ****** ****** ****** 
4 3.07 0.i0 ****** ****** ****** 3.17 2.97 0.i0 ****** ****** ****** 
5 54.79 0.88 0.45 ****** ****** 56.12 20.56 34.23 ****** 0.45 ****** 
6 19.79 0.29 0.53 6.21 ****** 26.82 4.49 15.31 ****** 0.53 0.00 
7 7.08 0.ii 0.40 5.78 ****** 13.37 1.00 6.08 ****** 0.29 0.ii 
8 0.40 0.00 0.03 0.07 0.00 0.51 0.03 0.33 0.04 0.03 0.00 
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 85.14 1.38 1.41 12.06 0.00 i00.00 29.06 56.05 0.04 1.30 0.12 

3. BY MOLAR 

3- 0.00 0.00 ****** ****** ****** 0.00 0.00 ****** ****** 
4 4 . 0 8  0 . 1 4  * * * * * *  * * * * * *  * * * * * *  4 . 2 2  3 . 9 5  0 . 1 3  * * * * * *  
5 5 8 . 6 4  0 . 9 7  0 . 4 9  * * * * * *  * * * * * *  6 0 . 1 0  2 2 . 0 1  3 6 . 6 3  * * * * * *  
6 17.74 0.27 0.48 6.14 ****** 24.62 4.02 13.72 ****** 
7 5.45 0.08 0.32 4.85 ****** 10.70 0.77 4.69 ****** 
8 0.27 0.00 0.02 0.05 0.00 0.35 0.02 0.22 0.03 
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOT 86.18 1.46 1.32 11.04 0.00 I00.00 30.77 55.39 0.03 

WWWWWW 

0.49 
0.48 
0 23 
0 O2 
0 00 
0 00 
0 00 
0 00 
1 23 

WWWW** 

0.00 
0.09 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 9  

GRP. TYPE, VOL %: P = 88.30, O = 1.37, N = 1.24, A = 9.09, Satu[ates = 89.54 
DIENE CONTENT = 12. vol ppm AVG MW = 77.2 API GR. = 82.3 SP- GR. =0.6619 

OCTANE NUMBER: (from pure values) R0N = 79.5 MON = 77.5 
(from blending values) RON = 82.4 MON = 80.0 

CARBON-HYDROGEN RATIO =5.427 STOICH. AIR-FUEL RATIO =15.03 ibs air/ibs fuel 
BTU/Ib = 16974. NET, 18356. GROSS; BTU/gal = 93759. NET, 101394. GROSS 
REID VAPOR PRESSURE =14o9 BROMINE NO. = 3.0 



CHEVRCN RESEARCH GASOLINE ANALYSIS 
iS-Oct-1996 15:29 
6059939 VAPOR CONDENSATE LCRN 
Sample 2 Injection 1 

13GASOI91 

Page 3 

* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
4 3.95 3.37 2.97 N-BUTANE 
6 22.01 21.57 20.56 N-PENTANE 
9 4.02 4.47 4.49 N-HEXANE 

14 0.77 0.96 1.00 N-HEPTANE 
23 0.02 0.03 0.03 N-OCTANE 

[SO-PARAFFINS 

CODE MOL. VOL. WT. NAME 
5 0.13 0.11 0.10 ISOBUTANE 
7 36.63 36.27 34.23 ISOPENTANE 

12 2.02 2.28 2.26 22-DIME BUTANE 
13 1.40 1.55 1.56 23-DIME BUTANE 
i0 6.07 6.82 6.78 2-ME PENTANE 
ii 4.22 4.67 4.71 3-ME PENTANE 
18 0.36 0.46 0.47 22-DIME PENTANE 
20 0.41 0.51 0.53 24-DIME PENTANE 
21 0.35 0.44 0.46 33-DIME PENTANE 
19 0.56 0.68 0.72 23-DIME PENTANE 
15 1.35 1.70 1.75 2-ME HEXANE 
16 1.52 1.89 1.97 3-ME HEXANE 
17 0.13 0.16 0.17 3-ET PENTANE 
28 0.02 0.03 0.03 22-DIME HEXANE 
31 0.02 0.03 0.03 25-DIME HEXANE 
30 0.03 0.05 0.05 24-DIME HEXANE 
32 0.01 0.02 0.02 33-DIME HEXANE 
29 0.02 0.03 0.03 23-DIME HEXANE 
24 0.05 0.08 0.08 2-ME HEPTANE 
26 0.02 0.03 0.03 4-ME HEPTANE 
25 0.06 0.08 0.09 3-ME HEPTANE 

IYCLOPENTANES 

CODE MOL. VOL. WT. NAME 
800 0.49 0.39 0.45 CYCLOPENTANE 
801 0.48 0.46 0.53 ME CYCLOPENTANE 
803 0.04 0.04 0.05 II-DIME CYCPENTANE 
806 0.06 0.06 0.07 IC3-DIME CYCPENTANE 
807 0.05 0.06 0.07 IT3-DIME CYCPENTANE 
805 0.07 0.08 0.09 !T2-DIME CYCPENTANE 
802 0.02 0.02 0.02 ET CYCLOPENTANE 

~YCLOHEXANES 

CODE MOL. VOL. WT. NAME 
826 0.09 0.i0 0.Ii ME CYCLOHEXANE 



VAPOR GENERATION FROM LIGHT ALKYLATE NAPHTHA 
REPORT TO PETROLEUM PRODUCT STEWARDSHIP COUNCIL 

CHEVRON RESEARCH AND TECHNOLOGY COMPANY 

March 1, 1995 
Introduction 

The Petroleum Product Stewardship Council contracted with Chevron Research and 
Technology Company to prepare a sample of vapor distillate from Light Alkylate 
Naphtha (LAN) and to determine the quantity and composition of the distillate as 
defined in Task Order 5. 

Sample Receipt/Characterization 

The 1,000 gallon LAN sample was collected from a refinery sulfuric acid alkylation unit 
in December, 1994. The LAN sample was stored at ambient temperature in 55 
gallon steel drums. An initial ASTM D86 Boiling Curve, RVP, and SE-30 gas 
chromatography analysis were performed on this sample. Refer to Appendix A for 
analytical results. 

Results of Task Order 5 

//, ,J+o"Y, 

A glass lined Pfaudler kettle (operated as a closed system) was charged with a total 
sample weight of 5,713.4 Ibs on December 18, 1994. The sample was slowly heated 
and stirred, the bottoms temperature was raised from 67F to 17OF, the overhead 
from 69F to 130F (see Chart 1 ). A total of 16 Ibs of distillate was recovered which 
represents 0.28% of total. 

The LAN sample that was charged on December 18, 1994  was left in the closed 
system and on January 3, 1995 heating/stirr ing again took place. The bottoms 
temperature was raised from 68F to 202F and the overhead was raised to 189F (see 
Chart 2). A total of 883 Ibs of distillate was collected. This represents 15.46% of 
the initial sample. 

The Light Alkylate Naphtha Distillate (LAND) was characterized by SE-30 gas 
chromatography analysis (see Appendix B). The ASTM D2622,  D5291 and D56 for 
sulfur, nitrogen and flash point, respectively, were inadvertently not conducted. 

The chilled LAND was mixed and was transferred to 5-gallon DOT approved 
containers. One quart samples were sent to Stoneybrook Laboratories, Inc. and to 
Dustech, Inc. The remaining distillate (156 gallons) was sent to Pharmaco-LSR. 

Comparison of Results from Distillation or Vapor Generation for Li,qht AIkvlate 
Naphtha 

See Tables 2-3. 

-1- 



Table 1 

PPSC LJ~N Vapor Generation 

LAN FIRST RUN 

TIME [ TEMPERATURE 

Hours BoSoms Overhead 
l l I 

0 69 69 
1 87~ 72, 
2 109 72 
3 119 73 
4 123 73 
5 125 74 
6' 126 76 
7 126 76 
8 126 77 

9.5' 126 76 
10.5 128 75 
11.5 129 73 
12.5 131 73 
13.5 135 72 
14.5 137~ 
15.5 141 
16.5 142 

17 143 
18 146 73 
19 150 71 
20! 152 74 

21.5 162 8( 
22 166 9~ 

22.1' 168 11( 
22.2 169 11; 
22.7 170 13( 

Total (Ibs) L.AN Charged = 5713 
Total Overhead Recovered (Ibs) = 16 
% Overhead Recovered = 0.28% 

SECOND LAN RUN 

TIME TEMPERATURE 
I 

Hou~ BoSoms Overhead 

0 68 
1 124 91 

2.5 150 82! 
3.5 158 79 
4.5 165 85 
5.5 172 122 
6.5 174! 141 
7.5 176 149 
8.5 178' 162 
9.5 179 155 

10.5 180 157 
11.5 182 163 
12.5 183 168 
13.5 186 173 
14.5 187 176 
15.5 190 181 

16 191 179 
16.5 193 184 
17.5 196 187 
18.5 197 183 
19.5 199! 187 

20 199 187 
21 2 0 0  174 

21.5 200 185 
22 202 18~ 

Total (Ibs) I_AN Charged = 5713 
Total Overhead Recovered (Ibs) = 883 
% Overhead Recovered = 15.46 
Total (Ibs) Bottoms Recovered = 4801 
% Bottoms Recovered = 84.03 

% Total Recovered (Overhead + Bottom) = 99.49 
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Chart  1 

PPSC LAN Vapor  Generat ion 

Run 1 
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Chart 2 

PPSC LAN Vapor Generation 

Run 2 
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Table  2 

PPSC Light Alkylate Naphtha 

Full Scale Sample Preparat ions 

Sample 

Vapor Temperature 
Fraction 
RVP 

Composition Vol% 
N-Paraffins 
Total Paraffins 
Napthenes 
Total Olefins 
Total Aromatics 
Benzene 

LAN 1 

Liquid 
6 

1.27 
89.59 

9.78 
0 

0.08 
O 

LAND 1 

Distill 145F 
20.64% 

18.1 

5.06 
99.91 

0 
0.09 

0 
0 

LAN 2 

Liquid 
4.4 

0.71 
99.75 

0.03 
0 
0 
0 

LAND 2 

190 F 
15.46% 

12.2 

3.47 
99.97 

0 
0.03 

C 
C 
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Tab le  3 

PPSC Light Alkylate Naphtha 
Full Scale Sample Preparations 

Sample 

Vapor Temperature 
Fraction 
RVP 

Compounds Vol% 
q-butane 
isobutane 
2-butene (cis) 
2-butene (trans) 
n-pentane 
isopentane 
cyclopentane 
1-pentene 
2-pentene (trans) 
2-pentene (cis) 
3-methyl-l-butene 
2-methyl-2-butene 
2-methyl-l-butene 
n-hexane 
methylcyclopentane 
cyclohexane 
2,2-dimethyl butane 
2,3-dimethylbutane 
2-methylpentane 
3-methylpentane 
2-methyl-2-pentene 
2-methyl-l-pentene 
1-hexene 
2-hexene (cis) 
benzene 
n-heptane 
1-heptene 
2-methylhexane 
3-methylhexane 
methylcyclohexane 
toluene 
n-octane 
2-methylheptane 
3-methylheptane 
2,2,4-trimethylpentane 
2,3,4-trimethylpentane 
2,4-dimethylhexane 
2,5-dimethylhexane 
ethylbenzene 
p-xylene 
o-xylene 

,,m-xylene 

LAN 1 

Liquid 
6 

LAND 1 
I | 

Distill-145F 
20.64% 

18.6 

1 3.96 
0 0~ 
0 0 
0 0 

0.27 1.37 
13.87 68.01 

0 0 
0 0 
0 0 
0 0 
0 0 
o! o 
0 0 
0 0 
0 0 
0 0 
0 0 

4.93 18.81 
1.68 5.56 
0.8 1.98~ 

0 0: 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0.53 0 
0.35 0 

o! o 
0 0 
0 0 

0.39 0 
0.13 0 

23.77 0 
11.19i 0 
3.33 0 
4.42 0 

0 0 
0 0 
0 0 
0 0 

LAN 2 

Liquid 
4.4 

0.65 
0 
0 
0 

0.06 
8.03 

0 
0 
0 
oi 
0 
0 
0 
0 
0 
0 
0 

5.12 
1.73 
0.81 

0 
0 
0 
0 
0 
0 
0 

0.53 
0.35 

0 
0~ 
0 

0.34 
0.12 

23.73 
11.34 
3.49 
4.27 

0 
0 
0 
0 

LAND 2 

190 F 
15.46% 

12.2 

3.23 
0.02 

0 
0 

0.24 
32.98 

0 
0 
0 
0 
0 

0.02 
0.02 

C 

C 

12.97 
4.13 
1.81 

0 
0 
0 
0 
0 
0 
0 

0.51 
0.32 

0 
0 
0 

0.12 
0.04 

16.82 
4.65 
1.72 

2.1 
O 
0 
(~ 

O 

ITOTALS (%) 66.66 99.69 60.57 81.711 
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TASK ORDER 5 

Pursuant to the "Master'Study Agreement for Toxicological Research Programs "between 
the Petroleum Product Stewardship Council and Chevron Research and Technology 
company, dated January 14, 1994, the parties hereby commission the following work: 

D¢liverables: 1) Acquisition of 800 gallons of Light Alkylate Naphtha (CAS 64741-66-8) 
and analytical characterization including D519 vapor pressure, D86 boiling curve, D2622 
sulfur, D5291 nitrogen, D56 flash point, and SE-30 gas chromatography analysis. 2) 
Conduct a 130F vapor generation and collection according to the procedures below. 3) 
Analytical characterization (SE-30) of the distillate. 4) Ship vapor condensate in 5 gallon 
DOT approved container as directed by PPSC. 

General Procedures: Vapor generation of the LAN sample will be conducted using a 1000 
gallon glass lined Pfaudler kettle. Eight hundred gallons of LAN, charged by weight, will 
be stirred and slowly heated until the vapor temperature reaches 130 F. The temperature 
of the liquid and vapor phase will be constantly monitored and recorded. The vapor will 
be condensed by passing through a chilled overhead collection system consisting of a 200 
gallon primary receiving vessel chilled with water and 55 gallon secondary receiving 
vessels chilled with dry ice. The kettle and overhead system will be operated as a closed 
system. The vapor copndensate will be uniformly mixed and while chilled, transferred to 5 
gallon containers for shipping. 

Time Table: All deliverables are to be completed by December 30, 1994. Copies of the 
data will be sent to PPSC as soon as available. 

Payment Schedule: Payment of $16,700 is due upon receipt of invoice submitted after 
the vapor condensate is shipped. (Sample acquisition $1,000, Analytical costs $700, kettle 
operation $12,000, Containers and shipping estimate $2,000, Project management, 
$1,000) 

Study Director: Russell White 
Study Monitor: Francis Koschier 

SPONSOR CONTRACTOR 

By: <'- ..:' ,.c-{')~ / (" .  [ '  .~l'~.:!. By: 

Charles R. Clark 
Petroleum Product 
Stewardship Council 

/ :  

Date: " / 
/ .,'" 

John C. Sebastian 
Chevron Research and 
Technology Company 

Date: 'a4a~q~ ~',- zL  ~~ '/ 



APPENDIX A 

VAPOR GENERATION FROM LIGHT ALKYLATE NAPHTHA 

WHOLE SAMPLE ANALYTICAL RESULTS 



CHEVRON RESEARCH GASOLINE ANALYSIS 

Sample Name: 5000187 500-319 PPSC LT TANK ALK NAPTHA Customer: MC HENLEY 
Acquisition Date: 5-Jan-1995 Acquisition Time: 23:40 
.Channel #: 6 Analysis: GASO526 S~mple #: 5 Injection #: 1 

i. BY VOLUME 
*** DETAILED COMPOSITION, PERCENT *** 

C PARA OLEF NAPH AROM 
NO. 

_ 

4 
5 
6 
7 
8 56 
9 12 

i0 5 
ii 0 
12+ 0 
TOT 99 

0 00 
0 65 
8 09 
7 66 
8 38 

76 
39 
58 
24 
00 
75 

NON- 
UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 
HC BY C # PARA I-PARA I-PARA PENT HEX 

0.00 ****** ****** ****** 

0 . 0 0  * * * * * *  * * * * * *  * * * * * *  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

0 . 0 0  * * * * * *  * * * * * *  
0 . 0 0  
0 . 0 0  
0 O0 
0 03 
0 O0 
0 O0 
0 O0 

0.00 
0.65 0.65 
8.09 0.06 

0.00 ****** 7.66 0.00 
0.00 ****** 8.38 0.00 
0.00 0.00 56.76 0.00 
0.00 0.02 12.44 0.00 
0.00 0.18 5.76 0.00 
0.00 0.02 0.26 0.00 
0.00 0.00 0.00 0.00 
0.00 0.22 i00.00 0.71 0 03 

O. O0 ****** ****** ****** ****** 

0.00 ****** ****** ****** 

8.03 ****** 0.00 ****** 
7.66 ****** 0.00 0.00 
8.38 ****** 0.00 0.00 
8.59 48.17 0.00 0.00 
1.80 10.59 0.00 0.03 
1.34 4.24 0.00 0.00 
0.02 0.22 0.00 0.00 
0.00 0.00 0.00 0.00 

35.82 63.22 0.00 0.03 

2. BY WEIGHT 

_ 

4 
5 
6 
7 
8 
9 

i0 
ii 
12+ 
TOT 

0 00 
0 54 
7 23 
7 28 
8 22 

57 61 
12 76 
5 83 
0 25 
0 00 

99 72 

. 

0.00 ****** ****** ****** 

0 00 ****** ****** ****** 
0 
0 
0 
0 O0 
0 O0 
0 O0 
0 . 0 0  
0 . 0 0  
0 . 0 0  

O0 
O0 
O0 

0 00 ****** ****** 
00 
00 
00 
03 
00 
00 
00 

0 O0 * * * * * *  
0 O0 * * * * * *  
0 O0 0 O0 
0 O0 0 03 
0 O0 0 20 
0 O0 0 02 
0 O0 0 O0 

0 03 0 O0 

0 00 
0 54 
7 23 
7 28 
8 22 

57 61 
12 82 
6 03 
0 27 
0.00 

0 24 I00.00 

BY MOLAR 

0. 00 ****** ****** ****** ****** 

0.54 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.59 

0.00 ****** ****** ****** 

7.18 ****** 0.00 ****** 
7.28 ****** 0.00 0.00 
8.22 ****** 0.00 0.00 
8.62 48.99 0.00 0.00 
1.87 10.89 0.00 0.03 
1.39 4.44 0.00 0.00 
0.02 0.23 0.00 0.00 
0.00 0.00 0.00 0.00 

34.58 64.55 0.00 0.03 

_ 

4 
5 
6 
7 
8 
9 

i0 
ii 
12+ 
TOT 

0 00 
i 01 

l0 84 
9 14 
8 87 

54 55 
i0 76 
4 43 
0 17 
0 00 

99 78 

0 O0 ****** ****** ****** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O0 * * * * * *  * * * * * *  * * * * * *  

O0 
O0 0 
O0 0 
O0 0 
O0 0 
O0 0 
O0 0 
O0 0 

0 00 ****** ****** 
O0 
O0 
O0 
03 
O0 
O0 
O0 

0 00 ****** 
0 00 ****** 
0 00 0.00 
0 00 0.02 
0 00 0.15 
0 00 0.01 
0 00 0.00 

00 0 03 0 00 

0 00 
1 01 

I0 84 
9 14 
8 87 

54 55 
i0 81 
4 59 
0.19 
0.00 

0.19 100.00 

O. O0 ****** ****** ****** ****** 

1.01 
0.08 I0 
0.00 9 
0.00 8 
0.00 8 
0.00 1 
0.00 1 
0.00 0 
0.00 0 
1.09 39 

0 00 ****** ****** ****** 
76 ****** 0.00 ****** 
14 ****** 0.00 0.00 
87 ****** 0.00 0.00 
16 46.39 0.00 0.00 
58 "9.18 0.00 0.03 
05 3.38 0.00 0.00 
01 0.16 0.00 0.00 
00 0.00 0.00 0.00 
59 59.11 0.00 0.03 

GRP. TYPE, VOL %: P = 99.97, 0 = 0.00, N = 0.03, A = 0.00, Saturates =i00.00 
DIENE CONTENT = 0. vol ppm AVG MW =108.2 API GR. = 71.0 SP. GR. =0.6989 

OCTANE NUMBER: (from pure values) RON = 90.2 MON = 88.2 
(from blending values) RON = 87.8 MON = 85.0 

CARBON-HYDROGEN RATIO =5.263 STOICH. AIR-FUEL RATIO =15.12 ibs air/ibs fuel 
BTU/Ib = 19143. NET, 20234. GROSS; BTU/gal =111653 NET, 118017. GROSS 
REID VAPOR PRESSURE = 4.4 BROMINE NO. = 0.0 



CHEVRON RESEARCH GASOLINE ANALYSIS 
5-Jan-1995 23:40 

5000187 500-319 PPSC LT TANK ALK NAPTHA 
Sample 5 Injection 1 

* DISTILLATION CURVES 

VOL % TBP D86 

0 
5 

i0 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
00 

31 
82 

136 
140 
177 
211 
211. 
211. 
211. 
211. 
228. 
229 o 
236. 
236 o 
239 ° 
239 o 
240. 
255. 
2 5 5 .  
2 8 9 .  
3 7 4  o 

136 . 
177. 
194. 
210. 
210. 
210 o 
210. 
210. 
210 
228 
228 
229 
236 
236 
238 
238 
243 
254 
266. 
295. 
314. 

6GASO526 

Page 



CHEVRON RESEARCH GASOLINE ANALYSIS 
:k 5-Jan-1995 23:40 
5000187 500-319 PPSC LT TANK ALK NAPTHA 6GASO526 
Sample 5 Injection 1 

Page 3 

* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
4 1.01 0.65 0.54 N-BUTANE 
6 0.08 0.06 0.05 N-PENTANE 

ISO-PARAFFINS 

CODE 
7 

13 
i0 
Ii 
2O 
19 
15 
16 
37 
36 
31 
30 
38 
39 
29 
24 
26 
25 
42 
73 
51 
43 
52 
53 
59 
55 
74 
5O 
56 
71 
57 
6O 

4660 
76 

4651 
4658 
4652 
4661 
4657 
4659 
151 

4650 

MOL. 
10.76 
6.12 
2.05 
0.97 
4.85 
3.09 
0 . 5 5  
0 . 3 7  

2 2 . 3 8  
1 . 6 6  
4 . 0 4  
3 . 3 4  
8 . 6 6  

i i . i i  
2 . 5 7  
0 . 3 2  
0 . 3 5  
0.12 
8 03 
0 07 
0 17 
1 16 
0 14 
0 24 
0 04 
0 52 
0 O7 
0 O4 
0 12 
0 02 
0 02 
0 01 
0 27 
0 II 
0 25 
0 77 
0 71 
0 48 
0 29 
0 O6 
0 02 
0 O4 

VOL. 
8.03 
5.12 
i .73 
0.81 
4.64 
2 86 
0 53 
0 35 

23 73 
1 71 
4 27 
3.49 
8.75 

11.34 
2.65 
0.34 
0.36 
0.12 
9 27 
0 08 
0 19 
1 32 
0 17 
0 28 
0 O5 
0 60 
0 O7 
0 04 
0 14 
0 02 
0 03 
0 01 
0 34 
0 12 
0 31 
0 97 
0 89 
0 6O 
0 36 
0 O8 
0 O2 
0 05 

WT. 
7.18 
4.88 
1.63 
0.78 
4.50 
2.87 
0.51 
0.35 

23.63 
1.76 
4.26 
3.52 
9 14 

Ii 74 
2 71 
0 34 
0 37 
0 12 
9 52 
0 O9 
0 20 
1 37 
0 17 
0 29 
0 O5 
0 62 
0 08 
0 04 
0 14 
0.02 
0.03 
0.01 
0.35 
0.12 
0.33 
1 O2 
0 93 
0 64 
0 38 
0 08 
0 02 
0 06 

NAME 
ISOPENTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
24-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
224-TRIME PENTANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
233-TRIME PENTANE * 
234-TRIME PENTANE * 
23-DIME HEXANE * 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
225-TRIME HEXANE 
224-TRIME HEXANE 
244-TRIME HEXANE 
235-TRIME HEXANE 
24-DIME HEPTANE 
26-DIME HEPTANE 
44-DIME HEPTANE 
35-DIME HEPTANE 
233-TRIME HEXANE 
234-TRIME HEXANE 
23-DIME HEPTANE 
3-ME-4-ET HEXANE 
34-DIME HEPTANE 
2-ME OCTANE 
246-TRIME HEPTANE 
33-DIET PENTANE 
224-TRIME HEPTANE * 
244-TRIME HEPTANE * 
225-TRIME HEPTANE * 
255-TRIME HEPTANE * 
236-TRIME HEPTANE * 

245-TRIME HEPTANE * 
22-DIME OCTANE 
223-TRIME HEPTANE 



CHEVRON RESEARCH GASOLINE ANALYSIS 
- 5-Jan-1995 23:40 
5000187 500-319 PPSC LT TANK ALK NAPTHA 6GASO526 
Sample 5 Injection 1 

5001 0.08 0.i0 0.I0 
155 0.04 0.05 0.05 

5004 0.02 0.02 0.03 
152 0.01 0.02 0.02 

5003 0.89 1.13 1.17 
4675 0.12 0.16 0.16 
4676 0.12 0.16 0.16 
4677 0.16 0.20 0.21 
4678 0.07 0.09 0.i0 
4663 0.02 0.03 0.03 
216 0.09 0.12 0.12 
216 0.02 0.03 0.03 
216 0.04 0.06 0.06 
216 0.02 0.02 0.02 
164 0.01 0.02 0.02 

CYCLOHEXANES 

CODE MOL. VOL. WT. 
946 0.03 0.03 0.03 

UNCLASSIFIED HCS 

Page 4 

C-10 ISOPARAFFIN O 
26-DIME OCTANE 
2-ME-3-ET HEPTANE 

23-DIME OCTANE 
C-10 ISOPARAFFIN P 
C-10 ISOPAR ALKY A * 
C-10 ISOPAR ALKY B * 
C-10 ISOPAR ALKY C * 
C-10 ISOPAR ALKYD * 
335-TRIME HEPTANE * 
C-ll ISOPARAF ALKY * 
C-II ISOPARAF ALKY * 
C-II ISOPARAF ALKY * 
C-ll ISOPARAF ALKY * 

3-ME DECANE 

NAME 
II3-TRIME CYCHEXANE 

CODE MOL. VOL. WT. 
189 0.02 0.02 0.03 
190 0.03 0.03 0.03 
190 0.02 0.02 0.03 
190 0.03 0.04 0.04 
190 0.08 0.09 0.i0 
191 0.01 0.02 0.02 

NAME 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 

H.C.C-9 
H.C. C-10 
H.C. C-10 
H.C. C-10 
H.C. C-10 
H.C. C-If 



5000186 500-319 PPSC LT ALK NAPTHA TT14364 REGULAR SERVICE 
REPORTED 12-Jan-95 Marked-up: 3-Jan-95 by TWGBR at 51-2124 
HENLEY, M. C. (1176/0) 

Test code Test Name/Element/Result Test Status Analyst Status date Test Cost 

iiiii D86 DIST. UPLOAD REPORTED TALET 
05ML 158.0 DEG F 10ML 175.8 DEG F 20ML 
30ML 208.9 DEG F 40ML 217.7 DEG F 50ML 
60ML 228.3 DEG F 70ML 233.7 DEG F 80ML 
90ML 252.6 DEG F 95ML 272.8 DEG F EPT 

EPVOL 98.3 VOL % EV05ML 154.7 DEG F EVIOML 
EV20ML 193.6 DEG F EV30ML 208.2 DEG F EV40ML 
EV50ML 223.5 DEG F EV60ML 228.2 DEG F EV70ML 
EV80ML 239.7 DEG F EV9OML 251.6 DEG F EV95ML 
EVEPT 321.0 DEG F EVEPVL 98.8 VOL % EVIBP 
IBP 93.7 DEG F LOSS 0.5 VOL % RECVRY 

RESID 1.0 VOL % 
**~ End of Report *** 

12-Jan-95 $40.0( 
194 o5 D~ F 
223.7 DEG F 
240.2 DEG F 
321.0 DEG F 
174 °5 DEG F 
217.2 DEG F 
233.4 DEG F 
269.4 DEG F 
93.7 DEG F 
98.5 VOL % 



APPENDIX [] 

VAPOR GENERATION FROM LIGHT ALKYLATE NAPHTHA 

DISTILLATE ANALYTICAL RESULTS 



CHEVRON RESEARCH GASOLINE ANALYSIS 

Sample Name: 5000608 500-319 ST-190 OVHDS Customer: MC HENLEY 
Acquisition Date: 5-Jan-1995 QQ~<__ ~(~ Acquisition Time: 21:28 
Channel #: 6 Analysis: GASO526 Sample #: 4 Injection #: 1 

I. BY VOLUME 
*** DETAILED COMPOSITION, PERCENT *** 

C PARA 
NO. 

3- 0.00 
4 3.25 
5 33.26 
6 18.91 
7 9.81 
8 31.14 
9 3.21 

i0 0.39 
ii 0.00 
12+ 0.00 
TOT 99.97 

OLEF NAPH AROM 
NON- 

UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 
HC BY C # PARA I-PARA I-PARA PENT HEX 

0 00 ,weee, *****, ,e,ee, 0 . 0 0  
O0 * * * * * *  * * * * * *  * * * * * *  3 . 2 5  3 . 2 3  
03 0 . 0 0  * * * * * *  * * * * * *  3 3 . 3 0  0 . 2 4  3 3 . 0 2  * * * * * *  0 . 0 0  * * * * * *  
O0 0.00 0.00 * * * * * *  18.91 0.00 18.91 * * * * * *  0.00 0o00 
O0 0.00 0.00 * * * * * *  9.81 0.00 9.81 * * * * * *  0.00 0.00 
O0 0.00 0.00 0.00 31.14 0.00 4.09 27.05 0.00 0.00 
00 0.00 0.00 0.00 3.21 0.00 0.26 2.94 0.00 0.00 
00 0.00 0.00 0.00 0.39 0.00 0.06 0.33 0.00 0.00 
O0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
O0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
03 0.00 0.00 0.00 i 0 0 . 0 0  3.47 66.17 30.32 0.00 0.00 

0.00 ****** e,e*** ,e,eee eeee** 

0.02 ****** * * * * * W  ee**e* 

2. BY WEIGHT 

_ 

4 
5 
6 
7 
8 
9 

i0 
ll 
12+ 
TOT 

0.00 
2.85 

31.22 
18.89 
i0 08 
33 04 
3 46 
0 43 
0 00 
0 00 

99 97 

. 

0 00 ****** ****** ****** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O0 *e**** ****** *****e 

03 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 

0.00 * * * * * *  * * * * * *  
0 . 0 0  * * * * * *  
0 . 0 0  * * * * * *  
0 . 0 0  0 O0 33 
0 . 0 0  0 O0 3 

" 0 . 0 0  0 O0 0 
0 . 0 0  0 O0 0 
0 . 0 0  0 O0 0 

0 O0 i00 03 0.00 0.00 

BY MOLAR 

0 00 
2 85 

31 25 
18 89 
i0 08 

04 
46 
43 
00 
00 
00 

0. 00 ****** ****** ***e** ****** 

2.84 0.02 ****** ****** ****** 
0.23 30.99 ****** 0.00 ****** 
0.00 18.89 ****** 0.00 0.00 
0.00 10.08 ****** 0.00 0.00 
0.00 4.31 28.73 0.00 0.00 
0.00 0.29 3.17 0.00 0.00 
0.00 0.06 0.37 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
3.06 64.63 32.27 0.00 0.00 

_ 

4 
5 
6 
7 
8 
9 

i0 
ii 
12+ 
TOT 

0 00 
4 38 

38 59 
19 55 
8 97 

25 80 
2 41 
0 27 
0 00 
0 00 

99 96 

0 00 ****** ****** ****** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00 ***WW* **WW** W*W*W* 

04 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 
O0 0.00 

0.00 * * * * * *  * * * * * *  
0 O0 * * * * * *  
0 O0 * * * * * *  
0 O0 0.00 
0 O0 0.00 
0 O0 0.00 
0 O0 0.00 
0 O0 0 . 0 0  

04 0 . 0 0  0 00 

0 
0 
0 

0.00 I00 

0.00 
4.38 

38.63 
19 55 
8 97 

25 80 
2 41 

27 
00 
00 
00 

0. 00 ****** ****** ***ewe ,ee*** 

4.35 
0.28 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.63 

0 03 ****** ****** *e**** 

38 
19 
8 
3 
0 20 
0 04 
0.00 
0.00 

70.46 

31 * * * * * *  0.00 * * * * * *  
55 * * * * * *  0.00 0.00 
97 * * * * * *  0.00 0.00 
36 22.43 0.00 0.00 

2.21 0.00 0.00 
0.23 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

24.87 0.00 0.00 

GRP. TYPE, VOL %: P = 99.97, O = 0.03, N = 0.00, A = 0.00, Saturates = 99.97 
DIENE CONTENT = 0. vol ppm AVG MW = 89.2 API GR. = 81.1 SP. GR. =0.6656 
OCTANE NUMBER: (from pure values) RON = 92.2 MON = 89.6 

(from blending values) RON = 89.8 MON = 87.0 
CARBON-HYDROGEN RATIO =5.132 STOICH. AIR-FUEL RATIO =15.20 ibs air/Ibs fuel 
BTU/Ib = 19217. NET, 20555. GROSS; BTU/gal =106746. NET, 114177. GROSS 
REID VAPOR PRESSURE =12.2 BROMINE NO. = 0.i 



~CHEVRON RESEARCH GASOLINE ANALYSIS 
5-Jan-1995 21:28 

5000608 500-319 ST-190 OVHDS 
Sample 4 Injection 1 

DISTILLATION CURVES 

VOL % TBP D86 

0 
5 

I0 
15 
20 
25 
3O 
35 
40 
45 
50 
55 
6O 
65 
7O 
75 
8O 
85 
9O 
95 

i00 

ii. 82. 
82. 82° 
82° 82° 
82° 82. 
82. 82. 
82° 82. 
82. 136. 
82. 136 

136. 136 
136. 136 
140. 140 
146. 177 
177o 194 
197. 210 
211. 210 
211o 210 
211° 210 
229. 229 
236° 236 
239° 239. 
317. 273. 

6GASO526 

Page 



" CIIEVRON RESEARCH GASOLINE ANALYSIS 
5-Jan-1995 21:28 

5000608 500-319 ST-190 OVHDS 
Sample 4 Injection 1 ' 

* DETAILED HYDROCARBON ANALYSIS, 

NORMAL PARAFFINS 

EXCLUDING 

6GASO526 

COMPOUNDS BELOW 0.01 

Page 3 

VOLUME PERCENT 

CODE MOL. VOL. WT. 
4 4.35 3.23 2.84 
6 0.28 0.24 0.23 

ISO-PARAFFINS 

NAME 
N-BUTANE 
N-PENTANE 

CODE 
5 
8 
7 

13 
i0 
ii 
20 
19 
15 
16 
37 
36 
31 
30 
38 
39 
29 
24 
26 
25 
42 
73 
51 
43 
52 
53 
55 
56 

4660 
4651 
4658 
4652 
4661 
4657 
5003 

OLEFINS, DIENES 

CODE 
310 
309 

MOL. 
0.03 
0.04 

38.26 
13.44 
4.23 
1.88 
5.60 
2.61 
0.47 
0.29 

13.74 
0.68 
1.72 
1.42 
3.22 
3.95 
0.85 
0.i0 
0.i0 
0.03 
2.00 
0 01 
0 03 
0 20 
0 02 
0 04 
0 08 
0 01 
0 03 
0.02 
0.07 
0.06 
0.04 
0.02 
0.04 

MOL. 
0.02 
0.02 

VOL. 
0.02 
0.04 

32.98 
12.97 
4.13 
1.81 
6.18 
2.79 
0.51 
0.32 

16.82 
0.81 
2.10 
1.72 
3.76 
4.65 
1.01 
0.12 
0.12 
0.04 
2.67 
0.02 
0.04 
0.27 
0.03 
0.05 
0.ii 
0.02 
0 04 
0 O3 
0 I0 
0 09 
0 05 
0 O2 
0 06 

VOL. 
0 . 0 2  

0 . 0 2  

WT. 
0.02 
0.04 

30.95 
12.99 
4.08 
1.82 
6.29 
2.94 
0.53 
0.33 

17.59 
0.88 
2.20 
1.82 
4.12 
5.05 
1.08 
0.12 
0.13 
0.04 
2.88 
0.02 
0.04 
0.29 
0.03 
0.05 
0.12 
0.02 
0.04 
0.03 
0.Ii 
0.I0 
0.06 
0.03 
0.06 

WT. 
0.02 
0.02 

NAME 
ISOBUTANE 
NEOPENTANE 
ISOPENTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
24-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
224-TRIME PENTANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
233-TRIME PENTANE * 
234-TRIME PENTANE * 
23-DIME HEXANE * 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
225-TRIME HEXANE 
224-TRIME HEXANE 
244-TRIME HEXANE 
235-TRIME HEXANE 
24-DIME HEPTANE 
26-DIME HEPTANE 
35-DIME HEPTANE 
23-DIME HEPTANE 
246-TRIME HEPTANE * 
224-TRIME HEPTANE * 
244-TRIME HEPTANE * 
225-TRIME HEPTANE * 
255-TRIME HEPTANE * 
236-TRIME HEPTANE * 
C-10 ISOPARAFFIN P 

NAME 
3-METHYL-I-BUTENE 
2-METHYL-I-BUTENE 



API Unleaded Gasoline 
Samples 
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CONSCI 

American Petroleum Institute 
1220 L Street Northwest 
Washington D.C., 20005 

Attn: Chris Sexsmith 

January 13, 1994 

Invoice #: 31207009 

Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 

CERTIFICATE OF ANALYSIS 

C o m p o n e n t  N a m e  Wt.  % LV % 

Propane 0.02 0.03 
Isobutane 0.60 0.79 
Isobutylene + 1-Butene 0.09 0.11 
n-Butane 3.05 3.82 
trans-2-Butene 0.16 0.19 
cis-2-Butene 0.17 0.20 
3-Methyl- 1-butene 0.06 0.07 
Isopentane 7.95 9.40 
1-Pentene 0.18 0.21 
2-Methyl-l-butene 0.40 0.45 
n-Pentane 3.29 3.85 
trans-2-Pentene 0.51 0.58 
3,3-Dimethyl- 1-butene 0.84 0.94 
cis-2-Pentene 0.29 0.32 
2,2-Dimethylbutane + Cyclopentadiene + 

cis- 1,3-Pentadiene 0.00 0.00 
Cyclopentene 0.08 0.08 
4-Methyl-l-pentene 0.03 0.03 
3-Methyl-l-pentene 0.05 0.06 
Cyclopentane 0.24 0.24 
2,3-Dimethylbutane 1.84 2.04 
2,3-Dimethyl-l-butene 0.09 0.10 
4-Methyl-cis-2-pentene 0.09 0.10 
2-Methylpentane 4.04 4.54 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31214002 
SampleID: PS-6 Gasoline 
Date Received: December 14, 1993 

Page 2 

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

4-Methyl-trans-2-pentene 
2-Methyl- 1-pentene 
1-Hexene 
n-Hexarle 4- 2-Ethyl-l-butene 
cis-3-Hexene 
trans-3-Hexene 
trans-2-Hexene 
2-Methyl-2-pentene 
3-Methyl-cis-2-pentene 
4-Methylcyclopentene 
3-Methyl-trans-2-pentene 
cis-2-Hexene 
2,2-Dimethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethyl- 1-butene 
2,2,3-Trimethylbutane 
1-Methylcyclopentene 
C7 Olefin 
Benzene 
3,3-Dimethylpentane + C7 olefin 
Cyclohexane + C7 olefin 
C7 Cyclo-olefin/diolefin 
C7 Olefin 
2-Methylhexane 
2,3-Dimethylpentane + C7 olefin 
1,1-Dimethylcyclopentane 
3-Methylhexane 
C7 Olefin 
t- 1,3-Dimethylcyclopentane 
c- 1,3-Dimethylcyclopentane 
3-Ethylpentane + C7 olefin 
t- 1,2-Dimethylcyclopentane 
2,2,4-Trimethylpentane 

2.37 2.60 
0.12 0.13 
0.12 0.13 
1.71 1.90 

0.10 0.11 
0.O4 0.04 
0.21 0.23 
0.26 0.28 
0.21 0.22 
0.02 0.02 
0.12 0.13 
0.26 0.28 
0.05 0.05 
1.12 1.10 
1.01 1.10 
0.01 0.01 
O.O7 O.07 
0.16 0.15 
0.02 0.02 
2.12 1.77 
0.O7 0.07 
0.14 0.13 
0.02 0.02 
0.03 0.03 
1.56 1.69 
0.84 O.89 
0.02 0.02 
1.50 1.60 
0.03 0.03 
0.31 0.30 
0.27 0.27 
0.15 0.16 
0.19 0.19 
5.73 6.08 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 
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CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

C70lefin 0.04 0.04 
C70lefin 0.07 0.07 
n-Heptane 0.62 0.67 
C70lefin 0.06 0.06 
C70lefin 0.14 0.15 
C70lefin 0.06 0.06 
C70lefin 0.06 0.06 
C70lefin 0.04 0.04 
C70lefin 0.08 0.08 
C80lefin 0.04 0.04 
C80lefin 0.04 0.04 
C80lefin 0.03 0.03 
C80lefin 0.02 0.02 
c-l,2-Dimethylcyclopentane 0.16 0.15 
Methylcyclohexane 0.35 0.33 
2,2-Dimethylhexane 0.03 0.03 
C8 Cyclo-olefin/diolefin 0.06 0.06 
C8 Cyclo-olefin/diolefin 0.01 0.01 
Ethylcyclopentane + 

2,5-Dimethylhexane 1.20 1.21 
2,2,3-Trimethylpentane + C8 olefin + 

2,4-Dimethylhexane 1.24 1.29 
1,2,4-Trimethylcyclopentane 0.11 0.11 
3,3-Dimethylhexane 0.03 0.03 
C80lefin 0.01 0.01 
1,2,3-Trimethylcyclopentane + 

C8 Cyclo-olefin/diolefin 0.04 0.04 
2,3,4-Trimethylpentane + C8 olefin 3.40 3.47 
2,3,3-Trimethylpentane + C8 olefin 3.57 3.61 
Toluene 3.97 3.36 
2,3-Dimethylhexane + C8 olefin 0.90 0.93 
1-Methyl- 1-ethylpentane 0.08 0.08 
C80lefin 0.02 0.02 
2-Methylheptane 0.68 0.72 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 

Page 4 

CERTIFICATE OF ANALYSIS 

Component Name Wt. % 

4-Methylheptane 
3-Methyl-3-ethylpentane + C8 olefin 
3-Methylheptane 
3-Ethylhexane 4- C8 olefin 
c-l,4-Dimethylcyclohexane 
t- 1,4-Dimethylcyclohexane 
C8 Naphthene + C8 olefin 
C8 Naphthene + C8 olefin 
C8 Naphthene + C8 olefin 
C8 Naphthene + C8 olefin 
2,2,4-Trimethylhexane 
C8 Naphthene 
C8 Naphthene 
Unidentified C8's 
n-Octane 
t-l,2-Dimethylcyclohexane 
1,2,3-Trimethylcyclopentane 
C80lefin 
C80lefin 
C80lefin + C9 olefin 
C9 Naphthene 
C9 Paraffin + C8 olefin 
Diolefin 
C80lefin 
C80lefin 
C9 Paraffin 
Olefin 
c-l,2-Dimethylcyclohexane + C9 olefin 
C9 Paraffin 
Ethylcyclohexane 
C9 Paraffin 
C9 Paraffin 
1,3,5-Trimethylcyclohexane + C9 olefin 
C9 Naphthene 

LV % 

0.27 0.28 
0.18 0.18 
0.81 0.84 
0.13 0.13 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.01 0.01 
0.06 0.06 
O.02 0.O2 
0.74 0.76 
0.12 0.12 
0.09 0.09 
0.12 0.12 
0.37 0.39 
0.01 0.01 
0.10 0.09 
0.02 0.02 
0.01 0.01 
O.O4 0.O4 
0.01 0.01 
0.13 0.13 
0.06 0.06 
0.01 0.01 
0.02 0.02 
0.09 0.09 
0.O4 0.04 
0.04 O.O4 
0.16 0.16 
0.02 0.02 
0.22 0.22 
0.01 0.01 
0.01 0.01 
0.01 0.01 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 

P ~ e 5  

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

C9 Naphthene + C9 olefin 0.01 0.01 
Ethylbenzene 1.87 1.58 
C90lefin 0.04 0.04 
m-Xylene + C9 paraffin 5.03 4.28 
p-Xylene + C9 paraffin 1.96 1.67 
3,4-Dimethylheptane 0.04 0.04 
2-Methyloctane 0.22 0.23 
4-Methyloctane 0.31 0.32 
3-Ethyloctane 0.20 0.16 
3-Methyloctane 0.31 0.32 
3,3-Diethylpentane 0.07 0.07 
o-Xylene 2.45 2.05 
C10 Naphthene 0.11 0.10 
Naphthene 0.02 0.02 
Naphthene 0.05 0.05 
Paraffin 0.09 0.08 
Naphthene 0.01 0.01 
Unidentified C9's 0.07 0.07 
n-Nonane 0.19 0.19 
C9 Naphthene 0.05 0.05 
Isopropylbenzene 0.11 0.09 
C9 Naphthene 0.02 0.02 
Paraffin 0.04 0.04 
C10 Paraffin 0.04 0.04 
C10 Paraffin 0.01 0.01 
C10 Paraffin 0.05 0.05 
C10 Paraffin 0.01 0.01 
C10 Naphthene 0.02 0.02 
C10 Paraffin 0.00 0.00 
3,3-Dimethyloctane 0.07 0.07 
n-Propylbenzene 0.54 0.46 
1-Methyl-3-ethylbenzene 2.02 1.72 
1-Methyl-4-ethylbenzene 0.89 0.76 
C 10 Paraffin 0.02 0.02 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 
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CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

1,3,5-Trimethylbenzene 1.13 0.96 
4-Methylnonane 0.15 0.15 
2-Methylnonane 0.12 0.12 
Paraffin 0.23 0.23 
1-Methyl-2-ethylbenzene 0.62 0.52 
3-Methylnonane 0.13 0.13 
Paraffin 0.05 0.04 
Paraffin 0.02 0.02 
1,2,4-Trimethylbenzene 3.36 2.82 
Naphthene + olefin 0.03 0.03 
Paraffin 0.02 0.02 
C10 Aromatic 0.04 0.03 
Unidentified C 10's 0.11 0.11 
n-Decane 0.18 0.18 
iso-Butylbenzene 0.02 0.02 
Paraffin 0.01 0.01 
1,2,3-Trimethylbenzene + C10 Styrene 0.59 0.49 
C l l  Paraffin 0.02 0.02 
C11 Paraffin 0.07 0.06 
Indane 0.28 0.21 
C11 Paraffin 0.14 0.14 
Paraffin 0.18 0.17 
C l l  Paraffin 0.37 0.36 
1,3-Diethylbenzene 0.14 0.12 
1-Methyl-3-n-propylbenzene 0.25 0.21 
1-Methyl-4-n-propylbenzene 0.22 0.19 
n-Butylbenzene 0.08 0.07 
1,2-Diethylbenzene 0.40 0.33 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 0.01 0.01 
C11 Paraffin 0.04 0.04 
C l l  Paraffin 0.30 0.30 
C l l  Paraffin 0.01 0.01 
Paraffin 0.12 0.10 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 

Page 7 

CERTIFICATE OF ANALYSIS 

Component Name Wt.% LV% 

C l l  Paraffin 0.14 0.14 
1,3-Dimethyl-4-ethylbenzene + 

Indane 0.36 0.30 
Paraffin 0.15 0.12 
1,2-Dimethyl-4-ethylbenzene + Indane 0.52 0.44 
Paraffin 0.16 0.13 
Paraffin 0.01 0.01 
Paraffin 0.02 0.02 
C11 Aromatic _ 0.02 0.02 
Unidentified C 11' s 0.07 0.07 
1,2-Dimethyl-3-ethylbenzene 0.13 0.11 
n-Undecane 0.15 0.15 
Aromatic 0.01 0.01 
1,2,4,5-Tetramethylbenzene 0.26 0.22 
1,2,3,5-Tetramethylbenzene 0.37 0.31 
Unidentified C12's 0.09 0.09 
Dodecane 0.21 0.20 
C12 Paraffins 0.17 0.17 
C10 Indanes 0.44 0.36 
Naphthalene 0.39 0.24 
C l l  Indanes 0.61 0.50 
C13 Paraffins 0.25 0.24 
Tridecane 0.24 0.23 
C12 Aromatics 1.00 0.86 
C12 Indanes 0.05 0.04 
C14+ Paraffins 0.23 0.22 
Methylnaphthalenes 0.83 0.61 
C13+ Aromatics 0.21 0.18 
Dimethylnaphthalenes 0.22 0.16 
Unidentified Heavies 0.00 0.00 

Totals 100.00 100.00 
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American Petroleum Institute 
Certificate #: 31214002 
Sample ID: PS-6 Gasoline 
Date Received: December 14, 1993 

Page 8 

Paraffins 
Naphthenes 
Aromatics 
Olefins 
Unknowns 
Oxygenates 

Wt% LV% 

53.02 57.80 
4.01 3.91 

33.52 28.08 
9.12 9.88 
0.33 0.33 

<0.01 <0.01 

Totals 100.00 100.00 

Paul A. Radenheimer 

PAR/ar 
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American Petroleum Institute 
1220 L Street, Northwest 
Washington, D.C. 20005 

Attn: Chris Sexsmith 

Certificate #: 11105008 
Sample ID: Unleaded Gas(API 91-1),10/24/91 
Date Received: November 5, 1991 

Art ql-I,  

November 29, 1991 

Invoice #: 97346 
P.O. #: 76520 

CERTIFICATE OF ANALYSIS 

Component Name 

Propane 
Isobutane 
n-Butane 
1,2-Butadiene 
3-Methyl-l-butene 
Isopentane 
l-Pentene 
n-Pentane 
2-Methyl-l,3-butadiene 
trans-2-Pentene 
cis-2-Pentene 
2-Methyl-2-butene 
2,2-Dimethylbutane + Cyclopentadiene 
Cyclopentene 
4-Methyl-l-pentene 
3-Methyl-l-pentene 
Cyclopentane 
2,3-Dimethylbutane 
4-Methyl-cis-2-pentene 
2-Methylpentane 
4-Methyl-trans-2-pentene 
3-Methylpentane 
2-Methyl-l-pentene 
l-Hexene 

WT % LV % 

0.01 0.01 
0.14 0.19 
4.88 6.24 
0.03 0.03 
0.03 0.04 
4.51 5.39 
0.63 0.73 
3.61 4.27 
0.01 0.01 
0.73 0.83 
0.43 0.49 
1.21 1.35 
1.01 1.15 
0.17 0.16 
0.06 0.07 
0.08 0 . 0 9  
0 . 2 3  0 . 2 3  
1.65 1.85 
0.06 0.07 
5.52 6.27 
0.04 0.04 
3.12 3.48 
0.28 0.31 
0.12 0.13 
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CERTIFICATE OF ANALYSIS 

Component Name WT % LV % 

n-Hexane + 2-Ethyl-l-butene 2.65 2.98 
trans-3-Hexene 0.18 0.20 
trans-2-Hexene 0.38 0.42 
3-Methylcyclopentene 0.42 0.41 
3-Methyl-cis-2-pentene 0.ii 0.12 
4-Methylcyclopentene 0.26 0.25 
3-Methyl-trans-2-pentene 0.05 0.05 
cis-2-Hexene 0.21 0.23 
2,2-Dimethylpentane 0.43 0.47 
Methylcyclopentane I.ii i.i0 
2,4-Dimethylpentane 0.69 0.76 
C60lefin,s 0.13 0.14 
l-Methylcyclopentene 0.38 0.36 
C70lefin 0.01 0.01 
Benzene 1.22 1.03 
3,3-Dimethylpentane + C7 olefin 0.14 0.15 
Cyclohexane + C7 olefin 0.28 0.27 
C7 Cyclo-olefin/diolefin 0.06 0.06 
C7 Cyclo-olefin/diolefin 0.02 0.02 
C7 Cyclo-olefin/diolefin 0.05 0.05 
C70lefin 0.12 0.13 
2-Methylhexane 1.63 1.78 
2,3-Dimethylpentane + C7 olefin 1.30 1.39 
l,l-Dimethylcyclopentane 0.04 0.04 
C7 Cyclo-olefin/diolefin 0.05 0.05 
3-Methylhexane 1.70 1.84 
C70lefin 0.04 0.04 
t-l,3-Dimethylcyclopentane 0.32 0.32 
c-l,3-Dimethylcyclopentane 0.28 0.28 
3-Ethylpentane + C7 olefin 0.47 0.50 
t-l,2-Dimethylcyclopentane 1.76 1.74 
2,2,4-Trimethylpentane + C7 olefin 0.21 0.23 
C70lefin 0.ii 0.12 
n-Heptane 1.30 1.41 
C70lefin 0.05 0.05 
C70lefin 0.24 0.25 
C70lefin 0.ii 0.12 
C70lefin 0.12 0.13 
C70lefin 0.06 0.06 
C70lefin 0.13 0.14 
C80lefin 0.09 0.09 
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CERTIFICATE OF ANALYSIS 

Component Name 

C80lefin 
C80lefin (2) 
C80lefin 
c-l,2-Dimethylcyclopentane 
Methylcyclohexane 
Ethylcyclopentane 
2,2,3-Trimethylpentane + C8 olefin + 

2,4-Dimethylpentane 
C7 Cyclo-olefin/diolefin 
C80lefin 
1,2,3-Trimethylcyclopentane + 

C8 Cyclo-olefin/diolefin 
C8 Cyclo-olefin/diolefin 
2,3,4-Trimethylpentane + C8 olefin 
Toluene + C8 olefin 
2,3-Dimethylhexane + C8 olefin 
C80lefin 
C80lefin 
2-Methylheptane 
4-Methylheptane 
C8 olefins 
3-Methylheptane 
3-Ethylhexane + C8 olefin 
C8 Naphthene + C8 olefin 
C8 Paraffin + C8 olefin 
C8 Naphthene + C8 olefin 
C8 Naphthene + C8 olefin 
C8 Naphthene 
C8 Naphthene 
n-Octane + C8 olefin 
t-l,2-Dimethylcyclohexane 
C80lefin 
C9 Naphthene 
C9 Paraffin + C8 olefin 
C80lefin 
C9 Paraffin 
c-l,2-Dimethylcyclohexane + C9 olefin 
C9 Naphthene 
C9 Paraffin 
C9 Naphthene 
C9 Naphthene + C9 olefin 
C9 Naphthene 
C9 Naphthene 

WT % 

0.09 
0.08 
0.05 
0.18 
0.43 
0.46 

0.55 
0.12 
0.06 

0.i0 
0.02 
0.73 
7.68 
0.41 
0.ii 
0.07 
0.85 
0.36 
0.14 
0.02 
1.21 
0.14 
0.24 
0.16 
0.13 
0.09 
0.13 
0.65 
0.12 
0.05 
0.21 
0.05 
0.06 
0.19 
0.05 
0 14 
0 03 
0 O6 
0 25 
0 03 
0 02 

LV % 

0.09 
0.08 
0.05 
0.17 
0.42 
0.46 

0.58 
0.12 
0.06 

0.i0 
0.02 
0.75 
6.58 
0.43 
0.ii 
0.07 
0.90 
0.38 
0.14 
0.02 
1.26 
0.14 
0.23 
0.16 
0.13 
0.09 
0.13 
0.69 
0.ii 
0.05 
0.20 
0.05 
0.06 
0.19 
0.05 
0.13 
0.03 
0.06 
0.24 
0.03 
0.02 

CONSOLIDATED SCIENCES, INCORPORATED 809 TATAR PASADENA, TEXAS 77506 (713) 920-1696 



API - 11105008 Page 4 

CERTIFICATE OF ANALYSIS 

Component Name WT % LV % 

Ethylbenzene 3.37 2.89 
C9 Naphthene 0.03 0.03 
C8 Naphthene 0.01 0.01 
m-Xylene + C9 paraffin 5.31 4.57 
p-Xylene + C9 paraffin 2.13 1.84 
C90lefins + C9 Paraffins 0.06 0.06 
2-Methyloctane 0.28 0.29 
4-Methyloctane 0.32 0.33 
C9 Naphthene 0.02 0.02 
C90lefin 0.01 0.01 
3-Ethylheptane 0.07 0.07 
3-Methyloctane 0.34 0.35 
o-Xylene 2.64 2.23 
CI0 Naphthene- 0.04 0.04 
C9 Naphthene + C9 olefin 0.14 0.13 
CI0 Naphthene + C9 olefin 0.02 0.02 
C9 Naphthene 0.07 0.07 
CI0 Naphthene + C9 olefin 0.03 0.03 
C90lefin 0.03 0.03 
n-Nonane 0.24 0.25 
C9 Naphthene 0.02 0.02 
C9 Naphthene 0.02 0.02 
Isopropylbenzene + C9 Naphthene 0.22 0.19 
C9 Naphthene 0.03 0.03 
CI00lefin 0.05 0.05 
CI00lefin 0.01 0.01 
Cl0 Paraffin 0.02 0.02 
Cl00lefin 0.05 0.05 
Naphthene 0.02 0.02 
CI0 Naphthene 0.01 0.01 
CI0 Naphthene 0.03 0.03 
Naphthene 0.02 0.02 
CI0 Naphthene 0.03 0.03 
CI0 Paraffin 0.06 0.06 
n-Propylbenzene 0.75 0.65 
l-Methyl-3-ethylbenzene 2.34 2.01 
l-Methyl-4-ethylbenzene 1.06 1.07 
CI0 Paraffin 0.03 0.03 
1,3,5-Trimethylbenzene + Cl0 paraffin i.i0 0.94 
4-Methylnonane 0.ii 0.ii 
2-Methylnonane 0.15 0.15 
l-Methyl-2-ethylbenzene 0.72 0.61 
3-Ethyloctane 0.12 0.12 
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CERTIFICATE OF ANALYSIS 

Component Name 

1,2,4-Trimethylbenzene 
Unidentified Cl0's 
n-Decane 
l-Methyl-3-isopropylbenzene 
1,2,3-Trimethylbenzene 
l-Methyl-4-isopropylbenzene 
CII Paraffin 
Indan 
Cll Paraffin 
Olefin 
Cll Paraffin 
1,3-Diethylbenzene 
l-Methyl-3-n-propylbenzene 
l-Methyl-4-n-propylbenzene 
n-Butylbenzene 
1,2-Diethylbenzene 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 
Cll Paraffin 
l-Methyl-2-n-propylbenzene 
Cll Paraffin 
Cll Paraffin 
1,4-Dimethyl-2-ethylbenzene 
1,3-Dimethyl-4-ethylbenzene 
Cll Paraffin 
1,2-Dimethyl-4-ethylbenzene + 
Unidentified Cll's 
1,2-Dimethyl-3-ethylbenzene 
n-Undecane 
1,2,4,5-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene 
C12 Paraffins 
CII Aromatics 
Cl0/Cll Indans 
Naphthalene 
Unidentified Cl2's 
n-Dodecane 
C13 Paraffins 
C12 Aromatics 
C12 Indans 
Methylnaphthalenes 
Heavies 

ClO 

WT % LV % 

3.37 2.86 
0.06 0.06 
0.09 0.09 
0.06 0.05 
0.68 0.57 
0.02 0.02 
0.02 0.02 
0.40 0.31 
O.  0.5 O .  0 5  

0.01 0 . 0 1  
0 . 0 3  0 . 0 3  
0.22 0.19 
0.48 0.41 
0.28 0.24 
0.14 0.12 
0.44 0.37 

0.04 0.03 
0.01 0.01 
0.18 0.15 
0.04 0.04 
0.06 0.06 
0.28 0.24 
0.25 0.21 
0.13 0.13 

indan 0.62 0.53 
0.12 0.12 
0.15 0.12 
0.06 0.06 
0.24 0.20 
0.33 0.28 
0.37 0.36 
0.32 0.27 
0.09 0.07 
0.53 0.34 
0.19 0.19 
0.05 0.05 
0.19 0.18 
1.06 0.88 
0.54 0.42 
0.69 0.45 
0.99 0.89 

i00.00 i00.00 

CONSOLIDATED SCIENCES, INCORPORATED 809 TATAR PASADENA, TEXAS 77506 (713) 920-1696 



API - 11105008 Page 6 

Hydrocarbon Summary 

n-Paraffins 
Isoparaffins 
Naphthenes 
Aromatics 
Olefins 
Unknowns 

WT % LV % 

13.58 16.04 
27.43 30.34 
6.84 6.72 

39.05 33.17 
11.74 12.47 
1.36 1.26 

Reid Vapor Press.,PSI 
MTBE,vI% 
Methanol,vl% 
Benzene,vl% 
Bromine # 
Research Octane No. 
Motor Octane No. 
R + M /2 
Total Sulfur,ppm/wt 
Carbon wt% 
Hydrogen,wt% 
Nitrogen,wt% 
Oxygen,wt% 
Molecular Weight, (Calculated) 

D-86 Distilation 
IBP/5 
1 0 / 2 0  
3 0 / 4 0  
50/60 
70/80 
9o/95 
End Point 
Recovered 
Residue 
Loss 

Total i00.00 i00.00 

8.5 
< 0.i0 
< 0.I0 

1.03 
24 
92.2 
82.5 
87.4 

295 
85.95 
13.00 
0.0083 
0.74 

94.3 

9 8 / 1 2 4  
1 3 6 / 1 5 8  
1 7 8 / 2 0 1  
2 2 4 / 2 5 0  
2 7 2 / 3 0 4  
3 4 2 / 3 7 6  

422 
9 8 . 0  

1 . 0  
1 . 0  

Ben Miller 

BHM/ar 

CONSOLIDATED SCIENCES, INCORPORATED 809 TATAR PASADENA, TEXAS 77506 (713) 920-1696 



American Petroleum Institute 
1220 L Street Northwest 
Washington, D.C., 20005 

Attn: Chris Sexsmith 

ammulmmmmi 
I n l l U l n n H 1  
n u l l  lnmnl  im 
H I | |  I! innnu NI I I  
W I1! r Imam W ~ IM 

CONSCI 

January 13, 199.~4~ / ~ , } ' ~  L°i~ 

Invoice #: 31207009 

Certificate #: 31207009 
Sample ID: API 91-1 Gasoline 
Date Received: December 7, 1993 

Component Name 

CERTIFICATE OF ANALYSIS 

Wt. % LV % 

Propane 0.01 0.01 
Isobutane 0.10 0.13 
n-Butane 3.96 5.08 
2,2-Dimethylpropane 0.02 0.02 
3-Methyl- 1-butene 0.03 0.04 
Isopentane 4.09 4.91 
1-Pentene 0.18 0.21 
2-Methyl-l-butene 0.39 0.45 
n-Pentane 3.34 3.97 
trans-2-Pentene 0.68 0.78 
cis-2-Pentene 0.39 0.44 
2-Methyl-2-butene 1.12 1.26 
trans- 1,3-Pentadiene 0.02 0.02 
cis-l,3-Pentadiene 0.96 1.10 
Cyclopentene 0.15 0.14 
4-Methyl-l-pentene 0.05 0.06 
3-Methyl- 1-pentene 0.08 0.09 
Cyclopentane 0.16 0.16 
2,3-Dimethylbutane 1.66 1.87 
2-Methylpentane 5.53 6.30 
3-Methylpentane 3.07 3.44 
2-Methyl- 1-pentene 0.39 0.43 
n-Hexane 2.63 2.97 
cis-3-Hexene 0.18 0.20 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample Description: API 91-1 Gasoline 
Date Received: December 7, 1993 

P ~ e 2  

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

trans-3-Hexene 
trans-2-Hexene 
2-Methyl-2-pentene 
3-Methylcyclopentene 
3-Methyl-cis-2-pentene 
4-Methylcyclopentene 
3-Methyl-trans-2-pentene 
cis-2-Hexene 
2,2-Dimethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
C7 Olefins + 

C7 Cyclo-olefin/diolefins 
1-Methylcyclopentene 
Benzene 
3,3-Dimethylpentane 
Cyclohexane 
C7 Olefin 
C7 Olefin 
C7 Olefin 
C7 Olefin 
2-Methylhexane 
2,3-Dimethylpentane 
1,1-Dimethylcyclopentane 
C7 Olefin 
3-Methylhexane 
C7 Olefin 
t- 1,3-Dimethylcyclopentane 
c- 1,3-Dimethylcyclopentane 
3-Ethylpentane + C7 olefin 
t- 1,2-Dimethylcyclopentane 
2,2,4-Trimethylpentane + C7 olefin 
C70lefin 
C7 Olefin 

0.07 0.08 
0.36 0.40 
0.33 0.36 
0.08 0.08 
0.36 0.39 
0.05 0.05 
0.21 0.22 
0.42 0.46 
0.08 0.09 
1.09 1.08 
0.68 0.75 

0.11 0.11 
0.38 0.36 
1.22 1.03 
0.12 0.13 
0.22 0.21 
0.02 0.02 
0.06 0.06 
0.O2 0.02 
0.05 0.05 
1.78 1.95 
1.31 1.40 
0.03 0.03 
0.04 0.O4 
1.76 1.91 
0.O4 0.04 
0.32 0.32 
0.28 0.28 
0.24 0.26 
0.26 0.26 
1.87 2.01 
0.06 0.06 
0.14 0.15 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample Description: API 91-1 Gasoline 
Date Received: December 7, 1993 

Page 3 

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

n-Heptane 1.36 1.48 
C70lefin 0.14 0.15 
C70lefin 0.25 0.26 
C7 Olefin 0.11 0.12 
C70lefin 0.13 0.14 
C70lefin 0.06 0.06 
C7 Olefin 0.13 0.14 
Olefin 0.14 0.15 
Olefin 0.07 0.07 
Olefin 0.06 0.06 
Olefin 0.01 0.01 
Olefin 0.01 0.01 
c-l,2-Dimethylcyclopentane 0.16 0.15 
Methylcyclohexane 0.44 0.43 
2,2-Dimethylhexane 0.06 0.06 
1,1,3-Trimethylcyclopentane 0.07 0.07 
Olefin 0.01 0.01 
Olefin 0.03 0.03 
Ethylcyclopentane + 

2,5-Dimethylhexane 0.49 0.50 
2,2,3-Trimethylpentane + 

2,4-Dimethylhexane 0.57 0.60 
1,2,4-Trimethylcyclopentane 0.13 0.13 
3,3-Dimethylhexane 0.06 0.06 
2,3,4-Trimethylpentane 0.79 0.82 
2,3,3-Trimethylpentane 0.87 0.90 
Toluene 6.94 5.97 
2,3-Dimethylhexane + C8 olefin 0.41 0.43 
C80lefin 0.11 0.11 
C8 Cyclo-olefin/diolefin 0.06 0.06 
2-Methylheptane 0.88 0.94 
4-Methylheptane 0.38 0.40 
3-Methyl-3-ethylpentane 0.14 0.14 
3-Methylheptane 0.96 1.01 
3-Ethylhexane + C8 olefin 0.13 0.14 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample Description: API 91-1 Gasoline 
Date Received: December 7, 1993 

P ~ e 4  

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

c- 1,4-Dimethylcyclohexane 
t- 1,4-Dimethylcyclohexane 
2,2,4-Trimethylhexane 
C8 Naphthene 
C8 Naphthene 
Unidentified C8's 
n-Octane 
t- 1,2-Dimethylcyclohexane 
1,2,3-Trimethylcyclopentane 
Isopropylcyclopentane + 

C8 Cyclo-olefin/Diolefin 
C9 Paraffin 
2,5 + 3,5-Dimethylheptane 
C9 Paraffin 
C9 Paraffin 
Ethylbenzene 
C9 Naphthene 
m-Xylene 
p-Xylene 
3,4-Dimethylheptane 
2-Methyl0ctane 
4-Methyloctane 
3 -Ethylhexane 
3-Methyloctane 
3,3-Diethylpentane 
C9 Naphthene 
C9 Naphthene 
o-Xylene 
C10 Naphthene 
C9 Naphthene + C9 olefin 
C10 Naphthene + C9 olefin 
C9 Naphthene 
C10 Naphthene + C9 olefin 
C90lefin 

0.04 0.04 
0.03 0.03 
0.27 0.28 
0.17 0.17 
0.12 0.12 
0.65 0.68 
0.71 0.75 
0.14 0.13 
0.05 0.05 

0.14 0.13 
0.05 0.05 
0.11 0.11 
O. 18 O. 19 
0.23 0.24 
3.42 2.94 
0.04 0.04 
5.37 4.64 
2.18 1.89 
0.05 0.05 
0.30 0.31 
0.35 0.36 
0.06 0.05 
0.36 0.37 
0.02 0.02 
0.01 0.01 
0.03 0.03 
2.64 2.24 
0.04 0.04 
0.05 0.05 
0.08 0.07 
0.07 0.07 
0.03 0.03 
0.03 0.03 

CONSOLIDATED SCIENCES, INcoRPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample Description: API 91-1 Gasoline 
Date Received: December 7, 1993 

P ~ e 5  

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

Unidentified C9's 0.71 0.72 
n-Nonane 0.24 0.25 
C90lefin 0.03 0.03 
C90lefin 0.03 0.03 
C9 Naphthene 0.02 0.02 
C90lefin 0.03 0.03 
C9 Naphthene 0.02 0.02 
C90lefin 0.01 0.01 
Isopropylbenzene 0.16 0.14 
Paraffin 0.05 0.05 
Paraffin 0.04 0.04 
Paraffin 0.03 0.03 
Paraffin 0.07 0.07 
n-Propylbenzene 0.77 0.67 
1-Methyl-3-ethylbenzene 2.26 1.95 
1-Methyl-4-ethylbenzene 1.02 0.88 
C10 Paraffin 0.03 0.03 
1,3,5-Trimethylbenzene 1.04 0.90 
4-Methylnonane 0.05 0.05 
2-Methylnonane 0.10 0.10 
Paraffin 0.11 0.11 
1-Methyl-2-ethylbenzene 0.66 0.56 
3-Methylnonane 0.13 0.13 
1,2,4-Trimethylbenzene 3.04 2.59 
Unidentified C10's 0.19 0.19 
n-Decane 0.05 0.05 
iso-Butylbenzene 0.14 0.12 
1,2,3-Trimethylbenzene 0.62 0.52 
Indane 0.40 0.31 
C 11 Paraffin 0.02 0.02 
Indene 0.04 0.03 
Naphthene 0.02 0.02 
C 11 Paraffin 0.04 0.04 
1,3-Diethylbenzene 0.22 0.19 
1-Methyl-3-n-propylbenzene 0.50 0.43 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample Description: API 91-1 Gasoline 
Date Received: December 7, 1993 

Page 6 

CERTIFICATE OF ANALYSIS 

Component Name Wt. % LV % 

1-Methyl-4-n-propylbenzene 
n-Butylbenzene 
1,2-Diethylbenzene 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 
1-Methyl-2-n-propylbenzene 
C11 Paraffin 
Paraffin 
1,4-Dimethyl-2-ethylbenzene 
1,3-Dimethyl-4-ethylbenzene + 

C10 Indane 
C 10 Indane 
1,2-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-2-ethylbenzene + 
C10 Indane 
Unidentified C 11 's 
Alkylbenzene 
n-Undecane 
1,2,4,5-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene + 
C 11 Cyclo-diolefin 
C12 Paraffins 
C11 Aromatics 
C10 Indanes 
Naphthalene 
Unidentified C 12's 
C 11 Indanes 
C 13 Paraffins 
C 12 Aromatics 
C12 Indanes 
Methylnaphthalenes 
Unidentified Heavies 

0.30 0.26 
0.16 0.14 
0.49 0.42 

0.05 0.04 
0.20 0.17 
0.06 0.06 
0.08 0.08 
0.31 0.26 

0.34 0.29 
0.07 0.06 
0.66 0.56 

0.03 0.03 
0.23 0.23 
0.11 0.09 
0.07 0.07 
0.27 0.23 

0.39 0.33 
0.15 0.15 
1.19 1.04 
0.67 0.55 
0.63 0.40 
0.28 0.26 
1.10 0.91 
0.26 0.25 
0.15 0.13 
0.13 0.11 
0.93 0.69 
0.37 0.29 

Totals 100.00 100.00 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



American Petroleum Institute 
Certificate #: 31207009 
Sample ID: API 91-1 Gasoline 
Date Received: December 7, 1993 

Page 7 

Paraffins 
Naphthenes 
Aromatics 
Olefins 
Unknowns 
Oxygenates 

CERTIFICATE OF ANALYSIS 

Wt. % LV % 

43.90 49.41 
4.35 4.28 

40.74 34.64 
9.44 10.18 
1.56 1.47 

< 0.01 < 0.01 

Totals 100.00 99.99 

Paul A. Radenheimer 

PAR/ar 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



'~ ~ample Name: 4025685 API-94-OI CHARGE Customer: M. HENLEY 
Acquisition Date: 28-Apt-1994 Acquisition Time: 20:4 
Channel #: 6 Analysis: GA50461 Sample #: 2 Injection #: 

e 

i..BY VOLUME 

C~[#PARA 
NO. 

3 -  0 . 0 0  
4 6.19 
5 16.00 
6 13.32 
7 8.02 
8 7.21 
9 1.02 

I0 0.38 
II 0.22 
12+ 0.07 
TOT 52.43 

* * *  DETAILED COMPOSITION, PERCENT * * *  

OLEF NAPH AROM UNCLP TOTALS NORMAL ALKYL ALKYL CYCLO- CYCL 
NON- 

HC BY C # PARA I-PARA I-PARA PENT HEX 

0 . 0 0  * * * * * *  * * * * * *  * * * * * *  0 . 0 0  
0 . 1 3  * * * * * *  * * * * * *  * * * * * *  6 . 3 2  6 . 0 7  
3 . 8 9  0 . 2 3  * * * * * *  * * * * * *  2 0 . 1 2  3 . 7 3  
3 . 3 9  1 . 2 7  1 . 5 9  * * * * * *  1 9 . 5 6  2 . 6 3  
1 . 5 8  1 . 6 0  8 . 1 7  * * * * * *  1 9 . 3 7  1 . 2 1  
0 . 2 0  1 . 0 7  1 0 . 6 5  0 . 0 6  1 9 . 1 9  0 . 4 9  
0 . 0 0  0 . 4 6  7 . 3 6  0 . 1 8  9 . 0 1  0 . 1 7  
0 . 0 0  0 . 0 4  3 . 5 7  0 . 0 2  4 . 0 1  0 . 0 0  
0.00 0.00 1.57 0.03 1.81 0.00 
0.00 0.00 0.08 0.45 0.61 0.07 
9.19 4.66 32.98 0.74 100.00 14.38 

0 . 0 0  wee.we eeee.w ****** *we~ 

0.12 ****** W~***W eeee 

1 2 . 2 7  * * * * * *  0 . 2 3  * * * *  
1 0 . 6 9  * * * * * *  1 . 0 1  0 .  

6 . 8 1  * * * * * *  1 . 0 0  O. 
2 . 6 8  4 . 0 4  0 . 7 4  O. 
0 . 7 6  0 . 0 9  0 . 1 1  O. 
0 . 3 3  0 . 0 5  0 . 0 0  O. 
0 . 2 2  0 . 0 0  0 . 0 0  O. 
0 . 0 0  0 . 0 0  0 . 0 0  O. 

33.87 4.18 3.09 1. 

2. BY WEIGHT 

3- 0.00 
4 4.89 
5 13.57 3.49 
6 11.94 3.21 1.30 
7 7.48 1.54 1.65 
8 6.88 0.20 1.12 
9 0.99 0.00 0.48 

i0 0.38 0.00 0.04 
II 0.22 0.00 0.00 
12+ 0.08 0.00 0.00 
TOT 46.44 8.55 4.84 

0.ii * * * * * *  * * * * * *  * * * * * *  
0 . 0 0  
5 . 0 0  4 . 8 0  

0 . 2 4  * * * * * *  * * * * * *  1 7 . 3 0  3 . 1 9  
1 . 9 1  * * * * * *  1 8 . 3 6  2 . 3 6  
9 . 6 4  * * * * * *  2 0 . 3 2  1 . 1 3  

12.58 0.06 20.84 0.47 
8.75 0.18 10.41 0.17 
4.35 0.02 4.80 0.00 
2.05 0.03 2.30 0.00 
0.10 0.49 0.67 0.08 

39.38 0.78 i00.00 12.19 

3. BY MOLAR 

0.09 * ~ * * * *  . ~ t . ~  * * * *  

1 0 . 3 8  * * * * * *  0 . 2 4  * * * *  
9 . 5 8  * * * * * *  1 . 0 3  O. 
6 . 3 5  * * * * * *  1 . 0 3  O. 
2.56 3.85 0.78 0. 
0.74 0.09 0.ii 0. 
0.33 0.05 0.00 0. 
0.22 0.00 0.00 0. 
0.00 0.00 0.00 O. 

30.26 3.99 3.18 I. 

3 -  0 . 0 0  0 . 0 0  * * * * * *  * * * * * *  * * * * * *  0 . 0 0  
4 7 . 7 4  0 . 1 8  * * * * * *  " * * * * *  * * * * * *  7 . 9 1  7 . 5 9  
5 1 7 . 2 8  4 . 5 8  0 . 3 1  * * * * * *  * * * * * *  2 2 . 1 7  4 . 0 6  
6 12.73 3.51 1.42 2.24 ****** 19.91 2.52 
7 6.86 1.45 1.55 9.61 ****** 19.47 1.03 
8 5.53 0.16 0.92 10.89 0.05 17.55 0.38 
9 0.71 0.00 0.35 6.69 0.13 7.89 0.12 

I0 0.25 0.00 0.03 3.00 0.02 3.29 0.00 
ii 0.13 0.00 0.00 1.30 0.02 1.44 0.00 
12+ 0.04 0.00 0.00 0.06 0.27 0.37 0.04 
TOT 51.27 9.89 4.58 33.79 0.48 i00.00 15.74 

0.15 * * * * * *  * * * * * *  * * * *  
13.22 ****** 0.31 **** 
10.22 ****** 1.12 0. 
5.83 ***,** 0.96 0.! 
2.06 3.10 0.64 0o; 
0.53 0.06 0.08 0 . :  
0 . 2 1  0 . 0 3  0 . 0 0  0 . (  
0.13 0.00 0.00 0.( 
0.00 0.00 0.00 0.(  

32.33 3.19 3.11 1.z 

GRP. TYPE, VOL %: P = 52.82, O = 9.26, N = 4.70, A = 33.23, Saturates = 57.~ 
DIENE CONTENT = 0. vol ppm AVG MW = 91.9 API GR. = 60.1 SP. GR. =0.73£ 
OCTANE NUMBER: (from pure values) RON = 87.7 MON = 82.3 

(from blending values) RON = 90.8 M0N = 82.2 
CARBON-HYDROGEN RATIO =6.494 STOICH. AIR-FUEL RATIO =14.52 Ibs air/ibs fuel 
BTU/Ib = 11632. NET, 12532. GROSS; BTU/gal = 71694. NET, 77243. GROSS 
REID VAPOR PRESSURE = 9.8 BROMINE NO. = 17.2 



CHEVRON RESEARCH GASOLINE ANALYSIS 
28-Apr-1994 20:43 
4025685 API-94-01 CHARGE 
Sample- 2 Injection 1 

6GAS0461 

DISTILLATION CURVES 

VOL % TBP D86 

0. 11. 82. 
5o 31. 88. 

10. 82. 97. 
15. 82. 122. 
20. 97. 140. 
2~5. 101. 140. 
30. 140. 146. 
35. 146. 156. 
40. 156. 176. 
45. 176. 194. 
50. 194. 197. 
55. 208. 210. 
60. 218. 231. 
65. 231. 231. 
70. 236. 243. 
75. 277. 275. 
80. 282. 280. 
85. 292. 301. 
90. 328. 333. 
95. 362. 368. 

I00. 509. 456. 



:HEVRON RZSEARCH GASOLINE ANALYSIS 
28-Apr-1994 20:43 
4025685 API-94-01 CHARGE 
~ample 2 Injection 1 

DETAILED HYDROCARBON ANALYSIS, 

NORMAL PARAFFINS 

EXCLUDING 

6GASO461 

COMPOUNDS 

AP-  ,I 
BELOW 0.01 VOLUME PERCENT 

CODE 
4 
6 
9 

14 
23 
41 

102 
103 

ISO-PARAFFINS 

MOL. 
7.59 
4.06 
2.52 
1.03 
0.38 
0.12 
0.02 
0.02 

VOL. 
6.07 
3.73 
2.63 
1.21 
0.49 
0.17 
0.04 
0.04 

WT. 
4.80 
3.19 
2.36 
1.13 
0.47 
0.17 
0.04 
0.04 

NAME 
N-BUTANE 
N-PENTANE 
N-HEXANE 
N-HEPTANE 
N-OCTANE 
N-NONANE 
N-DODECANE 
N-TRIDECANE 

CODE 
5 
7 

12 
13 
10 
11 
1B 
20 
19 
15 
16 
17 
37 
28 
36 
31 
30 
32 
39 
34 
29 
24 
26 
25 
51 
43 
53 
55 
56 
57 
62 
6O 

4650 
152 
213 
86 

MOL. 
0.15 

13.22  
0 .63  
1.56 
5.01 
3.01 
0.08 
1.02 
1.91 
1.33 
1.40 
0.09 
2.14 
0.03 
0.05 
0.23 
0.35 
0.03 
0.62 
0.06 
0.29 
0.59 
0.19 
0.57 
0.06 
0.06 
0.06 
0.14 
0.04 
0.02 
0.09 
0.13 
0.03 
0.03 
0.02 
0.06 

VOL. 
0.12 

12.27 
0.67 
1.62 
5.28 
3.12 
0.09 
1.21 
2.20 
1.57 
1.63 
0.i0 
2.82 
0.04 
0.06 
0.31 
0.46 
0.04 
0.78 
0.08 
0.37 
0.77 
O.25 
0.74 
0.08 
0.09 
0.09 
0.20 
0.05 
0.03 
0.13 
0.19 
0.05 
0.04 
0.03 
0.I0 

WT. 
0.09 

10.38 
0.59 
1.46 
4.70 
2.83 
0.08 
i.ii 
2.09 
1.45 
1.52 
0.10 
2.66 
0.03 
0.06 
0.29 
0.44 
0.O4 
0.77 
0.08 
0.36 
0.73 
0.24 
0.71 
0.08 
0.09 
0.08 
0.19 
0.05 
0.03 
0.13 
0.18 
0.05 
0.04 
0.03 
0.10 

NAME 
ISOBUTANE 
ISOPENTANE 
22-DIME BUTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
22-DIME PENTANE 
24-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
3-ET PENTANE 
224-TRIME PENTANE 
22-DIME HEXANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
33-DIME HEXANE 
234-TRIME PENTANE 
2-ME-3-ET PENTANE 
23-DIME HEXANE 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
244-TRIME HEXANE 
235-TRIME HEXANE 
26-DIME HEPTANE 
35-DIME HEPTANE 
23-DIME HEPTANE 
34-DIME HEPTANE 
4-ME OCTANE 
2-ME OCTANE 
223-TRIME HEPTANE 
23-DIME OCTANE 
C-10 ISOPAKAFFINS 
4-ME NONANE 

8 



CHEVRON RESEARCH GASOLINE ANALYSIS 
28-Apt-1994 20:43 
4025685 API-94-01 CHARGE 
Sample 2 Injection 1 

6GASO461 

84 0.04 0.07 0.07 2-ME NONANE 
85 0.06 0.09 0.09 3-ME NONANE 

163 0.09 0.16 0.16 2-ME DECANE 
164 0.04 0.06 0.06 3-ME DECANE 

CYCLOPENTANES 

CODE MOL. VOL. WT. 
800 0.31 0.23 0.24 
801 1.12 1.01 1.03 
803 0.04 0.04 0.05 
806 0.29 0.30 0.31 
807 0.28 0.29 0.30 
805 0.18 0.19 0.19 
811 0.04 0.05 0.05 
802 0.17 0.17 0.18 
817 0.08 0.10 0.10 
814 0.03 0.04 0.04 
810 0.02 0.03 0.03 
848 0.08 0.ii 0.ii 
864 0.07 0.08 0.08 
865 0.05 0 . 0 6  0.06 
861 0.29 0.33 0.35 
862 0.05 0.05 0.06 

CYCLOHEXANES 

CODE MOL. VOL. WT. 
825 0.30 0.26 0.28 
826 0.59 0.60 0.63 
831 0.06 0.07 0.08 
830 0.05 0.05 0.06 
832 0.i0 0.ii 0.12 
829 0.03 0.03 0.03 
827 0.05 0.06 0.06 
946 0.04 0.05 0.05 
956 0.04 0.05 0.05 
941 0.07 0.08 0.09 
944 0.02 0.03 0.03 
940 0.02 0.03 0.03 
949 0.03 0.04 0.05 
948 0.05 0.06 0.07 
980 0.03 0.04 0.04 

OLEFINS, DIENES 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
II-DIME CYCPENTANE 
IC3-DIME CYCPENTANE 
IT3-DIME CYCPENTANE 
IT2-DIME CYCPENTANE 
II3-TRIME CPENTANE 
ET CYCLOPENTANE 
IT2C4TRIME CPENTANE 
IT2C3TRIME CPENTANE 
II2-TRIME CPENTANE* 
IIC3T4-TETRME CPENT 
IMEC3ET CYCPENTANE 
IMET3ET CYCPENTANE 
IME-1ET CYCPENTANE 
IME-C2ET CYPENTANE 

NAME 
CYCLOHEXANE 
ME CYCLOHEXANE 
IC3-DIME CYCHEXANE 
IT2-DIME CYCHEXANE 
1T3-DIME CYCHEXANE 
IC2-DIME CYCHEXANE 
ETHYL CYCLOHEXANE 
113-TRIME CYCHEXANE 
1C3T5-TRIME CYCHEX 
IME-C3ET CYCHEXANE 
IME-T4ET CYCHEXANE 
1ME-1-ET CYCHEXANE 
IC2T3-TRIME CYCHEX 
1C2C3-TRIME CYCHEX 
C-10 CYCLOHEXANES 

CODE MOL. VOL. WT. 
304 0.12 0.09 0.07 
303 0.06 0.04 0.04 
310 0.07 0.06 0.06 
306 0.32 0.28 0.25 

NAME 
TRANS-2-BUTENE 
CIS-2-BUTENE 
3-METHYL-I-BUTENE 
I-PENTENE 

9 



CHEVRON RESEARCH GASOLINE ANALYSIS 
28-Apt-1994 20:43 
"4025685 API-94-01 CHARGE 
Sample 2 Injection 1 

6GASO461 

309 0.67 0.58 0.51 
308 1.08 0.93 0.82 
307 0.58 0.50 0.45 
311 1.63 1.38 1.24 
450 0.22 0.16 0.17 
318 0.09 0.09 0.08 
323 0.09 0.09 0.08 
324 0.16 0.16 0.14 
317 0.27 0.27 0.25 
312 0.15 0.15 0.14 
315 0.40 0.40 0.37 
314 0".48 0.48 0.44 
320 0.44 0.43 0.41 
321 0.28 0.27 0.26 
313 0.24 0.23 0.22 
322 0.45 0.43 0.41 
451 0.47 0.39 0.42 

2004 0.03 0.04 0.03 
2003 0.02 0.03 0.02 
2009 0.04 0.04 0.04 
2033 0.07 0.08 0.08 
2031 0.05 0.06 0.06 
2010 0.03 0.04 0.04 
2038 0.11 0.12 0.12 
2035 0.05 0.06 0.06 
5370 0.11 0.ii 0.ii 
5371 0.10 0.10 0.10 
2042 0.11 0.12 0.12 
2025 0.14 0.15 0.14 
2034 0.10 0.11 0.11 
2018 0.08 0.09 0.09 
2040 0.17 0.19 0.18 
2008 0.12 0.13 0.13 
2039 0.ii 0.12 0.ii 
4528 0.04 0.05 0.05 
4533 0.02 0.03 0.03 
4534 0.03 0.03 0.03 
2193 0.05 0.07 0.06 
2198 0.02 0.02 0.02 

2-METHYL-I-BUTENE 
TRANS-2-PENTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
CYCLOPENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRANS-2-HEXENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
T-3ME-2-PENTENE 
I-ME CYLCOPENTENE 
24-DIME-I-PENTENE 
23-DIME-I-PENTENE 
24-DIME-CIS2-PENTENE 
2-ME-T3-HEXENE 
5-ME-T2-HEXENE 
34-DIME-C2-PENTENE 
I-HEPTENE 
3-ME-T3-HEXENE 
C-7 CYCLOPENTENE A 
C-7 CYCLOPENTENE B 
T3-HEPTENE 
2-ME-2-HEXENE 
3-ME-C3-HEXENE 
3-ET-2-PENTENE 
TRANS-2-HEPTENE 
23-DIME-C2-PENTENE 
CIS-2-HEPTENE 
OCTENE D 
OCTENE I 
OCTENE J 
I-OCTENE 
C4-OCTENE 

AROMATIC HCS 

CODE MOL. VOL. WT. 
600 2.24 1.59 1.91 
601 9.61 8.17 9.64 
602 2.34 2.29 2.71 
604 4.16 4.09 4.81 
605 1.89 1.87 2.19 
603 2.49 2.40 2.88 
607 0.07 0.08 0.09 
644 0.45 0.50 0.59 
609 1.44 1.60 1.88 
610 0.63 0.70 0.82 

NAME 
BENZENE 
TOLUENE 
ETHYLBENZENE 
M-XYLENE 
P-XYLENE 
O-XYLENE 
CUMENE 
N-PROPYL BENZENE 
I-ME-3-ET BENZENE 
I-ME-4-ET BENZENE 

10 



CHEVRON RESEARCH GASOLINE ANALYSIS 
28-Apt-1994 20:43 
4025685 API-94-01 CHARGE 
Sample 2 Injection 1 

6GASO461 

613 0 . 7 2  0 .80  0 . 9 5  
6 0 8  0 . 4 3  0 . 4 7  0 . 5 6  
612 2.24 2.46 2.93 
615 0.03 0.03 0.04 
616 0.04 0.05 0.06 
611 0.49 0.53 0.64 
622 0.03 0.04 0.04 
650 0.23 0.22 0.29 
646 0.12 0.15 0.17 
647 0.26 0.32 0.38 
648 0.23 0.29 0.34 
651 0.30 0.36 0.43 
653 0.08 0.i0 0.12 
654 0.22 0.27 0.32 
655 0.15 0.19 0.22 
656 0.30 0.37 0.44 
659 0.07 0.09 0.Ii 
685 0.02 0.02 0.03 
635 0.16 0.19 0.23 
634 0.26 0.31 0.38 

7800 0.12 0.14 0.18 
660 0.05 0.06 0.07 
773 0.02 0.02 0.03 

7801 0.17 0.18 0.24 
7004 0.07 0.08 0.ii 
633 0.07 0.08 0.i0 
715 0.03 0.03 0.04 
755 0.05 0.06 0.08 

7099 0.02 0.03 0.03 
768 0.02 0.03 0.03 
769 0.02 0.02 0.03 
714 0.37 0.39 0.52 
698 0.06 0.08 0.09 

7830 0.03 0.04 0.05 
7831 0.11 0.13 0.17 
771 0.04 0.05 0.06 
693 0.03 0.03 0.04 
694 0.03 0.05 0.05 

7104 0.02 0.03 0.04 
772 0.04 0.05 0.06 

7835 0.06 0.07 0.09 
7836 0.05 0.06 0.09 
7837 0.05 0.06 0.08 
636 0.02 0.03 0.04 
796 0.36 0.40 0.56 
795 0.16 0.18 0.25 

7910 0.02 0.02 0.03 
7901 0.02 0.03 0.04 

135-TRIME BENZENE 
I-ME-2-ET BENZENE 
124-TRINE BENZENE t 
ISOBUTYLBENZENE 
SEC BUTYLBENZENE 
123-TRIME BENZENE ~ 
M-CYMENE 
INDAN 
13-DIETHYL BENZENE i 
I-ME-3-PR BENZENE 
I-ME-4-PR BENZENE 
12-DIET BENZENE o 
I-ME-2-PR BENZENE 
14-DIME2ET BENZENE ~ 
13-DIME4ET BENZENE ~ 
12-DIME4ET BENZENE ~ 
12-DIME3ET BENZENE 
2-PHENYL-2ME BUTANE 
1245-TETME BENZENE * 
1235-TETME BENZENE t 
METHYLINDANE A 
I-ME35DIET BENZENE 
C-II AROMATIC K 
METHYLINDANE B 
C-ll AROMATIC E 
1234-TETME BENZENE t 
TETRALIN 
I-ME-3NBU BENZENE 
PENTYLBENZENE 
13-DIME-4PR BENZENE 
I-ME-35DIET BENZENE 
N A P H T H A L E N E  t 

12-DIME-3PR BENZENE 
DIMETHYLINDANE A 
DIMETHYLINDANE B 
125-TRIME-3ETBENZENE 
124-TRIME-5ETBENZENE 
123-TRIME-SETBENZENE 
135-TRIETHYLBENZENE 
123-TRIME4ET BENZENE 
DIMETHYLINDANE F 
DIMETHYLINDANE G 
C-f1 INDANE H 
PENTAMETHYLBENZENE 
2-ME NAPHTHALENE t 
1-ME NAPHTHALENE 
1-ETHYL NAPHTHALENE 
13-DIME NAPHTHALENE 

UNCLASSIFIED HCS 

CODE MOL. VOL. WT. NAME 
188 0.05 0.06 0.06 UNCLASS. H.C. C- 8 



'CNEVPON RESEARCH GASOLINE ANALYSIS 
28-Apr-1994 20:43 
4025685 API-94-01 CHARGE 
~ample 2 Injection 1 

6GASO461 

189 0.02 0.03 0.03 
189 0.06 0.08 0.08 
189 0.05 0,06 0.07 
190 0 . 0 2  0 .02  0 .02  
191 0.02 0.03 0.03 
192 0.02 0.03 0.03 
192 0.04 0.07 0.07 
192 0.01 0.02 0.02 
192 0.02 0.03 0.04 
192 0.02 0.04 0.04 
192 0.03 0.06 0.06 
192 0.01 0.02 0.02 
192 0.02 0.04 0.04 
192 0.04 0.06 0.06 
192 0.01 0.02 0.03 
192 0.02 0.04 0.05 
192 0.01 0.02 0.02 

UNCLASS. H.Co C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C- 9 
UNCLASS. H.C. C-10 
UNCLASS. H.C. C-ll 
UNCLASS. H.C. C-12 
UNCLASS. H.C. C-12 
UNCLASS. H.C. C-12 
UNCLASS. H.C. C-121 
UNCLASS. H.C. C-12 
UNCLASS. H.C. C-12 
UNCLASS. H.Co C-12 
UNCLASS, H.C. C-12 
UNCLASS. H.C. C-12 
UNCLASS. H.Co C-12 
UNCLASS. H.C. C-12 
UNCLASS. H.C. C~12 
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Clean Air Act Section 211(b) 



h • 

DATE OF SE~'PMEN T 

Certificate of Analysis 
P H I L L I P S  C H E M I C A L  C O M P A N Y  
A DIVISION OF PHILLIPS PETROLEUM COMPANY 

SPECIALTY CHEMICALS 

P.O. BOX 968 
BORGER,  TX 79008-0968 

CUSTOMER ORDER N0, 

~Nv./REIN. N o .  

RF-A 

9FPATF01 

TRST___~S RESULTS SPECIFICATIONS 

SpeCific •Gravity, 60/60.°F :. 0.7480 0-7479"0"7503 

• . A ~ , G r a V i . ~ y  : . . . .  ' • • ' , : , : ~ :  .... 5 7 : 6 8  ~ : . " .  • 5 7 . . I  7.. 5 7 . 7  
333 339 * 2 5 .  

Total Sulfur, ppm 8.75 . 8.4-8.9 

R e i ~  VapOr Pressure , . Purple 
: : Pu~le 

Colo~ : : 
Benzene Content 1.38 1.2-1.8 

METHOD 

A S T M  D - 4 0 5 2  

. ~ S T M  D - 1 2 9 3  

A S T M - D ; 2 6 ~ ~  . . . . . . . . . . . . . . . . . .  

ASTMD-323 

ASTM D-86 

D~STZLLATZOI~, °_F___ 
~BP 97,9 

5% 121.5 ' 

. .  . : 10% . , ~ . . . . . . . . .  .~...:..~::.....:~.: : : :  . . . . . . . . . . . . . .  ., , 

• ~"'~'::X ~', '"~ ~^L " ~:'. '. .... ~' ..' ~, ~,,.~,~'.~.,,~ 17~,U '= :,- ~ - , , ~- Ji:.:, : 
',:. ;i:: ~-: ..~-:I.~ ~ * ~  'j." " -. " :,,~?..'f. !,':'~' , ,': J;'!., %, . : " ~-.~ ~, "-. ~ • :'. " 

. .:'.~ " : ' " : ~ ' / ~ n ' ~ '  "' ' ".,':~ ' t~:~":'r,~,"::"~'~'-~.-~19, 7 ~ 5 ~  '-!  " 
. . . . . . .  '" ..... ~""'~" """""~'~ .... ~'~ 4 .... 213-223 

. , : 5 0 %  .' .... , ;  . . . . .  . , . . 

• • ~' 6 0 %  ..... ::: " " , • ~ 2 ~ 4 , ~  • . , - 

• .7o%~,  ' " :  : : ' i '  . , '  2 6 9 ; , ~  '.::"' " 
80% 298.6 

90% 330.0 

95% 359.2 

EP 406.5 

LOSS 0.8 

Residue 1,0 

HYDROCARBON TYPE, V05% 

-- AroumtiCS 31.2 

Olefins 8.8 

Satu/a~es 60.0 

325-335 

32 + 2,7 

9-2 + 2,5 
w 

Report 

Report 

87.3 +/- 0.5 

ASTM D-1319 

ASTM D-2699 

ASTM D-2700 Research Octane Numbar 

Motor Octa~e Number 

A~t~knock Index 

9 2 . 0 5  

83.15 

87.6 

E~A: j a~ 

os/os/1999 
~_D0200 



CHEVRON RESEARCH GASOLINE ANALYSIS 
==~===~===l===~=m=~======m=========I===========m===~=~==8==~======~======= 

Sample Name: 9036261 500-362B CHARGE Customer: ARO, M.L 
Acquisition Date: 15-JUN-1999 Acquisition Time: 12:53 
Channel #: 113 Analysis: GASO507 Sample #: 2 Injection #: 

1 

i. BY VOLUME 
*** DETAILED COMPOSITION, PERCENT *** 

C PARA 
NO. 

3- 0.02 
4 3.83 
5 12.63 
6 10.21 
7 9.10 
8 7.89 
9 1.65 

i0 1.91 
II 0.27 
12+ 0.10 
TOT 47.62 

. 

OLEF NAPH AROM 

NON- 
UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 
HC BY C # PARA I-PARA I-PARA PENT HEX 

0 . 0 0  ****** ****** ****** 
0.18 ****** ****** ****** 
3.99 0.37 ****** ****** 
2.67 1.51 1.59 ****** 
1.48 1.90 7 57 ****** 
0.44 1.23 ii 41 
0.00 1.12 8 91 
0.00 0.06 4 31 
0.00 0.00 1 27 
0.00 0.00 0 ii 
8.76 6.18 35.16 

4 
16 
15 
20 

0.16 21 
0.34 12 
0.69 6 
0.54 2 
0.56 0 
2.29 i00 

0 02 
01 
99 
98 
05 
13 
02 
96 
07 
77 
00 

0.02 ****** ****** ****** ****** 

3.00 
4.77 7.86 ****** 
2.77 7.44 ****** 
1.66 7.45 ****** 
0.64 3.15 4.10 
0.25 1.32 0.08 
0.00 1.54 0.37 
0.00 0.27 0.00 
0.08 0.02 0.00 

13.19 29.88 4.55 

0.83 ****** ****** ****** 
0.37 ****** 
1.51 0 00 
1.15 0 74 
0.77 0 47 
0. i0 1 01 
0.00 0 06 
0.00 0 00 
0.00 0 00 
3.90 2 28 

BY WEIGHT 

6 
7 
8 
9 

i0 
ii 
12+ 
TOT 

3- 0.02 
4 2.96 
5 10.54 

9.01 
8 35 
7 39 
1 59 
1 87 
0 26 
0 i0 

42 08 

0.00 ****** ****** ****** 

0.15 * * * * * *  * * * * * *  * * * * * *  
3.53 
2.48 1.52 
1.42 1.93 
0.43 1.27 
0.00 1.18 
0.00 0.06 
0.00 0.00 
0.00 0.00 
8 . 0 0  6 . 3 3  

3. BY MOLAR 

0.37 ****** ****** 
1 87 ****** 
8 78 ****** 

13 24 0.15 
i0 42 0.34 
5 12 0.70 
1 61 0.56 
0 14 0.67 

41 17 

0 02 
3 i0 

14 43 
14 87 
20 47 
22 
13 
7 
2 
0 

2.42 I00 

0.02 ****** ****** ****** ****** 

2.34 
4.00 
2.45 
1.52 

48 0.60 
53 0.24 
76 0.00 
43 0.00 
91 0.08 
00 11.24 

0.62 ****** ****** ****** 
6 53 ****** 
6 56 ****** 
6 83 ****** 
2 95 3.83 
1 28 0.08 
1 51 0.36 
0 26 0.00 
0 02 0.00 

26 57 4.28 

0.37 ****** 
1.52 0 00 
1.16 0 76 
0.79 0 49 
0.11 1 08 
0.00 0 06 
0.00 0 00 
0.00 0 00 
3.94 2 39 

3- 0.03 
4 4.89 
5 14.05 4.85 
6 10.05 2.85 1.73 
7 8.01 1.39 1.89 
8 6.22 0.36 1.09 
9 1.19 0.00 0.90 

i0 1.26 0.00 0.04 
ii 0.16 0.00 0.00 
12+ 0.05 0.00 0.00 
TOT 45.93 9.70 6.16 

0.00 ****** ****** ****** 
0.25 ****** ****** ****** 

0 . 5 0  * * * * * *  * * * * * *  
2 30 ****** 
9 16 ****** 

ii 99 0.13 
8 34 0.26 
3 69 0.48 
1 O6 0.35 
0.09 0.37 

0 03 

36.62 

5 
19 
16 
20 
19 
i0 
5 
1 
0 

1.59 i00 

0.03 ****** ****** ****** ****** 
14 3.86 
39 5.34 8 
92 2.73 7 
46 1.46 6 
80 0.51 2 
69 0.18 0 
48 0.00 1 
57 0.00 0 
51 0.04 0 
00 14.15 28 

1 03 ****** ****** ****** 
71 ****** 
32 ****** 
56 ****** 
49 3.23 
96 0.06 
02 0.25 
16 0.00 
01 0.00 
25 3.53 

0 50 ****** 
1 73 0 00 
1 14 0 75 
0 67 0 42 
0 08 0 82 
0 00 0 04 
0 00 0 00 
0 00 0 00 
4 13 2 03 

GRP. TYPE, VOL %: P = 48.73, 0 = 8.96, N = 6.33, A = 35.98, Saturates = 55.06 
DIENE CONTENT = 890. vol ppm AVG MW = 96.2 API GR. = 56.7 SP. GR. =0.7517 
OCTANE NUMBER: (from pure values) RON = 83.3 MON = 78.2 

(from blending values) R0N = 86.9 M0N = 78.4 
CARBON-HYDROGEN RATIO =6.604 STOICH. AIR-FUEL RATIO =14.48 ibs air/ibs fuel 
BTU/Ib = 11277. NET, 12145. GROSS; BTU/gal = 70741. NET, 76186. GROSS 
REID VAPOR PRESSURE = 7.8 BROMINE NO. = 16.4 



CHEVRON RESEARCH GASOLINE ANALYSIS 
15-JUN-1999 12:53 
9036261 500-362B CHARGE 
Sample 2 Injection 1 

113GAS0507 

~t 

Page 

* DISTILLATION CURVES 

VOL % TBP D86 

0 -44 
5 82 

I0 82 
15 97 
20 101 
25 140 
30 154 
35 161 
40 194 
45 197 
50 211 
55 231 
60 231 
65 249 
70 277 
75 282 
80 292 
85 322 
90 337 
95 365 

i00 509 

86. 
99° 

140. 
144 
154 
160 
176 
194 
197 
210 
228 
231 
236 
257 
279 
28O 
304 
324 
333 
368 
456 



CHEVRON RESEARCH GASOLINE ANALYSIS 
15-JUN-1999 12:53 
9036261 500-362B CHARGE 
Sample 2 Injection 1 

I13GASO507 

Page 4 

* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
3 0.03 0.02 0.02 PROPANE 
4 3.86 3.00 2.34 N-BUTANE 
6 5.34 4.77 4.00 N-PENTANE 
9 2.73 2.77 2.45 N-HEXANE 

14 1.46 1.66 1.52 N-HEPTANE 
23 0.51 0.64 0.60 N-OCTANE 
41 0.18 0.25 0.24 N-NONANE 

102 0.02 0.04 0.04 N-DODECANE 
103 0.02 0.03 0.03 N-TRIDECANE 

ISO-PARAFFINS 

CODE 
5 
8 
7 

12 
13 
i0 
Ii 
18 
20 
22 
21 
19 
15 
16 
17 
37 
28 
36 
31 
30 
32 
39 
34 
29 
24 
26 
25 
73 
51 
52 
43 
67 
53 
59 

MOL. 
1.03 
0.02 
8.69 
0.27 
0.93 
3.70 
2.42 
0.ii 
0.90 
0.01 
0.43 
1.66 
1.54 
1.77 
0.14 
2.32 
0.04 
0.05 
0.26 
0 38 
0 O4 
0 55 
0 08 
0 30 
0 71 
0 25 
0 73 
0 02 
0.07 
0.03 
0.06 
0.01 
0.09 
0.01 

VOL. 
0.83 
0.02 
7.84 
0.28 
0.94 
3 79 
2 44 
0 12 
1 05 
0 01 
0 48 
1 86 
1 77 
2 00 
0 16 
2 98 
0 O5 
0 O6 
0 33 
0 48 
0 O5 
0 68 
0 i0 
0 38 
0.91 
0 31 
0 92 
0 02 
0 i0 
0 O4 
0 08 
0.02 
0.12 
0.02 

WT. 
0.62 
O.02 
6.52 
0.24 
0.83 
3.32 
2.17 
0 .ii 
0.94 
0.01 
0.45 
1.73 
1.61 
1.84 
0.15 
2 76 
0 04 
0 06 
0 31 
0 45 
0 O5 
0 65 
0 09 
0 36 
0 85 
0 29 
0 87 
0 02 
0 O9 
0 04 
0 08 
0 02 
0 ii 
0.02 

NAME 
ISOBUTANE 
NEOPENTANE 
ISOPENTANE 
22-DIME BUTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
22-DIME PENTANE 
24-DIME PENTANE 
223-TRIME BUTANE 
33-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
3-ET PENTANE 
224-TRIME PENTANE 
22-DIME HEXANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
33-DIME HEXANE 
234-TRIME PENTANE 
2-ME-3-ET PENTANE 
23-DIME HEXANE 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
224-TRIME HEXANE 
244-TRIME HEXANE 
24-DIME HEPTANE 
235-TRIME HEXANE 
22-DIME HEPTANE 
26-DIME HEPTANE 
44-DIME HEPTANE 



CHEVRON RESEARCH GASOLINE 
15-JUN-1999 12:53 
9036261 500-362B CHARGE 
Sample 2 Injection 1 

ANALYSIS 

55 0.20 0.27 
50 0.01 0.02 
56 0.06 0.08 
71 0.03 0.04 
57 0.04 0.05 
66 0.03 0.04 
62 0.15 0.21 
60 0.19 0.27 

4660 0.02 0.04 
76 0.02 0.02 

4652 0.02 0.03 
4657 0.02 0.03 
4659 0.ii 0.16 
151 0.04 0.06 
161 0.02 0.03 

4650 0.06 0.09 
157 0.02 0.03 

5004 0.03 0.05 
89 0.02 0.02 

152 0.05 0.07 
215 0.02 0.03 
86 0.67 1.01 
84 0.08 0.12 
88 0.01 O.02 
85 0.08 0.12 

4663 0.02 0.03 
163 0.i0 0.16 
164 0.05 0.07 

5030 0.01 0.02 

CYCLOPENTANES 

CODE MOL. 
800 0.50 
801 1.73 
803 0.06 
806 0.31 
807 0.28 
805 0.24 
804 0.07 
811 0.05 
802 0.18 
817 0.I0 
814 0.05 
810 0.04 
848 0.05 
864 0.08 
865 0.07 
861 0.22 
812 0.02 

4326 0.01 
862 0.03 
86O O.02 

VOL. 
0.37 
1.51 
0.06 
0.31 
0.29 
0.24 
O.O7 
0.06 
0 18 
0 ii 
0 06 
0 05 
0 O7 
0 09 
0 08 
0 25 
0 O3 
0 01 
0O3 
0.03 

I13GASO507 

0.26 
0.02 
0.08 
0.04 
0.05 
0.04 
0.20 
0.25 
0.03 
0.02 
0.02 
0.03 
0.16 
0.05 
0.03 
0.09 
0 03 
0 O5 
0 02 
0 07 
0 03 
0 99 
0 12 
0 02 
0 12 
0 03 
0.16 
0.07 
0.02 

WT. 
0.37 
1 52 
0 06 
0 31 
0 29 
0 24 
0 07 
0 O6 
0 19 
0 Ii 
0 O6 
0 O5 
0 O7 
0 O9 
0 08 
0 26 
0 03 
0 01 
0 04 
0 O3 
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35-DIME HEPTANE 
234-TRIME HEXANE 
23-DIME HEPTANE 
3-ME-4-ET HEXANE 
34-DIME HEPTANE 
4-ET HEPTANE 
4-ME OCTANE 
2-ME OCTANE 
246-TRIME HEPTANE * 
33-DIET PENTANE 
225-TRIME HEPTANE * 
236-TRIME HEPTANE * 
245-TRIME HEPTANE * 
22-DIME OCTANE 
44-DIME OCTANE 
223-TRIME HEPTANE * 
33-DIME OCTANE 
2-ME-3-ET HEPTANE 
4-ET OCTANE 
23-DIME OCTANE 
C-ll ISOPARAFFINS 
4-ME NONANE 
2-ME NONANE 
3-ET OCTANE 
3-ME NONANE 
335-TRIME HEPTANE * 
2-ME DECANE 
3-ME DECANE 
26-DIME UNDECANE 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
II-DIME CYCPENTANE 
IC3-DIME CYCPENTANE 
IT3-DIME CYCPENTANE 
IT2-DIME CYCPENTANE 
IC2-DIME CYCPENTANE 
II3-TRIME CPENTANE 
ET CYCLOPENTANE 
IT2C4TRIME CPENTANE 
IT2C3TRIME CPENTANE 
II2-TRIME CPENTANE* 
IIC3T4-TETRME CPENT 
IMEC3ET CYCPENTANE 
IMET3ET CYCPENTANE 
IME-IET CYCPENTANE 
IC2C3TRIMECPENTANE* 
C-9 CYCLOPENTANE B 
IME-C2ET CYPENTANE 
ISOBU CYCLOPENTANE 
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15-JUN-1999 12:53 
9036261 500-362B CHARGE 
Sample 2 Injection 1 

CYCLOHEXANES 

CODE MOL. 
826 0.75 
831 0.08 
830 0.06 
832 0.12 
833 0.06 
829 0.04 
827 0.06 
946 0.05 
979 0.02 
956 0.05 
950 0.02 
945 0.02 
941 0.14 
944 0.03 
940 0.17 
949 0.05 
943 0.03 
948 0.18 
836 0.03 
835 0.03 
980 O.04 

OLEFINS, DIENES 

CODE 
302 
3O5 
304 
303 
310 
306 
309 
509 
308 
327 
307 
311 
505 
530 
504 
450 
318 
323 
324 
317 
312 
315 
314 

2007 
320 
321 
313 

2O05 

MOL. 
0.02 
0.02 
0.09 
0.13 
0.ii 
0.41 
0.80 
0 . 0 3  
1.01 
0.01 
0 56 
1 63 
0 O4 
0 01 
0 02 
0 24 
0.12 
0.09 
0.15 
0.26 
0.16 
0.36 
0.36 
0.04 
0.41 
0.25 
0.20 
0.01 

ANALYSIS 

VOL. 
0.74 
0.09 
0 06 
0 14 
0 O6 
0 O5 
0 O6 
0 O6 
0 03 
0 06 
0 02 
0 O3 
0.18 
0.04 
0.21 
0.06 
0.03 
0.22 
0.04 
0.04 
0.06 

VOL. 
0.01 
0.01 
0.07 
0.09 
0.09 
0.35 
0 67 
0 O2 
0 84 
0 01 
0 47 
1 33 
0 03 
0 01 
0 01 
0 16 
0 12 
0 09 
0.15 
0.25 
0.15 
0.34 
0.35 
0.05 
0.39 
0.24 
0.19 
0.01 

I13GASO507 

WT. 
0.76 
0.09 
0.07 
0.14 
0.07 
0.05 
0.07 
0.06 
0.03 
0.06 
0.02 
0.03 
0.19 
0 04 
0 23 
0 06 
0 03 
0 23 
0 04 
0 O4 
0 O6 

WT. 
0.01 
0.01 
0.05 
0.07 
0.08 
0.30 
0.58 
0.02 
0.73 
0.01 
0 41 
1 19 
0 O3 
0 01 
0 01 
0 17 
0 ii 
0 08 
0 13 
0 23 
0 14 
0 31 
0 32 
0.04 
0.36 
0.22 
0.18 
0.01 
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NAME 
ME CYCLOHEXANE 
IC3-DIME CYCHEXANE 
IT2-DIME CYCHEXANE 
IT3-DIME CYCHEXANE 
IC4-DIME CYCHEXANE 
IC2-DIME CYCHEXANE 
ETHYL CYCLOHEXANE 
II3-TRIME CYCHEXANE 
C-9 CYLOHEXANES 
IC3T5-TRIME CYCHEX 
IT2C3-TRIME CYCHEX 
II2-TRIME CYCHEXANE 
IME-C3ET CYCHEXANE 
IME-T4ET CYCHEXANE 
IME-I-ET CYCHEXANE 
IC2T3-TRIME CYCHEX 
IM-C4-ET CYCHEXANE 
IC2C3-TRIME CYCHEX 
ISOPR CYCLOHEXANE 
N-PR CYCLOHEXANE 
C-10 CYCLOHEXANES 

NAME 
I-BUTENE 
ISO-BUTENE 
TRANS-2-BUTENE 
ClS-2-BUTENE 
3-METHYL-I-BUTENE 
I-PENTENE 
2-METHYL-I-BUTENE 
ISOPRENE 
TRANS-2-PENTENE 
3,3-DIME BUTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
T-13-PENTADIENE 
CYCLOPENTADIENE 
C-13-PENTADIENE 
CYCLOPENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRANS-2-HEXENE 
44-DIME-I-PENTENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
33-DIME-I-PENTENE 



CHEVRON RESEARCH GASOLINE 
15-JUN-1999 12:53 
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Sample 2 Injection 1 

532 0.02 
403 0.01 

2011 0.01 
451 0.45 

2004 0.03 
2017 0.01 
403 0.01 

2003 0.02 
2024 0.02 
2009 0.03 
403 0.01 
403 0.01 

2033 0.07 
2031 0.04 
2030 0.03 
2010 0.03 
2038 0.i0 
2035 0.05 
5370 0.ii 
5371 0.ii 
2042 0.i0 
2025 0.12 
2034 0.08 
2018 0.09 
2040 0.14 
2008 0.ii 
4526 0.01 
4529 0.01 
4530 0.01 
4532 0.02 
4528 0.05 
4533 0.03 
4534 0.03 
404 0.01 

4531 0.01 
2212 0.01 
2213 0.01 
2193 0.06 
2198 0.07 
4536 0.04 

AROMATIC HCS 

CODE 
600 
601 
602 
604 
6O5 
603 
607 
644 
609 

MOL. 
2 30 
9 16 
2 49 
4 70 
1 97 
2 83 
0 12 
0 59 
1 70 

ANALYSIS 

0.01 
0.01 
0.01 
0.37 
0.03 
0.01 
0.01 
0.03 
0.02 
0.04 
0.01 
0.02 
0.08 
0.05 
0.03 
0 03 
0 Ii 
0 05 
0 ii 
0 i0 
0 ii 
0 13 
0 O9 
0 09 
0 15 
0 ii 
0 01 
0 02 
0 01 
0 O2 
0 07 
0 03 
0 03 
0 O2 
0 01 
0 01 
0 01 
0 O7 
0 O9 
0 O4 

VOL. 
1 59 
7 57 
2 38 
4 49 
1 89 
2 65 
0 13 
0 64 
1 84 

113GAS0507 

0.01 
0.01 
0.01 
0.39 
0.03 
0.01 
0.01 
0.02 
0.02 
0.03 
0.01 
0.01 
0.07 
0.04 
0.03 
0.03 
0.i0 
0.05 
0.ii 
0.ii 
0.i0 
0.12 
0.08 
0.09 
0 14 
0 ii 
0 01 
0 O2 
0 01 
0 02 
0 O6 
0 03 
0.03 
0.02 
0.01 
0.01 
0.01 
0.07 
0.08 
O.04 

WT. 
1.87 
8.78 
2.75 
5.19 
2.18 
3.12 
0.15 
0.74 
2.12 
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2-ME CYCLOPENTADIENE 
HEPTENES 
44-DIME-C2-PENTENE 
1-ME CYLCOPENTENE 
24-DIME-I-PENTENE 
3-ET I-PENTENE 
HEPTENES 
23-DIME-I-PENTENE 
5-ME-I-HEXENE 
24-DIME-CIS2-PENTENE 
HEPTENES 
HEPTENES 
2-ME-T3-HEXENE 
5-ME-T2-HEXENE 
5-ME-C2-HEXENE 
34-DIME-C2-PENTENE 
I-HEPTENE 
3-ME-T3-HEXENE 
C-7 CYCLOPENTENE A 
C-7 CYCLOPENTENE B 
T3-HEPTENE 
2-ME-2-HEXENE 
3-ME-C3-HEXENE 
3-ET-2-PENTENE 
TRANS-2-HEPTENE 
23-DIME-C2-PENTENE 
OCTENE B 
OCTENE E 
OCTENE F 
OCTENE H 
OCTENE D 
OCTENE I 
OCTENE J 
OCTENES 
OCTENE G 
6-ME-C2-HEPTENE 
6-ME-T2-HEPTENE 
I-OCTENE 
C4-OCTENE 
OCTENE L 

NAME 
BENZENE 
TOLUENE 
ETHYLBENZENE 
M-XYLENE 
P-XYLENE 
O-XYLENE 
CUMENE 
N-PROPYL BENZENE 
I-ME-3-ET BENZENE 
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Sample 2 Injection 1 

610 
613 
608 
612 
615 
616 
611 
622 
623 
650 
621 
646 
647 
648 
614 
651 
653 
655 
654 
656 
659 
685 
683 
635 
634 

7800 
660 
773 

7801 
7004 
633 
715 
755 

7099 
768 
769 
714 
698 

7830 
7831 
7833 
699 
771 
693 
694 
695 

7030 
7104 
772 

7101 
7034 
7835 
7836 
7837 

0.77 
0.85 
0.54 
2.84 
0.15 
0.i0 
0.64 
0.04 
0.03 
0.29 
0.02 
0.16 
0.34 
0.20 
0.09 
0.36 
0.i0 
0.26 
0.18 
0.36 
0.09 
0 . 0 2  
0.01 
0.18 
0.28 
0.12 
0.05 
0.02 
0.15 
0.07 
0.07 
0.03 
0.05 
0.02 
0.02 
0.02 
0.36 
0.06 
0.03 
0.06 
0.02 
0.02 
0.04 
0 O3 
0 04 
0 01 
0 01 
0 01 
0 O3 
0 01 
0 01 
0 O4 
0 04 
0.03 

ANALYSIS 

0.83 
0.92 
O.57 
3.03 
0.18 
0.12 
0.67 
0.O5 
0.04 
0.27 
0.03 
0.20 
0.41 
0.25 
0 .ii 
0.43 
0.12 
0.31 
0.22 
0.43 
0.ii 
0.03 
0.02 
0.21 
0.33 
0.12 
0.06 
0.02 
0.16 
0.08 
0.08 
0.03 
0.06 
0.02 
0.03 
0.03 
0.37 
0.07 
0.03 
0.06 
O.03 
0 02 
0 05 
0 03 
0 06 
0 01 
0 01 
0 02 
0 O4 
0 01 
0 01 
0 O5 
0 05 
0 04 

I13GASO507 

0.96 
1.06 
0.68 
3.55 
0.21 
0.14 
0.80 
0 06 
0 04 
0 35 
0 O3 
0 23 
0 47 
0.29 
0 13 
0 51 
0 14 
0 36 
0 25 
0 51 
0.13 
0.03 
0.02 
0 24 
0 39 
0 16 
0 07 
0 O3 
0 21 
0 ii 
0 I0 
0 O4 
0 08 
0 03 
0 04 
0 03 
0 48 
0 09 
0 04 
0 09 
0 03 
0.02 
0 06 
0 O4 
0 07 
0 O2 
0 02 
0 O2 
0 O4 
0 01 
0 01 
0 O6 
0 O6 
0 05 
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I-ME-4-ET BENZENE 
135-TRIME BENZENE 
I-ME-2-ET BENZENE * 
124-TRIME BENZENE * 
ISOBUTYLBENZENE 
SEC BUTYLBENZENE 
123-TRIME BENZENE * 
M-CYMENE 
P-CYMENE 
INDAN * 
O-CYMENE * 
13-DIETHYL BENZENE 
I-ME-3-PR BENZENE 
I-ME-4-PR BENZENE 
N-BUTYLBENZENE 
12-DIET BENZENE * 
I-ME-2-PR BENZENE * 
13-DIME4ET BENZENE * 
14-DIME2ET BENZENE * 
12-DIME4ET BENZENE * 
12-DIME3ET BENZENE 
2-PHENYL-2ME BUTANE 
1-PHENYL-3ME BUTANE 
1245-TETME BENZENE * 
1235-TETME BENZENE * 
METHYLINDANE A 
I-ME35DIET BENZENE 
C-ll AROMATIC K 
METHYLINDANE B 
C-ll AROMATIC E 
1234-TETME BENZENE * 
TETRALIN * 
I-ME-3NBU BENZENE 
PENTYLBENZENE 
13-DIME-4PR BENZENE 
I-ME-35DIET BENZENE 
NAPHTHALENE * 
12-DIME-3PR BENZENE 
DIMETHYLINDANE A 
DIMETHYLINDANE B 
DIMETHYLINDANE D 
135-TRIME-2ETBENZENE 
125-TRIME-3ETBENZENE 
124-TRIME-5ETBENZENE 
123-TRIME-5ETBENZENE 
124-TRIME-3ETBENZENE 
C-12 AROMATIC A 
135-TRIETHYLBENZENE 
123-TRIME4ET BENZENE 
T-BUTYL-DIMEBENZENES 
C-12 AROMATIC E 
DIMETHYLINDANE F 
DIMETHYLINDANE G 
C-ll INDANE H 



CHEVRON RESEARCH GASOLINE ANALYSIS 
15-JUN-1999 12:53 
9036261 500-362B CHARGE 
Sample 2 Injection 1 

113GAS0507 

636 0.02 0.03 0.04 
796 0.22 0.24 0.33 
795 0.i0 0.I0 0.14 

7901 0.02 0.02 0.03 

UNCLASSIFIED HCS 

MOL. 
0.O2 
0.03 
0.05 
0.02 
0.03 
0.10 
0.03 
0.01 
0.03 
0.01 
0.01 
0.01 
0.03 
0.01 
0.01 
0.02 
0.06 
0.01 
0.02 
0.01 
0.01 
0.08 
0.01 
0.ii 
0.02 
0.06 
0.01 
0.01 
0.01 
0.01 
0.01 
0.03 
0.02 
0.01 
0.01 
0.02 
0 05 
0 01 
0 05 
0 01 
0 04 
0 01 
0.01 
0.01 
0.01 

VOL. 
0.03 
0.03 
0.06 
0.03 
0.04 
0.13 
0..04 
0.02 
0.03 
0.02 
0.01 
0.01 
0.04 
0.01 
0.02 
0.02 
0.08 
0.01 
0.02 
0.01 
0.01 
0.12 
0.01 
0.16 
0.02 
0.08 
0.01 
0.01 
0.02 
0.02 
0 O2 
0 O4 
0 03 
0 O2 
0 02 
0 03 
0 08 
0 01 
0 07 
0 02 
O.06 
0.01 
0.02 
0.01 
0.01 

CODE 
188 
188 
188 
188 
189 
189 
189 
189 
189 
189 
189 
189 
190 

4052 
4053 
190 
190 
190 

4900 
190 
190 
190 
190 
190 
190 
190 
190 
190 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 
191 

WT. 
0.03 
0.03 
0.06 
0.03 
0.04 
0 13 
0 04 
0 02 
0 03 
0 02 
0 01 
0 01 
0 04 
0 01 
0.02 
0.02 
0.08 
0.01 
0.02 
0.01 
0.01 
0.12 
0.01 
0.16 
0.02 
0.09 
0.01 
0.01 
0.02 
0.02 
0.02 
0 O4 
0 03 
0 02 
0 02 
0 04 
0 O8 
0 01 
0 08 
0 02 
0 06 
0 01 
0 O2 
0 01 
0 02 
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PENTAMETHYLBENZENE 
2-ME NAPHTHALENE * 
I-ME NAPHTHALENE * 
13-DIME NAPHFHALENE 

NAME 
UNCLASS H.C 
UNCLASS H.C 
UNCLASS H.C 
UNCLASS H.C 
UNCLASS H.C 
UNCLASS H.C 
UNCLASS H.C 

C- 8 
C- 8 
C- 8 
C- 8 
C- 9 
C- 9 
C- 9 

UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 

H.C.C-9 
H.C.C-9 
H.C.C-9 
H.C.C-9 
H.C.C-9 
H.C. C-10 

UNCLASSIFIED C-10 C 
UNCLASSIFIED C-10 D 
UNCLASS. H.C. C-10 
UNCLASS. H.C. C-10 
UNCLASS. H.C. C-10 
CIS-HYDRINDANE 
UNCLASS H.C. C-10 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 

H.C. C-10 
H.C. C-10 
H.C. C-10 
H.C. C-10 
H.C C-10 
H.C C-10 
H.C C-10 
H.C C-10 

UNCLASS. H.C 
UNCLAS S H • C 
UN C LA S S 
UNCLASS 
UN C LASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNCLASS 
UNC LASS 
UNCLASS 
UNCLASS 
UNC LAS S 
UNCLASS 
UNC LAS S 
UNCLASS 
UNCLASS 

C-If 
C-II 

H.C C-ll 
H.C. C-If 
H.C C-If 
H C C-ll 
H C C-II 
H C C-ll 
H C C-f1 
H C C-ll 
H C C-ll 
H C C-If 
H C C-ll 
H C C-ll 
H C C-ll 
H C C-ll 
H C C-ll 
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191 
191 
192 
192 
192 
192 
192 
192 
192 
192 
192 
193 
193 
193 
193 
193 
193 
193 

0.01 
0.01 
0.01 
0 01 
0 O4 
0 01 
0 01 
0 O2 
0 O2 
0 01 
0 03 
0 01 
0 01 
0 O2 
0 01 
0 O2 
0 01 
0 01 

0 02 
0 01 
0 01 
0 O2 
0 O7 
0 01 
0 O2 
0 O3 
0 03 
0 01 
0 04 
0 01 
0 O2 
0 03 
0 01 
0 O2 
0 01 
0 01 

II3GASO507 

0 O2 
0 01 
0 01 
0 O2 
0 07 
0 02 
0 O2 
0 03 
0 03 
0.01 
0 O5 
0 O2 
0 O2 
0 O4 
0 O2 
0 O3 
0 01 
0 01 
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UNCLASS. H.C C-ll 
UNCLASS. H.C C-II 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASS. H.C C-12 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
UNCLASSIFIED C-13 
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CHEVRON RESEARCH GASQLINE ANALYSIS C~-[C-9%~) 

;ample Name: 500-362P Batch A 11/11/99 XXKALFXEZC 
~cquisition Date: 11/11/1999 Acquisition Time: 03:46:06 PM 
~hannel #: 113 Analysis: data\GASO991111S\991111S_001.dat \\ 
lethod: GasoCaro.met 

*** DETAILED COMPOSITION, PERCENT *** 
i. BY VOLUME 

NON- 
C PARA OLEF NAPH AROM UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 
JO. HC BY C # PARA I-PARA I-PARA PENT HEX 

3- 0.20 0.00 ****** ****** ****** 0.20 0.20 ****** ****** ****** ****** 
4 16.46 i.ii ****** ****** ****** 17.56 13.05 3.41 ****** ****** ****** 
5 40.65 10.27 0.55 ****** ****** 51.46 11.08 29.57 ****** 0.55 ****** 
6 12.58 3.05 1.66 1.32 ****** 18.61 2.71 9.87 ****** 1.40 0.26 
7 5.18 0.72 0.79 1.90 ****** 8.59 0.71 4.47 ****** 0.54 0.26 
8 2.26 0.06 0.19 0.76 0.03 3.30 0.07 0.63 1.55 0.14 0.05 
9 0.08 0.00 0.02 0.15 0.02 0.27 0.01 0.06 0.00 0.01 0.01 
0 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
. i  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
JOT 77.40 15.21 3.22 4.12 0.05 100.00 27.82 48.02 1.55 2.63 0.59 

2. BY WEIGHT 

3- 0.16 0.00 ****** ****** ****** 0.16 
4 14.70 1.05 ****** ****** ****** 15.75 11.74 
5 39.22 10.48 0.64 ****** ****** 50.35 10.77 28.45 ****** 
6 12.84 3.26 1.94 1.80 ****** 19.84 2.77 10.07 ****** 
7 5.49 0.80 0.93 2.55 ****** 9.77 0.75 4.74 ****** 
8 2.44 0.07 0.23 1.02 0.03 3.79 0.08 0.69 1.67 
9 0.08 0.00 0.03 0.20 0.03 0.34 0.01 0.07 0.01 
0 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0~00 
OT 74.95 15.67 3.76 5.56 0.06 I00.00 26.28 46.99 1.68 

3. BY MOLAR 

0.16 ****** ****** ****** ****** 
2.96 ****** ****** ****** 

0.64 ****** 
1.62 0.32 
0.63 0.30 
0 16 0.07 
0 01 0.02 
0 00 0.00 
0 00 0.00 
0 00 0.00 
3 06 0.71 

_ 

4 
5 
6 
7 
8 
9 
0 
1 
2+ 
OT 

0 27 
18 76 
40 31 
ii 05 
4 06 
1 58 
0 05 
0 00 
0 00 
0.00 

76.09 

0.00 ****** ****** ****** 
1.39 ****** ****** ****** 

0.27 
20.15 14.98 

ii.ii 0.68 ****** ****** 52.10 11.07 29.24 ****** 
2.88 1.71 1.71 ****** 17.35 2.39 8.66 ****** 
0.61 0.70 2.05 ****** 7.42 0.55 3.51 ****** 
0.05 0.15 0.71 0.02 2.51 0.05 0.45 1.09 
0.00 0.02 0.12 0.02 0.20 0.00 0.04 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

16.03 3.25 4.59 0.04 i00.00 29.32 45.68 1.09 

0.27 ****** ****** ****** ****** 
3.77 ****** ****** ****** 

0.68 ****** 
1.43 0 28 
0.47 0 23 
0. ii 0 04 
0.01 0 01 
0.00 0 00 
0.00 0 00 
0.00 0 00 
2.69 0 56 

RP. TYPE, VOL %: P = 77.44, 0 = 15.21, N = 3.22, A = 4.12, Saturates = 80.66 
IENE CONTENT = 0. vol ppm AVG MW = 74.2 API GR. = 86.5 SP. GR. =0.6491 
CTANE NUMBER: (from pure values) RON = 85.5 MON = 81.3 

(from blending values) RON = 89.2 MON = 82.6 
ARBON-HYDROGEN RATIO =5.330 STOICH. AIR-FUEL RATIO =15.08 ibs air/ibs fuel 
TU/ib = 18217. NET, 19662. GROSS; BTU/gal = 98673. NET, 106502. GROSS 
EID VAPOR PRESSURE =22.4 BROMINE NO. = 34.6 
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DISTILLATION CURVES 

VOL % TBP D86 

0. -44. 31. 
5. 31. 82. 

i0. 31. 82. 
15. 31. 82. 
20. 82. 82. 
25. 82. 82. 
30. 82. 82. 
35. 82. 82. 
40. 82. 82. 
45. 82. 88. 
50. 88. 97. 
55. 97. 97. 
60. 97. 97. 
65. 99. i01° 
70. 134. 136. 
75. 140. 140. 
80. 146. 153. 
85. 161. 163. 
90. 194. 194. 
95. 211. 228. 

I00. 352. 280. 
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DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

ORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
3 0.27 0.20 0.16 PROPANE 
4 14.98 13.05 11.74 N-BUTANE 
6 11.07 11.08 10.77 N-PENTANE 
9 2.39 2.71 2.77 N-HEXANE 
14 0.55 0.71 0.75 " N-HEPTANE 
23 0.05 0.07 0.08 N-OCTANE 

SO-PARAFFINS 

CODE MOL. VOL. 
5 3.77 3.41 
8 0.12 0.13 
7 29.12 29.44 
12 0.43 0.49 
13 1.27 1.44 
10 4.37 5.01 
ii 2.60 2.93 
18 0.08 0.i0 
20 0.74 0.96 
21 0.04 0.04 
19 0.90 1.13 
15 0.79 1.02 
16 0.88 i.ii 
17 0.07 0.09 
37 0.89 1.28 
28 0.01 0.01 
36 0.01 0.02 
31 0.07 0.i0 
30 0.i0 0.14 
32 0.01 0.01 
39 0.13 0.17 
34 0.02 0.02 
29 0.06 0.08 
24 0.ii 0.15 
26 0.04 0.05 
25 0.I0 0.15 
51 0.01 0.01 
55 0.01 0.02 
60 0.01 0.01 

WT. 
2.96 
0.12 

28.33 
0.49 
1.48 
5.08 
3.02 
0.ii 
1.00 
O.O5 
1.22 
1.07 
1 19 
0 i0 
i 37 
0 O2 
0 02 
0 i0 
0 15 
0.O2 
0.19 
0.02 
0.09 
0.17 
0.06 
0.16 
0.01 
0.02 
0.01 

NAME 
ISOBUTANE 
NEOPENTANE 
ISOPENTANE 
22-DIME BUTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
22-DIME PENTANE 
24-DIME PENTANE 
33-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
3-ET PENTANE 
224-TRIME PENTANE 
22-DIME HEXANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
33-DIME HEXANE 
234-TRIME PENTANE 
2-ME-3-ET PENTANE 
23-DIME HEXANE 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
244-TRIME HEXANE 
35-DIME HEPTANE 
2-ME OCTANE 

YCLOPENTANES 

CODE MOL. VOL. WT. 
800 0.68 0.55 0.64 
801 1.43 1.40 1.62 
803 0.03 0.03 0.04 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
II-DIME CYCPENTANE 
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806 0.14 0.16 
807 0.13 0.15 
805 0.I0 0.12 
804 0.02 0.02 
811 0.01 0.02 
802 0.05 0.05 
817 ~ 0.02 0.03 
814 0.01 0.01 
864 0.01 0.01 
865 0.01 0.01 
861 0.03 0.04 

:YCLOHEXANES 

CODE MOL. VOL. 
825 0.28 0.26 
826 0.23 0.26 
831 0.01 0.01 
832 0.01 0.02 

~LEFINS, DIENES 

Page 5 

l13data\GASO991111S\991111S_001-dat \\ 

0.18 IC3-DIME CYCPENTANE 
0.18 IT3-DIME CYCPENTANE 
0.13 IT2-DIME CYCPENTANE 
0.03 IC2-DIME CYCPENTANE 
0.02 II3-TRIME CPENTANE 
0.07 ET CYCLOPENTANE 
0.03 IT2C4TRIME CPENTANE 
0.01 IT2C3TRIME CPENTANE 
0.02 IMEC3ET CYCPENTANE 
0.01 IMET3ET CYCPENTANE 
0.05 1ME-lET CYCPENTANE 

WT. NAME 
0.32 CYCLOHEXANE 
0.30 ME CYCLOHEXANE 
0.02 IC3-DIME CYCHEXANE 
0.02 IT3-DIME CYCHEXANE 

CODE MOL. VOL. WT. 
302 0.08 0.07 0.06 
305 0.08 0.07 0.06 
304 0.52 0.42 0.39 
303 0.70 0.55 0.53 
310 0.39 0.36 0.37 
506 0.01 0.01 0.01 
306 1.04 0.99 0.98 
309 2.03 1.90 1.92 
509 0.07 0.06 0.07 
308 2.30 2.17 2.18 
327 0.02 0.03 0.03 
307 1.27 1.18 1.20 
311 3.44 3.17 3.26 
505 0.07 0.06 0.06 
530 0.03 0.02 0.03 
504 0.03 0.03 0.03 
450 0.42 0.32 0.39 
318 0.18 0.20 0.21 
323 0.13 0.14 0.15 
324 0.20 0.22 0.23 
317 0.30 0.33 0.34 
312 0.17 0.18 0.19 
315 0.36 0.39 0.41 
314 0.35 0.38 0.40 
2007 0.04 0.05 0.06 
320 0.40 0.43 0.45 
321 0.24 0.25 0.27 
313 0.19 0.20 0.22 
2005 0.01 0.01 0.01 

NAME 
I-BUTENE 
ISO-BUTENE 
TRANS-2-BUTENE 
CIS-2-BUTENE 
3-METHYL-I-BUTENE 
14-PENTADIENE 
I-PENTENE 
2-METHYL-I-BUTENE 
ISOPRENE 
TRANS-2-PENTENE 
3,3-DIME BUTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
T-13-PENTADIENE 
CYCLOPENTADIENE 
C-13-PENTADIENE 
CYCLOPENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRANS-2-HEXENE 
44-DIME-I-PENTENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
33-DIME-I-PENTENE 
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4500 0.01 0.02 0.02 HEPTENE A 
403 0.01 0.01 0.01 HEPTENES 
451 0.33 0.30 0.36 I-ME CYLCOPENTENE 
2004 0.02 0.02 0.03 24-DIME-1-PENTENE 
403 0.01 0.01 0.01 HEPTENES 
2003 0.01 0.02 0.02 23-DIME-1-PENTENE 
2024 0.01 0.01 0.01 5-ME-I-HEXENE 
2009 0.02 0.03 0.03 24-DIME-CIS2-PENTENE 
403 0.00 0.01 0.01 HEPTENES 
403 0.01 0.01 0.01 . HEPTENES 
2033 0.04 0.05 0.05 2-ME-T3-HEXENE 
2031 0.02 0.03 0.03 5-ME-T2-HEXENE 
2010 O. 01 0.01 0.02 34-DIME-C2-PENTENE 
2038 0.04 0.05 0.05 I-HEPTENE 
2035 0.02 0.02 0.03 3-ME-T3-HEXENE 
5370 0.05 0.05 0.06 C-7 CYCLOPENTENE A 
5371 0.04 0.04 0.05 C-7 CYCLOPENTENE B 
2042 0.04 0.04 0.05 T3-HEPTENE 
2025 0.04 0.05 0.06 2-ME-2-HEXENE 
2034 0.03 0.04 0.04 3-ME-C3-HEXENE 
2018 0.03 0.04 0.04 3-ET-2-PENTENE 
2040 0.05 0.06 0.06 TRANS-2-HEPTENE 
2008 0.04 0.04 0.05 23-DIME-C2-PENTENE 
4529 0.00 0.01 0.01 OCTENE E 
4528 0.01 0.01 0.01 OCTENE D 
4533 0.00 0.01 0.01 OCTENE I 
4534 0.00 0.01 0.01 OCTENE J 
2193 0.01 0.01 0.01 I-OCTENE 
2198 0.01 0.01 0.01 C4-OCTENE 

ROMATIC HCS 

CODE MOL. VOL. WT. NAME 
600 1.71 1.32 1.80 BENZENE 
601 2.05 1.90 2.55 TOLUENE 
602 0.19 0.20 0.27 ETHYLBENZENE 
604 0.27 0.29 0.39 M-XYLENE 
605 0.12 0.13 0.17 P-XYLENE 
603 0.13 0.14 0.19 O-XYLENE 
644 0.01 0.01 0.02 N-PROPYL BENZENE 
609 0.03 0.04 0.05 I-ME-3-ET BENZENE 
610 0.01 0.02 0.02 I-ME-4-ET BENZENE 
613 0.01 0.01 0.02 135-TRIME BENZENE 
608 0.01 0.01 0.01 I-ME-2-ET BENZENE 
612 0.03 0.04 0.05 124-TRIME BENZENE 

NCLASSIFIED HCS 

CODE MOL. VOL. WT. NAME 
189 0.01 0.01 0.01 UNCLASS. H.C. C- 9 



CHEVRON RESEARCH GASQLINE ANALYSIS 

ample Name: 500-362P Batch B Drum 1 \\RALF\EZChr 
cquisition Date: 11/12/1999 Acquisition Time: 11:03:20 AM 
hannel #: 113 Analysis: data\GASO991112Sk991112S_002.dat \\ 

ethod: GasoCaro.met 
*** DETAILED COMPOSITION, PERCENT *** 

i. BY VOLUME 

NON- 
C PARA OLEF NAPH AROM UNCL TOTALS NORMAL ALKYL ALKYL CYCLO- CYCLO- 
O. HC BY C # PARA I-PARA I-PARA PENT HEX 

3- 0.22 
4 16.53 
5 40.66 10.26 
6 12.51 3.04 1.70 
7 5.10 0.71 0.80 
8 2.25 0.06 0.19 
9 0.08 0.00 0.02 
0 0.01 0.00 0.00 
1 0.00 0.00 0.00 
2+ 0.00 0.00 0.00 
OT 77.35 15.20 3.25 

0.00 ****** ****** ****** 

1.12 ****** ****** ****** 

0.22 
17.65 13.14 

D.54 ****** ****** 51.47 11.03 
1.32 ****** 18.57 2.70 
1.91 ****** 8.53 0.70 
0.78 0.02 3.31 0.07 
0.15 0.01 0.25 0.01 
0.00 0.00 0.01 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
4.15 0.03 100.00 27.86 

0.22 ****** ****** ****** ****** 
3.39 ****** ****** ****** 

29.64 ****** 0.54 ****** 
9.81 ****** 1.39 0.30 
4.40 ****** 0.55 0.26 
0.64 1.54 0.14 0.06 
0.07 0.00 0.01 0.01 
0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

47.95 1.54 2.63 0.62 

2. BY WEIGHT 

3- 0.17 
4 14.77 
5 39.24 10.48 
6 12.77 3.25 1.98 
7 5.41 0.79 0.94 
8 2.44 0.07 0.23 
9 0.08 0.00 0.02 
0 0.01 0.00 0.00 
1 0.00 0.00 0.00 
2+ 0.00 0.00 0.00 
OT 74.89 15.66 3.81 

3. BY MOLAR 

0.00 ****** ****** ****** 

1.07 ****** ****** ****** 

0.17 
15.84 

0.63 ****** ****** 50.35 
1.80 ****** 19.80 
2.56 ****** 9.70 
1.05 0.02 3.81 
0.20 0.02 0.32 
0.00 0.00 0.01 
0.00 0.00 0.00 
0.00 0.00 0.00 
5.61 0.04 I00.00 

0 17 ****** ****** ****** ****** 
11.82 
10.72 
276 
0 75 
0 08 
0 01 
0 00 
0.00 
0.00 

26.31 

2.94 ****** ****** ****** 
28.52 ****** 0.63 ****** 
i0.01 ****** 1.62 0.37 
4.66 ****** 0.64 0.31 
0.69 1.66 0.16 0.07 
0.08 0.00 0.01 0.01 
0.01 0.00 0.00 0.00 
0,00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

46.91 1.66 3.06 0.75 

3- 0.28 
4 18.83 
5 40.31 11.09 
6 10.98 2.87 
7 4.00 0.60 
8 1.58 0.05 
9 0.05 0.00 
0 0.00 0.00 
1 0.00 0.00 
2+ 0.00 0.00 
OT 76.04 16.02 

0.00 ****** ****** ****** 

1.41 ****** ****** ****** 

0.66 ****** ****** 
1.75 1.71 ****** 
0.71 2.06 ****** 
0.15 0.73 0.01 
0.01 0.12 0.01 
0.00 0.00 0.00 0 
0.00 0.00 0.00 0 
0.00 0.00 0.00 0 
3.29 4.62 0.02 i00 

0.28 
20.24 
52.07 
17.31 
7 37 
2 53 
0 19 

00 
00 
00 
00 

0 28 ****** ****** ****** ****** 

08 
01 
37 
55 

15 
ii 
2 
0 
0 05 
0 01 
0 00 
0 00 
0.00 

29.36 

3.75 ****** ****** ****** 
29.30 ****** 
8.61 ****** 
3.45 ****** 
0.45 1.08 
0.04 0:00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

45.60 1.08 

0.66 ****** 
1 42 0.32 
0 48 0.23 
0 ii 0.04 
0 01 0.00 
0 00 0.00 
0 00 0.00 
0.00 0.00 
2.68 0.60 

RP. TYPE, VOL %: P = 77.38, 0 = 15.21, N = 3.26, A = 4.16, Saturates = 80.63 
IENE CONTENT = 0. vol ppm AVG MW = 74.1 API GR. = 86.5 SP. GR. =0.6491 
CTANE NUMBER: (from pure values) RON = 85.6 MON = 81.3 

(from blending values) RON = 89.2 MON - 82.7 
ARBON-HYDROGEN RATIO =5.331 STOICH. AIR-FUEL RATIO =15.08 ibs air/ibs fuel 
TU/Ib = 18208. NET, 19653. GROSS; BTU/gal = 98625. NET, 106450. GROSS 
EID VAPOR PRESSURE =22.5 BROMINE NO. = 34.6 
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DISTILLATION CURVES 

VOL % TBP D86 

0. -44, 
5. 31, 

10. 31. 
15. 31. 
20. 82. 
25. 82. 
30. 82. 
35. 82.  
40. 82, 
45 82. 
50 88. 
55 97. 
60 97. 
65 99. 
70 130. 
75. 140. 
80. 146. 
85. 161. 
90. 194. 
95. 211. 

i00. 349. 

31. 
82. 
82. 
82. 
82. 
82. 
82. 
82. 
82. 
88. 
97. 
97. 
97. 

i01. 
136. 
140. 
153. 
163. 
194. 
228. 
280. 
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* DETAILED HYDROCARBON ANALYSIS, EXCLUDING COMPOUNDS BELOW 0.01 VOLUME PERCENT 

NORMAL PARAFFINS 

CODE MOL. VOL. WT. NAME 
3 0.28 0.22 0.17 PROPANE 
4 15.08 13.14 11.82 N-BUTANE 
6 ii.01 11.03 10.72 N-PENTANE 
9 2.37 2.70 2.76 N-HEXANE 
14 0.55 0.70 0.75 N-HEPTANE 
23 0.05 0.07 0.08 N-OCTANE 

ISO-PARAFFINS 

CODE MOL. 
5 3.75 
8 0.13 
7 29.17 
12 0.42 
13 1.26 
i0 4.34 
ii 2.59 
18 0.08 
20 0.73 
19 0.89 
15 0.79 
16 0.88 
17 0.07 
37 0.89 
28 0.01 
36 0.01 
31 0.07 
3O 0 .I0 
32 0.01 
39 0.12 
34 0.02 
29 0.06 
24 0.ii 
26 0.04 
25 0.i0 
51 0.01 
53 0.01 
55 0.01 
62 0.01 
60 0.01 

~YCLOPENTANES 

VOL. 
3.39 
0.14 

29.50 
0.49 
1.43 
4.98 
2.92 
0.i0 
0.95 
1.12 
1.02 
i.Ii 
0.09 
1.27 
0.01 
0.02 
0.i0 
0.14 
0.01 
0 17 
0 02 
0 08 
0 15 
0 05 
0 15 
0.01 
0.01 
0.02 
0.01 
0.01 

WT. 
2.94 
0.13 

28.39 
0.49 
1.46 
5.05 
3.01 
0.II 
0.99 
1.21 
1.07 
1.18 
0.10 
1.37 
0.02 
0.02 
0.i0 
0.15 
0.02 
0.19 
0.02 
0.09 
0.17 
0.06 
0.16 
0.01 
0.01 
0.02 
0.01 
0.01 

NAME 
ISOBUTANE 
NEOPENTANE 
ISOPENTANE 
22-DIME BUTANE 
23-DIME BUTANE 
2-ME PENTANE 
3-ME PENTANE 
22-DIME PENTANE 
24-DIME PENTANE 
23-DIME PENTANE 
2-ME HEXANE 
3-ME HEXANE 
3-ET PENTANE 
224-TRIME PENTANE 
22-DIME HEXANE 
223-TRIME PENTANE 
25-DIME HEXANE 
24-DIME HEXANE 
33-DIME HEXANE 
234-TRIME PENTANE 
2-ME-3-ET PENTANE 
23-DIME HEXANE 
2-ME HEPTANE 
4-ME HEPTANE 
3-ME HEPTANE 
244-TRIME HEXANE 
26-DIME HEPTANE 
35-DIME HEPTANE 
4-ME OCTANE 
2-ME OCTANE 

CODE MOL. VOL. WT. 
800 0.66 0.54 0.63 
801 1.42 1.39 1.62 

NAME 
CYCLOPENTANE 
ME CYCLOPENTANE 
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803 0.04 0.04 
806 0.14 0.16 
807 0.13 0.15 
805 0.i0 0.12 
804 O.O2 0.02 
811 0.01 0.02 
802 0.05 0.06 
817 0.02 0.03 
814 0.01 0.01 
864 0.01 0.01 
865 0.01 0.01 
861 0.03 0.04 

0.05 11-DIME CYCPENTANE 
0.18 1C3-DIME CYCPENTANE 
0.18 IT3-DIME CYCPENTANE 
0.13 1T2-DIME CYCPENTANE 
0.03 1C2-DIME CYCPENTANE 
0.02 II3-TRIME CPENTANE 
0.07 ET CYCLOPENTANE 
0.03 1T2C4TRIME CPENTANE 
0.01 1T2C3TRIME CPENTANE 
0.02 1MEC3ET CYCPENTANE 
0.01 1MET3ET CYCPENTANE 
0.05 1ME-IET CYCPENTANE 

CYCLOHEXANES 

CODE MOL. VOL. 
825 0.32 0.30 
826 0.23 0.26 
831 0.01 0.01 
832 0.01 0.02 

WT. NAME 
0.37 CYCLOHEXANE 
0.31 ME CYCLOHEXAME 
0.02 IC3-DIME CYCHEXANE 
0.02 IT3-DIME CYCHEXANE 

9LEFINS, DIENES 

CODE MOL. VOL. WT. 
302 0.08 0.07 0.06 
305 0.09 0.07 0.07 
304 0.53 0.42 0.40 
303 0.72 0.56 0.54 
310 0.39 0.37 0.37 
306 1.04 0.99 0.99 
309 2.02 1.90 1.92 
509 0.08 0.07 0.07 
308 2.30 2.16 2.18 
327 0.02 0.03 0.03 
307 1.27 1.18 1.20 
311 3.44 3.16 3.25 
505 0.07 0.06 0.07 
530 0.03 0.02 0.03 
504 0.03 0.03 0.03 
450 0.42 0.32 0.39 
318 0.19 0.20 0.21 
323 0.13 0.14 0.14 
324 0.20 0.22 0.23 
317 0.30 0.32 0.34 
312 0.17 0.18 0.19 
315 0.36 0.39 0.41 
314 0.34 0.37 0.39 
2007 0.05 0.06 0.06 
320 0.40 0.42 0.45 
321 0.24 0.26 0.27 
313 0.19 0.20 0.21 
2005 0.01 0.01 0.01 

NAME 
I-BUTENE 
ISO-BUTENE 
TRANS-2-BUTENE 
CIS-2-BUTENE 
3-METHYL-I-BUTENE 
I-PENTENE 
2-METHYL-I-BUTENE 
ISOPRENE 
TRANS-2-PENTENE 
3;3-DIME BUTENE 
CIS-2-PENTENE 
2-METHYL-2-BUTENE 
T-13-PENTADIENE 
CYCLOPENTADIENE 
C-13-PENTADIENE 
CYCLOPENTENE 
3-METHYL-I-PENTENE 
C-4ME-2-PENTENE 
T-4ME-2-PENTENE 
2-ME-I-PENTENE 
I-HEXENE 
CIS-3-HEXENE 
TRANS-2-HEXENE 
44-DIME-I-PENTENE 
2-METHYL-2-PENTENE 
C-3ME-2-PENTENE 
CIS-2-HEXENE 
33-DIME-I-PENTENE 
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4500 0.01 0.02 0.02 HEPTENE A 
403 0.01 0.01 0.01 HEPTENES 
451 0.33 0.30 0.36 1-ME CYLCOPENTENE 
2004 0.02 0.03 0.03 24-DIME-I-PENTENE 
403 0.01 0.01 0.01 HEPTENES 
2003 0.01 0.02 0.02 23-DIME-I-PENTENE 
2024 0.01 0.01 0.01 5-ME-I-HEXENE 
2009 0.02 0.02 0.03 24-DIME-CIS2-PENTENE 
403 0.01 0.01 0.01 HEPTENES 
2033 0.04 0.05 0.05 2-ME-T3-HEXENE 
2031 0.02 0.03 0.03 5-ME-T2-HEXENE 
2010 0.01 0.01 0.01 34-DIME-C2-PENTENE 
2038 0.04 0.05 0.05 I-HEPTENE 
2035 0.02 0.02 0.03 3-ME-T3-HEXENE 
5370 0.05 0.05 0.06 C-7 CYCLOPENTENE A 
5371 0.04 0.04 0.05 C-7 CYCLOPENTENE B 
2042 0.04 0.04 0.05 T3-HEPTENE 
2025 0.04 0.05 0.06 2-ME-2-HEXENE 
2034 0.03 0.04 0.04 3-ME-C3-HEXENE 
2018 0.03 0.04 0.04 3-ET-2-PENTENE 
2040 0.05 0.06 0.06 TRANS-2-HEPTENE 
2008 0.04 0.04 0.05 23-DIME-C2-PENTENE 
4528 0.01 0.01 0.02 OCTENE D 
4533 0.00 0.01 0.01 OCTENE I 
4534 0.00 0.01 0.01 OCTENE J 
4531 0.01 0.01 0.01 OCTENE G 
2193 0.01 0.01 0.01 I-OCTENE 
2198 0.01 0.01 0.01 C4-OCTENE 
4536 0.00 0.01 0.01 OCTENE L 

~ROMATIC HCS 

CODE MOL. VOL. WT. 
600 1.71 1.32 1.80 
601 2.06 1.91 2.56 
602 0.19 0.20 0.27 
604 0.28 0.30 0.40 
605 0.13 0.14 0.18 
603 0.14 0.15 0.20 
644 0.01 0.02 0.02 
609 0.03 0.04 0.05 
610 0.01 0.02 0.02 
613 0.01 0.02 0.02 
608 0.01 0.01 0.01 
612 0.03 0.04 0.05 

NAME 
BENZENE 
TOLUENE 
ETHYLBENZENE 
M-XYLENE 
P-XYLENE 
O-XYLENE * 
N-PROPYL BENZENE 
I-ME-3-ET BENZENE 
I-ME-4-ET BENZENE 
135-TRIME BENZENE 
I-ME-2-ET BENZENE * 
124-TRIME BENZENE * 

NCLASSIFIED HCS 

CODE MOL. VOL. WT. 
188 0.01 0.01 0.01 

NAME 
UNCLASS. H.C. C- 8 
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SUMMARY 

STUDY NO.: 4Z161 

C h ~ r a c t e r | z a t i o n  s tud ies have been c a r r i e d  out on l i g h t  
cal;alyt lcal ly cracked naphtha (LCCN) as part of an overall 
t o x i c o l o g i c a l  program to i d e n t i f y  p o t e n t i a l  hea l th  e f f e c t s  
associated with complex refinery stream materials. )(nowledge of 
~he exact  chemical  composi t ion of the LCCN sample used fo r  
t o x i c o l o g i c a l  i n v e s t i g a t i o n s  at  HEXSL prov ldes  a r a t i o n a l  and. 
quan¢itatlve basis for assessing toxic effect by chemical structure 
or class, T h i s  report describes the analytlcal methods use~ to 
separate, identify and quantitate the large number of vo la t i le  
hydrocarbon components present  in LCCN. The approach invo lves  the 
use of nigh resolution capil lary gas chromatography for group-type 
POt~A ( p a r a f f i n s ,  o l e f i n s ,  napht;~enes and a romat i cs }  ana l ys t s .  
I d e n t i f i c a t i o n  an(~ q u a n t i t a t t o n  of the i n d i v i d u a l  LCCX components 
was ¢a r r i ea  out by 9as chromatography, mass 
comparison of GC r e t e n t i o n  times w i th  those 
hydrocarbons. LCCX is the f o u r t h  in  a ser ies  of  
being c~aracterlzed according to chemical c lass .  

spect rometry  and 
of re fe rence 

r e f i n e r y  streams 

The chemical c lasses of compounds found f o r  LCCN are summarized in 
~he table below: 

Chemical Class Composit ion of LCCN 

Chemical Classes I d e n t i f i e d  Weigh1;  Pert.ant 

P Paraffins (C4-C11) " I  
normal 4.45 wt.% ~-- 43.64 
isoparaf f lns  39.19 wt.% . J  

O 01ef ins  ( C 4 - C l l )  22.73 
Naphthenes (C5-C11) 9.69 

A Aromatics (C6-CI0) Z4.00 
{Benzene 0.056 wt.%) 

~ T o  ta I 

The PONA classes present in The highest amounts in LCCN are the 
paraffins (43.64 wt,%) and the aromatlcs {24.00 wt,%). Of c~e 
paraffinics, normal alkanes (C4-CI0) comprised 4.45 ~ of the LCCH 
weight while the isopsrafflntcs comprised 39,19 wt.% of LCC~. The 
major l s o p a r a f f i n s  were 2-methy lbutane,  2- and 3-methy lpentane,  2- 
and 3-methylhexane, 2- an~ 3-methy lheptane anG Z- and 
3-methyl  octane. I sooctane (Z, 2 ,4-  t r i m e t h y l  pentane) was p resent  
only to the e x t e n t  of 0.80 wt.%. The major a romat ic  components 
i a e n t i f t e d  were c~e xy lenes,  to luene ,  pseudocumene and o ther  
t r i m e t h y l -  or C3-benzenes d e r i v a t i v e s .  The amount of benzene 
present  in LCCN was very minor ,  less than 0.06 wt.%. Dtaromat lcs  
such naphthalene and biphenyl  and p o l y c y c l l c  a romat ic  compounds 
( g r e a t e r  than 3 r i ngs )  were not de tec ted ,  O l e f i n f c s  ~ake up 2Z.73 
wt ,$  of LCCIt wh l le  the naphthenics make up the remain ing 9.69 wt .~ 
of LCCN. 
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Chemical c h a r a c t e r i z a t i o n  S1;udles such as 1;l~e p resen t  one are 
impor1; ,nt  in r i s k  assessment s lnce they provlOe key s¢ruc1;ural 
ctues to the types or c lasses of compounds in LCCN tha t  ~ay pose 
p o t e n t i a l  heal t~ r t s~s ,  LCCN is  comprised prim~£11y of v o l a ~ l l e  
p a r a f f i n s ,  o l e f i n s  and cyc loa lkanes con1;alntn9 ~tve to seven carbon 
atoms (64 wt .~)  and vo la t iSe  aromattlcs ( s i x  1;o nlne carbons) (Z4 
wr. .~) .  The remain( let is maln ly  C8-Ct l  hydrocarbons.  Slnce g rea te r  
t~an 88~ of the components have evapora t i ve  c t n ~ r a c t e r l s t l c s  s i m i l a r  
~o 1;hose of n-fleptane {b .p .  98°C),  the xylenes and 
t r imet l~y ibenzenes {~.P.  1Z0-160"C),  LCCN presents  so~e p o t e n t i a l  
heel1;h concerns v$~ respiratory exposure. Pulmonary uptake of the 
v o l a t i l e  LCCN aromat ics and i s o p a r a f f f n s  w i l l  be of t o x l c o l o g i c a l  
i n t e r e s t .  There has been recent  l n t e r e s t  In the branched p ~ r a f f t n s  
because some members of 
induce nep~ro tox tc l t t y  specl 
• ake up 39.Z wt.1& of L 
p resent  only to 
bJoavai labJ | i  ty 
expec1;ed to .be s 
evaporate on c 
v o l e t f l e  LCCN c 
absorbed throu9 
characser iza l ; t  on 

the ex ten t  
of the "11 

l g n i + l c a n t  
on ,ac t  w l th  the 
omponent (C8-CI 
h the sktn Dec 

s tud les  of LCCI~ 

t h i s  chemlcal c lass  Rave been shown to 
f l c a l l y  In male ra1;s. The i s o p a r a f f t n s  
CCN; however, 2 , 2 , 4 - t r i m e t l l y l p e n t a n e  ts  

of 0,8 w1; .~o Dermal absorp t ion  or 
gl~t end" componen¢s of LCCN wou]d not be 
since ~hey most l i k e l y  would rap$dly  

sk ln  (assuming no o c c l u s i o n ) .  Less 
11 would be more l i k e l y  to be 
ause of longer  c o n t a c t  t ime. These 

not only are usefu l  in I d e n t i f y i n g  
the major c lasses of compounds t h a t  may cause tOx~Ctl;Y but also In 
p rov id l ng  v o l a t i l i t y  i n f o r m a t i o n  necessary f o r  des ign ing 
r e s p i r a t o r y  and derma] experiments in anlma]s.  

Because of t.he v o l a l ; l l e  components present  In Let) i ,  I t  was not 
f eas t~ le  to use prev ious f r a c t l o n a t i o n  methods to separa1;e them 
i n t o  chemlcal c lasses .  Ins tead ,  an a n a l y t i c a l  scheme empioyin9 
t h i c k - f i l m  c a p l l l a r y  GC columns was used to  g ive complete 
chromatographic separa t ion  of the LCCN components. I d e n t i f i c a t i o n  
of PONA components was based on mass spec t romet ry  and comparison 
w l th  reference hydrocarbons. The methodology deve]oped here fo r  
ana lyz ing  LCCN s~ould have a p p l t c a ~ i l l t y  fo r  ¢harac1;ertzln9 f u t u r e  
r e f i n e r y  streams con ta in ing  p r i n c i p a l l y  v o l a t i l e  or n a p h t h a - l i k e  
hydrocarbons. 
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IRTRO~UCTIOR 

In evaluating the health risks associated wlth refinery stream 
.materials, i¢ is important co establish the exact chemical 
composiClon of the Zest mixture. There are several reasons for 

• carrying out such c,aracterization and. quantitatlon studieS. 
F i rs t ,  refinery streams are very complex mixtures conslstln9 of 
liundreds of compounds present el: vary ing  c o n c e n t r a t i o n s .  Secondly,  
s ince d i f f e r e n t  samples ( i . e .  f r a c t i o n a t l o n  cuts or  Tot numbers) 
of refinery streams may d i f fer  somewhat, i t  is extremely important 
Co e s t a b l i s h  t~e chemical composi t ion of the ac tua l  sample(s} belng 
u t l l i z e d  In b i o l o g i c a l  t e s t i n g  s tud ieS.  T h i r d l y ,  I f  ~he chemical 
s t r u c t u r e  of the major components ls  known, t h l s  would 9 r e a l l y  ald 
In ~e te r~ In ing  their presence in b i o l o g i c a l  f l u i d s  and t i s sues  
(e .g .  01ood, u r l n e ,  f a t ) .  This would be e s p e c i a l l y  r e l e v a n t  in 
evaluating dermal and respiratory b ioava l lab i l i t y  of refinery 
stream c o n s t i t u e n t s .  F i n a l l y ,  there is  a .need ¢o develop a 
generallzed method whlch would be useful in characterizing and 
quan¢itating ocher /u¢ure refinery stream mixtures, 

L i g h t  c a t a l y t i c a l l y  cracked ~aphtha (LCCN) is  the f o u r t h  In a 
ser ies  of r e f i n e r y  streams undergoing c h a r a c t e r i z a t i o n  stuOies in  
our l a b o r a t o r y .  The purpose of t h i s  study i s :  (1) to separate 
LCCH i . t o  d i s t i n c t  chemical c lasses or PONA ( p a r a f f i n s ,  o l e f l n s .  
naphthenes and aromat ics)  g roup- t ypes ,  (2) to i d e n t i f y  and 
quan~ l ta te  the i n d i v i d u a l  components p resent  in  each of the 
c~emical c lasses or f r a c t i o n s ,  ( 3 )  to develop a chemical 
composi t ion data base so tha t  d i f f e r e n t  r e f i n e r y  streams (e .g .  
CSO, LCO, HCGO an~ LCCN) can be compared, {4) co u t i l i z e  chemlcal 
composi t ion data in heal th  r l s k  assessment° 

- -  - I l i l i i l l l m l  I I  I I I  I I 1 ' ;  
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_MA_T_ERIALS AND METHODS 

Chemicals and Test Ma~er!a_Is 

Light cataly~Ical ly cracked napbth~ (LCCH, CRU Humbel 
ined from t~e Mob i l  r e f i n i n g  and p r o c e s s i n g  u n i t '  

Th is  pe t ro leum process stream has been ter= 
ked naphtha, l i gh t  {CAS number 64741-55-5) under  TSCA's 

chemical substances Inventory, The t e s t  material was dispensed ~n 
~mber b o t t l e s  and was s t o r e d  in  the f r e e z e r  a t - 1 5  t o - 2 0 ° C .  
Densi ty  of LCCN was de te rm ined  to be 0 .728  gin/m1 a t  room 
t e m p e r a t u r e  (22°C) .  Reference  hy( l rocarbon  compounds used f o r  
i d e n ¢ i f : f t n g  LCCN componen~;s by GC r e t e n t i o n  t ime compar i son  and f o r  
GC-MS analysis were purchased from Aldrich Chemical Co,, Milwauicee, 
WI., Chemicals Procurement  L a b o r a t o r i e s ,  C o l l e g e  P o i n t ,  N.Y., and 
Sigma Chemicals, St. Louis, MI. 

I n s t r u m e n t a t i o n  

Gas Ct)romatograp~x 

Gas c h r o m a t o g r a p h i c - f l a m e  i o n i z a t i o n  d e t e c t i o n  (GC-F ID)  a n a l y s i s  
were ¢ ~ r r l e d  ou t  on a H e w l e t t - P a c k a r d  5880A i n s t r u m e n t  under the 
f o l l o w i n l  o p e r a t i n g  c o n d i t i o n s :  

Carrier gas: Helium, 0.82 ml/mln flow rate 
at 25 psi column pressure; 
Z7 cm/sec l inear ve loc i ty .  

GC column; DB-I, 60 meters x 0,25 mm [,Do 
( I ,0  pm f i lm thlckness), j&W 
Sc ient i f i c  Inc. ,  Rancho Cordova, 

I n j e c t o r  temp. :  Z50"C 
D e t e c t o r  temp.: 250'C 
[ n l t i a l  oven tempi: 35°C 
Time at in l~ la l  temp.: 5 mln. 
i s t  Temp. program rate; 2.5°C/rain 
Level 1 f inal temp.: 115°C 
Time at f inal temp, 1 : 0,25 m ln. 
2nd Temp. program rate: 5°C/rain. 
Level 2 f inal temp.: 200°C 
Time at f inal temp. 2 : 0,25 min i  
S p l i t  r a t i o ;  50:1 
Sample injected: 0 . 2 - 0 . 5  91 

CA. 

T~e 
i n d i  
f e t e  

Hewlett-Packard GC data system was pro9rammed tO Integrate the 
vldual components by peak area. Da ta  ouput included GC 
ntion time, peak area and area % correponding ¢o each GC peak. 

I [  ~ I I  I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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I 
G_a S_=Cnroma t ograpny-M_as__s_Spectrome_try ( GC-MS.)_ 

Gas chro~atographlc - mass spectrometrlc (GO-MS) analysls were 
performed on a Hewlett Packard 5985 gas chromatograph mass 
spectrometer interfaced to a HP 7920 data system. Operating 
,condi t$ on$ were as f o l l o w s ;  

Carrier gas: Hellum gas, 42 cm/sec flow rate, 
10 psi column pressure 

GC column: Durabond DB-5, 30 meters x 0.25 IBm 
1.d .  (0 ,25  1Jm f i l m  t h i c k n e s s )  
cap i l l a ry  column, J&N Sc ien t i f i c  
Inc.,  Rancho Cordova, CA. 

I n j e c t o r  temp. ;  250"C 
Sp i l t  i n j .  mode: 50:1 s p l i t  ra t io  
I n i t i a l  oven temp.: 35"~ 
Tlme a t  i n i t | a l  ~emp.: 5 mln.  
Program rate; 2 .S°C /m ln  
Final oven temp.: 30O°C 
T r a n s f e r  l l n e  temp, :  285°C 
lon Source letup,: 200°C 
Electron energy: 70 ev (electron Impact mode) 
Electron mu l t lp ] le r "  2100 ev 

Mass spectra were recorded over a scan range of 40-200 amu. 
S & r u c t u r a l  e l u c i d a t i o n  of  i n d i v l a u a l  components  was based on 
m o l e c u l a r  ion  (M+] and compar ison o f  GC r e t e n t i o n  ~lmes w i t h  those 
of available standards (see below). 

I 

Str_u_cture Ass ignment  

I d e n t i f i c a t i o n  of l n ~ l v i O u a l  LCCN components was based on 
compar ison of GC r e t e n t i o n  times, w i t h  those o f  s t a n d a r d  r e f e r e n c e  
co~pounOs an~ gas cnroma tog rapny -mass  s p e c t r o m e t r y  (r,C-MS). A 
t h i c k * f i l m  (1 .0  ~m) GC c a p i l l a r y  column {Durabond DB-1, 60 me te rs )  
was used in o r d e r  ¢o r e s o l v e  each LCCN component .  A m a j o r | t y  o f  
the LCCN components was i d e n t i f i e d  by ch ro iBa¢og raph tc  compar ison  
with commerclally available reference hydrocarbons and/or by GC-MS 
(molecular ion or fra~iBent ion). Some components were ident l f leO 
by re la t ive  retention tlmes based on reported l i t e r a t u r e  e lu t ion 
pro f i les  of naphtha samples simi lar in composition to that found in 
LCCN (see reference 1). There were many re|nor components whose 
exact structure could not be unequivocally assigned because of lack 
of reference standards or because i t  was one of iBany isomers 
~beorettcally possible. Based on re la t ive  GC retent ion times, 
un i (~ent i  f l e d  LCCN components cou ld  be c l a s s i f i e d  a c c o r d i n g  to 
carbon numbers. For example, an uniden¢if led LCCN component 
f a l l l n g  in ~he GC chroma%ogram between n-heptane and n-octane was 
c lass i f ied  as a C? ~ydrocarbon. T~e major normal alkanes and 
i s o p a r ~ f f l n s  were i d e n t i f i e d  by GC r e t e n t i o n  $1me compar ison  a n d / o r  
by GC-MS (m/z M+ and 57, 71). Cycloalkanes an~ olef lns were 
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ident i f ied by GC retention times or by GCIM$ (m/z M + ) .  Aromatic 
hydrocarbons w e r e  Identified by mass spectral analysis; M+ 
molecular ion a~ 9Z, 106, 120, 134 and character is t ic  fragment ions 
~t m/z 9t, 105,  1 1 9 .  Reference alkylbenzene compounds were 
available for chromatographic comparison. 

I i  

OU~ntitatio__n 

Since LCC~& was analyzed neat ~y capillary GC, the total irea of all 
the GC peaks r e p r e s e n t  the e n t i r e  weight  and chemica l  compos i t ion  
of the i n j e c t e d  LCCN sample. Because flame i o n i z a t i o n  d e t e c t i o n  
g e n e r a l l y  g ives equal response to the equal w e i g h t s  of O i f f e r e n t  
hydrocarbons, the relative peak areas can be d i r e c t l y  used to 
c a l c u l a t e  or g ive weight  percent  values ( 1 - 4 ) .  Tes t  m ix tu res  of 
known weight percentages of standard alkanes, isoalkanes, 
naphtllenes {cycloalkanes) and aromatics were prepared and analyzed 
by GC-F]D CO validate that the GC peak area percent is a 9ood 
reftection and measure of the weight percent in the mixture. Xn 
this manner, t~e peak area % generated by the Hewlett-Packard data 
system can be used d i r e c t l y  as the weight  percen t  of the components 
present  in the standard t es t  m ix tu re  of LCCN ml x t u r e .  LCCN 
components lwere quan t i t a t ed  by tak ing the areas % values generated 
from the Hewlett-Packard Oata system, A computer program was 
written in FORTRAN to assist in calculating the total wt.~; of the 
LCCN components. A complete discussion is given in the appenOix. 
The average we ight  ~& values found fo r  the LCCN components rep resen t  
the mean of four  de te rm ina t i ons .  

PO,,NA Che.mical Class Qu_a_n_titatlon 

For each PONA c l a s s ,  the J d e n t i f t e ~  i n d i v i d u a l  LCCN components were 
classif ied as parafflnic [normal and branched ( isoparaf f in ) ] ,  
o)ef inlc,  naphthenic or aromatic. Components f a l l i ng  under each 
PONA classif icat ion were grouped and the total weight $ tabulated 
for the four PONA groups. 

D 
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RESULTS AND DISCUSSION 

T h i c k - F i l m  C a p i l l a r y  G C_ Columns 
e . . . . . . . . . . .  

Petroleum or naphtha samples represen¢ complex mixtures that may 
c o n t a i n  hundre(Is of co~ponents .  In o r d e r  to  s e p a r a t e  1;l~e 
I n d i v i d u a l  LCC~ components,  a bonded-phase DB-I  c a p i l l a r y  L~C column 
hav ing a f i l m  t h i c k n e s s  of 1.0 pm and a l e n g t h  of 60 mete rs  was 
use~. C a p i | l a r y  GC columns of t h l s  z~pe have been m a n u f a c t u r e d  f o r  
the purpose of a n a l y z i n g  v o l a t i l e  hyctrocarbons l i k e  those p r e s e n t  
In naphthas and g a s o l i n e s  ( 5 ) .  P r e l i m i n a r y  GC s t u d i e s  were c a r r i e d  
ou t  to  o p t i m l z e  c h r o m a t o g r a p h i c  r e s o l u t i o n .  The t e m p e r a t u r e  
program l i s t e d  in  the e x p e r i m e n t a l  s e c t i o n  was ¢he one ¢ha t  gave 
the b e s t  r e s o l u t i o n  of LCCN components .  The use of  l ong  and 
t h i c k - f i l m  c a p i l l a r y  GC columns to ana l yze  g a s o l l n e  and naph tha  
m i x t u r e s  l s  becoming i n c r e a s i n g l y  more common ( 1 , 6 , 7 ) ,  Fo r  
example, Ettre anO coworKers ( I }  have applied s im i la r  ana ly t i ca l  
GC-FID schemes in  l O e n t i f y i n 9  and g r o u p i n g  a b o u t  270 components I n  
PONA ( p a r a f f i n s ,  o l e + i n s ,  naphthenes and a r o m a t i c s )  c l a s s e s  f o r  a 
number o f  g a s o l i n e  samples. B loch e t  al have a l s o  r e p o r t e d  u s l n g  
h igh r e s o l u t i o n  c a p i l l a r y  GC f o r  1;~e PONA c o m p o s i t i o n  of  ~ a s o l i n e  
and naph tha .  As ment ioned by E t t r e  e¢ al in  t h e l r  paper  ( 1 . ,  t h e r e  
i s  an ASTM stuOy ~roup l n v e s t i g a t i n 9  the p o s s i b i l i t y  o f  us ing  h i g h  
r e s o l u t i o n  GC as a s tandard  approach ¢o a n a l y z i n g  and c l a s s i f y i n g  
g a s o l i n e  and naphtha mix'cures a c c o r d i n g  I;o POflA g r o u p - t y p e s .  

Chroma_cogra_ph_lc Se_parat lon and P_OI~A C l a s s i f i c a t i o n  of LCCN 

Using the c a p i l l a r y  GC t e c h n i q u e  d e s c r i b e d  above ,  LCCN was 
sepa ra tee  1rite Zg7 peaks or  components .  F i g u r e  1 shows the  
chromatogram of a t y p i c a l  GC run o f  LeoN. The peaks are numbered 
c o n s e c u t i v e l y  in  o r d e r  of t h e i r  r e t e n t i o n  t i m e s ,  The m a j o r  GC 
peaks are l a b e l l e d  in  F i g u r e  1. 0 f  the ZZ7 peaks,  93 were  
i den t i f i ed  based on comparison of GC ,reten1;ion times with standarOs 
or by GC-RS e v i d e n c e .  A l t hough  ~here were 134 peaks t h a t  have n o t  
been u n e q u i v o c a l l y  i d e n t i f i e d ,  a lmos t  a l l  of  the i n d i v i d u a l  peaks 
r e p r e s e n t  on l y  mino~ componenl;s (0 .01  1;o 0 .40 w t , Z ;  o n l y  seven 
unknown are g r e a t e r  than 0 .4  w t .%) .  N e v e r t h e l e s s ,  we were a b l e  to 
a s s i g n  the minor  unknown components a c c o r d i n g  1;o carbon number 
ba~e~ on t h e i r  r e l a t i v e  GC r e $ e n t i o n  t imes i n  compar i son  to  
s tanda rd  n - a l k a n e s  (C5 to C 1 2 } .  A comple te  l i s ~ l n 9  o f  the  LCCN 
components i s  9 i van  in  Tab le  1. Peak nLimbers, r e t e n t i o n  t i m e s ,  
peak area % or weigflt ~;, PONA c lass l f i ca t i on  and the number of 
carbon atoms i n  the compound are g i ven  in  Tabte 1 a l s o .  P a r a f f i n s  
f e l l  i n t o  the s u b - c a t e g o r i e s ,  normal a lkanes  or i s o p a r a f f i n s .  

lmml I I  
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PO~A Cheeical  Classes 

Pa ra f f i ns~  Normal and Branche~ 

'Based on s t r u c t u r e  
down and groupe(I 
LCCN according to 

~ r a f f l n l c s  repre 
C4-C10) compr|s i  

1 assignment, the LCCN components can be broken 
according to cnemica] c l a s s .  C l a s s i f i c a t i o n  of 

PODIA groups ls summarized tn Table 2. The t o t a l  
sent 43.64 wt.¢ Of LCCH w l t~  the normal p a r a f f i n s  
ng 4.¢5 ~ t .~  and the i s o p a r ~ f f l n s  (C4-C11) 

compr ls tn9 3 9 . 2  wt .Z .  A complete 11s t ing  of the i d e n t | f i e d  
p a r a f f i n s  are summarized In Table 3. Of the norma] a lkaneS,  
n-pen~ane and n-hexane were present  tn h ighes t  ¢oncen t ra¢ lons .  The 
major i sopara f f~ns  found In LCCN Inc luded 2-meC.hylbu'cane (6.97 
~ ; . ~ ) .  Z-meChylpenCane (4.1~ w&,~) ,  3-nlethylpenl ;ane (Z.67 Wto~), 
2-methyI~exane (2.17 w t . ¢ ) ,  3-metf iy l  hexane ~2.05 wt . :~ ) ,  
2-me~yl~ep~,ane (1.22 w t . ~ ) ,  3-me&hytnep~ane (1 .45 w t .~ )  and 
2-mechyloc~ane (1.03 ~ t . $ ) .  Isooc~ane or 2 , 2 , 4 - z r i m e t n y l p e n t a n e  
w~s found t~ be pre~en¢ a& 0.80 ~ , ¢  in LCCN; 
Z ,3 ,¢ - t r lme t~y l pen~ene  was a)so found to the ex ten~  of 0.¢8 wt. i¢. 

O t e f t n s  

The o l e f l n s  comprised 22.73 wt .$  
l d e n ¢ i f t e d  were less than s ix  to 
lnc luOed: t rans-  and c i s °Z -bu tene ,  
t r ans -  ~nd ci s-2-pen~ene, 
t rans-2-~exene,  2 -~e t f l y l -  and 
pentene and Z-hepl;ene. 

of LCCN. The major o l e f l n s  
seven carbons (see Table 4) and 

1-pentene,  2 - m e t h y l - l - b u t e , e ,  
2 -meChy l -Z -bu tene ,  t -hexene ,  

3 -methy l -2 -pen  tene,  3 , 3 - d l m e t h y l - l -  

t~aph ~henes 

The naphthenJcs or cyc loa|kanes were found to compr ise  9.69 w t .~  of 
LCCN. As shown In Table S, the major cyc l oa l kanes  l d e n t i f l e ~  were 
methylcyclopentane, e thy t cyc lopen tane ,  metnylcyclohexane, the 
d lmethy lcyc lohex~ne lsomers ~nd ~ r i m e t h y ] c y c l o p e n t a n e  lsomers.  The 
c y c l o o l e f i n s  were inc luded  w i th  the naphthenlcs anO represen ted  
only a minor percent  of t~e to ta l  LCCN wel.g~t. 

Aroma l;t cs 

Aromat lc components were found T.o comprise about  24.0 w¢,¢ in LCCN, 
Table 6 l i s t s  the major eromattc components i d e n t l f j e d  In LCCN. 
s t r u c t u r e  assignment ~as based on GC-M$ an4 on GC re l ;en¢lon t ime 
comparison w l th  re ference aromat ic  compounds. To luene,  the xy lene 
isomers and ethylbenzene rep resen t  13.74 wt .¢ of LCCN. Benzene, on 
the other  hand was present  In very small  amounts (0.056 w¢.Z) .  The 
~g a lky lbenzenes make up 8.65 w¢.~ of LCC~I w l t h  the ~ a j o r  
components being Z ,2 ,4 -~ r lme thy lbenzene  (pseudocumene) (2.9 w t . ¢ ) ,  
1-meth.v 1-3- e¢hy 1be nze ne (1.92 wt .¢ )  and 1 ,3 ,  5- ~ r ime thy i  benzene 
(mes i t y lene)  (1,00 w¢.2;); o t~er  cg aromat ics  are ! l s t e o  in  Table 
6 ) .  The C[O aromat ics  accounted f o r  a ~ere 1.45 w t .Z  and tnc luded  
n-buty lbenzene,  two di e thy l  benzene i somers, th ree  
te t ramethy lbenzene d e r i v a t i v e s  (durene,  Isodurene and prehn1¢ene) 

. . . . . .  : . . . . . . . .  I I I I I  I I  I I I I I  I . . . . . . .  
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an~ p-cymene. Al though ln~lane anO indene were de tec te6  in  LCCN, 
there i s  no i n d i c a t i o n  X, hat d e c a l i n  ( Z , Z , 3 = 4 -  
tetrahydronap~hal.ene), naphthalene o r  blphenyl derlva~Ives were 
present  if l LCC~. P o l y c y c l t c  a romat ic  compounds { 3 - r t n g  or l a r g e r )  
were not  Oetected in LCCtl. I~ass spec t ra l  a n a l y s i s  did not  revea l  
the presence of pheno l lc  or o t~er  h e t e r o c y c l i c  compounds ( e , g .  
c a r b a z o l e s ) .  

.P.ONA Group Composit ion of Varloqs LCCN:_s_ 

Ana l ys i s  of the LCCN sample (CRU No. 8415g) which has been useO 
f o r  tox tco191ca]  t e s t i n g  at  HEHSL was carr te( t  ou t  by c a p i l l a r y  GC 
methocls descr ibed In t h i s  r e p o r t .  The chemtcal c l ass  compos i t i on  
(PONA group- types)  of LCCt4 ls  given tn Table 2. Because l i g h t  
c a t a l y t i c a l l y  cracked naphtha samples can vary  In composition 
depenOlng on the r e f l n e r y  process or cu ts ,  I t  wag t ~ p o r t a n t  f o r  us 
to Oetermine the PONA breakdown of the ac tua l  sample being u t t l i z e d  
f o r  t o x $ c i ; y  eva lua t i on  in an imals .  MacFarlan6 et  el  (8) has 
reported the PONA range for a number of generic l i g h t  c a t a l y t i c a l  
cr=cked naphthas (data from 11 companies) which supposedly  have the 
same TSCA c l a s s i f i c a t i o n  as our LCCN sample, Comparison of the 
PONA composi t ion of LCCN from t h i s  study w i t h  t h a t  repo r ted  f o r  
gener ic  LCCNs (8) and wl th  t ha t  reporW;ed fo r  API PS*6 unleadeo 
gaso l ine  (g) ts summarized below: 

Comparison of POlkA Group Composit ion of LCCN 
(CRU No. 8415Z], gener ic  LCCNs anO API PS-6.. Unleaded Gaso l ine  

PONA Group 
LCCNs LCCN 

MacFarlan~ (8) This  Study 
AP[ PS-6 UnleaOed 

Gasol ine (9) 

P a r a f f i n s ,  % Z1-44 43.64 57,g 
O l e f i n s ,  $ 15-69 22,73 9.0 
Naphthenes, % 10-16 9.69 4.7 
Aromat ics ,  $ 6-28 24.00 28.4 

The PONA Oata c i t ed  by MacFarland e~ al i s  a c o m p i l a t i o n  of 
chemlcal compost t ion in formal ; ion submit ted by eZeven companies ( 8 ) .  
Xn 1 i 9~ t  of the expected v a r i a t i o n  amongst d i f f e r e n t  samples of  
cracked naphthas, { e s p e c l l l l y  from d i f f e r e n t  chemical  or oi1 
companies),  the PONA chemlca] compos i t ion  generaCe6 in t h l s  r e p o r t  
f o r  LCCN (CRU No. B415Z) f a l l s  wiCfi in the range r e p o r t e d  by 
HacFarlana. Since i t  is known t h a t  l i g h t  c a t s l y t i c a l l y  c racked 
naphthas conta in  a r e l a t i v e l y  high p r o p o r t i o n  of o I e f t n s  (15-69 %) 
(B)~ the PO~A ana lys ts  generated f o r  the CRU No. 84152 san~pln,e ' 
i n d i c a t e s  tha t  the LCCN in our hands ls  of the " l o w - o ] e f i  
c l ass i  f 1ca t ion .  

10 
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Vola¢i I t.Cy o f_L C<~_N 

Breakdown 
to  the 
a r o m a t i c s  
a n a l y s l s ,  
v o l a t l l e  

Components_ 

of  the LCCN p ~ r a f f l n s ,  o l e f i n s  and n a p h I h e n e s  a c c o r d i n g  
total number of carbons i s  summarized in Table 7. The 

(C6-C10) are a l so  l i s t e d  In the t a b l e .  From t h l s  t ype  o f  
i t  i s  e v l d e n t  t h a t  ' LCCI~ i s  compr. lsed p r i m a r i l y  o f  

p a r a f f i n s ,  o l e f i n s  and c y c l o a l t a n e s  c o n t a i n i n g  f l v e  t o  
seven carbons {64 w t . g )  and of  v o l a t l l e  a r o m a t i c s  ( s l x  to  t en  
carbons) (24.0 wt.$}. The remainder Is  mainly comprised of C8-C11 
h y d r o c a r b o n s .  S lnce abou t  8B wt .Z  of the components  have 

n-hepl;ane { b 

v l a  r e s p t  ra1;ory  
LCCM aromatics and 

There has been 

evaporative characteristics slmllar to those of 
g8°C) an~ the xy Ienes  and tne t r t m e t h y l b e n z e n e s  
LCCN p r e s e n t s  some p o t e n t i a l  I~eal th concern  
exposure, Pulmonary uptake of the volat l le  
t s o p a r a f f l n s . w i l l  be of t o x i c o l o g i c a l  I n t e r e s t .  
r e c e n t  i n t e r e s t  in  the branched l s o p a r a f f t n s  because some members 
of t h i s  chemica l  c l ass  have been shown 1:o ln(~uce n e p h r o t o x i c t t y  
specif ical ly in male rats (9). The isoparafflns make up 39.2 wt.% 
of  LCCN; however ,  Z , Z , ¢ - t r i m e t h y l p e n t a n e  i s  p r e s e n t  o n l y  1;o t he  
extent of 0.8 wi;.%. Dermal absorption or b loava i lab l l l t y  of ¢he 
" l i g h t - e n d "  components o f  LCCN would not  be expec ted  1;o be 
s i g n i f i c a n t  s l nce  t~ey would most | i k e l y  e v a p o r a t e  on c o n t a c t  wf1;h 
the sk in  (assuming no o c c l u s i o n ) .  Less v o l a t i l e  L C E N  components  
(CB-C11) would be more l i k e l y  to be absorbed  t h rough  the  s k l n  
because of l o n g e r  c o n t a c t  t imes due to s lower  e v a p o r a t i o n .  These 
c h a r a c t e r i z a t i o n  s t u d i e s  of  LCCN no t  o n l y  are u s e f u l  tn  i d e n t i f y i n g  
the ~ a j o r  c l a s s e s  of compounds t, ha t  may cause ¢ o x l c l t y  bu t  a l s o  i n  
p r o v i d i n g  v o l a t l  I t  l;y I n f o r m a t i o n  necessary  f o r  d e s i g n i n g  
resplra~ory and Oermal experiments In a n i m a l s .  

tn summary, LCCN was se 
a n a l y t i c a l  scheme tha 
Because of the v o l a t i l e  
methods p r e v i o u s l y  used 
chemica l  c l asses  cou ld  
meter, t~ick*f i lm cap 
componen¢s. Identlttca 
mass spectrometry and 
of reference compound 
a n a l y z i n g  LCC• wt]i  
r e f i n e r y  sl;reams c o n t a l  
hyd roca rbons ,  The s t r u  
by c h a r a c t e r i z a t i  on s 

pa ra ted  i n t o  POlkA c h e ~ l c a l  c l a s s e s  u s i n g  an 
t employs t h i c k - f i l m  c a p i l l a r y  G¢ c o l u m n s .  

components p r e s e n t  tn LCCN, f r a c t l o n a t l o n  
to s e p a r a t e  r e f i n e r y  s t reams i n t o  d i f f e r e n t  

not  be u t i l i z e d .  However, the use of  60 
l l l a r y  GC gave good r e s o l u t i o n  of  LCCN 
t l o n  of  PDNA components in  LCCN was based on 

compar ison of GC r e t e n t i o n  t lmes  w i t ~  t h o s e  
s. The methodOlOgy dave]  oped here  f o r  
have a p p l i c a b i l i t y  in  c h a r a c t e r i z i n g  f u t u r e  
n lng r e l a t i v e l y  v o l a t i l e  o r  n a p h t h a - l i k e  
c t u r a ]  and q u a n t i t a t i v e  I n f o r m a t i o n  p r o v i d e d  
t u a t e s  of  t h t s  type  t s  i m p o r t a n t  I n  

i d e n t i f y l n g  chemic.al components or c l a s s e s  In LCCN t h a t  may be o f  
h e a l t h  concern .  Moreover ,  t h e  chemica l  c o m p o s i t i o n a l  da ta  a t t a | n e d  
f o r  LCCN p r o v i d e s  a bes ls  whereby d i f f e r e n t  r e f i n e r y  s t reams can be 
compare~ by chemica l  c l a s s .  

t 11 
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T~ble 1 

Ful~ A n a l y t i c a l  Report of LCCN Components 
Corresponding to the G~s ChrOmatogram ~n Figure 1 

I1~1 [ l t n j  P l r c e f l (  £1rbo~t  COUIOU~A 

• 4 , 4 1  0 1 ~ 8  4 
4 .65  0.Z36 4 
4 ,7~  0.373 4 
4 ,90  0.630 4 
5 . t l  O.~g~ 4 
5,70 0.Z25 s 
~.gg D,O~4 S 
6.11 5 . 9 | 9  5 
6,47 0 . 7 t 1  5 
6.6S I,Z61 S 
6 .~0  1.36~ 5 
5+e4 0.051 5 
7.02 1.9~1 s 
?.25 | . 073  s 
7.45 21577 S 
7.95 D+D4~ 5 
8 , 0 5  o .oz~  6 

8.90 0.120 5 
$.P8 0 .10z  l 
9.35 L .331 6 
9.5S 4.110 6 

ID,Z~ 2,474 6 
10.48 0.00~ 6 
11,15 l . O S l  6 
1 | .~4  0 . 4 ) 4  6 
11.32 0.%61 5 
11.41 0,575 5 
11,S5 0,8~4 6 
11.74 0.~72 6 
I~ ,96 a .6o9 6 
12.34 0.885 ? 
IZ.6S 0.0~6 7 

13.01 D.619 ? 
13 .2 |  Q.OS~ ? 
~3.30 0 . 0 ~  7 
13.46 O.QZO ? 
13.75 D,D~4 7 

14.06 0.073 7 
14,27 D,S6? 7 
14,3~ 0.936 ? 
14.5~ 0+105 ? 
14.74 O.OS2 7 
14.90 0.05~ 5 
1S,00 0.307 6 
15.27 0,133 ? 
15,44 0°219 ? 
15.$9 Z.175 7 
15,73 0.599 7 
~$.95 0.029 7 
15.21 2,049 l 
16.42 0.10~ 7 
1~.73 0 .7~ ;  7 
15+93 1.~16 7 
17.J3 0,S03 O 
|7 .~4  0 ,1~4 7 
z?.7a 0.362 7 
17.~0 0,980 7 
I S . i x  z . l ~  7 
| 5 .30  0,140 7 
15.45 0,153 7 
I~.57 0 , Z 9 ¢  7 
19,B1 0.217 B 
Z8.93 0.308 7 
19.16 O. 0~6 ? 
19,37 0oO~6 ? 
19.58 0,447 ? 
19.60 0 ,953  7 
19.04 0,14S B 
20.01 O,O3Z ? 
20,20 0+025 7 
~0.51 0.092 7 
~ 0 . ~ 4  0 .dSZ  0 

~NKHONH 
N-BUTAN[ 
L-OUTEN~ 
TRANS÷~*mUTtN[ • 
C|$-~-BUTEHE A 
3-NLTHYL-L-OUTENE 
UHKKQMN 
Z'M£THYLBUTANE 
1-PEHTENE 
Z*H~THYL-L-OQTEHE 
N-PENTANE 
%SOP~EHE 
1Rk#$-2-PENTE~[ 
C(S-2-FEHTEHE 
2-H¢THYL-2"B~TEH[ 
UH~NOMN 
2pZ-D]N[THYLBUTAN( 
3-RETHYL-I-P[HT£H[ 
C?tLOPENTENE 
2,3-D[MLTHYL-)-nUT[NE 
Z,3-PLM(THYLBUTAN[ 
2-N£TKYLPENfAB[ 
~-N~THYLP~NTAN( 
L-EEXEN[ 
H-H[XAHE 
T&AK$-3-B[X[~ [  
UNKHOMK 
TRAHS-2-H[XEHE 
2-METHYL-2-PE#TEKE 
3-HE]HYL-2-PENTEEE 
4-RETHYL~YCLDPENTEN[ 
3~]-D1METH¥~-I-PEHTENE 
Z,2-DLHETHYLPEKTAN£ 
HETHYL¢¥¢LQP~HTAN[ 
2,4-O[~ETHYLP[HTAH[ 
UHKNOHH 
URKHOHN 
U~KNOMN 
UHKNOflK 
URKNOHH 
uHKHQHM 
u~KMOVH 
UHKNOWa 
~aKNO~N 
UHKKOMH 
8[NZ[ME 
¢YCLOB[Z[A[ 
UHKNONN 
UNKNOMK 
2-METnYLHEXAh[ 
2o3-OZH(THYLP[nTANC 
~,~-O|&ETHYLCYCLOPENTAHE 
3-NETflYLH[XAHE 
UNKNOHN 
UNKKOHK 

2.2.¢-TRJR(TH~LP[HTAHE 
UHKHOMH 
UNKbOMH 
N-H~PIAN[ 
Q~KKOHH 
~kKNOWfl 
UMKNDVH 

2, i ,4-TRIR~TH¥LPEN/EN[ 
UN~AOVH 

U~HDMM 
QMK~O~N 
flETHTL£YGLOKEXAHE 
~2-D[HE/H¥LH[XAN£ 
QNKMOV~ 
UiXnO~i 
(~HYLCYCLOPENTANE 
2.5-P|METHY~HEXAHE 

14 



STUDY NO.: 41161 

I 
P41' ~,¢ 

NO~ 

Table ~ (ContiRued) 
Ful l  Ana ly t ica l  Repor~ o~ LCCN Components 

Corresponding ¢o the G~s Chroma~ogram (n Figure i 

~e te ,  t tnn Uel~et  N47 of  
T ~ 4  (m~P Porcea~ Carbons ¢QlpO~n~ 

076 
o77 
078 
U~9 
OBO 
Q~X 
082 
QB.] 
054 
085 
DS5 
087 
088 
o89 
090 
09] 
o~2 

D94 
095 
09o 
09/ 
090 
O99 
).QO 
I U l  
].o2 
lO3 
104 

L,Q5 
207 
].~OB 
109 
tLO 
L l l  
112 
]1~,1 
114 
1L5 
i. k5 
%J.7 
).its 
219 
).ZO 
)2L 
1.22 

124 
~.25 
~Z6 
127 
128 
L2~ 
1.,10 
J.3t 
132 
L33, 
:E34 
)..,1,'5 
a36 

),36 
139 
~40 
141 
:t4~ 
143 
)44 
145 
145 
L42 
Z+O 

2D+?B 0.104 0 
21.L? 0,291 0 
Zi+Z9 O,Dl~ 0 
~L. S2 0.091 8 
zL. 15 o.zz5 0 
21 .~8 0.475 0 
2Z. I I  0.124 6 
22.42 4,56~ 7 
22.65 0.080 0 
Z~.77 0.276 8 
Z2.90 0.196 0 
2~.22 ~ ,2 |9  6 
~3.3~ 0.400 a 
2~.5~ 0.140 $ 
23.85 L+44N 
Z4.ZO ~.402 6 
24.33 0.144 8 
Z4.55 0.117 9 
~4.82 O.J~6 0 
24+9H 0.32~ 0 
25.05 0.00~ a 
~$+17 O.Z~9 B 
25.27 0.0~$ 8 
25,46 O .~D 7 
~S.65 0.24~ 8 
~S.~6 0,242 S 
25.92 0+S41 5 
26.07 0.006 6 
26.L7 o.194 0 
z6.33 0 , 3 2 0  s 
25.$1 0,334 B 
~6.05 O.Z02 S 
27,0Z Q.OL9 & 
2~,20 0.028 8 
27.2P 0.035 0 
27.~6 0.19~ 0 
27+a~ O . l ) 6  B 
Z~.94 0.044 B 
Z8.24 ~.115 0 
2~.30 O , ~ l  B 
28.41 0+113 S 
20,52 0.100 0 
2B.74 0.107 B 
26.~1 0,320 9 
29.04 O.LZ~ 0 
29,32 O.LlZ $ 
29.44 0.0~5 0 
z9.S4 Q.134 S 
29.12 0.044 
30.Q3 1.$D1 
30.$7 0.029 ~" 
30.29 0.240 9 
~0o82 5.020 0 
~1.~3 1.033 9 
31.39 0.157 9 
3 ] . a [  O,~OZ 9 
31.99 '0.00~ 9 
32.47 0.002 9 
32.24 0.183 9 
~2.~1 2,033 B 
32,77 0.0~4 9 
32,80 ~.2S3 9 
33.00 0,~60 9 
~3.09 0.~24 9 
33.29 D.059 ' g 
33 .38  O,IZ3 9 
33.5L 0.219 9 
33.67 O,ogS 9 
33,91 0.3&~ 9 
34.10 0.087 9 
34,24 0.~78 9 
34,61 0.143 9 
34,78 0.0~2 9 
34,83 0.031 
35+06 O . l i a  9 

2,4+DIHETHYLH[XAH£ 
I,Z,4-Fg]#ETHYLCYGLOP[NTAH[ 
OHKKOWm 
3,3-O|N£TKYLHEXAN[ 
~p2t3+TRZR~TflYL~YGLOP£HfANE 
2,3,4-TRIH£FHYLPENTAK[ 
~XKNONM 
FOLUEH[ 
UNKNOWn 
2,3-D[K(THYLH(XANE 
Q~XNOWN 
Z-A[THTLH[FTAK[ 
4-H~TKYLHEPTAH( 
3,4-D]MSTHYLH(XANE 
3-HETHYLHEPTAM( 
¢]5-|,3+D|HETH~LCYCLQHEXA~E 
7RAN$-I.4-O]METHYLCYCLOH[XAM£ 
2.2p§-TK[HETHYLHEXANE 
UNKNOVH 
1-0CTEA[ 
UNKNOWH 
UMKAOWN 
UNKNOWN 
C¥CLOH£PTAN( 
UMKNOKH 
UNKNOVH 
N-OCTAN£ + TRAN$-I,~-g)NETflTLC¥CLOHEXAM[, 
~NKNDMM 
ON'NON# 
UNKNOWN 
UMKNOHJ 
UNKN@NK 
UHKNQNN 
UNKNON# 
UNKHOHM 
UNKNOWN 
UNKHOMN 
UNKNOWN 
UXKNOHN 
UNKNOWN 
PHKNOWN 
UNKNOWH 
ETHYLGY~L~HEXAN[ 
Z,5÷D/HETHYLH~PTAKE 
UNKNOHN 
UAKHO~N 
UNKNOWN 
UNKNOWN 
UNKNOWN 
ETHYLa~MZEH[ 
UNKNOWN 
UN~MDVN 
P&R-XYL[NE$ 
Z+KE/HYLQC/AN[ 
3-[THYLN[PTAN( 
]-RETflYLOC/Afl[ 
U~[NOMN 
UNKNOWN 
UK~NOKN 
Q-XYL~NE 
UNKNGWK 
UNKMONN 
UNKNOHM 
UNKNONM 
UNK#OMN 
UNKNOHN 
UNKNOHM 
UNKNONH 
N-WOMAN& 
bNKNOMN 
~NKHOWN 
UNKNOWK 
UNKHONN 
~NKNOMN 
)$DPNOPYLa[NZ(N[ICUN£N[) 
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IP 
Pta& 

IO~'. 

T~ble L (Continued) 

Ful l  An~ly¢lca l  Report of LCC~ Components 
Corresponding ¢o the Gas Chrome¢o~ram In Figure L 

He¢ent lon  Ve l t ~¢  N~. e f  

151 

L60 

L52 
1 |3  

z67 

l tO 

17] 

175 
1 ~  

1~1 
I~Z 

180 

1~0 
l g l  
1 ~  
1 ~  

1~5 

lgO 

201 
20~ 
~03 

~10 

2L4 

Zl9 

ZZ4 
ZZ5 

35,25 0.043 9 
)S.4Z O,QTO s 
30.$0 0,095 B 
] S . ; )  0 .04~ 9 
35,95 0 .150  9 
36.0& 0.060 e 
~6.~0 O,096 
36,40 U.lSZ 9 
36.5~ G.049 9 
36,6~ 0.190 9 

37.39 0 .4~4 9 
37.1~ O.ZSS 0 
38.01 1 .024 9 
~6.L5 0,793 9 
36.28 0.18~ 9 

30.72 0.228 I 
30.90 o . a e I  I 
39,Z~ 0~656 g 
3~,3~ 0.357 
3g ,70  0 .091 9 
3~,9~ 0.059 
40.1~ 0,093 
40.30 2.900 9 
40,5~ 0.139 
4D. iZ  0 ,021 9 
40.1~ o. IL~ g 
41.20 0.3L4 ID 
4 1 , ~  0 ,094 10 " 
4L.44 0.094 LO 
41,90 0 .043 LO 
42.10 0.774 9 
42.$3 0.076 10 
4Z,49 0,06o LO 
4Z,67 0.01$ 10 
42.85 0 .404 IQ 
42,~6 0.~17 9 
43.L9 0 , 0 5 |  ID 
45.35 0 .120  9 
43.44 Q.03Z |o  
43,60 O.ZS~ 10 
43.7~ Q.4~S |0  
43.9~ 0,219 10 
44,10 o. SSs l~ 
4 4 , ~  0o097 LO 
44.55 0. Z02 1~ 
4 4 . | 7  ~,194 LO 
44,90 0.140 12 
4~.06 0 ,0~4 LO 
4S.15 0 .262  LO 
1~,28 0 .3~0  ~0 
45,44 Q.096 10 
45.60 0.34~ 10 
4 ~ , 7 3  O . ~ 3 l  )O 
45.95 0.03S IO 
$6.12 0.0~7 11 
46.~4 0 .044  Zl 
46.40 Q,044 11 
46.6~ 0 .167  11 
47.Z5 0 .124  10 

• 47.43 0.1B4 1o 
47.42 0.024 IL 
4S.ZD 0.041 11 
40.~Z 0.J3~ 11 
40.42 O,OZ6 zO 
46,~7 0 , 0 | 7  11 
40,BZ 0,141 1'! 
4~.9S 0,036 Jo 
49,24 0,033 lZ 
49.62 0 ,0~2 1L 
50,04 0,015 11 
50.26 0.0S2 L~ 
50,46 0,094 1% 
50.57 0.004  11 
50.82 0,017 11 
50,92 O,GZG %l 

I 00 ,064  

UNK~GMN 
UNKN~MH 
C¥CLDQCTAHE 
UKKMQMN 
UNKHGHN 
UNKHOVN 

• UNKNOWN 
UKKNU~N 
uIKNOWH 
UbKND~N 
UKXMOWN 
N-PROPYLN[B~[M[ 
UNKmOMH 
L-H[THYL-3 - [THTL | taZ [HE 
[-N£T~YL-4-£THTLBEHZEKE 
UHKMO~N 
%,3,S-TR[H~THTLaE#Z[N[(KES[TYLE~E) 
u#KHOWN 
UmKNOWN 
Z-H[1HYL-Z-(Tf lYLB[HZEHE(| 'ETHYLTOL UEN( ) 
UNKNOW~ 
UN&NO~N 
UNK#~kN 
UNK~QNN 
I,Z,4-TRJM(THYL~EIZENE (PS[UDOCUHEN£) 
UNKNOWN 
UNKHQWH 
U#~NGMH 
H-D~CAM[ 
]SQBU]ILBENZEK~ 
UMK~OKH 
UNKnOwn 
)~2,3-1RINETHYLBENZEg[ (HENIM[LITEI£)  
P-GTNERE 
~NKNOHN 
uNKNOwN 
QMKNOHN 
]MOEN[ 
~NKHONN 
%NDAH 
UNKNONK 
QNKNOWN 
UKKhOVN 
lp4-D|ETHTLB[NZ[RE 
K*BQTYLB(bZEH[ 
Z,~-D[~TflYLBENZEH( 
UNKNOWN 
QNKNOWR 
D[C~CLOH(XfL 
~N&JQMN 
HNKNONN 
UNKMONN 
uNKNOWN 
QN~NO~N 
uNKNONN 
5NKNO~H 
~N~HO~N 
UNKNOMN 
UNKNONN 
UNKNOWN 
Z,2,4,&-T~T~AMETHY~BE~Z¢M£ (OURENE) 
Z,Z,3,5*TETRARETflYL6[MZEKE{tSOOU~EKE) 
~KKMOMH 
UHKMO~ 
UM[MOMN 
C|$-[YtLODECEN¢ 
UNKNORN 
UHKNOVfl 
L , ~ 3 , 4 - T £ T ~ k K ( T ~ ¥ L | [ N Z E ~ E ~ R E H N ~ T E N [ )  
UK[MDVN 
UWKMQVN 
QKKNONN 
Q~K~OMH 
UHKNQMK 
~ Q N H  

~KKNONH 

. . . . .  . . . . l . i l l l . I I I l l f . l l l ~  i l l - I - l l f ~  . . . .  
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D 
Table 2 

Weight Percentages of POXA Group Types 
Found in LCCN by C a p i l l a r y  Gas Chroma. tograp_h_Y 

Cnemlcal Classes I d e n t i f i e d  

P P a r a f f i n s  (C4-C11) 
normal 4.45 wt.% 
i s o p a r a f f t n s  39 .19  w t . ~  

0 Olefins { 84-CI,1. ] 
X ~laphthenes (C5 -C l l )  
A Aromatics (C6-C10} 

[Benzene 0.056 w~.%} 

Weight Percent 

43.64 

ZZ .73 
9 .69  

24.00 

100.06 To ta l  

I 

17 
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STUOY 1~0. :'41161 

Table 3 

P&raf f ln1¢  Components I d e n t i f i e d  In LCCK 

NORMAL ALKANES 
- - -  . . _  

Retent ion 
Tl=e (mln) 

4.66 
6.aO 

11 .15  
17.98 
25.92 
33,91 
41.20 

Compouno 

W-S~TANE 
K-PERTANE 
N-AEXANE 
N-HEPTANE 
N-OCTANE 
N-KONANE 
N-DECANE 

NORMAL ALKANES, TOTAL 

Welgh¢ S 

0.226 
1.367 
1.051 
0 .SgO 
0.270 
0.342 
0.314 

4.45 Wt.Z 

ISOPARAFFINS 

Reten~$on 
T~me (mln) 

6,1I 
8.05 
9.35 

.55 
10.26 
lZ .65 
13.01 
15,59 
15,73 
16.22 
17.13 
19 ,S4 
20.64 
Z0,78 
~, .52 
2t ,98 
22.77 
23,22 
23.33 
23.53 
Z3.85 
24.65 
28.91 
31,23 
31.39 
31.8I  

Compoun~ 

2-NETKYLBOT^NE 
2,Z'DIHETKYLBUTANE 
2~3-OIMETHYL~UTANE 
2"RETHYLPEWTANE 
3"KETEVLPENTANE 
Z,Z-DIHETHYLPENTAKE 
2,4-DIMETHYLPEKTAN£ 
2-RETKYL~EXAHE 
2j3-DIMETHYLPENTANE 
3"RETHYLHEXANE 
2,2,4-TRIKET~YLPENTAHE 
2,Z-DIM£THYLHEXAKE 
Z,5"OIMETHYLHEXANE 
Z.4"DIMETHYLHEXANE 
3,3-OIMETHYLHEXANE 
Z,3,4-TRIKETHYLPENTANE 
2~3°DIMETHYLH£XANE 
2-HETHVL~EPTANE 
4-HETHYLHEPTANE 
3p4-DINETHYLHEXAN£ 
3-METHYLHEPTAEE 
Z,Z,5-TRIHETHYLNEXANE 
2,6-O[KETHYLHEPTANE 
2-HETHYLOCTANE 
3-ETHYLHEPTANE 
3-METHYLOCTANE 
OTHER MINOR I$OPARAFFIr|S 

Welghl; f, 

6.96g 
0 , 0 2 7  

1.331 
4,110 
Z ,474 
0,026 
0,619 
2o175 
0.599 
2,049 
0,803 
0.148 
0.4S2 
0.104 
0.091 
0.475 
0.278 
1,219 
0,400 
0.140 
I .448 
0.117 
0,320 
1.033 
0,157 
0.703 
1D.920 

ISOPARAFFIN5, TOTAL 39.187 

. . . . . . .  I I  I l l l l  I I  I I I I  I I I 

18 



i )  

STUDY NO.: 41161 

Table 4 

01efinl ,  c Components I d e n t i f i e d  i n LCCN 

Retention Compound 
Time (rain) 

4.78 
4,90 
5.11 
5.70 
6.47 
6.65 
6.94 
7.02 
7.28 
7.45 
8.78 
8.98 

1 0 . 4 8  
11.24 
11.41 
11.55 
11.74 
12.34 
16.93 
18.81.  
24.98 

I-BBTEHE 
TRA~S-2-BUTEWE 
CI5-2-BUTENE 
3-METHYL-1-SUTEEE 
1-PENTENE 
Z-METHYL-1-BUTENE 
ISOPRENE 
TRANS-Z-PENTENE 
CIS-2-PENTENE 
Z-METHYL-2-BUTENE 
3-METHYL'I°PEHTENE 
2,3-OIMETHYL-Z-BUTENE 
1-HEXENE 
TRANS-3-HEXENE 
TRANS-2-HEXENE 
Z-METHYL-2-PENTENE 
3-METHYL-Z-PENTENE 
3,3-DIHETHYL-1-PENTENE 
1-HEPTENE 
2,4,4-TRIMETHYLPENTENE 
1-OCTENE 
OTHER MINOR OLEFINIC COMPONENTS 

Weight % 

0,373 
0.630 
0,691 
0.226 
0.76L 
1,261 
0.061 
1.924 
1 , 0 7 3  
2,577 
0 , 3 6 6  
O. J,82 
O.SSl 
0 . 4 3 4  
0.87S 
0.894 
0.772 
0 . 8 8 6  
I .016 
0.217 
0.326 

6.330 

TOTAL 22. 726 

I III 
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Table 5 

Naphthen~c or Cyc]oalkane 
[c tent t f fed tn LCCN 

Components 

Retention 
Time (min) 

8 . 9 0  
1 1 . 9 6  
1Z .85  
1 5 , 0 0  
1 5 . 9 5  
I 9 . 6 8  
2 0 . 5 1  
21.17 
2 1 . 7 5  
2 4 . 2 0  
2 4 . 3 3  
2 5 . 4 6  
2 5 . 9 2  
2 8 , 7 4  
3 5 . 5 8  
4 4 . 9 0  
4 8 , 4 2  

Compound 

CYCLOPENTENE 
4-METHYLCYCLOPENTENE. 
METHYLCYCLOPENTANE 
CYCLOHEXE~E 
Z,I-DIMETHYLCYCLOPENTANE 
METHYLCYCLOHEXANE 
ETHYLCYCLOPENTANE 
I~Z,4-TRIMETHYLCYCLOPENTANE 
1,2,3-TRIMETHYLCYCLOPENTANE 
CIS-I,3-DIMETHYLCYCLOHEXANE 
TR~N$-I,4-DIMETHYLCYCLOHEXAHE 
CYCLOHEPTAHE 
TRANS-Z,2-DIMETHYLCYCLOREXANE 
ETHYLCYCLOHEXANE 
CYCLOOCTANE 
OICYCLOHEXYL 
CIS-CYCLOOECENE 
OTHER HINORNAPHTHENIC COMPONENTS 

Wel ght g 

O.izo 
0 , 6 0 9  
2 , 2 5 9  
0.307 
0.029 
0.953 
0 . 6 9 ~  
0.Z91 
0 . Z 1 5  
0 . 4 8 2  
0.L4¢ 
0.250 
0 .270  
0.107 
0.095 
0.140 
0.026 
2.. 700 

TOTAL 9. 690 
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/ 

Ar omaT, i c 

Table 

Components 

6 

I d e n t i f i e d  in  LCCN 

Retention 
Time (min) 

14,90 
ZZ.4Z 
30.03 
30.82 
32.61 
35.06 
37.39 
38.01 
38 .15  
38.54 
39 ,2 /  
40.38 
41,29 
42,10 
42,33 
42.98 
43.35 
43,99 
44.10 
44.32 
47,25 
47.43 
48.95 

Compound 

BENZENE 
TOLUENE 
ETHYLBENZENE 
P&M-XYLENE5 
O-XYLENE 
ISOPROPYLBENZENE(CUNENE) 
N°PROPYLBENZENE 
I-METHYL-3-ETHYLBENZENE 
I-METHYL-¢-ETHYLBENZENE 
1,3,5-TRIMETHYLBENZENE,(MESITYLENE) 
I-METHYL-Z-ETHYLBENZENE(2-ETHYLTOLUENE) 
1,2,4-TRINETHYLBENZENE (PSEUDOCUMENE} 
tSOBUTYLBENZENE 
1,2,3-TRtMETHYLBENZENE(HEMIMELITENE) 
P-CYMENE 

INOENE 
INOA~ 
L,4-DIETHYLBENZENE 
N-BUTYLBENZEHE 
1,2-DIETHYLBENZENE 
1,Z,4,5-TETRAMETHYLBENZENE (DURENE) 
1,2,3,5-TETRAHETHYLBENZENE(ISODURENE) 
1,2,3,4-TETRAHETHYLBEHZENE(PREHHITENE) 

[,/eight % 

0.056 
4.585 
1.50Z 
5,620 
Zo033 
0,118 
0,474 
1,924 
0,793 
1,008 
0.656 
2.90D 
0,084 
0.774 
0,026 
0,117 
O.LZO 
0.219 
0.558 
0,097 
0 . 1 2 4  
0.184 
0 .036  

TOTAL 24.007 

2I 

i l  i l  I l l  i i i l l  



STUDY NO,: 41161 

T~,bl e ? 

C l a s s i f i c a t i o n  of LCCN 
ComponenCs ~y Number of  CaPbons 

i ,  - , -  i q .  . 

Ii 

Carbon Number 

C¢ 
C5 
C6 
C7 
C8 
C9 
C10 
C l l  

TOTAL 

P + 0 • N Aroma¢ics 

2.00 wt.% 
16,4,4 
16.70 
16.93 
11.95 

7 . 4 3  
3.45  
0 .93  

?6 .06  

wt.% 
4.58 
9.15 
8,88 
1.33 

24.00 

To ta l  

2.DO w¢.$ 
16,44 
16.76 
21.51 
2 1 . I 0  
16,3~ 

4 .78  
0 ,93 

100~06 wt.% 

II 
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Employee Signature: Date: 7/30/08 

Supervisor Signature: Date: 
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Study No.: 62781 

SUMMARY 

sin  my a ra on  and 
q nmuw oas~s oy wmcn cne, rmcal composmonal dam can be used to evaluate potential 
toxicity. Standard.ASTM mass .spcctmmctri'c (ELMS) and elemental analyses were carried 
out on .~ll~lilgt~t ca talY~calJy .cracked naphtha (LCCN) ~ identify and quantltatc the 
amounts ot non-aroanauc ann aromatic comlxmcn~s present and to estimate the amounts of 
total nilxogcn, basic nitrogen and sulfur present in this test matc, fial. The characterization 
studies wcm po'rfonned at Paulsboro (Analytical Services) becmam ~ analytic, a/~sts were 
not:_~la.ble .at MEHSL. The chemical composition ~¢mhs from this study wRl be utilized 
~._.~ ~ .~loxlcology and Prodtt0t $~ety), Medical and MRDC to prioritiz¢ refinery streams 
~rom v .m-_-_-_-_-_-_-_-_~s processes argl refinery locations for follow-up m~dcologicgl evalu~ttion. 

The chemical chsses of compounds identified in ~ l i g h t  catalytically cracked 
naphtha am ~ in the table below: 

Chemical Composition ~ g ~  
Cmal_vtically C~ackod Naphtha- (CRU No. 86045~ 

Class 'type Weight Pgrcent 

(parafFins, oleftaics 
and nap~enics) 

76.0 wt.% * 

Axormtics 
Mono~mafics 
Diarvma~s 
> 3-Ring PACs 
Aromatic Sttlfur-PACs 

24.0 wL% 
Not detected 
Not dolce'rod 

< 0,23 (estimated) 

24.0 wt.% * 

[ Nitrogon-PACs, non-basic carbazole-ry1~ 
Nitrogen-PACs, basic quinoline,-rypc 

Not Deleted 
< 0,03 wt.% (estimated)] 

* estimated from PONA analysis using GC-FID 

F~mcnt Concentration or % 

Tom1 Nitrogen 22 ptnn 
Basic Nitrogen 22 ppm 
Total Sulfttr <0.05 % 

The column sepazation performed on LCC~ at Paulsboro did not provido sufficient materi~ 
reCal~ing.out mass Sl~Ctra] analysis of tile non-ar~'natics and aromatics (due to volati]es). 

rmore, me amount ot non-aromatics and aromatics in LCCN was estimated from PONA 
(para~m, olofin, naphthene, m-omatic) analysis carried out at MEHSL. Pamftins, otcfinics 
and naphthenics comprised about 76.0% of LCCN while monoaromatics made up aboat 
24.0% of LCC.N. Diaromatics (e,g., naphtha/cries, biphenyls)and 3-ring PACs were not 
detectable by GC analysh. Elemental analysis showed that total nitrogen was present at 22 

• ppm and was basic in nature, Niu'ogen-containing organic compounds were cal~lated to 
comprise no more than 0,23 wt.% of LCCN based on elemcnm~ analysis and on the 

2 
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assumption of an average molecular weight of 150 for these compounds. Total sulfur was 
found to be prc~nt in ~ at less than 0.05%. 

Chemical chmacterization studies am important in risk assessment since they provide 
structural information on the types of compounds prc~nt in the tvst material that may pose 
potential heal& risk. LCCN was found to be comprised primarily of volatile, low molecular 
weight paraff'mics, old'roles, naphthcnics and m ~ t i c s  that presont little if any he, alth 
CoIltyl~n. 

I l l  II I II I | i l l l  I I I I 
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INTRODUCTION 

In evaluating the he.alth risks associated with refinery stream materials, it is important to 
firmly, establish the chemical composition of the test materials. There are several reasons for 
carrying out dctalled chemical characterization studies. First, refioery streams are very 
complex mixtures containing hundreds of components which arc 1)resent at varying 
concentrations and which may have varying degrees of toxicity. Knowledge of the amjor 
classes of compounds present in the refinery stream and their relative concentrations is 
important in assessing potential toxicity based on chemical structure. Secondly, since 
different samples of the same generic refinery stream.may vm'y somewhat depending on the 
severity of the reaeinery process and on the refinery location, it is very imIxmant to establish 
the chemical composition of the actual samples being utilized in toxicological studies. 
Thirdly, if the chemical identity of the major components is established, this greatly ~ds in 
fo omm lating " safety guidelines for handling these materials and industrial hygiene policaes to 
oe zouowea in the workplace should accidental exposure occur. 

The purpose of this study is m establish the chcmicaJ composition o f ~ l i g h t  
catalytically vrackcd naphtha (CRU No. 86045). This test ma t~a l  is one of many refinery 
strc~m!s from various processes and refinery locations being prioridzed by Environmental 
elehealth .a~ Safety, Medical and M R D C ~ s s i b l c  follow-up toxicological cvalua~on. The 

vmicm c ~ t i o n  found for ~ L C C N  will be compared with those of other 
refinery st~arns as part of an over~l s - " ~ y  program to identify and rank those refinery 
streams that might present a serious health risk. Io order to establish a uniform chemical 
composition database useful to both petroleum chemists and toxicologists, characterization 
studies were carried out utilizing standard Mobil or ASTM procexh~s for the determination 
of non-aromatics and aromatics (silica gel fracdonation and mass spectral analysis of 
aromatics) and employing standard e le~nta l  analyses for the estimation of the total amount 
of nitrogen, basic nitrogen and sulfar present in th~ test nmtoriat. Since EIMS and elemental 
analyses arc not available at MEHSL, charactcrizafiou studies of a ~ N m L L , C C N  were 
car~'.od cushy the an~ytical group at Paulsboro. This report summari~s1-~"---'-'-'-'-'m~n.terprets the 
findings o the chermcal characterization studies as they pertain to toxicology and health 
safety. 

4 
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MATERIALS AND METHODS 

Chemicals and T~t  Materials 

htha sample (CRU No. 86045) was obtained from the 
was dispensed try the Chemical Repository Unit (CRU} 

. . . . .  . _ process term for light catalytically cracked naphtha is 
napnma tpetrtaeum), ligat catalytic emeked and the CAS Number for this material is 6a741- 
55-5. The test material was dispensed in amber-eolorcd bottles and was kept in the free~g 
until sent_to Paul_ s born for analysis. A 25-30 gram sample was sent to Paulsboro m I  i l l  

ChemicalCharacterlzation Sty!_ ies at PnL.~I?~'O 

Characterization studies and elemental analyses o ~ n ~ L C C N  were p e r f o m ~  by the 
analytical services group at Paulsboro, NL Gcnera31y,, ¢stirrmtion of non-aromatics and 
aromatics in refinery stream materials is carried out using Mobil Method 1085 "Aromatics 
and Non-hromatics in Non-Volatile Distillates". The method utilizes a silica gel chromato- 
graphic elutivn method to separate the non-aromatics from the aromatics (se,¢ appendix for 
additional information on the method). For light refinery streams like LCCN, this method 
would not be expected to yield sufficient material for mass spectral analysis after separation 
and ¢vaporafioa of tbc elating solvents. 

Because of the vo]atility of LCCN components did not make this material suitable for e01umn 
chromatography separation and MS analysis, non-aromatic and aromatic components in 
LCCN was estimated by GC-FID analysis (PONA analysis) previously carried out at 
MEHSL on a s i m i l a r l i I l ~ , L e C N  sample. Analytical details and chemical composition 
data are described in Sm~d~N-o. 41161. 

Elemental analysis for total nitrogen in LCCN was carried out using a 
chemilua/azesoenc~ technique (Mobil Methoc termination of basic nitrogen in the 
test mate~al was achieved using a perehloric acid-potention'mtric titration method (Mobil 
Method 993-1). Total sulfttr was detemainvd using the ASTM method D1552 in which the 
sulfur is oxidized to sulfmr dioxide and then quanfitated by iodate titration. Experimental 
details of the elemental analyses are given in the appendix. 

Submission of the ~ sample to Paulsboro analytical laboratory was ta-imafily to obtain 
elemental analysis on the amount of nitrogen and sulfur present~ this is part of a correlation 
study examining relative toxic/ties of light and heavy ~f'mery streams and. the contribution of 
heteroeycli¢ and carbocyclic components to possible adverse toxic effects observed in acute 
and subchronie animal vxpefiment~. 

I IIII I 
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R E S U L T S  A N D  D I S C U S S I O N  

O i l -  " ' 111 

Silica gel chroz~msraphJc separation studies dk[ not yield sufficient material for mass 
spectral analysis as would be expected due to the nam_m of the separation method and the 
vola~ity of I.,.CC~. ~ n ~ .  Table l summarized t ~  PONA breakdown of paraff'mic, 

• ot~zm.c, napnmenm ana ertmmuc .cot.m'9o. ncnts i n g ~ l l L C C N  as estimated from PONA 
analysts and was reported previously m Study No. 41T'6]-7 Alkylbenzene compounds (less 
than 10 carbons) were identified as the aromatic components. There is no evidence that 
diaromafics or triaromafics are present in ~ by GC-FID analysis; naphth0Jene and 
biphcnyl standards were available for GC retention time comparison. 

Elemental Anal v ~  - Nitro ten and Sulf~ 

Elemental analyses were carried LCCN to estimate the amounts of 
organonitrogen sad Qrganosulfur t in the test material. Of particular 
toxicol?.gical interest are the non-basic carbazole-typc derivatives and the basic quinoline- 
and acridine-type mtrogen PACs. Findings from the elemental analyses showed that totat 
nitrog~-n was present only at 22 ppm and was basic in nature (Table 2). It was assumed 
that the organonitrogen _components ~ th~ total nitrogen content in, 
EJemental analysis also indicat~ t h a t t ~ ~ L C C N  ctmtained less tha~. 

Calculations wc~ carried out at MEHSL using the elemental composition of nitrogen to 
estimate the weight % of organic nitrogen compounds present in ~ m ~ I L C C N .  An 
average molcculmr weight of 150 (2- to 3-ring size) was assumed for these compounds in the 
calculations. Based on our c a l c u l ~ a s  estimated.that organic nitrogen components 
made up less than 0.03 wt,% o f ~ C C N .  It should be pointed out that these 
values ave only rough.es.timat~ns of the weight percentages of organonitrogen compounds 
present in the test material. 

t- 

• lo  "ca]Si i ' F i 

Chemical characterization studies are i ~ t  in risk assessment since they provide 
sR'uczur~ information m the types of compounds present in the test material that may pose 
potential health risk. ~ was found to be comprised primarily of volatile, low 
molecular weight paraffinics, olefmics, naphthcnics and monoaromatics that Fresent little if 
any health concern (see ~f. 1-3 for review of toxicology of these chcmcial classes). Very 
t l t t l ¢  nitrogen or sulfur components could be dvtccu:d in LCCN. 

A c k n o w l e d g e m e n t  

I 

at Paulsboro. 

6 
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Table  1 

Estin~ttion of NomArvmmic and Aromatic Chemical 

Chemical Class Weight %.of Total $~mp1¢ 

-~[ l : lU~] !~ i .C ,L(P~s ,  ol~fios and 
naphthvncs) 

Arormtics 

MonoatOmalics 
Diaromafi~ 
> 3-Ring PACs 

7,4..0 wL% * 
N o ~ ~  

76.0 wt.% * 

2A,O wt.% * 

Total  ffi 100.0 wt.% 

* E~matcd from PONA analysis using OC-FID (see text) 

I I I I  n i l  i i l i a  . . . . . . . . . . .  
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Table 2 

_ L i ~ t  Catdvtically Cracked Naphtha fCRU No. 860~. 5) 

Elen~nt C o ~ r l o n  or % 

Total Niu'ogvn 22 ppm 
Basic Nitrogen 22 ppm 
Total Sulfur < 0.05 % 

Chemical Class Estimated ,Weil~ht 

Non-Basie Nitro~n O~_ anie~ 
(e.g. carbazole deriv~ves) a 

Basic Nitrogen Or~nics 
(e.g. quinolia¢ derivatives) a 

Not Dec)ctcd 

< 0.03 Wt.% a 

Estimation of organonitrogcn compounds was obtained assuming an 
.av~agc MW of 150 for dlvsv compoun~ and ~ a t i n g  the ~ l  
mat wt.% basedon e le~nta l  analysis findings. MW of 150 was used 
to be consistent with calculations for hcavi~ refinery st~..ams. It is 
recognized that LCCN may c o . ~ n  lower MW vomponents (<150 ainu). 
See te×t and appendix for cal~ations. 

9 
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Appendix 

Calculation of Non-Basic and B~ic-NPAC Content 

Non.Basic Nitrogen 

Total Non-Basic Nitrogen = 0 ppm = 0 wt.% 

Amount of Non-Basic N-PAC of average MW 150 (i,¢. 
2- to 3-ring size) that will give a total nitrogen value of 
0,0 wL% on elemental analysis 

[Non-Basic NPAC] = _ 0.0 = '0.00 wt.% 
14/150 

Basic Nitrogen 

Total Basic Nitrogen ffi 22 ppm ffi 0.0022 Wt.% 

Amount of Basic N-PAC of average MW I50 (i.e. 
2- to 3-ring ~ze) that will give a total nitrogen v~ue of 
0.0022 wt.% on elementat analysis 

[Basic NPAC] = ~ = 0.024 wt.% 
14/150 

Sulfur 

Total Sulfur = < 0.05 % 

Amount of Sulfur PAC of area'age MW 150 (i.e. 
2- to 3-ring size) that will give a tota.I sulfur value of 
0.05 % on elemental analysis 

[SulfurPAC] - ~ - 0.23wt.% 
32/150 
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CONSCI 
ARCO 
Environment, Health & Safety 
515 South Flower Street 
Los Angeles, California 90071 

Attn: Francis J. Koschier, Ph.D. 

Certificate #: 21207010 
Sample ID: F-184 
Date Received: December 7, 1992 

C A ~  ~ 

. . . . . .  

eq--rx- 9 ~- o /z~(~ 

December 31, 1992 

Invoice #: 100303 

CERTIFICATE OFANALYSIS 

PARAMETER METHOD. 

Specific Gravity D-1298 

Refractive Index D- 1218 

Avg. Mol. Wt GPSA 

Sulfur (MC) D-3120 

Total Oxygen Neut. Act. 

Carbon Calc. 

Hydrogen Calc. 

Nitrogen D-4629 

Viscosity D-445 
100 F 
122 F 
210 F 

Pour Point D-97 

Existent Gum D-381 
Washed 
Unwashed 

CONSOLIDATED SCIENCES, INCORPORATED 

RESULTS UNITS ANALYST DATE 

0.7990 --- ECB 12/08/92 

1.4635 --- RDP 12/15/92 

117 - -  WMG 12/13/92 

2 ppm/wt. TES 12/15/92 

< 0.01 wt. % WDJ 12/17/92 

88.36 wt. % WMG 12/30/92 

11.64 wt. % WMG 12/30/92 

1 ppm/wt JWT 12116/92 

0.57 est. RDP 12/18/92 
0.53 est. RDP 12/18/92 
0.40 est. RDP 12/18/92 

< -76 °F DCM 12/17/92 

1.6 mg/100ml DCM 12/16/92 
6.8 rag/109_ .n3! . . . . . .  !)CM ...... 12/!6[92 

1416 SOUTHMORE 

!!111 IIIIIIIIIIIIII III 
10001890 ATX-920126 

PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

Page 2 

CERTIFICATE OF ANALYSIS 

_PARAMETER METHOD RESULTS UNITS ANALYST DATE 

METALS: 

Lead 239.1 < 0.2 mg/kg GAB 12/21/92 

Copper 220.1 < 0.1 mg/kg GAB 12/21/92 

Iron 236.1 0.92 mg/kg GAB 12/21/92 

Nickel 249.1 < 0.1 mg/kg GAB I2/21/92 

Sodium 273.1 15.4 mg/kg GAB 12/21/92 

Vanadium 286.1 < 1.0 mg/kg GAB 12/21/92 

Arsenic 206.3 < 0.002 mg/kg GAB 12/21/92 

Chromium 218.1 < 0.1 mg/kg GAB 12/21/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 .FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

Page 3 

CERTIFICATE, OF ANALYSIS, ME.T_HOD 8270 

PARAMETER RESULTS U N I T S  A N A L Y S T  DAT___._EE 

POLYNUCLEAR AROMATICS: 

Naphthalene 918 mg/kg DMK 12/11/92 

2-Methylnaphthalene 973 mg/kg DMK 12/11/92 

1-Methylnaphthalene 419 mg/kg DMK 12/11/92 

Aeenaphthylene 3 mg/kg DMK 12/11/92 

Aeenaphthene 14 rng/kg DMK 12/11/92 

Fluorene 20 mg/kg DMK 12/11/92 

Phenanthrene 80 mg/kg DMK 12/11/92 

Anthracene 7 mg/kg DMK 12/11/92 

Fluoranthene 10 mg/kg DMK 12/11/92 

Pyrene 21 mg/kg DMK 12/11/92 

Benzo(a)anthraeene 8 mg/kg DMK 12/11/92 

Chrysene 8 mg/kg DMK 12/11/92 

Benzo(b)fluoranthene 10 mg/kg DMK 12/11/92 

Benzo(k)fluoranthene 10 mg/kg DMK 12/I 1/92 

Benzo(a)pyrene 6 mg/kg DMK 12/11/92 

Dibenzo(a,h)anthracene < 10 mg/kg DMK 12/I 1/92 

Benzo(g,h,i)perylene 12 mg/kg DMK 12/11/92 

Ideno(1,2,3-cd)pyrene < I0 mg/kg DMK t2/t 1/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

Page 4 

CAPILLARY GAS CHROMATOGRAPHY A_NALYSIS 

Component Name Wt. % LV % 

Isobutane 0.16 0.23 
n-Butane 1.24 1.69 
2,2-Dimethylpropane 0.01 0.01 
Isopentane 3.31 4.23 
n-Pentane 2.65 3.35 
2,2-Dimethylbutane 0.05 0.06 
Cyclopemane 0.13 0.14 
2,3-Dimethylbutane 0.27 0.32 
2-Methylpentane 1.70 2.06 
3-Methylpentane 1.25 1.49 
n-Hexane 2.11 2.54 
2,2-Dimethylpentane 0.03 0.04 
Methyleyclopentane 0.47 0.50 
2,4-Dimethylpentane 0.23 0.27 
Benzene 3.05 2.84 
3,3-Dimethylpentane 0.03 0.03 
Cyelohexane 0.13 0.13 
2-Methylhexane 1.68 1.96 
2,3-Dimethylpentane 0.40 0.46 
1,1-Dimethylcyclopentane 0.06 0.06 
3-Methylhexane 2.11 2.44 
t- 1,3-Dimethylcyclopentane 0.08 0.08 
e-l,3-Dimethylcyclopentane 0.08 0.09 
3-Ethylpentane 0.23 0.26 
t-l,2-Dimethylcyclopentane 0.14 0.15 
n-Heptane 2.75 3.19 
c- 1,2-Dimethylcyclopentane + 

Methylcyclohexane 0.29 0.30 
2,2-Dimethylhexane + 113 TMCP 0.04 0.05 
Ethyleyclopentane 0.28 0.29 
2,2,3-Trimethylpentane + 

2,4-Dimethylpentane 0.33 0.37 
1,2,4-Trimethylcyelopentane 0.04 0.04 
3,3-Dimethylhexane 0.01 0.01 
1,2,3-Trimethylcyclopentane 0.03 0.03 
2,3,4-Trimethylpentane 0.01 0.01 
Toluene 18.26 16.72 
2,3-Dimethylhexane 0.17 0.19 
C8 Naphthene + C8 Paraffin 0.05 0.05 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

Page 5 

.CAPILLARY.G..AS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

2-Methylheptane 0.99 1.13 
4-Methylheptane 0.47 0.53 
C8 Paraffin 0.10 0.1L 

• 3-Methylheptane 1.16 1.30 
3-Ethylhexane + 

c-l,4-Dimethylcyclohexane 0.31 0.31 
C8 Naphthene 0.01 0.01 
C9 Paraffin 0.02 0.02 
C8 Naphthene 0.04 0.04 
C8 Naphthene 0.04 0.04 
C8 Naphthene 0.05 0.05 
n-Octane 1.54 1.74 
C8 Naphthene 0.01 0.01 
C9 Naphthene 0.01 0.01 
C9 Paraffin 0.02 0.02 
Isopropylcyclopentane 0.02 0.02 
C9 Paraffin 0.02 0.02 
e- 1,2-Dimethylcyclohexane 0.11 0.11 
C9 Paraffin 0.01 0.01 
C9 Naphthene 0.16 0.16 
C9 Naphthene 0.26 0.27 
C9 Naphthene 0.05 0.05 
Ethylbenzene 4.12 3.77 
C9 Naphthene 0.01 0.01 
m-Xylene 9.71 8.92 
p-Xylene 3.53 3.26 
C9 Paraffin 0.08 0.09 
2-Methyloctane 0.36 0.40 
4-Methyloctane 0.36 0.40 
3-Ethyiheptane 0.11 0.12 
3-Methyloctane 0.46 0.51 
o-Xylene 4.59 4.14 
Naphthene 0.02 0.02 
Naphthene 0.02 0.02 
C9 Naphthene 0.03 0.03 
Unidentified C9's 0.04 0.04 
n-Nonane 0.68 0.75 
C9 Naphthene 0.01 0.01 
Isopropylbenzene 0.22 0,20 

CONSOLIDATED SCPENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

Page 6 

CAPILLARY GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

C9 Dinaphthene 0.01 0.01 
C10 Paraffin 0.05 0.05 
C10 Paraffin 0.02 0.02 
Naphthene 0.05 0.05 
C10 Naphthene 0.02 0.02 
C10 Paraffin 0.03 0.03 
C9 Naphthene 0.04 0.04 
C10 Naphthene 0.08 0.08 
C10 Paraffin 0.03 0.03 
C10 Paraffin 0.02 0.02 
n-Propylbenzeno 1.27 1.17 
1-Methyl-3-ethylbenzene + Ct0 Paraffin 3.23 2.97 
1-Methyl-4-ethylbenzene 1.43 1.32 
C10 Naphthene 0.07 0.07 
1,3,5-Trimethylbenzene 1.75 1.61 
C10 Naphthene + C10 Paraffin 0.06 0.06 
4-Methylnonane 0.13 0.14 
2-Methylnonane 0.12 0.13 
1-Methyl-2-ethylbenzene 0.98 0.88 
3-Methylnonane 0.16 0.17 
C10 Naphthene 0.01 0.01 
C10 Naphthene 0.01 0.01 
1,2,4-Trimethylbenzene 4.79 4.34 
iso-Butylbenzene 0.09 0.08 
sec-Butylbeazene 0.07 0.06 
Unidentified C10's 0.03 0.03 
n-Decane 0.25 0.27 
1,2,3-Trimethylbenzene 0.89 0.79 
Indan 0.56 0.46 
1,3-Diethylbenzene 0.29 0.27 
I-Methyb3-n-propylbenzene 0.72 0.66 
1-MethyI-4-n-propylbenzene 0.42 0.39 
n-Butylbenzene 0.23 0.21 
1,2-Diethylbenzene 0.63 0.57 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 0.04 0.04 
l-Methyl-2-n-propylbenzene 0.22 0.20 
1,4-Dimethyl-2-ethylbenzene 0.34 0.31 
1,3-Dimethyl-4-ethylbenzene 0.33 0.30 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207010 
Sample ID: F-184 

P ~ e 7  

CAPILLA.RY GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

1,2-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-2-ethylbenzene 
Unidentified C11 's 
n-Undeeane 
1,2,4,5-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene 
Naphthalene 
Unidentified C12's 
n-Dodecane 
Heavies (nC12 +) 
Total Olefins 

0.62 0.56 
0.12 0.11 
0.29 0.31 
0.06 0.06 
0.32 0.29 
0.44 0.39 
0.80 0.54 
1.53 1.60 
0.03 0.03 
1.61 1.61 
1.10 1.30 

Hydrocarbon Type Summary 

n-Paraffins 
Isoparaffins 
Naphthenes 
Aromatics 
Unknowns 
Olefins 

Totals 100.00 100.00 

Wt % LV % 

11.31 13.62 
17.11 20.08 

3.24 3.34 
63.74 58.07 

3.50 3.59 
1.10 1.30 

Saturates 
Olefins 
Aromatics 

Michael A. Sommer II, Ph.D. 

MAS/ar 

Totals • 100.00 I00.00 

..A.STM. D-1319 

L.V.% 

38.2 
l . l  

60.7 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



Certificate No.: 21207010 
Description: F+184 
Analysis Date: December 11, 1992 
Analyst: PAR 

NnNuu 
| i  

CONSCI 

% Overhead Deg. F 

IBP 0.5 71 
2 87 
4 90 
6 98 
8 136 

10 154 
12 167 
14 182 
16 190 
18 195 
20 202 
22 210 
24 234 
26 236 
28 236 
30 237 
32 237 
34 238 
36 239 
38 239 
40 240 
42 240 
44 241 
46 245 
48  258 

50 280 
52 283 
54 285 
56 286 
58 287 
60 288 
62 288 
64 289 
66 289 

68 291 
70 296 
72 298 
74 301 
76 324 
78 327 
80 328 
82 330 
84 335 
86 340 
88 342 
90 351 
92 364 
94 373 
96 391 
98 413 

FBP 99,5 461 

LL 

t~ 

0o 

Simulated Distillation ASTM D-2887 
F-184, 21207010 

/ 

Percent Overhea0 

/ .--  1 

) 

i l 

) eq  I ) 

Specific Gravity 0.7990 

Average Molecular Wt. 117 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



SYNCHRONOUS 

SAMPLE NO. F-184 

FLUORESCENCE 
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Arco Corporate Toxicology Dept. 
515 South Flower St. 
Los Angeles, California 90071 

Attn: Francis Kosehier 

m 
CONSCI 

Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 
Date Received: August 19, 1993 

September 21, 1993 

Invoice #: 101913 
PO #: CS92-001 

CERTIFICATE, OF ANALYSIS 

PARAMETER METHQ_D_ RESULTS UNITS ANALYST DATE 

Specific Gravity D-1298 0.6532 --- WMG 08123/93 

Refractive Index D-1218 1.3759 --- RDP 08/26/93 

Avg. Mol. Wt GPSA 77.1 --- WMG 09/11/93 

Sulfur (MC) D-3120 655 mg/Kg MY 08/26/93 

Total Oxygen D-4815 < 0.01 wt. % EB 09/11/93 

Carbon Cale. 84.93 wt. % WMG 09/I 1/93 

Hydrogen Calc. I5.07 wt. % WMG 09/11/93 

Nitrogen D-4629 < 1 mg/Kg MS 08/31/93 

Viscosity D-445 
100 F 0.38 est. DGN 08127/93 
122 F . . . . . . . . .  
210 F . . . . . . . .  

Pour Point D-97 <-85 oF DGN 08/27/93 

Existent Gum D-381 
Washed 1.2 mg/100ml D GN 08127/93 
Unwashed 4.6 mg/100ml DGN 08127/93 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920.1896 FAX (713) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 

Page 2 

CERTIFICATE OF ANALYSIS 

PARAMETER METHOD RESULTS UNITS 

METALS: 

Lead 239.1 < 0.1 mg/kg 

Copper 220.1 < 0.5 mg/kg 

Iron 236.1 0.8 mg/kg 

Nickel 249.1 < 0.05 mg/kg 

Sodium 273.1 17.5 mg/kg 

Vafiadium 286.1 < 0.5 mg/kg 

Arsenic 206.3 < 0 .001 mg/kg 

Chromium 218.1 < 0.05 mg/kg 

ANALYST 

GAB 09/07/93 

GAB 09/07193 

GAB 09108193 

GAB 09/08193 

GAB 09108193 

GAB 09/08/93 

GAB 09/08/93 

GAB 09/08/93 

CONSOLIDATED SCIENCES, INCORPORATED 1416 8OUTHMORE PASADENA, TEXAS ?7502 (713) 920-1696 FAX (713) 920-1648 
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• Arco Corporate Toxicology Dept. 
Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 
Analysis Date: September 7, 1993 
Analyst: MS 

Page 3 

CERTIFICATE OF, AN .ALY~IS 

Component Amt. Detected Detection Limit 

Aeenaphthene N.D. 0.1 

Aeenaphthylene N.D. 0.1 

Anthracene N.D. 0. I 

Benzo(a)anthraeene N.D. 0.1 

Benzo(a)pyrene N.D. 0. I 

Benzo(a)fluoranthene N.D. 0.1 

Benzo(ghi)perylene N.D. 0.1 

Benzo(k)fluoranthene N.D. 0.1 

Chrysene N.D. 0.1 

Dibenzo(a,h)anthracene N.D. 0.1 

Fluorantherie N.D. 0.1 

Fluorene N.D. 0.1 

Indeno(1,2,3-cd)pyrene N.D. 0.1 

Naphthalene N.D. 0.1 

Phenanthrene N.D. 0.1 

Pyrene N.D. 0.1 

2-Methylnaphthalene N.D. 0.1 

1-Methylnaphthalene N.D. 0. ! 

L CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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Arco Corporate Toxicology D~pt. 
Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 

Page 4 

CAPILLARY GAS _CL/R_ _OMATOGRAPHY ANALYSIS 

Component Name.  

Isobutane 
lsobutylene + 1-Butene 
n-Butane 

• trans-2-Butene 
2,2-Dimethylpropane 
eis-2-Butene 
3-Methyl- I -butene 
Isopentane 
1 -Pen tene 
2-Methyl-l-butene 
n-Pentane 
2-Methyl-l,3-butadiene 
trans-2-Pentene 
3,3-Dimethyl-l-butene 
cis-2-Pentene 
trans-l,3-Pentadiene 
2,2-Dimethylbutane + Cyclopentadiene + 

eis-l,3-Pentadiene 
Cyclopentene 
4-Methyl- 1-pentene 
3-Methyl- 1-pentene 
Cyelopentane 
2,3-Dimethyl-l-butene 
4-Methyl-eis-2-pentene 
2-Methylpentane 
4-Methyl-trans-2-pentene 
1,5-Hexadiene 
3-Methylpentane 
a-Hexene 
n-Hexane + 2-Ethyl-l-butene 
cis-3-Hexene 
trans-3-Hexene 
trans-2-Hexene 
2-Methyl-2-pentene 
3-Methylcyelopentene 
3-Methyl-cis-2-pentene 
4-Methyleyclopentene 

Wt. % L.V. % 

0.02 0.02 
0.17 0.I9 
1.43 1.63 
0.26 0.28 
0.01 0.01 
0.33 0.35 
1.06 I. I2 
7.81 8.33 
6.59 6.80 
2.99 3.04 

19.62 20.71 
0 .19 0.18 
3.89 3.97 
2.04 2.06 
4.45 4.49 
0.41 0.40 

0.39 0.40 
1.34 I. 15 
1.48 1.47 
0,74 0.74 
2.74 2.43 
0.32 0.31 
0.24 0.24 
5.45 5.52 
0.84 0.83 
0.02 0.02 
2.14 2.13 
6.43 6.32 

10.21 10.24 
0.52 0.51 
0.18 0.18 
1.33 1.30 
1.58 1.52 
0.52 0.45 
0.53 0.51 
0.28 0.-24 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 

Page 5 

CAPILLARY GAS CHROMATOGRAPHY ANALYSIS 

Component Name 

3-Methyl-trans-2-pentene 
cis-2-Hexene 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethyl-l-butene 
C7 Cyclo-olefinldiolefms 
1-Methylcyclopentene 
C70lefin 
Benzene 
Cyclohexane + C7 olefin 
C7 Cyclo-olefin/diolefin 
(27 Cyclo-olefin/diolefin 
(27 Cyclo-olefin/diolefin 
(27 Olefin 
2-Methylhexane 
2,3-DimethyIpentane + C7 olef'm 
C7 Cyclo-olefin/diolefin 
3-Methylhexane 
t-l,3-Dimethylcyclopentane 
c-l,3-Dimethylcyclopentane 
t-l,2-Dimethylcyelopentane 
(27 Olefin 
n-Heptane 
C70lefin 
C70lefin 
Methyleyclohexane 
Unidentified components 

Wt. % L.V. % 

0.66 0.63 
0.69 0.66 
2.54 2.25 
0.08 0.08 
0.11 0.10 
0.55 0.47 
1.63 1.38 
0.16 0.15 
0.60 0.45 
0.51 0.43 
0.04 0.03 
0.12 0.10 
0.23 0.20 
0.08 0.08 
0.37 0.36 
0~I0 0.I0 
0.27 0.23 
0.28 0.27 
0.09 0.08 
0.08 0.07 
0.42 0.37 
0.04 0.04 
0.41 0.40 
0.04 0.04 
0.04 0.04 
0.02 0.02 
1.29 0.88 

Totals 100.00 100.00 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (7'13) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819019 
Sample ID: F-251, Sweet Naphtha 

Hydrocarbon Type Summary 

Paraffins 
Naphthenes 
Aromatics 
Olefins 
Unknowns 

Totals 

Page 6 

Wt% LV% 

47,71 49.59 
6.30 5.56 
0.60 0.45 

44.10 43.52 
1.29 0.88 

100.00 100.00 
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William M. Oeiger 

WMG/ar 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (7t3) 920-1648 



Certificate No.: 30819019 
i Description: F-251 
L.. AnalysEs Date: September 7, 1993 

Analyst: PAR 

~ IBP t 

i . 

L_ 

I 

I ! 
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L.., ' 

% Overhead Deg. F 

0.5 30 
2 63 
4 76 
6 79 
8 81 

10 84 
12 89 
14 92 
16 94 
18 97 
20 100 
22 102 
24 105 
26 108 
28 110 
30 113 
32 115 
34 118 
36 121 
38 124 
40 126 
42 129 
44 131 
46 134 
48 137 
50 139 
52 142 
54 145 
56 147 
58 150 
60 153 
62 155 
64 158 
66 161 
68 163 
70 166 
72 169 
74 172 
76 174 
78 177 
80 180 
82 182 
84 185 
86 188 
88 191 
90 193 
92 196. 
94 199 
96 201 
98 204 

FBP 100 259 

CONSOLIDATED SCIENCES, iNCORPORATED 

CONSCI 

u. 300 

25o 
 2oo 
~'16o 
~- lOO 

ASTM-2887 
30819019, F-251 

°0,~:::::::::::;;;;;;';:;:::;;='~";'~'::;';::';::;='~12 24 36 48 60 72 84 96 
Percent Overhead 

Specific Gravity 0.6532 

Avg. Mol. Wt. 77.1 

1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920.1648 



J, 

/ t  -- 7-z-.- o1 -7 
= = m u l l = =  
l l l l l l l l l l  

CONSCI 

H-f'×- g z - o / z  7 

ARCO 
Environment, Health & Safety 
515 South Flower Street 
Los Angeles, California 90071 

December 31, 1992 

Attn: Francis J. Koschier, Ph.D. 

Certificate #: 21207011 
Sample ID: F-185 
Date Received: December 7, 1992 

Invoice #: 100303 

Ilill IIIIIIIIlUlII III 
10001891 ATX-920127 

CERTIFICATE OF ANALYSIS 
CoH-+LI 

PARAMETER METHOD 

Specific Gravity D-1298 

Refractive Index D- 1218 

Avg. Mol. Wt GPSA 

Sulfur (MC) D-3120 

Total Oxygen Neut. Act. 

Carbon Calc. 

Hydrogen Calc. 

Nitrogen D-4629 

Viscosity D-445 
I00 F 
122 F 
210 F 

Pour Point D-97 

Existent Gum D-381 
Washed 
Unwashed 

RESULTS UNITS AN. ALYST 

0.7660 --, ECB 

1.4298 --- RDP 

126 --- WMG 

2 ppm/wt. TES 

< 0.01 wt. % WDJ 

86.18 wt. % WMG 

13.82 wt.% WMG 

1 ppm/wt JWT 

0.72 est. RDP 
0.65 est. RDP 
0.45 cst. RDP 

< -76 °F DCM 

0.2 mg/100ml DCM 
0.2 mg/100ml DCM 

DATE 

12/08/92 

12/16/92 

12/13/92 

12/15/92 

12/17/92 

12/30/92 

12/30/92 

12/16/92 

12/18/92 
12/18/92 
12/18/92 

12/17/92 

12/16/92 
12/16/92 

CONSOLIDATED SCIENCES, INCORPORATED 

I 

1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 2 

C E R T I ~ C A T E O F  ANALYSIS 

PARAMETER METHOD RESULTS UNITS ANALYST DATE 

METALS: 

Lead 239.1 < 0.2 mg/kg GAB 12/21/92 

Copper 220.1 < 0.1 mg/kg GAB 12/21/92 

Iron 236.1 < 0.1 mg/kg GAB 12/21/92 

Nickel 249.1 < 0.1 mg/kg GAB 12/21/92 

Sodium 273.1 15.2 mg/kg GAB 12/21/92 

Vanadium 286.1 < 1.0 mg/kg GAB 12/21/92 

Arsenic 206.3 < 0.002 mg/kg GAB 12/21/92 

Chromium 218.1 < 0.1 mg/kg GAB 12/21/92 

CONSOLIDATED SCIENCES, iNCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 3 

.C.ERTIFICATE OF ANALYSIS-METHOD 8270 

PARAMETER RESULTS UNITS 

POLYNUCLEAR AROMATICS: 

Naphthalene 55 mg/kg 

2-Methylnaphthalene 7 mg/kg 

l-Methylnaphthalene 3 mg/kg 

Aeenaphthylene < 2 mg/kg 

Aeenaphthene < 2 mg/kg 

Fluorene < 2 mg/kg 

Phenanthrene < 2 mg/kg 

Anthracene < 2 mg/kg 

Fluoranthene < 2 mg/kg 

Pyrene < 2 mg/kg 

Benzo(a)anthracene < 2 mg/kg 

Chrysene < 2 mg/kg 

Benzo(b)fluoranthene < 2 mg/kg 

Benzo(k)fluoranthene < 2 mg/kg 

Benzo(a)pyrene < 2 mg/kg 

Dibenzo(a,h)anthraeene < 2 mg/kg 

Benzo(g,h,i)perylene < 2 mg/kg 

Ideno(1,2,3-cd)pyrene < 2 mg/kg 

ANALYST DATE 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/I 1/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

DMK 12/11/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 4 

CAPILLARy.,.,GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

Isopentane 
n-Pentane 
Cyclopentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
n-I-Iexane 
2,2-Dimethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
Benzene 
3,3-Dime ylpentane 
CyeIohexane 
2-Methylhexane 
2,3-Dimethylpentane 
1,1-]3imethylcyclopentane 
3-Methylhexane 
t-1,3-Dimethylcyclopentane 
c-l,3-Dimethylcyclopentane 
t-l,2-Dimethylcyctopentane 
n-Heptane 
e- 1,2-Dimethylcyclopentane + 

Methylcyclohexane 
2,2-Dimethylhexane + 113 TMCP 
2,5-Dimethylhexane 
2,2,3-Trimethylpentane + 

2,4-Dimethylpentane 
1,2,4-Trimethylcyclopentane 
3,3-Dimethylhexane 
1,2,3-Trimethyleyclopentane 
2,3,4-Trimethylpentane 
Toluene 
2,3-Dimethylhexane 
C8 Naphthene + C8 Paraffin 
2-Methylheptane 
4-Methylheptane 
C8 Paraffin 

0.01 0.0I 
0.02 0.02 
0.01 0.01 
0.01 0.01 
0.08 0.09 
0.09 0.10 
0.57 0.66 
0.03 0.03 
0.57 0.58 
0.07 0.08 
0.01 0.01 
0.36 0.31 
0.03 0.O3 
1.19 1.17 
0.90 1.01 
0.35 0.38 
0.18 0.18 
1.23 1.37 
0.56 0.57 
0.66 0.68 
1.02 1.04 
4.38 4.89 

7.03 
0.36 
1.01 

6.96 
0.40 
1.06 

0.34 0.37 
0.56 0.57 
0.07 0.08 
0.66 0.67 
0.07 0.07 
4.95 4.36 
0.27 0.29 
0.33 0.33 
2.15 2.35 
0.65 0.70 
0.17 0.19 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 5 

CAPILLARY C~AS CHROMATOGRAPHY ANALYS!.S 

Component Name Wt. % LV % 

3-Methylheptane 1.40 1.51 
3-Ethylhexane + 

c- 1,4-Dimethylcyclohexane 2.35 2.29 
C9 Paraffin 0.80 0.84 
C8 Naphthene 0.35 0.35 
2,2,4-Trimethylhexane 0.37 0.39 
C8 Naphthene 0.32 0.32 
C8 Naphthene 0.72 0.72 
t-1,2-Dimethylcyclohexane 1.11 1.09 
n-Octane 5. t2 5.56 
C8 Naphthene 0.20 0.20 
C9 Paraffin 0.12 0.13 
lsopropyleyelopentane 0.58 0.57 
C9 Paraffin 0.43 0.45 
c-l,2-Dirnethylcyclohexane 0.34 0.33 
C9 Paraffin 0.02 0.02 
C9 Paraffin 1.31 1.38 
C9 Paraffin 2.01 2.11 
C9 Naphthene 0.06 0.06 
C9 Paraffin 1.99 2.09 
C9 Naphthene 0.06 0.06 
C9 Paraffin 0.22 0.23 
C9 Naphthene 0.12 0.12 
C9 Naphthene 0.16 0.16 
C9 Naphthene O. 17 0.17 
C9 Naphthene 0.12 0.12 
Ethylbenzene 1.64 1.44 
C9 Naphthene 0.49 0.48 
C9 Naphthene 0.09 0.09 
C9 Naphthene 0.04 0.04 
m-Xylene 3.83 3.39 
p-Xylene 1.09 0.97 
C9 Paraffin 0.07 0.07 
C9 Paraffin 0.10 0.11 
2-Methyloctane 1.02 1.09 
4-Methyloctane 0.86 0.91 
3-Ethylheptane 0.26 0.28 
3-Methyloctane 1.09 I. 16 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 6 

CAPILLARY ,GAS CHROMATO,.GRAPHY ANALYSIS 

Component Name ' Wt. % LV % 

C 10 Naphthene 0.19 0.18 
C9 Naphthene 0.08 0.08 
C9 Naphthene 0.10 0.10 
C9 Naphthene 0.01 0.01 
o-Xylene 1.75 1.52 
C9 Naphthene 0.02 0.02 
C9 Naphthene 0.54 0.53 
C9 Naphthene 0.87 0.86 
C9 Naphthene 0.40 0.39 
C9 Naphthene 0.13 0.13 
Naphthene 0.09 0.09 
Naphthene 0.17 0.17 
Unidentified C9's 0.05 0.05 
n-Nonane 4.50 4.79 
C9 Naphthene 0.86 0.85 
C9 Naphthene 0.02 0.02 
C9 Naphthene 0.02 0.02 
lsopropylbenzene 0.28 0.25 
C10 Paraffin 0.74 0.77 
C10 Paraffin 0.46 0.48 
Naphthene 0.09 0.09 
C10 Naphthene 0.06 0.06 
C10 Paraffin 0.14 0.15 
C9 Naphthene 0.06 0.06 
C10 Naphthene 0.16 0.15 
C10 Paraffin 0.I8 0.19 
C10 Paraffin 0.97 1.01 
C10 Naphthene 0.09 0.09 
C10 Naphthene 0.38 0.36 
C10 Naphthene 0.05 0.05 
CI0 Paraffin 0.83 0.87 
C10 Paraffin 0.50 0.52 
n-Propylbenzene I. 13 1.00 
C10 Naphthene + C10 Paraffin 0.22 0.21 
Naphthene 0. I0 0.10 
Naphthene 0.09 0.09 
1-Methyl-3-ethylbenzene + C10 Paraffin 1.01 0.89 
1-Methyl-4-ethylbenzene O. 57 O. 51 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920.1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 7 

CAPILLARy GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

C10 Naphthene 0.20 0.19 
1,3,5-Trimethylbenzene 0.87 0.77 
C10 Naphthene 0.07 0.07 
4-Methylnonane 0.32 0.33 
2-Methylnonane 0.66 0.69 
Naphthene 0.04 0.04 
3-Ethyloctane 0.60 0.62 
1-Methyl-2-ethylbenzene 0.58 0,50 
3-Methylnonane 0.54 0.56 
C10 Naphthene 0.25 0.24 
C10 Naphthene 0.18 0.17 
t-Butylbenzene 0.20 0.18 
1,2,4-Trimethylbenzene 1.72 1.50 
C10 Naphthene 0.27 0.26 
C10 Naphthene 0.43 0.41 
CI0 Naphthene 0.09 0.09 
CI0 Naphthene 0.11 0.10 
iso-Butylbenzene 0.14 0.13 
sec-Butylbenzene • 0~20  0.18 
Unidentified C10's 0.51 0.52 
n-Deeane 3.36 3.51 
C10 Naphthene 0.20 0.19 
1,2, 3-Trimethylbenzene 0.63 0.54 
l-Methyl-3-isopropylbenzene 0. I 1 0.10 
1-Methyl-4-isopropylbenzene 0. I 1 0.10 
Naphthene 0.15 0.14 
Indan 0.06 0.05 
Cl l  Paraffin 0.98 1.00 
C11 Paraffin 0.20 0.20 
1-Methyl-2-isopropylbenzene 0.49 0.43 
Cl l  Paraffin 0.20 0.20 
1,3-Diethylbenzene 0.14 0.12 
1-Methyl-3-n-propylbenzene 0.24 0.21 
Cl l  Paraffin 0.48 0.49 
1-Methyl-4-n-propylbenzene 0.17 0.15 
n-Butylbenzene 0.16 0.14 
1,2-Diethylbenzene 0.39 0.34 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 0.10 0.09 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 

Page 8 

CAPILLARy GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

Cl l  Paraffin 0.23 0.24 
1-Methyl-2-n-propylbenzene 0.26 0.23 
C11 Paraffin 0.26 0.27 
CI1 Paraffin 0.30 0.31 
1,4-Dimethyl-2-ethylbenzene 0.27 0.24 
1,3-Dimethyl-4-ethylbenzene 0.18 0.16 
Cl l  Paraffin 0.30 0.31 
1,2-Dimethyl-4-ethylbenzene 0.36 0.31 
Unidentified Cl l ' s  0.44 0.45 
n-Undecane 0.17 0.17 
1,2,4,5-Tetramethylbenzene 0.12 0.10 
1,2,3,5-Tetramethylbenzene 0.12 0.10 
C12 ParaffÉns 0.36 0.36 
C l l  & C12 Indans Q.02 0.02 
C11 Aromatics 0.07 0.06 
Naphthalene 0.03 0.02 
Unidentified C12's 0.35 0.34 
n-Dodecane 0.02 0.02 
Heavies (nCI2 +) 0.07 0.07 
Total Olefins 0.03 0.03 

Totals 100.00 100.00 

Hydrocarbon Type Summary Wt. % LV % 

n-Paraffins 18.14 19.62 
Isoparaffins 29.51 31.20 
Naphthenes 26.65 26.40 
Aromatics 24.25 21.32 
Unknowns 1.42 1.43 
Olefins 0.03 0.03 

Totals I00.00 100.00 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207011 
Sample ID: F-185 
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Saturates 
Olefins 
Aromatics 

ASTM D-1319 

L.V.% 

81.3 
2.1 

16.6 

Michael A. Sommer II, Ph.D. 

MAS/ar 
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Certificate No.: 21207011 
Description: F-185 
Analysis Date: December 11, 1992 

Analyst: PAR 

N I U I I I I  
N l l l l l l l l l  Rl!!g!!! 
CONSCI 

% Overhead Deg. F 

IBP 0.5 161 
2 187 
4 195 

6 201 
8 208 

10 210 
12 217 
14 219 
16 220 
18 223 
20 231 
22 235 
24 237 
26 240 
26 243 
30 246 
32 248 
34 253 
36 257 
38 258 
40 260 
42 270 
44 274 
46 276 

48 280 
50 284 

52 286 
54 287 
56 290 

56 294 
60 298 
62 302 

64 305 
66 307 

68 312 
70 317 
72 321 
74 325 
76 329 

78 332 
80 337 
82 341 

84 345 
86 348 
88 353 

90 360 
92 366 

94 373 
96 383 
96  3 9 0  

FBP 99.5 407 

Simulated Distillation ASTM D-2887 
F-185, 21207011 

LI. 

Q 

n 

•/.,-f 
0 

/ 

.._.-- / 

tO ~0 ~0 4 ~ 0O 

Percent Ovemeacl 

J 
J 

/ 

Specific Gravity 0.7660 

Average Molecular Wt  156 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77.502 (713) 920-1696 FAX (713) 920-1648 
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SAMPLE NO. F-185 
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Arco Corporate Toxicology Dept. 
515 South Flower St. 
Los Angeles, California 90071 

Attn: Francis Koschier 

Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 
Date Received: August i9, 1993 

C 

mm 
CON$Cl 

September 21, !993 

Invoice #: 101913 
PO #: CS92-001 

CERTIFICATE OF ANALYSIS 

pARAME,TER METHQD RESULTS ~ . ANALYST DATE 

Specific Gravity D-1298 0,7516 -- WMG 08/23/93 

Refractive Index D-1218 1.4242 - -  RDP 08/26/93 

Avg. Mol. Wt GPSA 123.8 - -  WMG 09/11/93 

Sulfur (MC) D-3120 5810 mg/Kg MY 08/26/93 

Total Oxygen D-4815 < 0.01 wt.% EB 09/11/93 

Carbon Calc. 86.26 wt. % WMG 09/11/93 

Hydrogen Calc. 13.74 wt. % WMG 09/11/93 

Nitrogen D-4629 2 mg/Kg MS 08/31/93 

Viscosity D-445 
100 F 0.69 est. DGN 08/27/93 
122 F 0.62 cst. DGN 08/27/93 
210 F . . . . . . .  

Pour Point D-97 <-85 °F DGN 08/27/93 

Existent Gum D-381 
Washed 8.8 mg/100ml DGN 08/27/93 
Unwashed 10.8 mg/100ral DGN 08/27/93 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 

CERTIFICATE OFANALYSIS 

Page 2 

PARAMETER METHOD RESULTS UNITS ANALYST ,DATE 

i • METALS: 

Lead 239.1 < 0.1 mg/kg GAB 09/07/93 

L Copper 220.1 < 0.5 mg/kg GAB 09107/93 

I 
, Iron 236.1 0.5 mg/kg GAB 09/08/93 
L 

Nickel 249.1 < 0.05 mg/kg GAB 09108193 

Sodium 273.1 < 0.03 mg/kg GAB 09/08/93 

! Vanadium 286.1 < 0.5 mg/kg GAB 09108193 
i 
L . . . .  

Arsenic 206.3 < 0.001 mg/kg GAB 09/08/93 
i 

Chromium 218.1 < 0,05 mg/kg GAB 09108193 

i 

t_, . ,  

L: 

L 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 
Analysis Date: September 7, 1993 
Analyst: MS 

Component 

Acenaphthene 

Aeenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(a) fluoranthene 

Benzo(ghi)perylene 

Bonzo(k)fluorantheno 

Chrysene 

Dibenzo (a,h)anthraeene 

Fluoranthene 

Fluorene 

Indeno(1,2,3<.d)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

2-Methylnaphthaleno 

1-Methylnaphthalene 

Page 3 

CERTIF/CATE OF ANALYSIS 

Amt. Detected 

N.D. 

N.D, 

N.D. 

N.D. 

N.D. 

N,D. 

N.D. 

N.D. 

N.D. 

N.D. 

N,D. 

N.D. 

N.D. 

14.0 

N.D. 

N.D. 

1.2 

N.D. 

Detection Limit 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

i • 

! . 

t 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 

Page 4 

C.APILLARY QAS CHROMATOGRAPHY ANALYSI~ 

Component Name 

2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
n-Hexane 
2,2-Dimethylpentane 
Methylcyelopentane 
2, 4-Dimethylpentane 
Benzene 
Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 
1,1-Dimethyleyclopentane 
3-Methylhexane 
t-l,3-Dimethyleyelopentane 
c- 1,3-Dimethylcyclopentane 
3-Ethylpentane 
t-l,2-Dimethylcyelopentane 
n-Heptane 
c- 1,2-Dimethyleyclopentane + 

Methylcyelohexane 
2,2-Dimethylhexane + 113 TMCP 
Ethyleyelopentane 
2,5-Dimethylhexane 
1,2,4-Trimethylcyelopentane 
2,3,4Trimethylpentane 
2,3,3-Trimethylpentane 
Toluene 
2,3-Dimethylhexane 
C8 Naphthene + C8 Paraffin 
2-Methylheptane 
4-Methylheptane 
C8 Paraffin 
3-Methylheptane 
3-Ethylhexane + 

c-l,4-Dimethylcyelohexane 
t-l,4-Dimethyleyel0hexane 
C8 Naphthene 
C8 Naphthene 

Wt. % L.V. % 

0.01 0.01 
0.21 0.23 
0.18 0.19 
1.71 1.86 
0.01 0.01 
0.58 0.56 
0.04 0.04 
0.22 0.18 
0.29 0.27 
0.82 0.87 
2.81 2.90 
0.04 0.04 
1.05 1.10 
0.27 0.26 
0.24 0.23 
0.04 0.04 
0.35 0.33 
5.35 5.62 

1.23 1.15 
0.04 0.04 
0.71 0.67 
0.08 0,08 
0.14 0.13 
0.10 0.10 
0.01 0.01 
2.23 1.85 
0.08 0.08 
0.19 0.18 
2.05 2.11 
0.40 0.41 
0.03 0.03 
0.74 0.75 

0.50 0.46 
0.I0 0.09 
0.09 0.09 
0.28 0.26 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 92@1696 FAX (713) 920-1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 

Page 5 

CAPILLA, RY GAS CHROMATOGRAPHY ANALYSIS 

Component Name 

C8 Naphthene 
C8 Naphthene 
C8 Naphthene 
t-1,2 -Dimethylcyclohexano 
n-Octane 
C8 Naphthene 
1,2,3=Trimethylcyclopentane 
C9 Naphthene 
C9 Paraffin 
Isopropylcyclopentane 
C9 Paraffin 
c-l,2-Dimethylcyclohexane 
1,3,5-Trimethyleyclohexane 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
Ethylbenzene 
C9 Naphthene 
C9 Naphthene 
m-Xylene 
p-Xylene 
C9 Paraffin 
3,4-Dimethylheptane + C8 Dinaphthene 
2-Methyloctaae 
4-Methyloctano 
3-Ethylheptane 
3-Methyloctane 
o-Xylene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
C9 Naphthene 
Naphthene 

Wt.% L.V.% 

0.24 0.23 
0.39 0.37 
0.03 0.03 
0.18 0.17 
5.02 5.13 
0.26 0.24 
0.10 0.09 
0.16 0,15 
0.06 0.06 
0.12 0.11 
0.39 0.39 
1.00 0.90 
0.55 0,51 
0.04 0.04 
0.04 0.04 
0.05 0.05 
0.09 0.08 
0.II 0,I0 
0.07 0.06 
0.09 0.08 
0.79 0.66 
0.04 0.04 
0.01 0.01 
1.74 1,45 
0.63 0,53 
0.26 0.26 
0.04 0.04 
0.54 0.54 
0.72 0.72 
0.09 0.09 
1.16 1.16 
0.80 0.65 
0.07 0.06 

0,06 0,06 
0.07 0.06 
0.11 0.10 
0.34 0.32 
0.33 0.31 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX ~713) 920-7848 
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Areo Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample/D: F-250, Coker Naphtha 

Page 6 

CAPILLARY GAS CHROMATOGRAPHY .ANALYSIS 

Component Name 

Naphthene 
C9 Naphthen~ 
(29 Dinaphthene 
n-Nonane 
C9 Naphthene 
C9 Naphthene 
129 Naphthene 
(29 Naphthene 
Isopropylbenzene 
C9 Dinaphthene 
C10 Paraffin 
Naphthene 
C10 Naphthene 
C9 Naphthene 
CI0 Naphthene 
C10 Naphthene 
CIO Dinaphthene 
ClO Naphthene 
C10 Naphthene 
C10 Paraffin 
3,3-Dimethyloctane 
C10 Paraffin 
n-Propylbenzene 
Naphthene 
Naphthene 
Naphthene 
1-Methyl-3,ethylbenzene + C10 Paraffin 
l-Methyl-4-ethylbenzene 
2,3-Dimethyloetane 
1,3,5-Trimethylbenzene 
C10 Naphthene + CI0 Paraffin 
4-Methylnonane 
2-Methylnonane 
Naphthene 
3 -Ethyloetane 
1-Methyl-2-ethylbenzene 
C10 Dinaphthene . 

Wt.% L.V.% 

0.10 0.09 
0.10 0.09 
0.13 0.12 
4.67 4.68 
0.09 0.08 
0.19 0.17 
0.06 0.06 
0 . 2 4  0 . 2 2  

0.18 0.15 
0.11 0.10 
0.05 0.05 
0.01 0.01 
0 . 0 2 0 . 0 2  
0.07 0.06 
0.07 0.06 
0.29 0.26 
0.40 0.36 
0.02 0.02 
0.04 0.04 
0.75 0.74 
0.04 0.04 
0.32 0.31 
0.44 0.37 
0.03 0.03 
0.04 0.04 
0.03 0,03 
0.90 0.75 
0.47 0.39 
0.09 0.09 
0.41 0.34 
0.25 0.22 
O.67 0.66 
0.55 0.54 
0.02 0.02 
0.07 0.07 
0.49 0.40 
0.04 0.04 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920.1696 FAX (713) 920-'1648 
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Arco Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample I13: F-250, Coker Naphtha 

Page 7 

,CAPILLARY GAS CHROMATOGRAPHY ANALYSIS 

Component Name 

3-Methylnonane 
1,2,4-Trimethylbenzene 
C10 Naphthene 
El0 Naphthene 
C10 Naphthene 
C10 Naphthene 
C10 Naphthene 
C10 Naphthene 
C10 Naphtheno 
n-De.cane 
C10 Naphthene 
1,2,3-Trimethylbenzene 
Naphthene 
Indan 
Cl I Paraffin 
C11 Paraffin 
C10 Naphthene 
C10 Naphthene 
CI! Paraffin 
1,3-Diethyibenzene 
1-Methyl-3-n-propylbe~ene 
Cll  Paraffin 
n-Butylbenzene 
1,2-Diethylbenzene 
1,3-Dimethyl-5-ethylbenzene + 

1,4-Diethylbenzene 
C11 Paraffin 
Cl l  Paraffin 
C11 Paraff'm 
Naphthene 
C11 Paraffin 
Naphthene 
Naphthene 
Naphthene 
Naphthene 
Naphthene 
1,2-Dimethyl-3-ethylbenzene 

Wt. % L.V.  % 

0.36 0.35 
1.04 0.85 
0.07 0.06 
0.03 0.03 
0.12 0.11 
0.24 0.22 
0.15 0.13 
0.08 0.07 
0.15 0.13 
3.61 3.55 
0.09 0.08 
0.65 0.52 
0.26 0.23 
0..22 0.16 
0.41 0.40 
0.04 0.04 
0.19 0.17 
0.25 0.22 
0.17 0.16 
0.14 0.12 
0.22 0.18 
0.03 0.03 
0,14 0.12 
0.15 0.12 

0.21 0.18 
0.14 0.13 
0.11 0.11 
0.14 0.13 
0.12 0.11 
0.10 0.10 
0.03 0.03 
0.02 0.02 
0.04 0.04 
0.01 0.01 
0.01 0.01 
0.12 0.10 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713} 920-1696 FAX (713)920-1648 
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Areo Corporate Toxicology Dept. 
Certificate #: 30819018 
Sample ID: F-250, Coker Naphtha 

Page 8 

C~APILLARY GAS CHROMATOGRAPHY ANALYSIS 

Component Name 

mUndecane 
1,2,4,5-Tetramethylbenzene 
1,2,3,5-Tetramethylb enz ene 
Cl l  & C12 Indans 
C11 Aromatics 
Total Olefins 

Wt .% L.V.% 

0.54 0.52 
0.12 0.10 
0.12 0.I0 
0.15 0.11 
0.18 0.14 

36.57 39.17 

Totals 100.00 100.00 

Hydrocarbon Type Summary 

n-Paraffins 
Isoparaffins 
Naphthenes 
Aromatics 
Unknowns 
01efins 

Wt% LV% 

20.90 21.36 
16.30 I6.48 
13.56 12.55 
12.67 10.45 

0.00 0.00 
36.57 39.17 

Totals 100.00 i00.00 

William M. Geiger 

WMG/ar 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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Certificate No.: 30819018 
Description: F-250 
Analysis Date: September 7, 1993 
Analyst: PAR 

% Overhead Deg. F 

IBP 0,5 143 
2 154 
4 161 
6 176 
8 188 

10 195 
12 201 
14 2O5 
16 209 
18 212 
2O 215 
22 217 
24 220 
26 228 
28 23O 
30 233 
32 238 
34 241 
36 245 
38 249 
40 253 
42 257 
44 259 
46 262 
48 266 
50 269 
52 273 
54 279 
56 283 
58 286 
60 290 
62 293 
64 298 
66 303 
68 307 
70 309 
72 312 
74 316 
76 321 
78 324 
80 328 
82 333 
84 336 
86 341 
88 345 
90 348 
92 350 
94 354 
96 362 
98 373 

FBP 100 448 

CONSOLIDATED SCIENCES, INCORPORATED 

m 
C O N S C l  

- 

ASTM D-2887 
30819018, F-250 

,,450 

~ t ............................................................ ~ . ~ ,  
~oo ~ ..................................... ~ :  ................. 

=oo ~ - - . - ~  . . . . . . . . . . . . . . . . . . . . . . . . .  
~ ' ~  V -  ............................................................................................... 

i ooo.~.., ~ o 2 o  '~'~r~6 ' ',~ ''60'''70' ' ' ~  " '~'  ~ 
Percent Overhead 

Specific Gravity 0.7516 

Avg. Mol. Wt. 123.8 

1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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CONSCI 
ARCO 
Environment, Health & Safety 
515 South Flower Street 
Los Angeles, California 90071 

Attn: Francis J'. Koschier, Ph.D. 

Certificate #:, 21207012 
Sample ID: F-186 
Date Received: December 7, 1992 

o C A ~ 3  

CERTIFICATE OF ANALYS.IS 

F - / j > $  . 

December 31, 1992 

Invoice #: 100303 

p A R A M E t E R  METHOD 

Specific Gravity D-1298 

Refractive Index D- 1218 

Avg. Mol. Wt GPSA 

Sulfur 0VIC) D-3120 

Total Oxygen Neut. Act. 

Carbon Cal¢, 

Hydrogen Cale. 

Nitrogen D-4629 

VisCosity D-445 
100 F 
122 F 
210 F 

Pour Point D-97 

Existent Gum D-381 
Washed 
Unwashed 

CONSOLIDATED SCIENCES, INCORPORATED 

RES ..ULTS UNITS ANALYST 

0.6659 --- ECB 

1.3761 --- RDP 

86 --- WMG 

4 ppm/wt TES 

< 0.01 wt. % WDJ 

84.02 wt. % WMG 

15.98 wt.% WMG 

2 ppm/wt JWT 

0.43 cst. RDP 
0.39 est. RDP 

NA NA NA 

<-  76 °F DCM 

0.2 
0.2 

1416 SOUTHMORE 

DATE 

12/08/92 

12/14/92 

12/24/92 

12/15/92 

12/17/92 

12/24/92 

12/24/92 

12/17/92 

12/16/92 
12/16/92 

NA 

12/18/92 

mg/100ml DCM 
...... m _ . ~ , ( ! . ~ . m !  . . . . . . . . . . . . . .  D C M  . . . . . .  

12/16/92 
I2/16/92 

IIIII Illlllllll IIII III 
10001892 ATX-920128 

PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207012 
Sample ID: F-186 

Page 2 

CERTIFICATE OF ANALYSIS 

pARAMETER METHQD RESULTS UNITS ANALYST DATE 

METALS: 

Lead 239.1 < 0.2 mg/kg GAB 12/21/92 

Copper 220.1 < 0.1 mg/kg GAB 12/21/92 

Iron 236.1 < 0.1 mg/kg GAB 12/21/92 

Nickel 249.1 < 0.1 mg/kg GAB 12/21/92 

Sodium 273.1 19.0 mg/kg GAB 12/21/92 

Vanadium 286.1 < 1,0 mg/kg GAB 12/21/92 

Arsenic 206.3 < 0.002 mg/kg GAB 12/21/92 

Chromium 218.1 < 0.1 mg/kg GAB 12/21/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207012 
Sample ID: F-186 

Page 3 

CERTIFICATE OF ANALYSIS-METHOD 8270 

pARAMETER .R. ESULTS UNITS ANALYST DATE 

POLYNUCLEAR AROMATICS: 

Naphthalene < 2 mg/kg DMK 12/22/92 

2-Methylnaphthalene < 2 mg/kg DMK I2/22/92 

1-Methylnaphthalene < 2 mg/kg DMK 12/22/92 

Aeenaphthylene < 2 mg/kg DMK 12/22/92 

Acenaphthene < 2 mg/kg DMK 12/22/92 

Fluorene < 2 mg/kg DMK 12/22/92 

Phenanthrene < 2 mg/kg DMK 12/22/92 

Anthracene < 2 mg/kg DMK 12/22/92 

Fluoranthene < 2 mg/kg DMK 12/22/92 

Pyrene < 2 mg/kg DMK 12/22/92 

Benzo(a)anthraeene < 2 mg/kg DMK 12/22/92 

Chrysene < 2 mg/kg DMK 12/22/92 

Benzo(b)fluoranthene < 2 mg/kg DMK 12/22/92 

Bertzo(k)fluoranthene < 2 mg/kg DMK 12/22/92 

Benzo(a)pyrene < 2 mg/kg DMK l 2/22/92 

Dibenzo(a,h)anthracene < 2 mg/kg DMK 12/22/92 

Benzo(g,h,i)perylene < 2 mg/kg DMK 12/22/92 

Ideno(1,2,3-cd)pyrene < 2 mg/kg DMK 12/22/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 92(~1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207012 
Sample ID: F-186 

Page 4 

CAPIIJ~ARY GAS CHROMATOGRAPHY,ANALYSIS 

Component Name Wt. % LV % 

Isopentane 0.01 0.01 
n-Pentane 5.51 5.86 
2,2-Dimethylbutane 0.07 0.07 
Cyelopentane 0.49 0.44 
2,3-Dimethylbutane 0.26 0.26 
2-Methylpentane 2.04 2.08 
3-Methylpentane 1.18 1.18 
n-Hexane 78.22 79. I0 
2,2-Dimethylpentane 0 . 0 3  0.03 
Methylcyclopentane 1.57 1.40 
2,4-Dimethylpentane 0.07 0.07 
2,2,3-Trimethylbutane 0.01 0.0I 
Benzene 2.51 1.91 
3,3-Dimethylpentane 0.01 0.01 
Cyelohexane 0.93 0.80 
2-Methylhexane 0.23 0.23 
2,3-Dimethylpentane 0.09 0.09 
1, I-Dimethylcyclopentane 0.05 0.04 
3-Methylhexane 0.24 0.23 
t-l,3-Dimethylcyclopentane 0. I0 0.09 
c-l,3-Dimethylcyclopentane 0.11 0. I 0 
t-l,2-Dimethyleyelopentane 0.17 0.15 
n-Heptane 5.39 5.26 
c-1,2-Dimethylcyclopentane + 

Methylcyclohexane 0.22 0.19 
Ethyleyelopentane 0.02 0.02 
Toluene 0.44 0.34 
Total Olefins 0.03 0.03 

Totals 100.00 100.00 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 92(~696 FAX (713) 920-1648 
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ARCO 
Certificate #: 21207012 
Sample ID: F-186 

Page 5 

Hydrocarbon Type Summary 

n-Paraffins 
Isoparaffins 
Naphthenes 
Aromatics 
Unknowns 
Olefins 

Wt.% LV% 

89.12 90.22 
'4.24 4.27 
3.66 3.23 
2.95 2,25 
0.00 0.00 
0.03 0.03 

Totals 100.00 100.00 

Michael A. Sommer II, Ph.D. 

MAS/ar 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



Certifloette No.: 2120.7012 
Description: F-186 
Analysis Date: December 12, 1992 

Analyst: PAR 

I I I I I I I I N I I N I I  
i m n l l m n l u  

N i l  • lN,,,,nnll, 
W l l  w" IImR ltl" I I I  

CONSCI 

% Overhead Deg. F 

IBP 0.5 g6 
2 97 
4 99 
6 135 
8 144 

10 153 
12 154 
14 155 
16 156 
18 156 
20 157 
22 157 
24 158 
26 159 
28 159 
30 160 
32 160 
34 161 
36 162 

38 162 
40 163 
42 163 
44 164 
46 164 
48 165 
50 166 

52 166 
54 167 
56 167 

58 168 
6O 168 
62 169 
64 170 
66 170 
68 171 
70 171 
72 172 

74 173 
76 173 
78 174 
80 174 
82 175 
84 175 
86 176 
88 177 
90 181 
92 185 

g4 203 
96 208 
98 210 

FBP 99.5 232 

t~  

E3 

Simulated Distillation ASTM D-2887 
F-186, 21207012 

1 

i ~0 0 ~ 00 

Percent Ovemead 

/ 

70 ~ '  ' 90 i00 

Specific Gravity 0.6559 

Average Molecular Wt. 86 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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ARCO 
Environment, Health & Safety 
515 South Flower Street 
Los Angeles, California 90071 

Attn: Francis J. Koschier, Ph.D. 

Certificate #: 21207021 
Sample ID: F-187 
Date Received: December 7, 1992 

I I N I I I I  N I N I I I N I  
i n I I I  i i i i i l i  
l l l lr l lI l l  
CONSCI 

f - / e - z -  ,. .-. 

r,4. r r -  <7 z-  o/39 

December 31, 1992 

Invoice #: 100303 

IIIII IIIilllllll III III 
10001901 ATX-920137 

CERTIFICATE.OF ANALYSIS ~ 

PARAMETER METHOD RESULTS UNITS AN. ALYST 

Specific Gravity D-1298 0.7079 --- ECB 

Refractive Index D-1218 1.3963 --- RDP 

Avg. Mol. Wt GPSA 101 - -  WMG 

Sulfur 0VIC) D-3120 2 ppm/wt. TES 

Total Oxygen Neut. Act. < 0.01 wt.% WDJ 

Carbon Calc. 85.37 wt. % WMG 

Hydrogen Calc. 14.63 wt. % WMG 

Nitrogen D-4629 1 ppm/wt. JWT 

Viscosity D-445 
100 F 0.49 cst. TES 
122 F 0.45 cst. TES 
210 F NA NA NA 

Pour Point D-97 < -76 °F RDP 

Existent Gum D-381 
Washed 0.2 ' mg/100ml DCM 
Unwashed 0.4 mg/100ml DC M 

c H ~  ~ 

DATE 

12/08/92 

12/14/92 

12/13/92 

12/16/92 

12/17/92 

12/28/92 

12/28/92 

12/18/92 

12/21/92 
12/21/92 

NA 

12/28/92 

12/16/92 
12/16/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207021 
Sample ID: F-187 

Page 2 

CERTIFICATE OF ANALYSIS 

PARAMETER METHOD RESULTS UNITS ANALYST DATE 

METALS: 

Lead 239.1 < 0.2 mg/kg GAB 12/21/92 

Copper 220.1 < 0.1 mg/kg GAB 12/21/92 

Iron 236.1 0.22 mg/kg GAB 12/21/92 

Nickel 249.1 < 0.1 mg/kg GAB 12/21/92 

Sodium 273. l 19.6 mg/kg GAB 12/21/92 

Vanadium 286.1 < O. 1 mg/kg GAB 12/21/92 

Arsenic 206.3 < 0.002 mglkg GAB 12/21/92 

Chromium 218.1 < 0.1 mg/kg GAB 12/21/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



ARCO 
Certificate #: 21207021 
Sample ID: F-187 

P ~ e 3  

CERTIFICATE OF ANALYSIS-METHOD 8270 

PARAMETER RESULTS UNITS ANALYST DATE 

POLYNUCLEAR AROMATICS: 

Naphthalene < 1 mg/kg DMK 12/13/92 

2-Methylnaphthalene < t mg/kg DMK 12/l 3/92 

1-Methylnaphthalene < 1 mg/kg DMK 12/13/92 

Acenaphthylerte < 1 mg/kg DMK 12/13/92 

Acenaphthene < 1 mg/kg DMK 12/13/92 

Fluorene < 1 mg/kg DMK 12/13/92 

Phenanthrene < 1 mg/kg DMK 12/13/92 

Anthracene < 1 mg/kg DMK 12/13/92 

Fluoranthene < 1 mg/kg DMK 12/13/92 

Pyrene < I mg/kg DMK 12/13/92 

Benzo(a)anthracene < I mg/kg DMK 12/13/92 

Chrysene < 1 mg/kg DMK 12/13/92 

Benzo(b)fluoranthene < I mg/kg DMK 12/13/92 

Benzo(k)fluoranthene < 1 mg/kg DMK 12/13/92 

Benzo(a)pyrene < 1 mg/kg DMK 12/13/92 

Dibenzo(a,h)anthraeene < I mg/kg DMK 12/13/92 

Benzo(g,h,i)perylene < I mg/kg DMK 12/13/92 

Ideno(1,2,3-cd)pyrene < 1 mg/kg DMK 12/13/92 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 
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ARCO 
Certificate #: 21207021 
Sample ID: F-187 
Date Received: December 7, 1992 

Page 4 

CAPILLARY GAS CHROMATOGRAPHY ANALYSIS 

Component Name Wt. % LV % 

Isopentane 0.02 0.02 
n-Pentane 1.19 1.35 
2,2"Dimethylbutane 0.61 0.67 
Cyclopentane 4.18 4.00 
2-Methylpentane 20.35 22.22 
3-Methylpentane 12.22 13.12 
n-Hexane 10.42 i 1.27 
2,2-Dimethylpentane 0.30 0.32 
Methylcyclopentane 17.54 16.71 
2,4-Dimethylpentane 0.66 0.70 
2,2,3-Trimethylbutane 0.06 0.06 
Benzene 9.56 7.76 
3,3-Dimethylpentane 0.10 0.10 
Cyelohexane 10.52 9.64 
2-Methylhexane 2.16 2.27 
2,3-Dimethylpentane 0.84 0.86 
1, l-Dimethyleyelopentane 0.50 0.47 
3-Methylhexane 2.15 2.23 
t-l,3-Dimethylcyclopentane 0.93 0.89 
e-l,3-Dimethylcyclopentane 0.95 0.91 
t- 1,2-Dimethylcyclopentane 1.53 1.45 
n-Heptane 0.59 0.62 
e- 1,2-Dimethylcyclopentane + 

Methylcyclohexane 1.74 1.61 
2,2-Dimethylhexane + 113 TMCP 0.03 0.03 
Ethylcyelopentane 0.11 0.10 
2,2,3-Trimethylpentane + 

2,4-Dimethytpentane 0.01 0.01 
1,2,4-Trimethylcyclopentane 0.01 0.01 
2,3,4-Trimethylpentane 0.01 0.01 
Toluene 0.70 0.58 
Total Olefins 0.01 0.01 

Totals 100.00 I00.00 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920.1648 
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ARCO 
Certificate #: 21207021 
Sample ID: F-187 
Date Received: December 7, 1992 

Page 5 

Hydrocarbon Type Summary 

n-Paraffins 
Isoparaffins 
Naphthenes 
Aromatics 
Unknowns 
Olefins 

W t . %  L V %  

12.20 13.24 
39.49 42.59 
38.04 35.82 
10.26 8.34 

0.00 0.00 
0.01 0.01 

Totals I00.00 I00.00 

Michael A. Sommer II, Ph.D. 

MAS/ar 
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Certificate No.: 21207021 
Description: F-187 
Analysis Date :  December 12, 1992 

Analyst: PAR 

U i N l l R i l  ! iilnman I I l l ,  l l l= , , .  
lily I I I I I  III lib 

~ I I !  lllm In, Ill 

CONSCI 

% Overhead Deg, F 

IBP 0.5 114 
2 137 
4 139 
6 140 
8 141 

10 141 
12 142 
14 142 
16 143 
18 144 
20 144 
22 145 
24 145 
26 146 
28 147 
30 149 
32 149 
34 150 
36 151 
38 151 
40 156 
42 157 
44 158 
46 159 
48 160 
50 168 
52 169 
54 170 
56 170 
58 171 
60 172 
62 172 
64 173 
66 173 
68 176 
70 182 
72 183 

74 183 
76 164 
78 186 
80 187 
82 188 

84 188 
86 189 
88 190 
90 193 
92 196 
94 200 
96 203 
98 219 

FBP 99,5 236 

Simulated Distillation ASTM D-2887 
F-187, 21207021 
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Specific Gravity 0.7079 

Average Molecular Wt. 101 

CONSOLIDATED SCIENCES, INCORPORATED 1416 SOUTHMORE PASADENA, TEXAS 77502 (713) 920-1696 FAX (713) 920-1648 



SYNCHRONOUS 
j i  

SAMPLE NO. F-187 

FLUORESCENCE 

5000 PPM 
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