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MICHIGAN BITUMINOUS EXPERIMENTAL ROAD: FINAL REPORT 

Background 

In 1950 it appeared that several new sources of asphalt cement would 
become available to contractors in Michigan. At that time the Michigan 
Department of State Highways began an investigation to compare qualities 
of these new sources with others that had previously met specifications 
and given satisfactory service. 

A laboratory study of 35 different asphalts, within penetration grades 
60-70, 85-100, and 150-175, was completed in 1952 and a supplemental 
study of materials from Wyoming and Canadian crude oil sources com­
pleted in 1954. Reports on these studies (1, 2) indicated that some of the 
new sources had physical characteristics different from those with which 
satisfactory experience had been obtained. Three main physical charac­
teristics were found to be different: 

1. Viscosities, 
2. Temperature susceptibilities, and 
3. Heat stabilities. 

It was felt that no definite conclusions regarding expected performance 
of these materials could be based on laboratory research. After con­
sultation with industry and the Bureau of Public Roads it was decided to 
construct an experimental test road using various materials in an attempt 
to correlate actual construction and in-service performance with labora­
tory results. 

Project 

The project identified as M 63-30, CSR selected for the test road was 
a 6-mile resurfacing of a 40-ft four-lane reinforced concrete pavement 
constructed in 1931. At the time of construction this was known as US 10 
and was located in Oakland County between Pontiac and Flint. In 1962 a 
parallel route (I 75) was constructed, resulting in turning back this portion 
of the road to the Oakland County Road Commission. The project was 



selected because this portion of roadway was heavily travelled and ·it was 
desired to subject the test road to fairly intensive traffic conditions in 
order to obtain performance information as quickly as possible. 

Table 1 lists average daily traffic 
count by years during the service life 
of the test road. It is estimated that 
approximately 36,000, 000 passenger 
and light commercial vehicles and 
8, 000,000 tractor-trailer units have 
passed over the test road since it was 
constructed. The decrease in traffic 
in 1958 is attributed to completion of 
US 23, a parallel expressway route, 
and further reduction in 1962 to the 
completion of I 75, the parallel inter­
state route. 

The test road portion of the proj­
ect was constructed in six identical 
sections of 2400 ft each. The layout 
of individual sections and subsections 
was as shown in Figure 1. 

2400 1 

1200 1 

LANE I 

LANE 2 I 
MEDIAN TEMP 

MEDIAN BIT CONTENT 
LANE 3 

l LANE 4 

TABLE 1 
AVERAGE 

DAILY TRAFFIC 

Average Percent 
Year Daily Commercial 

Traffic 

1954 11' 000 22.3 
1955 11' 300 22.1 
1956 11' 800 21.6 
1957 12,200 21.3 
1958 10,800 17.5 
1959 10,900 17.0 
1960 11,000 17.3 
1961 11,500 17.3 
1962 7,700 14.3 
1963 8,300 13,3 
1964 7,300 13.7 
1965 7,300 13.7 
1966 7,300 13.7 

-N 
1200 1 

HIGI4 TEMP - LOW efT CONTENT 

HIGH TEMP - HIGH BIT CONTENT 

LOW TEMP - HIGH BIT CONTENT 

LOW TEMP - cow BIT CONTENT 

SUBSECTION A SUBSECTION B ,_I:------ SECTION _____ ____,,I 

Figure 1. Typical layout of test road sections and subsectionso 

-2-



Materials 

The contractor was required to use the same sources of aggregates 
in producing the bituminous mixtures for each of the test sections. In 
addition, mixture proportions were maintained as uniform as possible in 
order to eliminate any effects such variations would have on pavement 
performance or physical properties of the asphalt or mixtures. Table 2 
lists sources and proportions of materials used. 

TABLE 2 
WEARING COURSE BITUMINOUS MIXTURE 

MATERIALS AND PROPORTIONS 

Material 

25A Coarse Aggregate 
3BC Fine Aggregate 
3MF Limestone Mineral Filler 

60-70 Asphalt Cement 

Typical Batch 
Source Proportioning, 

percent 

American Aggregate Corp., Green Oak, Mich. 55, 0 
Blend of two local sands 34, 5 
National Lime & Stone Co, , Findlay, Ohio 5, 0 

Section 1-Wyoming Crude, Refinery A 
Section 2-Venezuelan Crude 
Section 3-Wyoming Crude, Refinery B 
Section 4-West Texas Winkler Crude 
Section 5-Arkansas Smackover Crude 
Section 6-East Texas Talco Crude 

5,5 

The bitumen contents used in producing the mixtures were determined 
from results of Marshall check tests conducted on two sources of asphalt 
whose viscosity characteristics were the outer limits of the ranges studied. 
As shown in Figure 1, the high, low, and median bitumen content mixes 
were produced and placed at high, low, and median temperatures at speci­
fied locations in each test section, These variations--bitumen content and 
temperature--were the only differences programmed for production and 
placing of the mixtures. All other production and construction opera­
tions were controlled as uniformly as was practical. 

The high, low, and median temperatures were determined from vis­
cosity characteristics of the asphalts. Table 3 lists results of various 
consistency tests performed on the test road asphalts. The 1954 data are 
results obtained on fresh asphalt samples taken prior to construction. The 
1965 data are results obtained after bulk storage for 11 years in 5-gal 
containers. These were heated and their entire contents blended together 
for testing. The surface is believed to have hardened during storage, and 
blending this into the balance of the sample may have contributed to the 
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changes in consistency noted. Figure 2 shows viscosity-temperature 
curves of the original asphalts taken before start of construction. An 
attempt was made during construction to maintain mixture temperatures 
as uniform as possible so that the asphalts used would have Saybolt Furol 
viscosities of 75 sec at high temperatures and 200 sec at low temperatures. 
The median temperatures used were generally close to the average of the 
high and low temperatures for each type of asphalt. Although tempera­
tures were maintained fairly uniformly, it was not always possible to 
obtain the desired viscosities due to problems of moisture removal and 
workability. Table 4 lists average mix temperatures at the street observed 
in paving each section and corresponding asphalt viscosities. 

TABLE 3 
RESULTS OF CONSISTENCY TESTS ON 

ORIGINAL TEST ROAD ASPHALTS* 

Section 1 Section 2 Section 3 Section 4 
Test 

1954 11965 195411965 1954 11965 1954 11965 

Penetration 
59 F, 100 g, 5 sec, drum 22 21 22 23 
77 F, 100 g, 5 sec, dmm 63 58 60 57 67 58 60 53 
95 F, 100 g, 5 sec, dmm 173 154 186 151 

Softenin~ Point (R & B), F 120 125 119 123 

Viscosity 
Saybolt Furol 

225 F, centistokes 192 211 313 338 197 204 217 237 
300 F, centistokes 101 170 105 128 
325 F, centistokes 61 100 61 84 

Kinematic 
140 F, stokes 2457 4336 2361 3159 
275 F, centistokes 439 676 399 454 

*1954 - Tests run on original asphalts before test road was paved, 
1965- Samples of the original asphalts were taken in 1954 and stored in 5-gallon cans, 

Construction Procedure 

Section 5 Section 6 

1954 11965 1954,1965 

21 23 
61 52 65 61 

144 141 

120 124 

276 288 337 345 
150 172 

91 93 

3869 4418 
576 675 

The project was scheduled for construction during summer months to 
take advantage of optimum Michigan weather conditions. Since special 
equipment and operations were required, to maintain uniform tempera­
tures and quality of mixtures produced, 1-mile organizational sections at 
each end of the project were paved first to familiarize personnel with 
operations and equipment before work started on the test sections. 

Binder course mixture was placed at the rate of 170 lb per sq yd over 
each test section, immediately followed by the placing of wearing course 
mixture in the pattern shown in Figure 1 at the rate of 130 lb per sq yd. 
Construction time required to complete each 1/2-mile test section of 40-
ft pavement was 2-1/2 to 3 days. The same asphalt source was used for 
both binder and wearing course in each test section. 
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TABLE 4 
AVERAGE TEMPERATURES 

OF BITUMINOUS CONCRETE WEARING COURSE MIXTURES 
AND CORRESPONDING ASPHALT CEMENT VISCOSITIES 

Sub- Street Say bolt-
Sub- Street Say bolt-

Furol Furol 
Section Lane Temperature, Viscosity, Section Lane Temperature, Viscosity, 

F sec.* F sec.* 

1 300 103 1 295 144 

1A 
2 295 118 

4A 
2 295 144 

3 295 118 3 300 129 
4 285 148 4 300 129 

1 310 82 1 265 266 

1B 
2 310 82 

4B 2 285 175 
3 285 148 3 310 109 
4 285 148 4 315 98 

1 310 138 1 305 135 

2A 
2 300 170 5A 2 295 171 
3 320 112 3 310 122 
4 325 100 4 305 135 

1 335 83 1 320 99 

2B 
2 325 100 2 320 99 5B 
3 290 215 3 295 171 
4 290 215 4 285 212 

1 300 107 1 295 193 

3A 
2 310 84 2 295 193 6A 
3 310 84 3 290 220 
4 300 107 4 300 172 

1 315 76 1 320 105 

3B 
2 305 94 2 320 105 

6B 3 285 171 3 290 220 
4 285 171 4 290 220 

* Saybolt Furol viscosities at street temperatures interpolated from viscosity curves, 
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FIELD AND LABORATORY OBSERVATIONS 

Field Data Collection 

At the time of construction, temperatures of each truckload were 
measured at the plant and paver. Two truckloads from each lane in each 
subsection were sampled to supply mixture for Marshall specimens. These 
Marshall specimens were tested to determine their properties, and a mix 
analysis and recovery test were run. Samples of pavement produced from 
the same truckloads were taken for determination of physical properties, 
mix analysis, and recovery tests. 

In November 1954, the test road coring program began. Through 1957 
at least four core samples at two to four locations in each subsection were 
obtained annually for laboratory analysis. In December 1957, the num­
ber of core samples was increased so that both the center and one wheel 
track of each lane could be analyzed. Figure 3 shows a typical core loca­
tion. Approximately 2880 core samples have'been obtained from the test 
road since it was completed. Core test results are summarized in Appen­
dices A and B. 

Figure 3. Typical core location. 

Skid resistance tests were conducted on the test road in 1958 and 
1963, with the results given in Table 5. By 1958, this bituminous sur­
face had already been subjected to 4 years of polishing action by traffic. 



The coarse aggregate used was a predominantly silicious crushed gravel. 
With this type of aggregate, not much additional polishing was expected to 
take place after 1963. This is substantiated by Table 5, which indicates 
only a slight decrease in average coefficients between 1958 and 1963. 
The lack of any significant difference of coefficient of friction in the various 
sections and lanes indicates uniformity of the pavement surfaces and the 
absence of any effect of asphalt source on this property. The difference 
in values between traffic and passing lanes indicates effects of both num­
ber of repetitions of wheel passages and higher wheel loadings in the traffic 
lane. 

TABLE 5 
SKID RESISTANCE TEST RESULTS 

Coefficients of Wet Sliding Friction at 40 mph 

Traffic Lanes Passing Lanes 
Section f-----,,-----+----.,-----

May 1958 J July 1963 May 1958 I July 1963 

1 0.43 0.42 0.51 0.44 
2 0.44 0.44 0. 50 0.48 
3 0.43 0.44 0. 50 0.48 
4 0.40 0.42 0.51 0.47 
5 0.42 0.41 0.49 0.46 
6 0.41 0.40 0.49 0,47 

Avg. 0.42 0.42 0.50 0.47 

Visual observations have been made at periodic intervals. No serious 
deterioration has been observed in any of the test sections, although all 
sections have developed fairly extensive reflective cracking. Figure 4 
shows pavement condition prior to resurfacing and after 12 years of serv­
ice. Some differences in coloration do appear between sections, but not 
to any degree that can be correlated with the core data obtained. 

During August 1966, rut depth measurements were made at 100-ft 
intervals in each lane of each test section (Appendix C). Figure 5 shows 
the 10-ft straight-edge used in measuring maximum rut depth in each 
wheel track. It was felt that such measurements might provide data that 
could be correlated with core information or with the horizontal or vertical 
alignments of the test sections. 
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Figure 4 (above). Appearance of concrete before re­
surfacing (left) and test road surface after 12 years of 
service (right). 

Figure 5 (right). Rut depth measurement device. 



Laboratory Physical and Chemical Analyses 

A solvent separation into major constituents was made on the six test 
road asphalts as recovered from pavement cores after service of approxi­
mately 3-1/2 years. In addition, for comparative purposes a solvent 
separation was also made on the six test road asphalts set aside during 
construction in 1954 and stored in the laboratory in 5-gal pails for the 
same 3-1/2-year period. 

The Abson method was used to recover the asphalt from the pavement 
cores following the procedure described in ASTM Method D 1856. The 
asphalts were separated quantitatively into four major constituents: as­
phaltenes, oily constituents, light resins, and heavy resins. In addition, 
to determine the degree of saturation of the different components, an 
Iodine Number was determined for each. The results of these analyses 
did not correlate significantly with service performance of these six as­
phalts (Table 6). 

The procedure used for the solvent separations and method used to 
determine the Iodine Number are summarized as follows: 

Asphaltenes. The asphalt was dispersed in 86 deg Baume paraffin 
naphtha and the precipitate filtered through a tared Gooch crucible having 
an asbestos mat. The tared crucible containing the precipitate was dried 
at 100 C and weighed to determine the percentage of asphaltenes. 

Oily Constituents. The filtrate from the asphaltene procedure was 
poured into a paper-type Soxhlet thimble containing fuller's earth and 
refluxed with 86 deg Be naphtha. The extracted naphtha was then evap­
orated, and the residue dried at 65 C and weighed to determine the per­
centage of oily constituents. 

Light Resins. The Soxhlet thimble containing fuller's earth and the 
balance of the asphaltic components was then refluxed with benzene. The 
extract was evaporated, and the residue dried at 100 C and weighed to 
determine the percentage of light resins. 

Heavy Resins. The Soxhlet thimble containing fuller's earth and the 
remaining asphaltic components was then refluxed with acetone. The 
extract was evaporated, and the residue dried at 100 C and weighed to 
determine the percentage of heavy resins. 

Iodine Number. The Iodine Number was determined using the Wijs 
reagent method. 
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TABLE 6 
PHYSICAL AND CHEMICAL ANALYSES OF ASPHALT CEMENTS 

Section -- 1 2 3 4 5 6 

Crude Source -Wyoming, Refinery A Venezuelan Wyoming, Refinery B West Texas Winkler Arkansas Smackover East Texas Talco 

Asphalt Cement-"i"" Original I Recov-ered Original !Recovered Original _l Recovered OriginalJ Recovered Originalj Recovered Original I Recovered 

Date Sampled 1954 1957 1954 1957 1954 1957 1954 1957 1954 1957 1954 1957 

Penetration 63 37 60 37 67 30 60 41 61 37 65 36 

Asphaltenes, % 19.1 20.6 24.3 26.3 18.4 20.6 17.2 19.4 19.0 21.3 25.4 28.6 
I Iodine No. 67.6 57.6 75.9 68.2 71. 3 63.3 60. 0 57.3 67.0 63.9 72.8 64.6 ,... ,... 
' Oily Constituents, % 42.4 42.6 40.4 32.1 43.8 38.2 40.9 39.3 38.4 37.4 39.2 38.6 

Iodine No. 51.0 48.2 70.4 64.0 51.0 38.0 39.6 35.2 37.6 34.7 60.6 45.4 

Light Resins, % 17.8 11.8 13.5 18.0 13.9 17.7 16.7 20.2 19.4 18.0 12.5 12.3 
Iodine No. 98.4 88.9 128.7 75.8 110.4 70.7 80.6 76.2 97.7 64.2 85.0 60.1 

Heavy Resins, % 18.9 23.5 21.8 23.6 23.7 23.0 24.6 19.7 22.4 21.8 21.0 18.8 
Iodine No. 72.4 60.7 95.1 65.1 78.9 61.5 49.3 59.5 96.0 60.8 71.7 72.5 

Total, % 98.2 98.5 100.0 100.0 99.8 99.5 99.4 98.6 99.2 98.5 98.1 98.3 



DISCUSSION 

Prior reports on the bituminous test road (3, 4) indicated certain 
features considered pertinent in 1955 and 1959. After 12 years of serv­
ice, the trends observed earlier have been confirmed by the additional 
data obtained. 

In an attempt to determine how well the various test sections per­
formed, statistical analyses were undertaken. These showed a wide 
dispersion or variation in quantitative values obtained for the various 
properties of the asphalt cements used and pavement densities, regard­
less of the manner in which the data were grouped. Indeed, variations 
were expected to result from service time or aging effects. The analyses 
did show a wider variation in data for asphalt properties obtained from 
Sections 2 and 6, indicating that the asphalts used there underwent more 
change than other asphalts. 

TABLE 7 
STATISTICAL FUNCTIONS FOR DATA 

FROM 570 EXTRACTION TESTS 
PERFORMED ON PAVEMENT CORE SAMPLES 

OF WEARING COURSE lVIIXTlJRE 

Mixture Proportions 

Coarse Aggregate (RlO) 
Fine Aggregate (P10-R200) 
Dust (P200) 
Bitumen 

Gradation of Extracted Aggregate 

Passing 5/8 in. 
Passing 1/2 in. 
Passing 3/8 in.* 
Passing No. 4 
Passing No. 10 
Passing No. 40 
Passing No. 80 
Passing No, 200 

Arithmetic 
Mean, 

% 

X 

57.33 
32.04 

5.48 
5.17 

99.98 
97,35 
80.09 
50,25 
39,57 
30.78 
15.46 
5.77 

Standard 
Deviation, 

% 

1. 21 
1,14 
0. 60 
0.21 

0.14 
1. 41 
2. 55 
1. 94 
1. 26 
1. 56 
1. 09 
0.63 

*3/8 in. sieve was added in 1961 and only 246 extraction 
tests were performed using this sieve. 

Table 7 is a compilation of statistical functions for resultE obtained 
from the 570 extraction tests performed on pavement core samples of 
wearing course mixture. It is interesting to note that there is very little 
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difference in standard deviations for each sieve size analyzed in the grada­
tion of extracted aggregate, except material passing the No. 200 sieve. 
This is borne out in the analysis of mixture proportions, which shows a 
higher standard deviation for the mineral filler in proportion to the quantity 
evaluated than for the other ingredients. Since a fairly uniform quantity 
of mineral filler was added to the mixture during production, and there is 
no evidence of degradation in the aggregates used, this indicates that there 
may have been some fluctuation in this fraction present in the raw mate­
rials. 

Figures 6 and 7 are plots of specific gravities and penetrations of re­
covered asphalt expressed as a percentage of original penetration versus 
length of pavement service in months. These plots of data from wheel 
track pavement cores indicate an increase in pavement density up to some 
maximum value and then very little change. The penetration values show 
a decrease, but the rate of decrease generally becomes smaller as the 
pavement ages. The wheel track data were used for these plots because 
of fluctuations present in data obtained from center-of-lane core samples. 
These fluctuations are partially attributed to oil drippings and other road 
debris impregnating the wearing course. 

Regression analyses were performed on the data used for Figures 6 
and 7. Equations developed from these analyses were of the following 
form: 

where 

Specific Gravity = a + b (ln t) 
Percent of Original Penetration = c - dt 

a, b, c, and d = constants 
t = test road service life in months . 

Correlation coefficients (r values) for the data analyzed are listed and 
indicate much better correlation for the specific gravity data. It is 
interesting to note that correlation coefficients for traffic lane specific 
gravity data were generally higher than passing lane data. 

Table 8 presents average values determined from maximum rut depths 
measured with a straight edge transversely across the pavement. Plan 
and profile views of the test sections are shown in Figure 8. As can be 
seen, there is very little significant difference between various sections 
in results obtained for a given lane. It should be noted that much more 
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Figure 6. Change in specific gravity of wheel track core samples with time. 
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Figure 7. Change in penetration of recovered asphalt from wheel track core samples with time. 
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rutting developed in traffic lanes than passing lanes. Analysis of the data 
in Appendix C indicated no significant correlation between rutting and 
vertical alignment. In general, the greatest rutting occurred in the outer­
most lane around horizontal curves, indicating that a component of cen­
trifugal force contributed to an increased force applied normal to the 
pavement surface in these areas. Another significant indication is that 
more rutting occurred in the northbound traffic lane than the southbound. 
It is believed that this is due to northbound truck traffic being more 
heavily loaded, because of numerous gravel pits at the south end of the 
test project. 

TABLE 8 
SUMMARY OF RUT DEPTH MEASUREMENTS 

Wheel Average Rut Depth for Subsection Indicated, in. 
Lane 

Track 
1A I 1B I 2A I 2B I 3A I 3B I 4A I 4B I 5A I 5B I SA I 6B 

1 
Right 0.16 0.08 0,14 0.16 0,20 0,21 0.14 0.18 0. 19 0.15 0,13 0.18 
Left 0.11 0.05 0.15 0. 16 0,20 0,15 0.22 0,15 0. 10 0.12 0.11 0. 11 

2 
Right 0.03 0.02 0.05 0.06 0.03 0,05 0. 09 0.06 0.03 0. 06 0.05 0.03 
Left 0.07 0.04 0.09 0.03 0.04 0.08 0.12 0.09 0. 07 0.09 0. 09 0.06 

3 
Left 0. 01 0.03 0.03 0. 05 0.04 0.06 0. 04 0.04 0. 04 0.05 0.05 0. 03 

Right 0,02 0.01 0.03 0,03 0.07 0.05 0.05 0.02 0. 03 0.06 0.03 0.06 

4 
Left 0.16 0.21 0.13 0.11 0.07 0.17 0. 28 0.15 0.18 0.38 0.16 0,23 

Right 0. 19 0.19 0. 28 0,22 0.19 0.27 0,36 0. 21 0.23 0,24 0,17 0.22 

No correlation could be established regarding the relation of increase 
in rut depth to decrease in asphalt viscosity, as was found by Speer (5 ). 
Lack of such correlation may be dne to Speer's better precision of meas­
nrement, as well as other effects not as controllable in a field experiment 
as in his controlled laboratory study. 

Summary 

Based on service behavior of the asphalts and information in previ­
ously published reports (3, 4) the asphalt cements from those sources 
used on the test road were approved for bituminous construction on State 
trunklines in Michigan. 

One of the test road's objectives was to determine if any construction 
problems would arise from use of new asphalt sources becoming available 
in Michigan. No problems arose and subsequent performance of the test 
road has provided justification for permitting their use since 1955. In 
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addition, it soon became apparent that the voluminous data gathered from 
this project were an excellent source of valuable information of interest 
to the bituminous industry. This information is presented either in the 
text of this report or its Appendices, with discussion of those subjects of 
interest to Michigan, while other data have been left in raw form and are 
available for further evaluation by others. 

Results of tests on recovered asphalts from the various test sections 
show more marked changes in the properties of asphalts from Sections 2 
and 6. One might expect these changes to be reflected in performance of 
the six sections. However, with many engineers inspecting the test road 
during the past 12 years, there have been some differences of opinion, in 
which some felt that slightly more cracking had developed in Sections 2 and 
6 than in the balance of the project. These conditions may or may not cor­
relate with some physical changes in the asphalt cements observable in the 
data presented in this report. Since there may have been variations in 
condition of the concrete pavement at the time of resurfacing as well as 
in the underlying base materials, it would be difficult to make any firm, 
significant conclusions regarding any differences in condition of the six 
test sections. 
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APPENDIX A 

WEARING COURSE 
Summary of Laboratory Analyses of Bituminous Concrete 

Section 1. Wyoming Crude, Refinery A 
Section 2. Venezuelan Crude 
Section 3. Wyoming Crude, Refinery B 
Section 4. West Texas Winkler Crude 
Section 5. Arkansas Smackover Crude 
Section 6. East Texas Talco Crude 
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SECTION 1. WYOMING CRUDE, REFINERY A 
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1-60 58,0 30.6 5.4 0.2 100 100 48 38 20 14 5. 7 
1-01 56,0 32.0 5.6 5.4 100 liS 40 40 3L Hi 0.1 

" " .. 
" 

150+ 2.6 2.418 2.0 82 
15()< 1.3 2.464 3.0 80 
160+ 1.6 2.176 2.6 82 
16ll• l, 1 2.443 3. 9 76 

JO<J+ 1.6 2.437 4.1 14 
141 2.0 2.4as 4.1 75 
15()<- 1.5 2.440 4,0 "; 
160t 2.0 2.'131 4.> 7a 

13.9 
16.'0 
14.4 

'"· ~ 
JS.S 
16.1 
1£.0 
10,0 

46 150+ 2.2 2.421 1.5 H 17.3 100.0 
u 16()< 1,0 2.356 1.3 63 19.7 91,0 
32 lOOt 1.0 2.435 4.2 15 1~.8 100.3 
34 15{}+ 0,2 2.423 4.6 74 17' 1 9~-· 

WT 12-57 oo.o 32.6 5.2 5.3 100 oo 49 to 31 u; 5,,, 35 1so- o.J 2.435 4,1 78 11.1 100.1 
<0 "' C 12-51 56.7 32.3 5.7 6.3 WO 00 00 40 31 16 6.0 37 10\l+ 0.1 2,441 3,9 70 16.3 IOO.lJ 

~ 3 ~~ ';:~ ;~:: ~~:~ ::~ ::~ ;~~ ~~ :~ ~~ ~: :: ::~ 39 :~: ~:~ ~:~~ ~:~ ~! 16.2 i~~:~ t WT 11-31 5S.3 31,2 5.2 0.3 100 Ui 63 49 S9 29 H 5,0 ;~ 161}! 2,3 2.451 3.1 79 :~:~ 1VL1 

;'5 ~T ~~:~ ~::! ;~:: !:~ ~:~ :~~ :: !~ :: ;: ;~ :~ ::~ ;~ :~~+ ~:: ~:!:~ ;:; ~: ;;:; :~::~ 
~ WT 8-65 5ij,2 3Z.5 6,2 5.1 100 96 SZ ~I 41 32 16 6.5 2G 1511<- 2.4 2,446 3,1 71 16.1 IOO.S 

~f-t--:'~~:":""c__'c'c"_c':':"_:':·'~-":·:'~=':""~:''~:"'c__:"'~=''~-·=·~'='~=o.c•~-:''c·~~='o:''~:'c'~_:':'"c__c'c'~-"='~-c'=o.:o~-:''='c"--i 
111 s-o-& 55.4 33.0 6.1 5.5 100 oo 51 41 32 15 6.s 51 150t 1.6 2.12g 4.• 75 17.6 100.0 

l 

M 

l 

M 

l 

ll-&i 56.9 31.0 7.0 6.1 100 96 50 40 31 H 1.4 42 ISO+ 2.1 2.356 7.2 00 '"-~ "1.1 
1-58 59.5 30.6 4.7 6.2 100 M 46 37 26 13 5.0 28 16(}+ 2.~ 2.440 4.0 7ij 16.7 lOO.o 
1-51 06.6 32,0 5,9 5.6 100 96 IW 40 a2 lG 0.~ 40 161}! 0,2 2.426 4.5 H 17.3 ~~-~ 

12-s1 56,4 n.2 o.1 5.3 100 gg o1 ~o 32 1~ o.4 3B 151}! o.~ 2.463 a.s 78 15.9 101.0 
1~-57 57.1 l2.Z 0.3 5,4 100 aD 49 H 31 16 5.6 ~~ 151}! 0.6 2.441 3,9 7? 17.0 10Q.O 
H-60 56.6 3ll.7 6.5 5.2 lOU 98 50 40 au 15 o.8 u 15\1-'- 0.5 2.4oo J.2 "n 16.0 1m.J 
11-66 67.3 31,2 6.1 5.4 IOU 9~ 6fr 40 30 10 6.6 46 151}! O.i ~A52 3.0 n l£.7 1tl0.9 

1-ll(l 56,7 32,2 o,6 5.3 100 98 01 40 30 17 6.1 au 15o-- 0.6 2.160 3.2 so 10.0 101.3 
1-w 57.0 JL2 5.5 s.1 100 90 so a9 ao 15 s.1 47 1so• o.2 2.4&7 3.3 79 15.7 101.2 

\l-61 56.2 Jl.7 5.1 5.0 100 US 83 51 JS 30 15 6.3 31 Hifi<- 2.0 2.468 3.3 79 15.7 101.2 
ll-61 57.9 32.0 4.0 5.3 100 us so 49 39 20 15 5.1 4> 150• 2.0 2,40. 3.2 so 16.0 )01.3 
ll-aJ 58.1 30.7 5.9 6.3 100 08 84 49 39 30 10 a.z 40 10~ 1.7 2.4~G 1,8 86 15.0 JW.a 
ll-113 56.9 32.1 5.9 5.1 100 00 82 51 40 ,11 H; 0,2 41 IS~ J.S 2.465 o.o 90 16,0 l01.G 
S-56 56.8 31.8 6.3 5.1 lOU 99 83 61 40 31 16 6.7 31 15()<- 2.4 2,475 2,0 a2 14.4 JQ1.9 
3-86 60.9 32.6 5.7 5.0 100 97 82 51 ~0 Jl u; 6.0 H l5fi<- 2.7 2,444 3,8 70 10.8 IW.O 

6-54 56,1 32,4 6.1 
ll-o-1 05,3 33.4 6.2 
1-56 58.~ 30.4 ij, 3 
l-57 06.3 32.6 5,9 

12-57 08.1 31.3 5.6 
12-57 51.0 32,3 6,4 
11-58 67.8 31.1 6,1 
11-sB 68.3 30,4 6.3 

1-60 5".0 31,5 5.3 
l-60 58.4 31.4 4.ll 

11-01 56.2 32.3 4.3 
H-OI 08,1 31.3 1;.1; 

11-63 OS,2 3~,5 6. 0 
ll-63 56.1 31.4 0.5 

8-6!; 56.~ 31.0 5.8 
8-65 !;S,) 32,2 4,7 

; . 
"' L.L 

'' ... 
0' 
0.0 
0.0 
0.2 

o• 
00 
L.L 

'' '·' ; . 
'·' 

)00 97 52 ~1 31 15 6, 4 
100 08 53 42 31 16 0.5 
100 100 40 39 29 14 0,6 
100 99 52 40 30 15 6.~ 

100 96 oo 30 29 15 5.U 
100 98 50 40 31 16 S.7 
100 93 50 30 29 16 ·-~ 
100 91 40 39 28 15 6.6 
1!1<1 06 50 30 27 14 5.6 
JW 96 60 36 27 14 5.2 
100 n 75 50 as ~u 14 4. 6 
100 99 78 oo 39 28 13 !i.S 
100 01 79 4o as 26 15 5.9 

100 "" 81 51 39 29 15 S.6 
100 06 31 (;0 39 20 16 6.1 
100 96 7S 48 39 23 H 4.0 

" '" " " '" " " .. 
"' " " " "' 
" " " 

150• 1' ~ 
150• 0.8 
150< 0,1 ,;u. 0.0 
1,,,.. 0.3 
150+ 0.2 
l.\0+ 0,2 
!J;fi<- 0,6 
100< 0.2 
150+ 0.4 
150+ 1.2 
lEW• 2.1 
160! 2.3 
150+ 2.6 
150+ 2.3 
150< 2.1 

2.4.18 ·-· 
2.103 5.7 
2.439 1.3 
2.435 4.5 
2.456 3.6 
2.447 4.0 
2.4~8 3.2 
2,465 3.7 
0.474 o. ~ 
2.460 3.1 
2,467 3.2 
2.457 3.6 
2.439 2.1 
2.470 3.l 
2.47ll 2,9 
2.464 3.3 

'"- 0 
17.8 

'" 17.3 
10.1 

~~-' 

'"· 2 
'"· 4 
15,J 

'"-, 
16,0 

15.7 
14.1 
14.9 
11.5 
15.0 

100.0 

~"-" 
!OQ.Q 

99.9 
10~. 7 
JtlQ.1 
101.2 
100.7 
lnl_,, 
lnl.O 

101.2 
lQQ.B 

!OZ.l 
lQL~ 

101.6 
lOLl 

3-M 55.2 33.3 6,1 6,4 100 97 52 42 JZ 15 0,5 H 160• 2.0 2.420 4.8 73 17.9 100.0 
11-54 04.8 30.7 0.0 6.6 100 100 53 42 32 lij 6.4 47 160' 1,0 2.397 5.7 69 18.4 M.O 

1-56 56.6 32.4 5,3 6.7 100 100 so 40 31 15 5.6 3o 100• 0.1 2.436 4.2 76 17.5 100.1 
1-07 55.5 32.6 6.3 5.7 100 07 51 u 32 17 6.6 •• 15{1-<- 0,2 2.418 4.9 73 18.1 %.9 

12·07 68.0 31,8 5,1 5.1 100 UB 4S 30 30 16 5.3 '13 15~ 0,4 2.459 ~.3 79 15.7 Hl.6 
12-57 1>7.0 32,4 6,3 5.3 100 !>11 50 40 31 10 5.6 42 15\1+ 0.4 2,441 4.0 76 16.7 10il.S 
ll-08 M.Z az,a 6,1 5.4 IW 00 51· 41 32 17 6,4 41 1511<- 0.7 2,437 4.2 75 10.s 100.7 

1-00 58,6 30,5 5.4 5.5 IW 01 47 a~ 28 15 5.7 34 15\1-'- 0.< 2.440 4.1 75 17.1 IOD.B 
•1-01 5s,B 30,7 0.1 5.~ 10~ 97 10 46 3~ as 15 5.4 35 1511<- ~-o 2.4,\0 '-' "" 1o.5 101,£ 
ll-63 58.2 31.0 5,6 6.2 100 99 S5 49 39 30 10 5.9 39 15(1+ 2.0 2.4S1 2.< 54 )5,0 Hl2.0 
ll-63 51.9 31.0 ~-· 5,1 100 98 51 50 39 30 16 0.9 40 160+ 2.2 2.462 3.2 79 15.2 101.1 

~ ~T ~::~ i~:~ ~~:! !:! ~:; !~~ ~~ :~ :: !~ ;~ ;~ ~:~ ~~ ~:~: ;:~ ~::;~ !:! ;: ~~:·~ :~~:~ 
; 1-f--M~~-o-,Mc__:"c'·:'__:"':·:' --=,=,~=,c.oc___:":'_c":'~::_--,,:,~.=,~c,:-:,c, --:,c,:----:,c,~~:,=,c,~=,c,~=,-.,':.'-c,=,:----:,.:-~,::,=,~-c,c,c.o:--l 
~ 1~~~: ~:! ~~:; ~:: ::: :~~ ~~ ~~ :; ~~ :~ ;:: :: :;~: ~:~ ;:~~! !:~ ~: ~~:~ ~~~:~ 
ffi 1-57 oa.2 s2.1 o.~ a.o 100 99 '" 40 a2 1a o.u ao 150• o.z ~.419 4.9 7> 1a,1 101.0 

0 

l 

l 

12-07 56.6 32.-1 5A 0.4 100 99 49 40 31 16 5,7 34 160+ O.t 2.114 5.1 71 17.6 100.8 
12-67 57.7 31.U 5.2 5.3 100 08 <IO 30 30 15 0.4 37 16~• 0.7 2.425 -1.6 73 17.0 101.3 
11-58 55.5 3Z.8 6.2 5.5 100 08 51 41 31 16 6.6 37 160• 1.2 2.'125 4.6 74 17.7 101.3 
1-00 57,2 31.8 6.5 5.5' 1W 90 50 00 2S 16 5.6 M 160! 0.4 2.130 4.4 75 11.6 101.5 

11-61 58.1 31.3 5.4 5.2 l\10 01 M 40 39 2U 15 5.7 3" 150• 0.2 2.162 :<.2 SO 16.0 10Z.S 
n-oa 56,4 az.s 6.5 5.3 100 g~ s5 o~ •o 31 11 5.s 34 151}! 3.0 2.43~ •.z 1s 1~.• 1o1.s 
11-03 56,6 32,8 6.4 5.3 100 liS e6 52 40 32 Ia 5.7 30 150+ 2,0 2.444 3.~ 76 16.~ 1\12.1 

8-!1'; 50,2 33.1 5,6 6.2 100 98 83 60 41 30 16 5.8 31 !5o-- 2,1 2.4&1 3.1 80 15.5 102,9 
8-65 !;i,S 33.9 6.0 6.3 100 100 SO 52 •2 31 17 6.3 31 151}! 2.5 2.443 3.~ 76 16.2 102,0 

"·64 55.5 33.3 6.1 5.1 100 00 52 ,. 32 15 6.4 

H-M 06.2 32,9 5.0 5.0 100 99 51 u 32 15 6.2 
l-OS 50.9 33,0 6,9 6.2 100 98 01 1l 32 15 6. 2 
1-57 50.5 32,6 5,8 6.2 100 9B s1 oo a2 16 6.1 

12-57 57.3 a2.z 5,3 5.2 100 ou 4o 4o ao 16 5.6 

12-57 56.6 a•.• o.o 
11-6B 5s.a a~.5 s.2 
11-58 57.0 33.~ 5.0 

1-60 ss.o 31.0 5.1 
1-60 0"1,1 32.0 0.1 

11-61 5S.6 3L7 ~.7 

ll-61 58.3 3},8 4.9 
11-63 56.7 n.o 5.u 
11-63 56,2 32.1 6.0 

"' ;o 
o.o 

•• 
"' •• 
'·' "" ' ' 

100 g8 00 40 al 10 0.8 

100 a~ n1 41 31 jij 6,6 
1W 98 Ol 40 30 H 6.3 
100 &B 50 30 ~9 u o.i 
wo ao o1 10 20 10 5.4 

100 9~ 64 50 ao 30 13 5.0 
}00 100 83 so 30 30 }0 6,2 
100 100 85 52 40 31 IS 8.3 
100 100 88 53 >II 31 IS 8.3 

•-6o 55.8 aa.s 5.6 5.o 100 01 83 51 41 a1 16 :;,a 
B-06 56,3 33,5 6.2 5.0 100 oo 88 M 42 31 17 5.5 

(a) "-"""" numberod m>ollo ... ,. 
(b) M " mlx ~-ple, C = C<lre from contet o! lone, 

WT =core Ito"' wl>eollroc~. O.Wbeo !rnl1eoW 
coroo lakcn ol rornlom le<Oil0<10, 

(c) Pooolrall""" ol 

or!iflnol .. pb>.ll 

-21-

.. 
" " " " " " " " " " " " " " " 

lOOt 2. 5 2.413 5.3 69 

'""' 2,2 2.369 7.1 62 
150+ 0.3 2.446 1.0 76 
15(}+ 1.1 2.431 1.5 73 
l60t 0.2 2.168 3.~ so 
15~ 0.2 
1511<- 0.2 

"~' 0.' 
151}! 0.2 
161}! 0.3 
160+ 1.8 
15(}+ 2,3 
1011<- 2,1 
1(;(1+ 2,1 

2,H9 3.9 
2.469 3.1 
2.461 3.5 
2.463 3.4 
2.445 4.1 
2.464 3.3 
2.463 3.8 
2.490 2.7 
2.412 2.4 

,. 
"' ,. ,. 
'" ,. 
'" "' " 10\1-'- 2,4 2.47ll 2. 9 91 

1511<- 2,6 2,409 3.1 79 

17.1 
18.7 
16.7 
16.1 
16.0 
16.3 
16.5 
15.9 
\5.5 
17.1 
15.7 
15.3 
11.2 
15.0 
15.3 
14.8 

100.0 
96.2 

101.0 
lOO.U 
102.3 
101.5 
102.3 
102.0 
102.1 
101.3 
102.) 

101 '7 
102.8 
10\l.4 
1(12.6 
102.3 

L'> {2,451 (8oclloo 1A oll 1onoo) 
Maximum lheorellcol = 2_543 (Seollon 1B LanOB i, 31 
opec! He gra•lll<B 2, 549 (&otlon lB Laooo 1, 4) 



l 

l 

l 

M 

" 
M 

SECTION 2. VENEZUELAN CRUDE 
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lll-07 ss. 7 30.~ o. 0 5.1 100 95 ~7 35 30 16 0.2 
12-57 56,2 30.1 6.2 5.2 100 RB 49 39 30 17 6.6 
11-58 ~0.2 31.0 5. 7 6.1 100 08 40 39 29 15 6.0 
ll-56 07.3 31.5 5.7 5,5 100 on oo 30 30 10 o.o 
1-60 58.6 30,0 5.0 0.3 100 98 18 38 20 10 0.9 
1-M M.2 31.1 5.3 5.4 1M 08 49 :JB 20 Hi 5.6 

ll-61 M.4 31.8 4,6 5.2 100 08 04 52 30 31 15 4.9 
ll-61 57.7 32,2 4.7 5.t 100 08 05 53 30 32 17 5.0 
11-013 58,8 30,0 5.1 5.2 lGO 08 79 49 38 'ol9 15 5.3 
11-(13 50.4 30. l 5.4 5.1 100 0£ 70 48 ~0 ~g 16 5.1 

B-£5 57.£ 32.0 0.2 5.2 100 us so 4o 3o 30 14 s.o 
B-<35 5£.0 n.4 0.0 s.1 IOU U7 71 40 30 30 15 5.£ 

6-64 56.2 32.8 ~-7 ~-~ 100 90 
H-6!: 54.8 33.2 6.a "·' 100 97 
1-66 57.1 32.0 0.0 ·- ~ 100 81 
1-57 oa. o 21.~ a. 1 o.< 100 96 

12-57 56.5 22.4 "-~ 5.2 100 90 
12-57 57.1 32.1 5.8 5.0 100 SB 
11-58 oa.-1: ao.u 5.7 s.o 100 96 
1-M oe.a n.o 0.2 s.1 100 81 

11-61 8D.6 29.D 5.5 6.0 100 96 BD 
11-63 SD.O 20.3 5. B 4.0 10(1 07 "' 
u-63 o1.r 21.6 o.o 5.2 100 87 78 
8-~ 56.6 23.0 0.2 5.2 100 09 82 
8-65 5?.3 32.4 5.1 5.2 100 88 82 

52 41 32 
51 42 34 
51 10 .. 
66 40 32 
52 40 32 
57 40 32 
49 38 30 
51 38 30 
M 37 29 
50 36 3n 
s1 as ao 
51 40 30 
61 39 30 

16 5.0 
1e 1.• 
Hi 5.8 
\7 7.1 
17 0.2 
11 8.1 
16 6.0 
16 5.6 
14 5.8 
1n a.1 
10 5.B 
16 5.5 
16 5.3 

11-63 56.1 30.9 0.2 ~-8 wo o7 79 ;o ag 22 11 6.5 
ll-63 56.6 21.4 5.0 -I.B 100 06 76 19 36 30 15 5.3 

6-65 51.4 22.0 5.-1 &.2 100 97 78 48 39 31 18 5.1 
8-<10 57.0 aJ.S G.Z 6.1 100 ~~ 73 4• 3g 31 17 5.6 

11-1>3 08.3 31.1 5.~ 6.2 100 81 1~ 51 3D 30 lB 0.7 
ll-6.1 54.8 33.7 B.1 5.-1 100 ~~ 54 &8 -12 32 U £.4 

8-6.1 56.3 32.5 t.J 5.1 100 97 BO 51 3g 2• 1-1 <.> 
s-a.~ 58.3 31.8 4.7 s.2 100 01 7B 01 as 29 11 5.o 

3-64 67.2 32.0 4. 7 5.2 100 98 51 40 32 
11-M M.s J3.5 6.e 5.o 100 "" ss -12 a< 

1-:;6 55.4 33.4 6.2 4.9 100 95 M 42 3~ 

l-57 65.2 33.7 6.1 5.0 100 97 55 42 31 
12-&7 oo.2 ao.a 5.5 5.o 100 os ;a 33 29 
12-57 58.0 30.6 6.4 5.0 100 08 50 39 ~0 

u-o8 o~.5 ao.1 s.1 s.a 1oo n ;s n ~o 

11-50 55.6 23.4 5.2 4.8 100 •8 M 41 2~ 

HlO OD.O 30.6 6.0 5.2 100 06 40 3a 20 
1-60 58.6 20.7 6.5 5.0 100 01 40 38 29 

ll-81 56.9 3~.6 1;.6 o.o 100 06 Ekl 53 40 33 
11-61 68.1 24.~ 4.6 4.6 100 100 ij6 0~ -tl 33 
n-63 oe.1 "'·a ~-" o.o 100 ~' 10 ~~ an a1 
ll-013 ~7.8 Jl.G 5.7 -1.0 100 D7 60 51 39 $2 

6-&5 ~7.2 32.4 0.4 6,0 100 g1 77 51 40 30 
8-6.1 50.3 3~.1 4.7 4. 9 100 B-4 11 50 39 ~9 

13 0. 0 
17 '-0 

17 ·-· 10 6.4 
15 5.8 
16 6.7 
H 5.0 
\8 5.5 
15 5.3 
u; s. a 
16 6.9 
10 6.0 
16 5.5 
16 n.o 
16 5.7 
H 1.0 

IM< 
15o-<-
150• 
150• 
iS'l-'-
150<-
150+ 
150+ 
150+ 
160+ 
100+ 

"' 150+ 
150+ 
150' 
150< 

1oM 
100+ 
100+ 
120+ 
1(;0+ 

150• 
150• 
150+ 

"' 

'"' "" .. 
" 

2.7 2.418 4.6 

0.2 2.383 "-' 
2.3 2.421 4.6 
0.1 2.430 4.3 
2.1 2.462 3.4 
o.. 2.431 4.2 
2.3 2.45\ 3.4 
0.5 2.432 4.2 
0.4 2.468 2.B 
0.7 2.4-14 3.7 
2.7 2.-154 3.3 
1.5 2.432 4.2 
2.8 2.484 2.9 

2.0 2.441 '·" 70 
2.2 2.006 2." "" 
2.3 2.432 -1.2 H 

,_, 2.414 4.9 

0.-' 2.360 7.0 
0.. ..387 5. ~ 
o .. , 2. a~8 5.5 
1.0 2.HB 4.3 
0.8 2.422 ~-ll 

0.4 2.126 4.4 
0.7 2.440 3.5 
1.4 2.422 4.2 
1.3 2.440 0.0 
2.1 2 .. 1M 5.1 
•-• 2. sa~ o.g 
1.8 2.254 7.2 

1.0 2.405 5.2 
'-" 2.431 ,_. 

1.8 2.151 3.4 
I. 9 2.4Z2 4. 6 

1.1 2.4M 3.:1 
2.0 2.451 "-4 
1.4 2.40,\ 2.0 
1.4 2.43B 3.0 

l.B 2.422 4.9 
0.1 2.377 6.1 
2.7 2.420 4.6 
0.4 2.42.\ 4.B 
1.1 2.423 4. 0 
0.4 2.4)3 5 .• 1 
0.0 2.442 4.2 
0.3 2.H1 4.2 
0.4 2.420 4.B 
0.5 2.-126 4.6 
2.2 2.451 2.7 
1.1 2.411 5.4 
2.8 2.456 3.5 
2.7 2.440 4.0 
2.1 2.432 4.£ 
2.1 2.115 5.2 

.. 
n 

'" H 

17.8 
18.5 
11.7 
17.9 
15.6 
10." 
10.5 
11.5 
15.6 
16." 
15.7 
16.8 
15.2 
15.8 
15.6 
16.2 

11.5 
lB. 9 
17.4 
18.3 

'"-" 15.4 
16.3 
15.0 
16.2 
15.6 
17.9 
17.S 
19.2 

1{;.3 
16.6 
15.5 
16.4 

Is.• 
1£.2 
15.3 
15.2 

17.5 
16.1 
10.6 
1s.s 
ln. 0 
11.1 
16.8 
10.6 
17.1 
16.6 
15.4 
16.4 
14.0 
15.4 
16.-1 
16.6 

wo.o 
08_ ~ 

100.2 

100. ~ 
101.5 
:00.5 
101.4 
10~. 1 
Jo•.• 
1GL~ 

10!.6 
100.7 
102.0 
lnl.O 
1~2.' 
1~0. j 

100.0 1 
g7.8 
98.9 
99.3 

100.6 
100.3 
100-5 
101.1 
100.7 
101.1 

9B.B 
98.9 
n.> 

100.0 
S8.1 

100.2 
100.1 
100.0 
os.o 

100.B 
100.8 
100.1 
100.2 
101.4 
99.5 

101.0 
101.0 
100.4 

99.7 

0-54 57.6 31.9 5.2 0.1 10~ ao oo ao 30 14 5.5 10 150+ 2.7 2.121 1.7 1~ a.s 100.0 
11-54 57.4 32.0 5.4 5.2 lOG ~8 50 40 31 14 6.7 27 !5o-<- 2.7 2.364 7.0 63 18.9 97.6 

1-5G 57.o ~1.2 8.8 s.2 wo 96 52 4o a1 1a 1.0 ~8 1ilO+ o.a 2.393 s.s 68 18.1 s8.8 
1-57 6a.4 21.0 5.2 5.4 no ~" so so ao ~< 5.4 21 150+ n.o 2.416 4.~ n 11.0 o9.B 

n-51 5~.3 29.6 6.o s.1 1no ~B 48 3B 20 1s e.4 20 1M+ o.o 2.4ao 4.4 '" 15_,1 100.4 
12-57 5g.1 20.4 6.3 o.2 100 aG 48, 28 29 16 8.6 20 150+ o.a 2.4-ll 3.9 78 16.3 100.a 

WT 11-68 57.8 31.a 5.2 0.0 100 WI ~2 30 31 16 5.6 31 15o-<- 0.5 2.4<;4 2.0 60 15.0 101.8 
WT 1-W 50.0 20.6 S.~ 0.4 lOG 96 48 27 ~0 13 5.6 29 1!;0<- o.~ 2.440 4.0 7l.l HU 100.8 
WT ll-61 58.2 31.2 5.4 5.1 100 90 80 50 39 20 14 5.7 25 B3 2.2 2.450 3.5 77 15.7 101.0 

[ ~T ~~=~ :::~ ~!:! !:~ ~:: :~~ ~~ ;~ ;~ ;: ~~ :! ::~ ~~ ~~ ~:~ ;:::~ !:! ~~ ~~:~ :~~--~ 
~ ~T ::: ;~:: ;~:: ::: ::: :~~ ~! ~~ :! ~: :~ :! !:~ ~! ::~: ::: ~:!!~ !:! ~: :::: :~~:~ 
~ f-t---'.--c,_c.=--,=,c,_:0c0.c,-c,c,-c,_c,-c,c00_c00:_.c.._0c0_c00'-C,c0_c,c,--',=.,--,-,--,c,-~--',_-,--,=,-,.-=,=,--,-,--,=,=,--,= .. =.=,-l 
~ ll-64 56.5 31.6 6.3 6.~ 100 96 02 40 20 15 8.7 36 15(1+ ~-0 2.340 1.9 61 20.3 90.9 

~ -- ::~ ;~:i :~:! !:! ;:: i~~ !! ;~ :~ ~; i~ ::~ :~ ;;~ ~:: ~:!~~ ~:! ~~ :::: ~!:~ 

l 

i 

WT 12-57 5B.7 30.8 5.4 0.0 ~~ P1 00 38 29 15 6.7 2B 160t 0.6 2.413 5.0 10 18.1 JGO.O 

• 

12-s7 ss.o 30.1 5.u 0.1 100 as ;9 33 29 1e o.a ao 150+ o.o z.4oo o.o 69 11.1 99.4 
n-os 5B.5 n.a 5.1 5.1 100 a1 ;o a6 20 15 o.4 34 11W• o.6 2.4~2 4.2 14 1u.s 100.1 
1-60 os.8 ao.z o.s 5.5 100 \HI 50 33 28 H s.a 21 1oo• o.s 2.421 4.7 14 1a.1 100.3 

u-51 oo.a 20.8 4.7 0.2 100 a7 ao 50 23 ~9 H -1.0 20 us 2.2 2.440 3.o 78 16.4 101.4 
U-"-1 58.2 31.3 5.0 0.5 100 US 60 61 28 30 14 5.3 27 150+ 1.8 Z.43& 4.2 70 l£.B 100.9 
11-6.1 oo.s ao.4 o.o 0.1 100 ~" a2 so as 08 1e s.o zs HB 2.0 2.4-la 3.9 75 1o.o 101.z 
•-~ 57.B 31.4 5.7 8.1 100 B7 81 52 ag os 14 6.0 zz 150+ 2.4 2.-11s 5.o 10 16.1 100.0 
0-~ 58.2 31.2 0.4 8.2 100 97 61 52 '" 28 15 5.7 20 125 2.5 2.401 0.5 69 17.7 ss.o 

8-54 55.3 34.7 4,7 5.3 100 100 
11-M 56.7 32,2 O.l B.O 100 00 
1-56 55.3 33.3 5.0 5.5 100 08 
1-57 57.o 20.0 s.2 s.2 100 WI 

12-67 58.0 30.0 O.B 5.1 100 07 
12-57 5i.1 30.7 5.~ 6.0 100 oa 
ll-00 56.~ 31.1 4.9 5.2 100 90 
11-50 58.2 31.1 5.8 ;_g 100 08 
1-60 51.6 31.6 5.4 5.5 100 oa 
1-00 58.0 30.~ S.P 5.2 100 98 
ll-~1 57.6 32.2 5.1 !;.2 100 08 83 

11-61 5r.P 21.2 s.a "·' 100 ~e s1 
11-63 s1. 7 21.a s.7 s.3 100 00 34 
11-63 51.8 31.0 6.0 !i.l 100 ~0 03 
s-~ 59.2 30.7 s.1 s.o 100 07 00 
a-~ 59.2 3o.s o.a ~.o 100 D1 79 

52 42 34 
52 40 32 
51 42 32 
•a ao 20 
40 36 30 
;g J8 20 
51 30 28 
5I 39 20 
01 29 20 
50 39 29 
53 30 30 
52 30 30 
53 30 30 
02 20 30 
40 30 ZB 
40 30 2~ 

15 5.0 
16 6.4 
11 6. ~ 
1-1 5.2 
16 6.1 
16 5.5 
u 5.~ 

16 0.1 
14 5. 7 
15 6.2 
14 5.4 
H 0.1 
15 6.0 
Jij 6.3 

H s.• 
15 5.6 

100+ 

"~ 
150+ 
100+ 
IOO+ 
ISO+ 
150+ 
150+ 
180+ 
150+ 

'" 160+ 

"' J60t 

'" "' 

'" " ... 
0.0 

"·" 
"' u 

2.406 5.8 
2.35t 1.6 
2.015 5.2 
2.413 5.3 
2.-155 3.6 
2.129 1.7 
2.4£1 3.2 

0.4 2.458 3.5 
0.9 2.tM 3.2 
0.1 2.126 4.4 
2.B 2.417 2.S 
2.0 2.45G 2.6 
2.8 2.47B 2.1 
2.6 2.4!1(1 3.5 
1.0 2.406 3.1 
2.1 2.~so a. o 

18.1 
18.0 
17.9 
17.7 
1&.7 
16.8 
16.0 
15.2 
16.8 
18.9 
15.3 
15.7 
15.0 
15.0 
14.6 
15.2 

~] ~0~~-:.:::~~, ~c:l :"or:v;;;, oeo~c oll!1!10, M p0,-,troU""" of 
ocigln11l O>!pM.ll {

80 {flection 211 La""" J, 3, 4) 
61 (B<cl!oo 2A •l.l llmeo' 8eotioo 

~II Looo 2) 
WT = ooco from wheel trook. Di>•bo• indlcal-o 
ooceo tnkon at random locaUoos. 
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SECTION 3. WYOMING CRUDE, REFINERY B 

Ul~t!onb) IS O.te t. M!.tur• Mol yolo, % I Grn~~~::.:K~:
11:~ ~~:~I• ! RecGvecOO Mphitlt j Meaourc~~~ %dol ~f~~.:::: I~ Volrlo ,~::1 Com noll«> 

a.mpled (b) S.rn led p lO _ J> Spodl!e Minora! p 
P ,.; I R lUI R 2! I P 2001 Bitumen I 5/8 11/2 Ja/8 I t I 10 I 40 I BO I 200 I ' """!:;uonl Duct!l!!~Aoh, %1Gcovlty(d)l Vold.o m'::'e" AKK<ogntc % 

M ~-51 51.3 31,7 ,_, 5.6 -- ll-54 54.8 33.6 00 00 
1-58 01.1 31.7 "" "-" -- 1-57 57.4 31.1 ., 0.0 

wo 12-57 57.5 31.2 "-' u 

' 12-57 &B.O 31.3 ... o.o ., ll-6$ 5U.l 32.1 ,_, u 

' 11-58 5fl.6 32.3 00 0.0 ., 1-00 M.l 31,5 0.0 0 0 

' 1-60 58.1 3!.~ ', ,_, ., 11-61 58.5 30.8 oo 00 

' 11-Gl 51.2 32.0 ", 0 0 
w~ 11-113 56,6 32.6 0 0 0.0 

' ll-63 oa.5 31.3 ,_, ,_, 
wo 8-£5 58.3 3~.2 00 o.o 

' 8-65 57.7 32,2 00 0.0 

w 8-M 57.2 32.5 00 '-' 
ll-51 56.9 31.4 0' o.o 
1-5£ 5£.7 32,2 "" 

,_, 
-- 1-67 07.8 20,3 0, ,_, 
wo 12-57 57,0 32.3 00 00 

' 12-07 ~5.2 J\.1 " 0' 
wo H-58 57.8 Jl.7 0.0 ... 
wo 1-60 ""·· Jl.t 0' o.• 
wo ll-81 "~-3 31.2 '-' 0.> 
wo ll-6.1 60.1 29.g '-' 00 

' ll-6.1 68.1 31.6 • 0 '-' 
wo 6-8~ 68.1 32.2 o.o , 
' 

,_, 
6~.3 31.<1 <.o 0" 

., ll-6.1 59.1 30.5 '-' 0.0 

' 11-<l:l 56,1 33. ~ '-' 0.0 
wo o-• 67.5 31.~ 0.0 ,_, 
' ·-· ~7.6 32. ~ '" 00 

., 11-63 56.0 aa.z 0.> 0.0 

' 11-63 05.4 34,3 00 00 
wo .. 67.5 32,5 0.0 ... 
' ·-· 55. a 31.9 "' ~- 0 

"' 0-M 06.3 ""-~ •. ' 0.0 
ll-64 S5.4 J3.a "' 0.0 
1-~· ~·- 5 a2.7 0 0 0.0 
l-57 50.~ J3.1 '" 0.0 

w·o U-57 57.5 32.3 '" o.o 
' 12-57 57.1 32.0 o.o 0.0 

wo \1-5~ 55.7 32.6 00 ,, 
' 11"58 M.5 31.3 '" 0.0 

wo l-60 57.6 aLa 00 00 

' 1-60 51.0 31,6 "' oo 
w~ 11-61 5B,O 31.5 0' 00 

' 11-61 07.0 J1,g " ' 00 
wo ll-6.1 06.0 J2.3 0. 0.0 

' ll-6.1 07.1 3~. 7 0.0 0.0 
wo 6-65 57.7 32.1 0" ... 
' ·-· 56.0 33,0 " 

,, 
M O-M 56,2 33,7 '-' , . 
-- ll-04 ""-~ 3~. l 0.0 ", -- o-w 5ij.8 32.2 0.0 00 

1-&7 65.4 33.4 " 0> 

" 12-M 08,3 31,1 '·' " ' 12-57 08.3 31.5 '-' 00 ., U-58 ·~-3 31,ij ... 00 
w~ l-60 5U.9 30.9 0.0 00 
wo ll-61 57.3 33.4 • 0 •. o 
W< 11"6.1 67.1 3:1.1 00 o.• 

' 11-63 58.4 31,1 0.0 ... 
w~ o-• 57.8 31,9 ,, oo 

' ·-· 01,7 32,1 5.1 oo 

M 0-H 58.D 32.8 ... 00 
ll-&1 5lL5 31.3 0.0 0 0 

-- l-56 58.6 30.0 0.0 O> 
1-57 57.6 31.4 00 0.0 

W< 12-57 5i.3 30.0 00 0 0 

' 10-51 58.~ 30.5 0.0 0.0 

"' 11-53 57.4 31.7 ,_, 00 

"' 1-~0 58.0 31.8 '' 0.0 

"' ll-81 59.6 31.2 .., ,_, 
"' 11-63 5e.Z 2o.s "' '' ' 11-6.1 66.4 31.3 ... " "' 8-65 59.1 01,4 u 00 

' ·-· ,\S.~ 30.~ " ;o 

M 0-M 56.5 33.1 o.o 00 

-- 11-64 M.3 34.:3 . ' ,, 
1-66 65.7 32,!; '" 

,, 
1-51 57.3 JZ.a :;,o ,, 

"' '"~17 57.U 3!.1 " 00 

' 12-<;7 58.1 31.4 0 0 ,, 
"' "--"" 57.1 31.6 00 00 

' ll-M 58.<1 30.6 00 0.0 

"' 1-60 58.0 ~~- 8 0" 00 

' 1"60 63.0 31. ~ ~.5 00 
w~ 11-61 &8.2 J2.2 '-' o.o 

' 11-61 68.0 31.7 0.0 0.0 
wo ll-63 51,6 31.8 00 00 

' l\-G3 56,4 32,9 00 ... 
" ·-· OS,4 31,2 '-' '-' 

' ·-· 50.1 31.~ '-" o.O 

(•) L'-"•• ~um.bor..,! weot to eaot. 
(h) M = ml~ •ample, c = eoce !com eenl<lr ol !Me, 

W"l' =core f.-om wboel track. !JaBI>oo lOO!eaUl 
core• taken ol random locatloos. 

000 "' .. " "' M "' " .. ~ " 2.400 <.o " 10,4 100.0 
000 .. " " " 00 00 H .. ~ 0.0 2.3"' ,';,!; '" '"-" ""-' 000 , ., .. "' 00 00 .. ow '" 2.4!111 '" " 11.1 ~"-' 
000 "' 

, 
" " '" o.O ,, 150• 00 2.422 , 

" 17.2 ~·- 7 000 ,. , 
" 

, , 0.0 00 OOM 0.0 2.U5 0.0 " 10.2 100,6 
000 00 " " "' M o.o , M~ 00 2.111 0.0 " 16.4 100.5 
000 00 00 " " M , 

" MM ... 2,454 o.o 00 15.0 101.0 
000 00 " 00 00 " 5.9 " 160> "' 2,444 3,4 " 16,2 IOO.tl 
000 00 , 00 00 M 00 00 "" " 2,473 '-" 00 16,3 101.8 

'"" "' '" "" '" " 0" '" 100' ... 2.450 0.0 "" 10,0 lOO.B 
000 00 00 " 00 "" " 0" '" OOM OA 2.H6 00 , l1.7 10!.~ 
000 00 "' , 

'" 
, 

" 0.0 " "~ ·-~ 2.i63 00 00 l5.9 101.4 
000 " "" " '" " " 0.0 " 0000 LO 2.463 3.! "" 15.6 100-~ 
000 " " "' 

, 
"" " 00 " 1liQ-t ' ' 2.448 0.0 " 15.7 100.7 

'" " " " 
, 00 , 

'" , 
"" '-' 2.415 '-' , 14.' 10l.9 

000 " " , 
'" '" 

, , ' " 160> "' 2.448 ,_, 
" 16.0 100.7 

'" " 00 00 , 
" 0 0 , OOM 00 2.-125 <O " 18.2 100.0 

ooo " 
, 

" " " '" " 160+ 2.0 2.303 00 00 11.1 ""·' 000 , 
"' '" 

, 
" 00 " OOM "" 2.423 " 00 16.5 99.9 

000 , 00 00 , , 0.0 " 16M 0 0 2.427 <O " 11' 1 100.1 
000 "' 

, 
" " " 0' , 100+ 00 2.443 0.0 " 15.9 100,1 

000 000 '" " 00 " 00 " ow 0.0 ZA31 "" " 16.S 160.4 
000 " "' 00 00 '" 0.0 , ow •.. 2.154 "" 00 15.0 '"'-" 000 '" 00 00 00 " 

,, 
" ,. • 0 2.126 " " 16.4 100.0 

000 , 
" 00 00 00 '" '" 00 " 00 2.118 u 00 1£.1 ~·- ~ 000 00 " 00 00 ,. , 0 0 00 166! •. o 2.4H "-' 00 15.5 W0.6 

000 00 00 "' 00 , , 00 00 "" ... 2,444 "-' '" 15.5 100.8 
oOo 00 00 00 00 00 , 0 0 00 OOM ,_, 2.440 '" " 16.2 100.0 
000 00 00 00 00 00 00 00 "' "" 00 2.424 " 00 16.2 100.0 

000 ,. 00 " 00 00 , 00 00 "" LO 2.419 0.0 '" 15.2 
000 00 , , 

" 00 00 00 , !50+ o.o 2.441 0.0 '" 18.4 
000 00 , 00 00 "' 

, 0. 00 160> '" 2.4.';3 ,_, 
" 11.6 

000 00 00 , 00 00 , '-' 00 "" 2,1 0.4·14 ' ' , 10 __ , 

000 '" " 00 00 00 " 
,_, , 150> ,_, 2.463 "' " H.8 

000 00 00 , 00 00 " 0.0 00 160! . " 2.468 ,, 00 14.5 
000 ,. , 

" 00 , 00 0.0 00 150> 0.0 2,441 , . " 16.0 
000 " " " 00 " 

, 0.0 00 OOM 0.0 2.41;8 ,, 
"" 14.0 

000 " "' u "' 00 ' ' 00 OOM '' 2.4~8 '" '" 15.9 100.0 
000 00 " u '" 

, 0.0 " ,. 00 "-"" "·" 00 18.1 98.4 
>00 .. , 

" '" 
, 0.0 " '""' 00 2.445 0.0 " 18.4 100.7 

000 .. "' " " 
, 00 " OOM 00 2.438 0.0 , 18.3 100.4 

000 " 00 .. " 
, 

'" " ,. 0.5 2.1~5 0.0 , 15.2 101.1 

'" .. .. .. " " 00 " 15"'" "·' 2.138 0, , lfl.3 100.4 
000 .. 00 .. " 

, 
" " OOM 0.0 2.155 00 , 16.2 101.1 

000 .. " 00 .. , 0' '" OOM 0.0 2.135 ... , 16.0 100,3 
000 "' " " .. , 0' " 100• 0.0 2,166 0> " 15.0 101.r. 

00 " 
, 

" 00 , 0.0 00 150+ 0.0 2.451 0.0 " 16.2 100.9 
000 00 , 

" " 
, , 0' .. OOM " 2.45£ "' " 15.2 101.2 

000 "' 
, 

" " .. " 00 00 ,. u 2,451 3.4 " 15.5 1%.9 
000 " "' 

, .. '" " '·' 00 ,. '' 2.-173 • 0 .. H.7 101.9 
000 " 00 " " " 

, 
"" .. ,. 0 0 0.447 00 " 15.9 100.1 

000 '" .. " " .. , 00 , ,~ '' 2.430 00 '" 15.6 1M.1 
000 00 "' 00 " .. H 0 0 '" ,. ,. 2.4<10 0.0 " 10.0 100.5 

000 00 "' 00 00 '" o.• .. !50• 0.< 2,410 '-' '" 17,8 100.0 
000 .. (;1 00 00 H 00 00 150• LO 2,370 "-' "' 18.8 08.5 
000 ., 00 00 00 '" 

,, 
'" 150. •. 0 2.413 '-' " 18.1 100.1 ... 00 " " '" '" ... .. ... o.o 2.4H " 00 1~.1 100.2 

'"0 00 00 o• 00 " ;o " OOM 0.> 2.130 0.0 " 16.7 100.8 
.. o , '"· 00 " H ,, u ,. 00 2.4J6 ,_, , 16.8 10L2 
.. o 00 00 00 "' H 0.0 "' !50• "" 2.429 " ,. 10.4 100.8 
000 " " oo " H 

0 ' 
00 ,. 0.0 2.438 '-" " '"-" 101.] 

.. o ,. 
"" 00 '" 00 " ... 00 '" 00 2.405 ,. 00 10,2 101.4 

000 00 00 , 00 00 " 00 00 150< 00 2.463 "' 00 15.5 101.8 ... 00 " 00 "' , '" 
,_, 00 HM "" 2,437 ,, 00 15.8 101.1 

000 " 00 00 , ·" .. ... , ... u 2,428 " " 16.4 100.7 ,,. 00 ,. 
'" 00 00 " 

,, 00 150> ,. 2.429 ,, 
" 16.1 101.2 

000 " .. 00 00 .. 00 " "" >O 2.423 " 
, 11.2 100.0 

000 00 00 00 , 
" 00 .. ,. 00 2.369 00 ., 1B.3 97.8 

000 , .. , 00 H o.• " ISO> ,. 2.403 ,_, 
" 17.0 00.2 

000 00 .. 00 , 
" 0.0 00 ,. 00 2.418 00 , 17.3 99.8 ,,. 00 .. "' '" " 0.0 00 ,,. 0.0 Z.4~5 .., 

" 16.8 1~6.1 

'" .. .. '" 00 , 0, 00 10~+ 00 2.424 0.0 " 16.~ 100.0 ,., 
"" " "" "" " 0.0 " 150> 00 2.426 " '" 16,4 1~0.2 

0., 00 " "" 00 " 00 00 150' 0.0 2.421 3.0 '" lli.7 100.3 

'" '" " " 00 "" " '-' '" "' •. o 2.441 '" " 1&.7 100.7 
000 .. " " .. 00 '" 0.0 '" 00 L> 2,399 '" " 16.1 09.0 
.. o " 

,. 00 '" "' '" 5.5 "' OM ... 2.402 00 " 16.J 100.4 

000 " 00 .. "" "' 
, 0.0 " 0,. 2.8 ·-·~5 

, 0 .. 15.Q 10!.~ 

0., 00 ,. .. "' 
, , '-' , OOM ' " 2.104 -~- 9 " 16.3 100.5 

000 .. 00 " " " 00 " '"" 00 2.~2l 0 0 " 10.7 106.0 

''" .. " " 
,. , 00 ., OOM o.• 2.387 00 " 17.9 98.8 

000 " 
, " " " ... " 150+ 0.0 2.100 00 '" 18.0 99.1 

'" 00 "' " " 
, 0.0 " OOM 0.0 2.<140 '0 .. 16.4 101.0 

000 .. " .. "" " "·" 00 100! 0.0 2.427 4,3 " '"·, 100.2 

000 '" .. "" '" " 0 0 " 160+ 0.3 2.<31 <o '" 16.4 100,4 , . " 00 "" " " 00 "" 1!;0+ 00 0.472 0.0 .. 15.6 l02.1 

000 " 00 00 .. , 0.0 , 150+ .. 2.445 '" " 15.7 101.0 

''" 00 00 "" .. , 00 "' 150+ ,_, 2.471 0" 00 15.3 Hl\l.l 

000 .. 00 '" 00 " ... "' 150+ "" 2.119 "' " 16.5 10!.2 

000 " 00 00 "" "' " " 00 150• Z.5 2.450 "' " 15.0 101.6 

000 .. "' 00 00 00 , ,_. 00 ,~ '' 2.429 .. " ~~-· W0.3 

000 00 " 00 00 , , '" 00 "~ 00 2.470 oo .. !5.0 102.2 ,, 00 " 00 u 00 " 00 00 160! 0.0 2.461 0.0 00 15.0 WL7 

''" 00 00 00 00 00 00 00 .. too• LO 2,46~ ... "' 14.4 102.0 

000 " 00 " 00 00 ,. 
'" " 150• ,_, 2,462 0. 00 14.5 101.7 

M p 0,.tnll""" ol {es (l»ctlon 3A,,U lanoo; Bcctlon 3B Lo""" 1, 2) 
orlglnol .. pl$11 70 (Boctlon 3B Lon.,. 3, 4) 
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SECTION 4, WEST TEXAS WINKLER CRUDE 

~"·~,I· ""' I """"M'""' ' I '"t:::.~::::~::~/~1~:~" I """'""M""" I "'""l··l:~~;;~l: ..... ti "'"""" Bomplcd{b) Sompl•d 1, 1 ~ 1 Speolfi~ Void• Wi!h Mineral 
dllllOI~~noiP2QOIBitumen/6/S/l/21 J/B~ ojwj_4o 180 12ll01Pen•\:;)1 :1Dtlctm<y/Allh,%/G~•v!ty{) Bllllnl""- Aggrcg•le 't 

Wo ll-63 51.7 32,6 u ... 
c 11-na 56,;; 33.5 . ' u 

we ·-· 56.6 34.2 ... u 
c 8-fi5 55.2 30,2 u ... 

wo 11-63 liU,li .w. 0 •• " c ll-6J 58.3 31.4 .., ... 
wo ·-· 57.7 32.6 ,, .., 

c ~-{;5 59.1 3!.2 " ... 
" 8-54 56,0 32.1 " ... 

-- 11-M 56.~ 33.U ... '' 1-M 57.3 32.2 •• ... 
-- 1-57 56,4 32.4 "·" ... 
wo· 12-57 ·'"-" 31,0 ... ... 
' 12-01 !;S.f> 3).) •• . " 
"' H-5B ""·' 33,) ... '·" Wo l-60 SB.2 31.9 ... "' wo ll-61 58.4 32.1 .., ... 
wo 1H33 58.1 31.9 •• ... 

c 11-63 59.3 31.3 ... u 
wo 8-0S 58,6 a!." ... ... 
' ·-" 57.7 32.4 •• ... 
" . " S7.4 20.5 '" '·' 11-54 56.6 31.5 "' '' 1-66 57.4 31.2 ... ... 
-- 1-57 57,1 U.3 ... '·' '" 12-57 56,2 30.3 ... '" c 12-57 56.6 31.2 ... •. ' 
WT ll-58 58.4 3n.4 •• '·' c ll-58 09.0 30.7 •• ... 
wo 1-60 08.~ 30.7 5.0 •• c ·-· 58.1 31.1 ' ' ... 
wo 11-61 56.3 31.3 ... ... 

c 11-61 60.0· 31.1 ... ... 
wo 11-63 66.8 22.7 ... " c ll-(13 57,0 a1.8 '·' ... .. 8-o:; M,O :l1.5 ... '·' c 8-6~ 57,5 

~··· '·' . " 
M ,_ .. 08.1 22.2 ... ... 
-- 11-04 66.0 33.1 •• '" -- 1-56 67,2 33.0 •• ... 

1-57 07.4 32,6 ... '' .. U-57 60.2 31.1 •• .. 
c U-57 55,.j a~.l ... '·' wo ll-50 58.-1 Jl.oj " '' c 11-68 57,7 32.3 '" ... 

wo 1-M 57,1 32,7 ... ... 
c 1-GO 57.0 3J.O ... '·" '" ll-61 57.8 32.1 '" ... 
c 11-61 57.3 32.6 ... 5,2 .. 11-63 07.7 32.2 •• ... 
c ll-6J 61.2 32.3 •• '' w·; 8-60 58.0 32.7 •• '·' c ·-· 57,0 az,o ... ... 
" "" os.a 30.8 •• .. 

-- 11-6-1 06.0 31.2 '' ... 
1-58 il7.1 31.8 ... '·" 1-57 07.4 ~I. 0· ... 5.8 

W> 12-'l? 58.2 31,7 . " ... 
c 10-07 58.!; 31,2 •• ... 

W> 11-SB 57.2 32,3 "·" '' wo 1-80 59.7 29.7 ... '" "' 11-01 66.6 33.4 •• 5.4 
w·o 11-63 58.5 30.5 >.0 5,1 

' 11-63 58.4 31.0 '' ... 
Wo B-05 !;8,6 31.9 ... '" c ·-· 51,0 32.7 ... '" 
" ... &7.0 31,7 ~-' •• -- 11-54 66.9 82.8 ... 5,4 

-- 1-06 67.7 81.3 ... ... 
-- 1-57 6Q.1 82.8 ... •• Wo )2-.';1 57.2 32,5 ... ... 
c IZ-51 58.~ 31,7 ... ... .. 11"58 so. a 33.0 '·' ... 

"' 1-60 58.2 Jl.J •• '·' wo 11-61 51.1 31.6 ... ... 
W'l' 11-£3 56.8 32.2 ... '·" c 11-!l:l 57.2 32.0 ·5.3 5.0 
w~ ·-· 57 .• 32,1 ... ... 

c ... ss.o aLa ... '" 
M ,_ .. 58.1 ""·" ... ... 

11-6-1 56.0 33.) '·" ... 
1-5£ 51.8 31.1 "" ... 
].-01 57.6 31.0 '" ... ., 12-57 67.8 31.7 ... •• c 12-07 sa.z 30.9 '·" <.o 

wo ll-58 01.6 31,1 ... '' c 11-58 58,8 ~0.8 0.0 .. 
"' 1-60 57.0 31.7 ... ... 

c 1-60 ~8. 5 30.2 ... •• wo 11-61 57,1 33.0 u '·" c 11-61 5~.1 31.6 ... '·" "' 11-63 56.9 32,2 ... •• c 11-63 56.9 32,4 •• ... 
WT s-ao 61.6 26,0 . " •• c ·-· 57.3 31.5 ... ... 

~) Lon•• nornb-orOO weot to eMt, 
•~I M =mil< oomp!o, C = coce from o•ntec ollono, 

WT = oore Iron> whool <rock, Da•he• lndlool<l 
core• taken at uOOom locoHoru~, 

... " "' .. "' M " ... "" "" ... '" •• " " "' " "' " 150+ ... " " '" '" M " ... "' 11'<0+ ... "" .. " " "" " ... "' ... ... "" "" .. "' "" " ... " ''" ... .. .. '" "" .. " ... "' ''" '"" •• "' " "" "' .. ... .. '" ,., 
" '" .. "" .. .. . .. '" ... 

'"" "" .. .. .. " (;,4 .. "" '"" " '" .. " " u u 150< 

'"" .. .. .. "" .. •• "" 160t 

'"" .. .. .. " " .. "" 150+ 

'"" .. ., 
"" "" " ... "" ... 

'"" '"" 
., 

"' " " •• " ISO+ 

'"" .. '" u "' " . .. •• "' '"' .. .. "" .. .. ... " "" '"' .. " .. .. .. " " .. • 
'"" •• .. .. .. "" .. ... .. • 
'"" .. .. '" .. .. .. " '" " '"' .. .. .. "' .. " '·" "" • 
'"" " "' .. "' "" " ... .. ' 
'"" " '" '" "' " "" " 1.<;<)<-

'"" "" .. .. " " ... .. 15"" 

'"" •• " '" '" " "·" " 150-

'" " " .. "' " ... " 150! 

'" "' .. "' .. " ... .. 1~0' 

'"" .. .. "' •• " .. .. "" '"" .. .. "" .. " "' '" 150• 

'"" .. "' .. "' " ... .. "" '"" " "' "' "" " ... '" "" '" .. '" '" .. " ... " ..~ 

'"' .. .. '" '" " " ... .. '" '"' .. '" .. "" .. .. .\,2 .. "" '"" .. .. " .. "' '" 0.1 "" '"" '"" "' .. " .. "" " .. '" 100• 

'"" '" .. " "' "' '" 
,. 

"' 150+ 

'"" .. .. .. .. "' " '" .. ,,. 

'"" .. .. "" "' .. 4.5 .. 100+ 

'"" "' '" .. "" "" . ' .. "" '"" "' '" .. "" " •• " ... 
"' "' '" .. "" " 

,, 
" "" "' " .. "" .. " '' "" 160• 

'"" " .. " " '" •• "" 150· 

'"" .. .. '" "' '" •• '" ... .. "' '" " .. " ... .. "" '"" .. " .. "' '" ... "' ... 
'"" .. .. .. "' " ... .. "" "" "' " .. .. "" .. ... "' "" '"" '' .. .. .. "" " ... .. 160t 

'"' "' "" " "' "' '" '' "" 160• 

'"" .. '" " .. "" '" '' .. "" "' .. '" " "' .. .. •• " "" "" " .. " "' .. .. •• '" "" 
'"" '" .. "' " " ... .. "" "" "" " .. "' " ... .. "" "" " .. .. " " ... '" .. ~ ... " .. "" " "' ... " "" ... 00 '" "" " "' '·' .. ... ... " .. "' "" .. '' .. 160+ 

'" .. ... .. " '" '" .. 160! 

'"" .. .. "' .. .. ... .. 160• 

'"" .. .. " .. "' .. •• " . .. 
'"" .. .. '" "' " '" ... " 11;0• 

'"" " .. " "' .. '" •• .. ... 
'"" .. " .. .. "" .. . ' " "" '"" .. "' .. "' "' .. ... " ... 
'"" " .. .. " .. •• " "" '"" " " .. '" " " " '" '"" .. '" "' .. " ... '" J~o· 

"" .. '" '" "' " ,. "' 150+ 

"" .. '" '" "' " •• "' ... 
'"" .. .. "' "' " '·' "' "" "" .. '" .. "" .. ... "' ... 
"' "' 

., 
"' .. " .. "' ... 

'"" "' .. .. "' '" " ... .. ... 
'"" "' 

., .. .. '" " 0.0 '" "" '"" " "' '" .. '" .. ... "" ... 
'" "' .. .. "" "' .. ... '" "' "" .. " '" "" .. " •• "' '"' 
"" "' '" "" "' .. ... '" ... 
"" "' '" .. "" " "·" u "" "" "' .. "' "' " ... "' ... 
"" "' '" "" " " 0.0 " 160• 

'"" "' '" .. " .. 0.0 " 16<)<-

'"" "" .. "' " .. o.; " 
,,. 

'"' .. .. .. .. .. ... " ... 
'"" .. "" " .. " ... .. ... 
'"" " " "" .. .. ... " '"" '"" "" "" "' " '" .. " 1&0• 

'"" "" "" " "" "' .. '" " "" '"" "' '" " "' "' .. ... .. ... ... .. .. " .. "' " ... " .. . ... "' " " .. " '" .., .. ... 
'"" "" "' .. "" "' " ... " ... 
'"" "' "' " .. "" " ... .. ... 

(c) PonelroU<>ru> ol • {60 (!looUon 4A oJllanoo, Section 4B X...neo 1, 2, 3) 
orlginol ""ph>. II m jS.ctlon 4B 1.o.no 4) 
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.., 2,43~ "' '" 2.431 u 
u 2.158 "·" "" 2.4H " 
" 2,466 ' ' u 2,•W3 "" u 2,44~ ... 
'·' 2, «u . .. ... 2.101 0.0 

'' 2.306 '" "' 2.3~2 5.G ... 2.391 ... . .. 2.413 u ... 2.402 •• 
"·' 2.427 •• ... 2,426 . " 
"·' 2.422 •• ... 2.424 u ... 2,4)9 u ... 2.128 . .. 
•• 2,463 '" 
'" 2.431 ... 
" ~. """ ... ... ~A29 ... ... 2.421 ... 
" . 2.410 ... 
"' 2.451 ... 
"' 2.172 • • ... 2.459 . .. 
•• 2.153 '" ... 2.466 '·" 2.3 2, 477 •• ... 2,462 ... '. 2,400 ... ,, 2.MO '. '' 2.437 "·' '' 2.4~0 "·" 

'" 2.285 "" ... 2.385 '" .. 2.426 •• 0.0 2.441 ... ... 2.4'15 '" "' 2.145 '" •• 2.449 ... 
0.3 2,435 ... ... 2,455 3,5 

"' 2.450 ,, ... 2, 404 ... 
"·' 2.'158 3,4 ... 2.461 ... 
'' 2.456 "' ,, 2.4£5 ... 
" 2.44e "·' 
u 2.410 ... 
'" 2,397 00 ... 2.405 5.2 ... 2.411 ... 
"' 2. 12~ '" "' 2.130 ... 
"" 2.433 " "' 2.432 ... ... 2.431 ... ... 2.436 "·' 2.5 2,433 ... 
'" 2.448 3.5 

" 2,4as "" 
" 2.422 ... 
'·" 2.881 ... ... 2.418 •• •• 2. ~OJ . .. 
• • 2.441 "" •• 2,434 ... 
'' 2.445 "" . .. 2.449 ~.!; ... 2.Ma '·' "·' 2.-15£ "' ... 2.~H -~.6 ... 2.439 ... 
u 2.442 ... 
'" 2,009 .. '. 2,365 " "" 2.431 ... ... 2.407 ... 
"·" 2.tas ,, 
"" 2.4&0 "' "" 2. 413 "·" •• 2.~13 ... 
"" 2.414 ... ... 2.471 ... 
" 2.154 '" "" 2.451 '" "" 2,4$6 •• 0.0 2.460 .. ... 2.175 ... 
LO 2.471 ,, 

(d) M""lmom thoorot!col 
opecme grov!tloo 

'" 16.<1 

" 15.2 

'" 14.3 

"' 1£.2 

"' 14.2 

'' 14,, .. 15.6 .. U,R 

" 11.2 Jo~.n .. 18.3 98.3 .. 11.5 9g,4 .. 18.1 99.3 

" lG.B 1M.3 .. 16.3 09.8 

"' l<l.B 100,3 

" 16.S IOO.B 

" 1£.9 100.6 

" 15,0 100.7 

" J6.1 100.5 ,. 10.2 100.0 

'" 11.3 go.s .. 18.4 1QO.O .. 11,4 98.0 .. 16,4 99.9 .. 11.3 99.6 

" 14.7 101.6 .. 16.7 100.6 .. 15.6 W1.7 .. 15.0 W1.2 .. 1:;.0 101.1 

" 15.0 101.4 

" H.7 101.9 

"' 14.1 101.3 

"" 15.5 101.0 .. 15.2 101.2 .. 15.8 100.2 

" 10.0 100.8 

.. 18.5 100.0 .. 18.5 100.0 

'" 17.4 101,7 

" 16.4 102.3 

" 10.6 102.5 

" 11.0 102.5 

" 10.8 103.7 

" 16.5 102.1 

" 15.9 102,0 

" 18.6 102.1 

" 15.7 103.3 

"" 16.2 W3. I .. 15,0 103.2 .. lS,U 103.0 

" )!;,2 10~. 9 

" 10.8 102.7 

" 11.9 100.0 

" 19.0 98.0 .. 18.6 99.8 

" 1B.8 100.0 

"' '"·' 10G.7 

" 1~. B 1M.S 

"' 17.1 101.0 

" 17.8 101,0 

"' 17.1 100.0 .. 16.2 101.1 

" Hf..J 101.0 .. 15.9 10l.B .. 16.3 101. ~ 

'" 16,7 100.0 ., 18.5 98.3 

" 18.1 gg,6 

"' 18.~ ~u. ~ 

"' 16.1 100.8 

" 16.0 100.5 

"' 18.4 lOO.D 

'" H.1 101.0 .. 16.8 100.0 .. 16.0 101.4 

"' 16,4 IQO.S .. 15,8 100.1 .. 15.4 1M.8 

"" 17.7 10G.O 

" 19.2 BB.2 

" 16.1 100.9 

" 17.0 101.6 

'" 14.8 102.3 

'" 15.2 102.8 

" 15.6 102.1 .. 14.1 102.1 

"' 16,6 102.1 .. 15.3 102.6 .. 16.4 101.9 .. 15.7 101.9 

" 14.4 Hl'ol.O 

" 16.0 102.1 

"" 14.0 102.7 .. 10.3 102.£ 
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SECTION 5. ARKANSAS SMACKOVER CRUDE 

B-!4 55.9 33.0 5.9 5.2 
11-&-1 55.4 31.7 5.7 5.2 

l-Ei6 67,2 32,1 5.4 5.3 
)--,';7 57,0 31.8 5.4 6.2 

12-57 50,3 31.1 4.6 4,6 
12-57 57.5 3l.S 5.6 >.1 
11-58 55,8 33.0 5,0 0.2 
11-os o1.s n.o s.2 s. 1 

l-60 56.9 33.2 ~-· 5.6 
1-EI(I 67.5 32,1 5.1 5,2 

11-61 oG, a 33.2 Ei,O 5. o 
11-01 58.0 31.0 5.0 5.1 
11-6.3 57.4 32.4 0.2 5.0 
11-&:l 56.4 ~3.5 5.0 5.1 
s-oo s7.s aa.o t.a s, o 
s-6S 57.4 n.s 4,B s.o 

8 M 56.1 32,8 5.S 5,2 
11-M 55,1 33.6 6.0 5.3 
1-50 57.0 31.3 6,4 5.3 
1-07 56.5 32.5 5.6 5.4 

12-57 57.3 32.4 5.3 5,0 
12-57 56.0 32.3 5.0 0,2 

11-58 56.4 32.6 "·" 5.3 
1-00 59.1 30.0 4.0 5.2 

ll-Bl 57.2 32,4 5.2 5.2 
!l-&3 &8.3 30.9 5.9 4.9 
ll-63 57,5 31,6 5. 9 6. 0 
8-& 08.4 31.1 6.6 4,0 
8-00 58.6 31.6 4,7 5.1 

ll-51! 56.6 as. o o.2 o.~ 

u-ro 66.6 a~.~ o.3 5. a 
8-65 59.4 01,3 ~.5 4. 3 
3-65 57,1 32.3 5.5 5.1 

100 96 51 
IM ~a 00 
10~ ~" 4~ 

10~ ~· 50 
100 ~7 <16 
100 ~7 49 
100 D7 50 

1M ~" ~u 
100 go so 
100 97 !W 
100 ~7 30 50 
100 97 78 40 
100 ~3 76 00 
100 95 79 50 
IW ~7 73 51 
100 ~0 70 51 

100 117 52 
100 00 53 
100 oa 50 
100 01> 50 
100 03 50 
100 oa so 
100 00 51 
too 06 46 

100 "" 63 51 
oa n 01 40 

1M ~7 80 00 
too n 30 so 
!00 94 76 49 

41 32 
40 31 
40 31 

ao ~• 
36 30 
30 30 
40 30 
30 30 
40 30 
39 30 
39 31 
30 30 
40 31 
40 31 
40 30 
40 31 

41 33 
~3 34 
~0 30 
40 33 
40 33 
40 33 
40 31 
36 30 
40 31 
3~ 31 

4~ 32 
39 ao 
as 30 

16 6,2 
H 7,0 
14 5. 7 
15 5.7 
15 5.0 
10 5.9 
15 5.3 
15 6.5 
15 4,7 
15 5.4 
15 5.3 
14 6.3 
16 s.s 
10 5,3 
15 4,9 
15 5.0 

15 8.2 
16 ~.a 

~~ 6.6 
I& 6.0 
1s n.a 
16 6.~ 

16 6,1 
15 5.1 
IS 0.5 
17 0,2 

!1 •.• 
IS 5.S 
15 0.0 

100 g6 n 50 40 33 11 o.o 
100 U7 76 61 40 33 11 5,6 
100 si H 4" 36 27 13 4,7 
100 n Sll DO 40 31 15 0.6 

ll-6.1 56.0 32.3 6,4 5,3 100 00 Sll 55 U 33 IS 6,1 
ll-63 57.2 33.0 6.6 5.3 100 "" ~3 53 40 31 18 6.0 

6-65 5S.6 31.4 5.3 4.6 100 00 70 40 30 30 14 5.6 
o-65 58.9 3o.s S.3 5.0 100 04 75 40 38 2~ 10 5.6 

B-04 55,4 33. ~ 6. 7 6,1 
11-04 S-1.3 34.5 6.3 4, 0 
1-56 55.3 34,3 0.7 4.7 
1-57 56,2 32.8 5.6 5.ll 

12-67 07.8 31.6 6.7 4.R 
12-57 05.7 33.7 5.5 5.1 
ll-5B 05.6 34.1 5.3 4," 
ll-56 

1-60 ,_. 
11-61 
11-SI 
11-6.1 

ll-IIJ 
8-6> ,_. 

SS. I 33.1 
58.2 32.0 
51.7 31.6 
, . 7 32.4 
56.9 32.0 
06.7 32.6 
56.7 32.8 
56.9 33.1 
57.1 32.1; 

5,0 4.0 
5.1 4.7 
5.8 4.0 
4.0 5.0 
6.8 5.2 
6.0 4,9 
5.0 4,0 
6.1 4,0 
0.4 5.0 

100 95 52 -12 33 15 6.0 
100 97 52 -13 33 16 G.fl 
100 87 52 43 32 16 0,0 
os a5 60 41 32 lfl 0.1 
09 06 47 30 31 16 5.0 

100 07 so 41 32 17 5,6 
Jon 06 00 u 3~ 16 5.<J 
100 0" 50 
100 an H 

100 "" 50 
100 97 78 50 

100 n '" 51 
100 "" 77 50 
!00 ~7 79 51 
100 ~8 78 00 
100 86 77 00 

41 JJ 
J9 29 
39 30 
3S 21 
40 31 
~~ 3~ 

40 02 

40 31 
40 JO 

IS ~.2 

H 0.4 
15 6.1 
10 5,3 

lfl "·" 
18 !;,9 
15 5.0 
15 [;.4 
JS 5.7 

.. 
'" '" '" 

100+ 1.4 
150+ 0.3 
150+ 0.5 
150• 0.4 

150'- "· ~ 
160<- 0.2 
150+ 0. 4 
1~0+ 0.6 
160+ 0.2 
160. 1, 0 
150+ 2. 5 
li\0+ 2. 0 
l~Ot 2, 1 
160> 2,0 
150+ 3,2 
150> 2.0 

100• 1.1 
100+ 0. 2 
150+ 0.3 
160> 0.1 
160-+ 0. 2 
100-+ 0. 3 
150-+ 0.1 
100> 0.3 
131 2.4 
160-+ 2.0 
160+ l. B 
150+ 1.2 
150+ >.4 

2.420 1. 7 
2.406 5.3 
2.428 4.'1 
2.428 1.1 
2.434 4.1 
2.'152 3.4 
2.450 3.5 
2.455 J .. 1 

2.404 3.3 
2.~6~ 2.~ 

2.471 2,' 
2.400 2. ~ 
2.409 3.2 
2.466 2.9 
2.-180 2.2 
2.162 3.0 

2.415 4.9 
2.423 '1.6 
2.426 4.5 
2.129 4.2 
2.435 4.1 
3,413 3.8 
2.450 2.5 
2.460 3.1 
Z.<IJJ 3.9 
2.414 2.6 
2.463 3.0 
2.057 2.2 
2.461 3.1 

n 

'" " " " " " n 

'" "' " " '" "' " '" 

138 2.2 2.426 4.5 

"" 1.6 2.421 4.4 
51 3.2 2.4(>4 li.J 
54 1.6 2,375 6.5 

150+ J.' 2. 462 "· 0 61 
ISO• 2.3 2.456 3.2 60 
160> 2.4 2. 471 2. 7 61 
150> 2.4 2. «s 2.1 16 

150+ 2.4 
100+ L2 
100+ 0.7 
150> 0.3 
113 0.1 
150> 0.2 
150> 0.5 

"; 
" '" '" '" '' '' '' 
'" 

2. 415 4.5 13 
2,jQ7 4.9 10 
2.Ho a.a 10 

2.434 3,8 71 
2.460 0.0 60 

2.438 "·" 77 
2.467 2.0 62 

3.! ,., 
'" '" " '" '" " '" 

" " " "' " " 
"' ,, ,, 

16,' 
17.7 
16.9 
w.o 

'"-" 10.5 
!5.9 
15.1 
16.5 
15.3 
10.0 
15.3 
16.0 
15.3 
14.4 
l!i.O 

16.1 
17.0 

"·" 17.2 
15.6 
:~. 5 
16.9 
13.0 

'"·" 14,4 
16.0 

'"·" 15.5 

16.1 
16.9 
10.0 
18.0 

15.6 
16.0 
14.2 
15.4 

10.7 
10.3 
15.0 
16.0 
15.0 
15.1 
12.9 
14.6 
14.1 
14,4 

14.7 
16,4 
14,7 
14.1 
!3.1 
14.7 

100.0 .... 
l!l\1,3 
100.-' 
lO~.£ 

10!.3 
101.2 
101,4 

101,4 

lOL9 
1()2.1 
101.0 

101,6 

lOl.S 
1(1'1.5 
iOL1 

100.0 
100.2 
100.5 
100.£ 
100_" 
lOL2 

101.4 

!01.9 
101.0 
102.4 
102.0 
101.1 
101." 

100.0 
oo.; 

1G1.0 
100. s 
1a1.1 
WLO 
102.2 
101.6 
!01.5 
102.0 
101.8 
100.5 
102.1 
102. i 
102.6 
101.8 

a-54 57.4 "'·" s.o 5.4 wo eo 46 39 21 14 6.4 42 Jso. Lo 2.420 4.5 74 17.3 100.o 
11-M 50.5 31.5 7.6 5.4 100 96 51 41 31 11 S.O 4<1 150• 2.7 2,.W6 5.'1 10 18.0 ~~.0 

1-56 50.0 32.0 6.1 5.3 100 97 50 41 32 11 7.1 32 100+ 0,5 2.414 4.7 73 11.4 99.B 
1-01 55.7 J2.4 6.3 S.6 100 9G 51 U 33 17 6.? 42 150. 0.3 ~.41~ 4.~ 74 11.7 99.~ 

12-07 57.8 31.8 6.4 0,0 100 ~6 46 3U 31 lG 6.7 40 liiO+ 0.2 2.439 3.7 7H 15.4 1\l<l.S 
12-57 o~.o 32.4 6.1 ~.o 100 o6 so u 33 11 6.5 aa 100-+ o.a 3.429 4.1 76 11.1 100.4 
ll-06 00.2 33,1 s.3 s.'l 100 ua 53 ~1 31 16 5.6 3~ 150+ 1.0 3.434 3.9 n 11.0 lOO_Q 

1-!10 so.4 33.5 4.7 5.4 100 99 50 40 31 16 5.o 40 !5o-> o.6 2,437 3.8 n 16,6 100.1 
11-s1 ""·" 31.6 4.6 5.2 100 a7 7a 46 "" 31 14 4.& ao 4o 2,1 2.«9 3.3 79 '-'.7 101.2 
11-&:l 58.1 ~1.1 "·7 s.J 100 97 10 49 39 22 11 5.9 33 101 1.6 2,456 3.0 ao 1s.o 101.5 
11-&:l 67.1 32.1 o.s 5.2 100 9G 31 50 40 33 17 5.9 38 150-+ 1.2 2.440 3.6 7" 10.9 101.0 

~ w~ :-~ ;~:~ ~;:; !:~ ~:! i~~ ~~ ~~ !! ~: ~i i! ::~ ~~ ;;~ ~:! i:!!~ ~:! ;: :;:; i~i:i 
.~~~-=~~~~~~~~~~~~~~~~~~~ 

M B-&1 55.3 32.8 s.2 5.7 '"" "' 60 41 33 13 6.5 45 150> 1.0 2.4o3 5.1 n 18.2 1oo.o 

~ ):=~ ;::~ ~!:! !:~ ::~ :~~ ~: :~ :~ ~~ ;; ::: ~: ::: ::~ ~:~~~ ::! :~ :~:~ :!:~ 
~ WT 1;:;~ ;~:~ ~i:~ ~:~ ::~ :~: ~~ :: :~ ~~ :: ::: ~~ :~: ~:~ ~::~; ::; ;~ :~:~ ;~~:~ 

W< 
W< 
W< 
W< 

W< 

M 

IV1' 

' " ' " 
W< 

12-51 51.5 31.6 S.7 1\.2 100 96 H 09 32 17 6.0 37 150• 0.0 2.40• 4.~ 1l !6.9 10~.2 

11-56 56.0 3l.ij 6.0 5.2 100 9~ 51 40 3! H 6.3 41 !50+ 1.2 2.439 3.7 77 16.1 161.5 
1-£0 57,5 33,3 4.1 5.1 IOQ 06 50 30 30 14 4.3 41 ISO+ 0.4 2.438 3." 76 15.6 !01.6 

11-fll 57.7 3Q.9 6.3 5.1 !06 97 7S 19 29 32 15 6.6 25 150+ 2.2 2.«4 J.!; 71\ 15.9 101.1 
ll-63 06.9 32.9 5.1 5.1 100 96 63 53 40 32 16 5.4 41 150+ 3.0 2,-1-12 3.6 77 15.7 101.6 
11-0> 00.6 31.3 4.7 5.2 100 07 ?S 60 3& 31 15 5.0 33 J6g., 2,a 2.430 3.1 11 16.1 101.5 

6-65 63.7 21.8 4.5 5,~ 100 96 10 <IO JS 30 13 4.7 22 100+ 1.8 2,4'15 3.5 17 15.2 101.7 
6·015 58.2 30,7 5.0 5.~ 100 96 79 49 39 32 16 6.2 21 11 I.R 2.-125 ~.2 14 10.5 10'0.9 ,_. 

ll-Gt 
1-&6 
1-57 

~~-57 

12-67 
11-06 
ll-56 
1-60 
1-60 

11-61 
11-61 
11-<13 
1Hl3 

S-66 
S-66 

.';3.4 30.8 
[)3.7 3.1.2 
56.2 33.4 
56.0 32.5 
06.1 30,7 
66.4 32.1 
56.£ 30,0 
66.6 31.0 

67.2 Ol.4 
68.o :n. 1 
57.4 32.3 

67." "'· 8 
07.7 31.6 
66.6 33,5 

"'·" 32,3 
57.3 31," 

5.6 5.0 
3.1 5.0 
5.5 4.9 
6.3 :;.2 
6.3 4.0 
6.4 5.1 
6,6 4.7 
6.0 lj,l 
,,3 0.1 
5.8 5.1 
5,3 5.0 
5.4 6.0 
5.9 4. ~ 
6.2 4.8 
5,3 4,8 
5.0 0.0 

'"" '"" '"" '"" 
'"" '"" '"" '"" '"" '"" '"" '"" '"" '"" '"" ''" 

96 5"1 
98 5"1 
06 50 
01 til 
9li .. 
9B 50 
91 48 
9B 00 
01 49 
OS '18 
97 7S 50 
01 so 50 
98 63 51 
9S 63 52 
as w >o 
OS 63 00 

H 36 
H 34 
H 32 
41 33 
30 Jl 
40 33 
30 31 
40 Jl 
40 30 
.10 30 
40 Jl 
JH J2 
40 31 
41 J2 
<IO Jl 
40 31 

Jij 6.1 
17 6.5 
15 5.6 
11 6,6 
11 6.0 
17 6.7 
16 0.1 
11 a.s 
10 6.0 
16 6.1 
15 5.0 
16 5.6 
11 e.• 
17 5.5 
16 5.6 
17 6.2 

150+ 
!50+ ,.. 
lOOt 
100+ ,.. 
ISO+ 
160+ 
150+ 
1M+ 
100+ 
150+ ,,. ,,. 
150+ 
1.,0<-

"" '" "' "' "" "·" "' "" "' " '" '·' '" .., 
" ,, 

2. 291 
2.393 
2.44.2 
2,434 
2,457 
2,<00 
2.404 
2.468 
2.47S 
2.404 
2.472 
2.4~8 

>.476 
2.466 
2.4S~ 

2.410 

17.2 
10.0 
lfo,2 

16.5 
14.5 
14.1 
H.3 
1<1.7 
15.0 
15. a 
11.4 
14.7 
H.O 
13.9 
13.0 
14.1 

100.0 
100.1 
102.; 
101.6 
102.6 
102.9 
102-0 
102.2 
102.6 
IOJ.l 
103.4 
102.8 
!OJ.£ 
IOJ.l 
10~.0 

103.3 

~~ ~":·~~:u:.:;~. '",;~:!~,:~;;,co"!"' o! I"""· 
1<1 PcootroU0011 of 

oc!gtnolooph!l.!t {

60 {S.oUon o.\. ol! !anen, SecUon 5B Lano 21 
6l{""cUonSB Lanes 1,11 
62 (BecUon 5B Lane 21 IVT = om"e !<orn whe€1 l<ack, Do.ohao !ndloo1o 

cote• t•k•o ol rondom !ocot!<mo, 
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SECTION 6. EAST TEXAS TALCO CRUDE 

M oa,9 a1.2 n,a o.o :oo ~7 sa ;a as 10 6.7 <11 150· 2.2 z.to~ ~-• n 16.5 1oo.o 
55.0 33,3 5.~ O.J 100 66 51 41 34 17 6.2 46 Hl 2,2 2,410 6.0 71 11.2 100.2 
55.S 32.4 6.0 0.4 100 06 52 41 H 17 7.0 41 104 0.3 2,412 4.~ 12 17.5 100.3 
54.6 33.9 6.2 5.4 JQQ QQ 63 42 M W 6.5 47 150+ 0.2 2.435 4.0 76 16.7 Wl.J 
61.1 32.2 6.5 5.2 JQQ 07 50 40 32 l? 6.9 31 150+ 0.3 2.416 3,0 78 15.9 WL6 
57.9 31.3 0.7 6.1 100 96 46 39 32 17 6,1 45 146 0,4 2,444 J.ll 77 16.7 lfrl.7 
57.2 31.3 6.1 6.4 lOG 98 50 40 31 17 6,4 42 150+ 0.0 2.452 3.3 60 1~.5 102,~ 
06.7 33.0 0.0 6.3 100 96 02 41 32 16 5,6 H 91 0,7 2,442 3.7 77 H.l 101.6 

1-GQ 59.8 09.8 5.4 5.0 !GO 97 47 37 26 16 5.1 32 16 0.4 2.41>0 3.2 79 15.2 102,1 
1-"Q 57 .• 1 31.8 5.8 5.3 100 97 4Q 40 31 17 6.1 <14 106 0.6 2.446 3.5 76 15.9 101,6 

u-61 54.5 33.9 6.2 5.4 100 os sa sa 42 35 1s 6,5 ao 69 ~.3 ~.4&1 :<.4 '" 16.2 w2.o 
11-01 oo.a a~.& 5.8 5.4 10~ pa ~1 51 -to 34 17 o,2 43 61 3.0 2.H6 3.B 17 1£.5 lGJ.& 
11-SJ B6.2 aa.2 5.4 5.2 100 os s2 s2 <11 n 17 5.7 4o E<9 1.5 2.46~ 2.9 81 1G.3 102.4 
11-63 66,3 32'" &.6 5.1 100 pS SO 62 'll 32 16 6,1 51 OJ I, 8 2.464 3.2 19 15. ~ 102 1 

W'!' B-6S 56.2 33,6 1\.0 5.2 100 98 19 62 H 3~ ·16 5,2 31 85 2,2 2,466 3,2 19 15.2 102,2 
S C 8-(;!} 56.8 32.9 5.1 6.2 100 66 l7 IH 40 n 11 6.4 38 40 2.4 2,428 4,3 74 16.5 101.0 

,~--------~~~~~~--------------~~~=-=-~~~~~ 

J 

l 

l 

M 8-M 51.3 31.3 <J.2 s.2 11Hl go 50 40 31 17 6.5 46 150• J.S 2.413 4.9 72 11.5 JDO.O 

M 

11-54 55.3 31.6 7.6 5.5 100 ~8 53 4~ ~a 17 5.0 43 135 0.3 2.388 0.8 <J9 18,7 99.0 
1-56 66.6 31.6 6.8 S.l 100 9~ 5~ 40 34 18 7,D 32 41 0.~ 2.390 5.6 66 l1.5 ~9.3 
1-51 57,2 31.0 5.3 6.0 100 00 61 30 31 16 ~-" 36 88 0.2 2.426 4.4 75 17.5 100.5 

1Z-ii7 50.0 30.1 5,8 5.1 100 06 49 38 30 16 6.1 34 SO 0.2 2.438 3.9 76 16.3 101.0 
lZ-1>1 67.0 31.7 6,2 5.2 100 96 50 ~9 30 10 5.5 40 100+ 0.4 2,451 3.4 7" 16.2 101.6 
11-58 S6.7 30.3 6,0 5.0 1M OS 43 38 31 17 6.3 25 6 0,2 2.301 0-0 68 17,2 66.3 
1-60 56.5 ao.5 5.9 s.1 100 os 40 30 30 15 0.2 25 o o.z 2.390 s.o se 11.1 99.3 

ll-01 60,6 32,7 5.4 0,3 100 69 62 62 40 34 lO 5.7 26 12 2.2 2.~23 4.5 74 17.~ 100.4 
11-63 "'·~ 31.1 "-~ 5.1 100 go a3 sz a~ 30 16 s.2 29 zs ~.6 2.460 a.o so 1s.o 101.~ 

11-so o1,<i 31.:1 6.3 n,o wo o9 s2 sz 40 31 11 6.6 29 10 z.1 2.426 4.a n 15.9 100.0 
"-"" 09.~ 30.1 4,0 4," 100 06 00 48 31 31 17 4.9 21 1 1,6 2,397 5.5 67 16.7 99.3 
s-so 56.6 :12.0 4.& 4.9 100 oo 30 so 36 3Z 10 ,,7 23 6 1.9 2.a~o s.o 65 11.1 9B.s 

11-03 M.O 32,0 5,4 5.1 
ll-63 60.7 30,4 .\,0 4,9 

6-66 ii6.6 33.2 :;, 1 5.1 
6-66 66.0 32.0 6.0 6.0 

11-63 56.3 32.9 6.7 6.1 
11-63 51.1 31.8 5. 8 6.3 

8-(;!} 07, G 32. o i. B 5.0 
8-66 06.8 33.3 4, 0 6.0 

6-64 55.5 33,4 6.0 
11-64 o4. s ~4.3 o.6 

1-1)6 54.9 33.5 6.0 
l-51 00.8 33.1 <J.O 

12-51 04.5 34.6 5.6 
12-57 55.8 33.6 0.6 
11-5S 66.3 33.9 4. B 
ll-56 56.4 33,6 0.1 

1-tlll OG.G 3:1,3 0,4 
l-80 57.0 ~·-<I 0.0 

11-61 57.2 33.0 4.8 
ll-61 66.7 31.5 6.9 
11-63 56.6 32.7 5.1 
11-63 00,2 33.5 5,2 

8-fil; 5B.3 32.4 4.6 
6-60 01.0 33.0 5.0 

100 98 93 51 40 33 17 5.6 
100 07 79 47 37 30 15 5.3 
1~0 07 90 52 41 32 15 5.4 
100 96 61 61 30 31 10 5,2 

100 as ~3 52 u 3~ 11 o.o 
100 97 75 51 40 31 16 0,2 
IM 96 00 OJ 40 32 16 S.O 
100 96 76 OJ 40 31 17 5.1 

100 07 Ji1 
100 100 62 
100 B~ 02 
100 as 51 
100 go 53 
100 98 &1 
100 06 51 
100 00 50 
100 00 50 
10tl 08 ~g 

100 01 62 50 
100 ~" 80 50 
100 96 81 Ol 
100 99 63 53 
100 06 18 4~ 

100 94 73 50 

" " " " " " " " " " " " '" " "' " 

33 15 6,3 
34 16 6.1 
34 11 6.3 
34 11 a.a 
35 16 5.9 
33 17 s.s 
32 15 6.1 
3~ 10 6,0 
32 H 5,7 
32 16 &.3 
31 IS 5.1 
33 16 6.1 
32 11 6,0 
34 H O,Ji 
31 15 4,7 
32 15 5.3 

' ' 
'" • 
'" "" "' "' 
l&O• 1.0 
llO 1.~ 

86 2.0 
142 0.1 
1o~+ o.3 
lOO 0.3 
115 0.3 

86 0,2 

~" 0. 5 
28 6.4 
10 1.4 

" 0.7 

26 '·' 
<JO 2.9 
16 1.7 
12 2.4 

2.{07 l;,l 

2.<107 5.1 
2,437 3.9 
2.42/i 4,4 

2, 472 2.5 
2,43.\ 4.0 
2.-154 3.2 
2.426 4.3 

2,406 6.1 
2,433 4.4 
2.401 0.3 
2.433 '1.0 
2.463 2,8 
2.412 4.9 
2,450 3.4 
2.421 4,5 
2.446 a.G 
~.439 3.B 
2.446 3.5 
2.462 5.2 
2,405 2.S 
2,445 3,6 
2,4.17 3,S 
2. 364 a.o 

" '" " '" "' n 

'" " '" '" " n 

'' 
" '" "' 

15,9 

1o.a 
)<JG 

16.3 

H.1 
16.1 
16.2 
11;.0 

17.0 
16.3 
17,1 
IS. 0 
14.1 
16.9 
15.5 
16.7 
16.4 
15.6 
10.2 
17-0 
14.1 
15.1 
14.6 
11.8 

100.0 
100.1 
99.5 

101. I 
102.4 
1M.2 
101.6 

100.£ 
lOLO 
101.4 
101.7 

99.8 
102.5 
101.0 
101.1 
99.1 

6-fi.l 61.6 30.2 6.6 5.4 100 ~8 01 39 ~0 16 7,2 46 150+ 1.5 2,40fi ~.1 73 11.< 100.0 
11-M 54.8 34.0 5.6 5.6 100 o~ 52 n 20 15 o.e 43 95 o.7 2.404 4.& 73 18,1 99.8 

1-00 66.7 32.8 6.0 5.6 100 07 52 01 32 16 6.3 36 80 2,7 2.UO 4.7 7'1 15,1 100.0 
1-57 56.4 a~.a 0,3 5.1 100 61 51 41 32 16 6,6 39 HJ 0.1 2,4~6 4.0 71 17.4 100.7 

12-57 66.3 "2,5 o,o 5.3 100 01 50 40 33 11 6.2 31 10 o.~ 2.4M 4.8 72 17.1 so.~ 
U-51 57.0 32.3 1;,3 5.4 100 98 49 40 32 10 5.6 30 53 0.3 2,406 4,6 73 17.8 FO.O 
11-56 56.0 33.3 5.3 5,4 100 96 81, 41 31 lli 6,5 30 12 0.3 2,410 4.7 73 17.4 100-0 
1-~o 58.1 30.6 s.o &.1 100 e8 47 as 30 16 ~.o 26 1 0.1 2,387 o.a £8 17.5 oo.l 

il-61 51.0 32.6 5.0 5,4 100 98 82 50 40 32 15 0,3 26 11 2.0 2.4N 4,1 76 17.1 JQ0.6 
11-63 58.4 30.6 5.8 5,2 100 98 81 49 38 31 16 6.1 23 1 2.5 2.422 4.2 H 16.2 100.5 
11-1\J 01.2 31.6 6.1 0.1 100 98 so 51 40 32 17 8.4 3~ 1 2.0 2.430 3.7 76 15.4 101.1 

~ ~T ::: ~::~ ~!:: ::~ !:! :~~ :: ~: :~ !~ ~i :~ !:! i! 1~ ::: i:!i~ ~:~ ~~ :::~ :~~:; 
·r+~--~~-=~~~~~~=-~~=-=-~--~-=-=~~-=--=--=~ 
z M 8 M 68.3 31,0 5,2 5.5 100 08 52 36 24 l2 5.5 43 100+ 0.0 2,413 4.5 7'1 17.3 100.0 
9 -- 11-54 55.7 32.7 6.0 5.6 100 07 51 U 32 15 8.4 36 87 2.1 2.324 B.1 61 20.8 ~6.3 

~ -- :::~ :~:; ~~:~ ::~ ::~ :~~ :: ;~ !~ ~~ :: ::: ~~ :: ~:~ ;:~!~ ~:! ~~ ;~:~ :~:~ 

M 

12-57 ~0.2 ao.1 &.7 5.o 100 o8 47 38 29 10 6.0 21 01 o,2 2.a12 s.2 es lr.7 98.3 
12-01 05,a a3.1 5,6 5.4 100 01 so u oa 11 5.9 26 21 o,o 2.353 6.9 e4 1P,2 91.0 
11-06 51.3 32,0 5.6 5.1 J!Hl 08 H 40 B9 14 5,9 29 10 0.1 2.086 5.5 68 17,2 99.0 

l-W 51.0 31.6 O.i 5,3 1M 97 00 40 00 16 6,2 27 14 0.0 2,378 5.9 68 18.4 96.£ 
ll-81 56.4 33.2 0,1 s.o 100 90 04 01 40 32 11 5.4 22 3 2.8 2,397 5.2 71 17.6 0~.2 
11-&'l 58.1 3!.5 5.3 5.1 100 P7 76 49 39 30 IS ~-6 25 7 2.5 2.396 5,2 69 Ja.6 09,3 
11-03 68.1 31.1 5.9 4.0 100 os 79 49 ag 30 16 6.2 22 o 1.9 2.373 6,1 65 11.4 96.0 

6-01\ 07.3 32.1 5.2 5.4 100 "" 61 52 39 26 15 6.5 23 16 2.6 2.402 s.o 71 11,2 99.5 
6-85 SS.2 21,6 5.2 5.0 100 06 63 so 30 30 15 5.6 19 $ 2.4 2.361 6.5 64 16,1 96.0 

s-M 55.5 aa,7 o.n 
11-54 50.7 30.1 G. 0 
1-56 56.5 32.3 o.~ 

1-51 64.4 33.1 6.4 
12-57 55.7 33.6 5,5 
12-57 &5.9 33.~ 5.1 
11-59 65.9 33.0 5. 9 
ll-58 65.6 33.1 6.1 

1-no 55.3 33.3 s.o 
1-tlll 60,6 32,8 6.4 

ll-Gl 66,1 33,1 0.6 
ll-<l1 57,9 31.0 6.1 
n-n3 on,s 32.5 5.7 
ll-<l3 56.0 33,8 4,6 

3-<lli 01.1 32.5 4,6 
G-<lli 06.7 32,6 G,J 

; ' 
'' ,, 
" '·' ,, ,, 
'' '' '' '' '' '·' ... ... ... 

100 96 52 41 
100 98 52 41 

100 ~" 50 40 
100 96 54 42 
100 100 63 U 
100 90 52 t1 
100 00 62 11 
100 09 52 tl 
100 09 53 41 
100 69 02 40 
100 96 63 53 41 

100 "" 62 00 30 
100 90 OJ 5~ 40 
100 90 62 54 41 
100 05 60 51 30 
JQO 00 83 52 40 

33 h 
32 IS a.o 

"' " " '" " 

10 5,2 

" " "' ... 
16 5.4 
16 6.2 

32 16 8.4 
32 11 6.2 
32 18 5.5 
3~ IO 5,~ 

3l 16 5,4 
a2 11 5,0 
n 1s s,1 
28 15 ~. 0 
31 16 5.6 

'" .. 
" '" " " " " " '" " '" " .. 
" "' 

131 1,6 
100+ 1, 7 
124 0,2 
ISO+ 0.0 
120 0.1 

83 0.4 
150+ 0.4 
132 0.4 
02 0.2 

107 0.4 
45 2.2 
51 2.1 

106 1.0 
83 2.2 
41 2.1 
30 2.2 

2.393 5.<J 
2.406 6.1 
2.436 3.9 
2.427 4.3 
~- 4&5 3.2 
2.437 3, ~ 
2.466 3,1 
2,439 3.8 
2.450 3.4 
~.409 3, 6 
2.«1 3. 7 
~.439 ~-a 
2.4>5 3.2 
2.136 3.9 
2.456 3.0 
2.450 3.4 

16.1 
17.6 
16.3 
17.2 
15.2 
16.3 
15.5 
16.5 
11.0 
16,6 
16.1 
16,8 
16.2 
1G.2 
15.0 
l5.JJ 

100.0 
100.0 
101. ~ 
101.4 
102.6 
101.8 
102.6 
lOLO 
102,4 
101.9 
)Q2.0 
101,0 
102.~ 

101.8 
102.7 
102.4 

~; Lao•• nombered west lo ea•t. 
M = mtx oamJ>IO, C = oore !rom eo"tor of IIUIO, 
WT = ~••• from \Ill'"'! tr•~l<, O.•ho• lodkot• 
oo<•B lakon ot condom !ooot!ooo. 

1o)pe,.trot!OilBof 
orlglno! .. ph!IU {

61 1SeoUon 6B 4o•• 3, <J 
63 1Boo!lon 6B Lane~) 
G-1 (&ol!on GA alllono•J 
<l5 1flooUon GB Lano 1) 
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APPENDIX B 

BINDER COURSE 
Summary of Laboratory Analyses of Bituminous Concrete 

Section 1. Wyoming Crude, Refinery A 
Section 2. Venezuelan Crude 
Section 3. Wyoming Crude, Refinery B 
Section 4. West Texas Winkler Crude 
Section 5. Arkansas Smackover Crude 
Section 6. East Texas Talco Crude 
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SECTION 1. WYOMING CRUDE, REFINERY A 

Looation(b Pate '1 pasolng lnd!cnte<'l sieve Speolllo , % Filled Mlnerol , 
[, j Milduro An.ly$1• % I Gradation o( Extracted Aggregate I RecGV•red Aophnll jMeaaur•:,.[, '" 1: VoldJVoldo In 

S!Ullpled Sampl•d J R 10 I P 10 I Bitumen J t(o) 13/4 I 3/8 I 4 ]10 I 40 I 80 ]200 IPen'(~~nt!on Jouol!llly ]Ash, %Joravlty(e) Void• B!~~~n Aggregll!e 

Ml~ i 

'" 
WT 

9 54 70.9 24.8 4,3 55 31 28 26 

lHJa 70.5 ?5.4 4.1 92 n a8 30 26 21 10.0 2.4 
1!-63 69.1 26.7 4.2 93 70 a8 32 2B 22 10.0 2.5 

H,ol5 67.9 28.0 4.1 97 83 39 32 29 23 11,0 2.1 
8"0-' r,o:.v 28.7 4.4 100 '11 38 J~ 30 20 11.0 a.o 

11-6a 6s.o 29.5 4.5 ~a 11 40 34 at 24 12.0 2.3 
11-63 68.2 27.3 4.6 94 57 39 a2 39 23 11.0 2.3 
8-65 09.3 26.4 4.3 99 86 35 31 28 21 9.:) 1.9 
s-ss 67.9 21.1 1.1 1oo 1oo as 32 2s n s.o 2.a 

160~ 

150+ 

150< 

"' 150+ 

150> 
!SO+ 
150+ 

"" 

2,2 2.405 
2,9 2.476 
1.0 2.468 
1.9 2.451 

2.7 2.424 
1. 7 2.46~ 

1.1 2.413 
1.7 2.a93 

2.8 78 
a.c 74 
3, g 72 
4,6 69 

o.G 65 
3.0 73 
6. 0 6~ 

6.8 60 

lZ.7 
13.8 
1~. 9 
14,8 

16.0 
14.4 
16,2 
17.0 

I 06 67.3 28.0 4,7 62 36 32 29 31 150+ 1.9 2.442 1.9 70 16,3 
1-07 71.4 24.4 4.2 G2 32 29 25 31 160+ 1.1 2.43~ 5.0 07 15.2 

IVT 12-57 70.0 25,6 4,4 67 34 30 2'1 35 150~ 0.2 2.4M 5,2 61 10.9 

§' WCT :~=~~ ~~:~ ;~:: !:~ :~ ~; ;~ ~~ ~~ :;~: ~:: ~::!: !:~ ~: :!:~ 
· ~ WT 1-60 74,9 21,7 3.5 65 29 25 2~ 24 150+ 0,2 2.437 5,1 62 13.4 
~ W'l' ll-61 66.6 28,7 1.7 72 39 34 30 23 ll.O 2.4 21 150+ 2.1 2.431 5.3 U8 16.6 
:'i liT 11-63 as.a 26.o 4.s as 77 37 31 2s 21 8.0 1.2 28 100• 2.6 2.467 a.a 75 lii.6 
:.0 C ll-63 73.4 22.1 4,5 96 11 31 26 2~ 18 B.O 1.1 ~3 100+ 1.9 2.457 4,3 71 !4.B 
0 WT B-G5 70.7 20.2 1.1 98 75 30 23 26 21 9.2 2.0 18 74 ~.1 2.117 4,7 U7 14.2 

~ f-+-c ___ ""_"_'_"_'_' __ '"-'--"-·-"--"-"--'-'-'_" __ '_'_'_" __ "_'_"_·_"_"·-'--'-" ___ '"_' __ '_·_' __ '_"_"" __ "_' __ "_" __ '_"_'--1 
l-56 65.9 29.3 4.8 13 40 34 31 30 150+ 2.U 2.425 5.6 67 17.0 

WT 

l 

WT 

1-57 uv.o 26.3 4.7 66 35 31 28 ao wo+ 2.a 2.436 5.1 69 16.5 
12-67 68.7 27.0 4.3 68 :)G 31 28 27 100+ 1.3 2.Hl 4.9 UB 15.3 
12-57 68.9 26,5 4. 6 7U 36 31 28 37 160t O. 3 2. 469 3. U 74 15.0 
ll-58 70.1 25,4 4.2 63 32 29 26 29 150+ 0,3 3,451 4.6 6V 14.3 
11-0B BU. 4 2~. l 4. 5 68 M :10 27 40 I5Q+ 0.4 2. ~55 1.4 1l 15.2 
1-60 Bll.O 2~.o 4.4 10 :14 ao 27 a1 15o+ o.5 2.466 4.o n 14.a 
l-60 65.6 2g. 1 4.1 71 41 a4 31 30 IOQ+ 0. 2 2. 46£ 4. 0 1l 13. a 

ll-61 68,3 27,6 4.1 £7 37 a2 2S 2a 9,0 2.6 IS 85 0.1 2.458 4.3 70 1·1.3 
11-Gl 6B.1 27,3 4.6 67 35 31 29 23 11.0 2.2 36 160+ I,B 2,462 4.1 7'< 15.2 
11-03 7:!.:1 22.:1 1.4 97 61 2S 2r. 23 lS 7.0 1.2 22 Hifr+ 1.7 2.500 2.1 82 13.3 
11-63 Gs,o 26.4 4." 100 75 as 31 28 22 10.0 1.6 
8-65 69.8 25.9 4.3 ~0 12 35 30 27 21 8.7 2.2 
0-65 68.4 27.2 4.4 S4 73 38 32 29 22 10.0 2,3 

1-56 65.3 29,9 4. 8 74 41 as a1 
J.-01 ov.r, 25.7 4.7 65 35 30 27 

:2-01 72. a 2:J. ~ 3. s 59 :3~ 2B 24 
12-57 71.2 24.3 4.5 63 ;12 2" 2G 
11-58 n.o 24.8 4.2 lltl 34 29 26 
ll-5B 70.8 24.6 4.6 60 33 28 26 
1-60 10.a 24.o 4.o 61 :H 2~ 2G 
1-60 68,2 27.2 4.6 74 40 33 28 

ll-61 69.7 26,0 4.3 69 36 aJ 27 21 10.0 2,6 
11-0l r,a. ~ 27.2 1. 5 lf9 37 32 29 23 ll.O 2.3 
ll-63 10.5 35,4 4.1 il2 72 38 30 26 21 10.0 2.4 
ll-f·J 09. 1 26,7 4. 2 93 70 88 32 28 22 10.0 2,Ei 

B-ll5 6il.7 20.1 4.2 95 66 "" ;Jo 21 22 10.0 2.0 
8-65 69.2 26.5 4.3 ~7 10 36 31 38 22 10.0 2.2 

30 160+ 2. V 2. 47G 3. 6 75 14.4 
ao 160+ 1,4 3.477 3.5 75 11.0 
as 160+ 1.a 2,464 4.4 10 H.7 

160+ 
150+ 
150+ 

"~ 
11;0+ 

150< 
150+ 

"~ 

2,8 2.410 
1.0 2,468 
0.6 2.407 
0.1 2.430 
0.2 2.166 
l.i 2.40H) 
0.5 2.470 
0.2 2.490 
0.~ 2.429 
o.a 2.4:;3 
2. 2 2.195 
2. ~ 2. 476 
1.9 2.477 
1.8 2.412 

~- ~ 65 
4.3 72 
8.3 09 
5.4 67 
4.0 72 
4.0 H 
J.B 7.1 
3.0 76 
5.1 65 
4.5 1l 
2.8 78 
3.6 74 
3. 5 11 
3.7 74 

17.7 
10.1 
10.4 
10:.4 
14.3 
15.4 
H.l 
12.5 
15.4 
15.5 
12.7 
13.8 
13.5 
!4. 2 

1 Otl £6.7 28.5 4.8 67 38 33 30 35 ISO• 2.7 2.418 5.8 66 17.1 
l-57 71.4 24.4 4.2 50 32 28 26 :<5 160+ 0.9 2.410 6.2 62 16.3 

12-57 69.4 26,2 4.4 72 37 a1 27 32 ISO+ 0.9 2.430 6.8 64 16.1 
12-57 n.e 23.2 a.9 61 31 27 21 32 1oo~ 2.2 2.112 4,9 M 14.4 
11-58 00.2 26.5 4.3 68 36 30 28 40 150+ 0.2 2.4~2 5.3 66 15.6 

l-60 73.1 22.~ ~.0 63 33 21 24 31 150+ 0.2 2.443 4.9 66 14.4 
11-s1 67.0 28.1 4.$ ~o ~o 33 .10 23 u.o 1.7 27 1z1 2.5 2.448 4.7 n 16.2 
ll-6:! 65.7 29.7 4.£ 91 81 41 30 31 25 12.0 2.1 37 HiD+ i.1 Z.460 4.1 7:1 15.2 
11-63 r,~.7 ~7.0 4.3 99 71 38 32 28 22 9.0 3.3 29 150+ 2.4 2.<120 5.8 63 15.7 

i WCT ~=~~ ~~:i i~:~ !:! :~ ~i :~ ~~ ~~ ~: ~~:~ ~:~ ~~ ::~: ::~ ~:!~~ !:: ~~ :!:~ 
sr+~~~~~~~~~~~~~~=-~~~~~~ 

1-56 65.9 29.a 4.8 71 38 34 31 35 100+ 2.2 2.413 
~ 1-57 70.0 25.3 .J.2 66 34 30 27 35 160+ 1.2 2.422 
:::; IVT 12-57 71.8 24.2 4.0 r,} :JO 27 25 25 1iiO+ 1.7 2.424 
~ c 12-57 67.2 28.4 4.4 01 40 aa au 27 1oo+ 0.1 2.419 

WT ll-58 68.1 26,8 4. 5 71 34 30 28 27 J.OO+ 0. 2 2. 430 

~ ~~ 1::~~ ~~:~ ~!:~ ~:~ ~~ ~~ ~~ ~! 20 1.0 1.1 ~: ~~~· ~:~ :::~~ 
WT ll-5:! 69.3 26.5 4.2 91 67 36 31 26 22 10.0 1.8 30 150t 2.0 2.422 

n-63 G6.o zo.5 o.s ss n 4o 35 :n 24 11.0 2.3 21 J5o+ 1.8 2.403 
8-65 68.6 27.2 4.3 100 09 41 34 28 22 8.4 2.0 28 15(1+ 1.0 2,443 
8-65 67.6 27.9 4.5 98 65 3B 3a 29 22 8.3 2.0 2a 150+ 1.4 2.429 

t-06 68.0 n.a ~.7 72 40 3.~ zo 
1-57 69.1 26.4 4.5 71 41 33 28 

'" 12-57 6~.9 28.6 1.5 60 40 34 30 
12-57 70.0 ZO.Ei 4.5 G9 38 30 27 
11-56 71.0 24.8 4.3 G2 33 29 26 
ll-5B 69.5 26.0 4.5 6'1 36 30 27 
1-60 71.2 24.8 4.0 64 34 29 u. 
1-60 76.2 20.3 3.5 54 23 23 21 

ll-61 69,6 25.7 4.7 OEi 30 30 27 20 9,0 1.6 
11-61 70.1 25.7 4,2 61 35 30 27 21 9.0 2.1 
11-03 69.0 26.6 4.2 IQO 75 41 32 28 22 10.0 2.2 
11-63 70.2 25.7 4. 1 94 70 41 32 27 21 10.0 2, 0 
o-6s 69.8 26.o 4.4 va 7a av n 21 21 a.7 2.0 
6-65 69,6 26.1 4,4 9B 7a as 31 27 21 a.a 2.1 

(o) LnnM n~<nbered weat to ooa!. 

(b) C wee from center of lane. 

(c) 100 p~rcont pnoncd 1-1/4 ln, a!eve. 

(d) PenetroUon of orlg!nal aophalt = 62 
WT = ,"<lro from wheel track. (e) Moxlmu>n ttco"ollcal apeclflc g"nvlty . 2. 56S 
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1.50+ 
150< 
ISO• 
150+ 
150+ 
1SO+ 
150+ 
lliO+ 

150+ 
150+ 
150+ 
150+ 
150• 

2. 5 2.429 
0.2 2.4&1 
0,1 2.446 
0.4 2.403 
0.2 2.147 
0.2 2.472 
0.1 2.488 
0.3 2.448 
1.5 2.458 
2." 2.455 
2,6 2.488 
2.0 2.473 
1.1 2.442 
1.2 2.46U 

6.n £6 
5.7 64 
5.6 63 
s.a 04 
6.4 67 
5.0 64 
4.6 GO 
5.7 63 
G.4 62 
4.a 67 
5.4 68 

0.4 07 
4,6 70 
4.7 70 
4,1 73 
4.7 68 
3.7 15 
3.9 1l 
4.7 M 
4,a 72 
1.4 89 
3.1 77 
.1.7 73 
4.9 M 
4.0 72 

17. 1 
15.H 
15.1 
16.1 
16.4 
13. ~ 

H. a 
15.4 
16.8 
14.8 
15.9 

16.1 
1o.a 
10.7 
16.2 
14.7 
14.8 
13.4 
13.1 
15.4 
11.2 
la.& 
la.7 
15,3 
14.3 



SECTION 2. VENEZUELAN CRUDE 

L-ooat!on Date % paM!ng Indicated sie•e 1-Spedflc % F!H<><l Mlncrol 

' 

I' I ML>cture Annlyslo % I Gradation of Extracted Aggregate I Recovered Asphalt I Mensu:red: f" ••I '%Void~ 1:% V<>lds In 

S>mplcd(b ampled [ n 10 I p 10 [Bitumen ~-J(<I J 3/4 13/8 [1 I 10 ·1 40 I BD J 200 I Pen{~~ation I Duct!l!ty [Aeh, %1Graolty(e) Void• Bl~:'en Aggregnl" 

MEx 8-54 71,7 24,0 4,3 150+ 

l-50 68.9 25.6 4,5 n 37 32 26 35 lliO+ 2.3 2.421 5,7 60 1G,3 
t-57 67.5 n.s 4.6 n 4> 31 29 ao 150+ 2.0 2.425 s,s ££ :s.o 

12-57 ss.z za.s 4,9 n 41 34 ao 37 150+ o.o 2.412 ~-1 sa 17.9 
12-57 06.2 27.4 4,4 ?1 36 32 29 34 lliO+ 2.2 2,447 4.7 69 lii.2 
ll-58 ss,a 21.1 4.~ n a? JJ zs 43 150+ 0.4 2.1<11 4.9 as to.a 
ll-58 67,3 28,0 4,7 70 40 33 20 40 150+ 0.4 2.427 5,5 67 16,7 

1-BO 08.8 26,8 4,4 72 37 31 28 30 150+ 0,4 2.45V 4.2 12 15,0 
1-so 71. o 20. s 1. 1 70 as ao 26 as 150+ o. s 2.11a s. 8 ~3 15.1 

n-61 7D.a 25.5 4,2 oa ao ao 27 21 10,0 2.1 29 149 1.0 2.438 5.1 66 15.0 
IJ-Gl 66,7 28,8 4.5 74 40 34 30 24 11,0 2.4 34 124 1.0 2.413 6,0 M 16,7 
11-03 f>8.5 27.3 1,2 96 71 39 32 29 22 10,0 2.2 37 150+ 2,9 2.440 4.6 68 14.4 
11-63 EIG.O 28.8 1.6 97 H 11 34 30 23 10.0 2,1 37 Jol7 2.4 2.462 4.5 71 15.5 

8-65 £7.1 26.0 4.9 99 12 38 33 30 23 11.0 2,0 34 150- 2.2 2,470 3.9 75 15.2 
:;- a-uo 67.9 27.4 4,7 01 1a 2a 22 2s 22 10.0 2.2 22 150+ 1.6 2,436 o.1 68 15.9 

g ~1---c_ __ _c,_c,c,--,c,c,--c,,c_c,--,c __ , __ _c __ ,c,---,c,--=,,c--,c,----_cc_ __ c_ __ c,c,----c,c,,c_---,c.c,--c,c_,c,,--_c,c,--c,c,----,c,c_,--1 
~ l-57 67.9 27.5 4.6 72 40 33 2g 2~ 12S 1.9 2,3aJ 9.2 53 19.6 

;5 \IT i~=~; ;~: ~ ~~: ~ !: ~ ~~ ;~ ~~ ~~ ~: :~~: ~:~ ~::~~ ~: ~ ~; ~~: ~ 
8 ~ ~~i 1 i=~~ ~~:~ ~!:~ !:~ !~ ~~ ~! ~! ~~ :~~: ~:! ~::;! ;:~ :~ :::~ 
~ ~~,~ ;;=~~ ~~·.! ~~·.: !:~ 97 ~~ ~~ ~~ ~~ ~~ ,~·.~ !:~ ~~ ~!!+ ;:~ ~:!~~ ~:~ :~ ~!:~ 

J 

l 

C 11"63 68.3 21,2 4,5 99 13 37 32 29 22 9.0 1.6 28 HS 2.0 2.435 5,2 67 15.8 
WT 5-65 67,4 28.1 4,5 96 n 43 36 29 21 8,1 2.2 24 110 1,2 2.~H 6.0 64 1£,7 

'" 
' WT 

' 

WT 

' w~ 
' 

8-65 69.1 26.6 ~.a os 70 37 31 25 H 9,0 2.1 lS 124 L3 2.424 5.6 64 15.6 

116~ 71,6 24,5 3.9 94 66 
11"~~ 68.5 27.4 0,1 95 14 
9-65 66.2 27,4 4.4 97 67 
8-G5 70,7 ~5.1 4,2 100 as 

ll-63 70, 7 25.2 4, 1 VG ?4 
11-S:l ElV.J; 26,3 1.2 a? 76 
8-65 U9.4 26.3 4.3 100 66 
8-60 £9.9 25,8 4.3 98 GS 

1"5G 68,6 27.0 4.-1 13 
1-57 ElG. 9 28,4 4,7 80 

12-57 68.3 '.\7.0 4,3 71 
12-57 68,7 26.9 4,4 69 
11-58 71,1 H.7 4.2 67 
11-68 07.9 27.7 4.4 72 
1-an ov.s 26,2 4,0 n 
1-60 7fr,6 25.3 •L 1 76 

11-61 68, H 20. ~ 1. 3 65 
11-61 68.1 27,3 4.6 73 
11-£3 67.2 28,5 4.3 95 7& 
11-63 10. o 20.9 4. 1 aa 76 
8-65 H~. 5 26.9 4, 6 96 75 
8-66 Ha,G 27.1 1.3 $4 68 

34 29 
36 32 
38 32 
34 29 

36 30 
37 32 
35 31 
38 ao 

38 32 
41 34 
35 32 
as 31 
34 26 
39 32 
36 31 
36 .10 
36 22 
3B 22 
41 33 
38 3fr 
3V 32 
3~ a3 

26 21 10.0 l,B 
29 23 11,0 2.3 
29 22 9.4 1,8 
26 20 9.3 1,8 

27 22 11,0 l. 7 
32 22 10.0 2.2 
26 22 9.9 2.1 
27 21 10.0 2.1 

'" '" '" '" '" '" " '" 28 22 10.0 2.2 
29 22 10.0 2.2 
30 Z3 11,0 2,4 
27 21 10,0 2,2 

28 22 11,0 2,0 
28 22 8.9 2.0 

1-o!J 68.1 27,4 4.5 66 10 33 29 
1-57 68.3 27.3 4,4 6S 38 33 29 

12-07 68.9 27.0 4,1 75 37 3l 26 
12-57 Ha.S 26.6 •1.6 69 36 31 2B 

J:;a+ 
100+ 

127 
150+ 

100+ 
150~ 

150+ 
150~ 

160> 
150+ 
150~ 

150+ 
150+ 
150• 
15o~ 

150+ 

''" 150• 
ISO• 

2.·1 2,449 
2.5 2,432 
1.4 2,426 
1.1 2.442 

2.4 2.474 
1, 8 2.415 
1,2 2.475 
1,6 2.457 

2,6 2.439 
2,4 2.4oJ8 
0.1 2.428 
0.2 2,441 
0.3 2.428 
0.1 2.119 
0,4 2.437 
0.4 2,428 
2.4 2,420 
1. G 2.400 
2,2 2.467 
1, 7 2.450 
1.4 2,441 
LO 2,461 

4.6 67 
;;.a M 
0.5 65 
4.9 67 

3,7 73 
4,a m 
3,6 74 

1,3 70 

5.0 68 
4.7 71 
0.5 65 
4.a 6B 

0.5 "" 
4,6 70 
5,1 65 
5.5 64 
6.8 64 
6.5 n2 
3,9 12 
1.6 88 
4.9 69 
4,2 11 

13. ~ 
14,7 

10.7 
H.8 

13.7 
14.5 
13. B 
14.3 

15.6 
16,2 
15.7 
15,3 
15.7 
15.3 
)4.0 
15,3 
16, l 
17.1 
IS. 9 
14.4 
15.8 
14,5 

37 150+ 2, 7 2.395 6,7 61 17.2 
31 150+ 0,5 2.419 5.8 04 l£.1 
31 150+ 0.2 2,438 5.1 U6 15.0 
31 160+ 0.0 2.432 5.3 07 16.1 

ll-58 68.0 27.5 4.6 79 38 32 29 31 150+ 0.2 2.432 0,3 67 lfi.1 
J-6o 67,4 28,1 ~.o 11 37 az 2g 29 150+ 1,4 2,427 5.5 66 :n.2 

11"61 G8.9 26.0 4,6 U7 ~4 31 28 22 10.0 1,8 21 03 1.2 2.432 5.7 61 17.3 
11-63 68,2 27.5 4,3 100 78 36 :n 29 23 H.O 2.3 23 92 2.0 2.-lM 5.2 06 15.3 
ll-63 69,4 2G.4 4.2 100 n 36 21 28 22 10.0 2.2. 22 121 2.1 2.425 5,6 B5 16.0 

~ I~T ~:~~ ~~:~ ~~:~ !:! ~~ ~~ ~~ :~ ci~ i~ ~:~ ~:~ ~~ :~~: ~:~ ~::~~ ~:! !~ :~:~ 
.~~~~~~~_c_c_c_~~~~~---~~~~~~~ 

1-6H 67.7 27.8 4,5 70 12 33 29 36 150• 3,0 2.42a 6.6 66 1G.5 
5 1-57 68.1 26,6 4,7 67 40 32 28 36 150+ 1,B 2,4.';7 4.3 72 10.4 

~ WT :~:~~ ~~:~ !!:~ !:! ~~ :~ i~ ~~ ~~ :~~: ~:~ ~:!~! ~:~ :~ :~:~ 
WT 11-58 66.1 21,2 4.7 72 39 32 29 33 150• 0,4 2.451 1,6 11 15.9 
WT 1-GO 71.1> 24,3 4,1 64 34 26 25 29 150~ 0,4 2.435 5.2 65 14.9 
1\'1' 11-61 71,5 24.5 4,0 57 33 29 26 23 9,0 1,5 26 92 1.2 2,448 4.8 67 14.5 
WT 11-63 70.4 25.5 1.1 ss 69 37 21 27 21 10.0 2.4 20 148 2.1 2.0oa 4.4 69 14,2 

ll-S3 70,5 25.2 4.3 H5 67 39 30 26 21 10.0 2.4 22 92 2,8 2.430 5,2 66 15.3 
8-HO 69.8 26,0 4,2 1)4 Oii 38 81 27 21 9,8 2,0 21 150+ 1,0 2.399 6.6 60 lG.5 
8-85 71.2 ~4.6 4,2 1)4 ~1 34 29 26 20 9.6 2,2 21 135 1,0 2,449 4.6 61 14.4 

WT 

' WT 

' WT 

WT 

1-56 05,7 29.7 4.6 70 39 35 31 
1-57 6B.1 27,2 4.7 73 38 32 2B 

12-57 68.3 27.4 4,3 69 39 33 29 
12-.17 70.7 24,7 4, 6 G2 33 2~ 25 
11-58 M.O 28.3 1.1 63 3ll a2 30 
ll-58 70,5 25.2 4.3 59 33 29 26 

1-60 69,8 25,8 4. 4 6B 35 30 27 
1-GO 71.7 24,4 3,9 65 S4 28 2fi 

li-61 84,8 30.3 4,9 74 40 35 .12 24 10,0 2.4 
ll-61 67.0 2B,l 4.9 65 37 32 30 23 11,0 2,4 
ll-63 M.6 26,9 4.5 ~8 70 M 3l 28 28 11,0 2,3 
11-63 ~8. 6 26.9 4, 3 97 70 a a 31 28 23 10,0 2,1 
5-65 69,3 2Q,4 4.3 95 67 37 31 28 23 8,7 2.0 
a-eo 68.7 26,8 4;5 92 73 39 32 28 22 11.0 2.2 

(a) Lane• numbered wo•t to eao\. 

(l>l c "core from eonl~r of lane. 

(c) 100 porcont poooed 1-1/4 ln. aleve, 

(d) PonotruUon of <>rlglno.l asphalt~ 60 
WT "oore from wheel \rook. 

(e) Mox!mum theoretical opccllic gravity 2. 565 
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160+ 
160+ 
100+ 
150+ 
150+ 
lEW+ 
150+ 
150+ 

"' "' 150+ 

'" ''" loo+ 

2.7 2.445 
2. il 2.432 
0. 0 2.430 
0.2 2,431 
0.9 2.4o!O 
0.4 2.439 
0.6 2,445 
1.2 2,453 
2. 2 2.466 
2,6 2.441 
2.1 2,482 
2.3 2.460 
1,6 2.418 
1,2 2,461 

4,8 70 
5,3 68 
5,0 67 
5.3 67 
0,0 69 
5,0 ll7 
4,8 69 
4.5 68 
4.0 75 
4, 9 7l 
3.3 77 
4,2 71 
3,5 75 
4.2 72 

16.0 
16.6 
15.2 
16.1 
16.1 
15.2 
15.5 
14.1 
16,0 
18,9 
14.3 
14.5 
14,0 
15,0 



c 
w~ 

w~ 

'" c 
w~ 

WT 

SECTION 3. WYOMING CRUDE, REFINERY B 

8-M !!7.9 ~7.4 4,7 56 ~· 31 29 

1-56 66,6 28.0 4.0 72 40 ~· ~0 41 150+ 2.3 ~.4W 6,1 C5 1?.4 
1-57 68.0 27.3 4.7 69 40 Ja 29 28 100+ 1.9 2.H>I 5.7 6£ 1£.8 

)2-57 73.2 Z2.9 3.~ 06 32 28 24 25 150< 0.2 2.444 1.5 67 13.6 
12-57 M.7 25.6 4, 7 70 33 29 27 31 150+ 0.4 2.415 5.7 86 16.8 
ll-58 70.1 25.fo 4.~ 51 31 30 27 as 150+ 0.2 2,441 4.r. 10 15.3 
ll-58 69.3 26.1 4.r. 67 04 30 27 38 150+ 0.3 2.140 4.7 70 15.7 
1-60 70.7 21.9 4,4 56 34 29 26 27 150+ 0.7 2.4n a.z n 13.9 
1-UO 70. a 24.9 4, a 68 34 zs 26 44 Jso• o,z 2,457 4.o n 14.3 

11-61 67.8 2?.5 4.7 67 36 32 29 23 10.0 2.2 33 160+ 1,9 2.446 4 .. '; 7J 15.9 
ll-61 68.3 26,8 4.V 67 3Ei 31 26 23 10.0 1.8 4:1 150+ 1.2 ~.448 >1.1 73 16.3 
11-£3 M.7 28.5 4,8 95 70 38 33 30 24 11.0 1.9 45 150+ 1,0 2.496 2.5 82 13.9 
11-63 70,3 25.3 4.4 96 63 83 29 26 21 10.0 J.S 36 150+ 2.1 2.467 3,6 75 14.4 
8-65 69.9 26.0 4,1 ll4 74 :<7 an 27 22 10.0 2.2 32 1oo+ 1.4 ~.497 ~.s 80 12.o 
~-•:o o1.a ~7.8 4.6 g5 73 J9 22 29 23 10.0 2.a 32 1.'\0+ 1.2 2.446 4.& n 15.5 

~~~~~~~~~~~~~~~--~~~~~~~ 
1-56 68,5 27.1 4.4 68 H :35 28 2U 150+ 1.6 2.105 6,1 83 Hl.ti 

l 

c 
WT 
c 

w~ 

WT 

m 
c 

WT 

w~ 

w~ 

WT 
w~ 
w~ 

c 
w~ 

c 

WT 

w~ 

\VT 

'"' w~ 

WT 
c 

w~ 

c 

c 
w~ 

'" 
WT 

w~ 

1-57 n.l 23,7 4.2 .03 32 28 25 41 ISO+ 0.0 2.444 1.5 69 14.5 
12-57 o:7.7 27,8 1.5 69 as 22 29 27 150+ o.o 2.41~ 5.5 66 16.2 
12-57 69.0 26.7 4.3 64 :38 82 22 32 150+ 1.1 2.425 4.~ 68 15.2 
n-58 67.5 2s.2 4.3 7" 41 :1o ao 2a Joo+ o.o ~.·127 5,2 on 15.3 
!-so 66.6 28,9 4.5 42 36 ao 25 1oo+ o.4 2.992 6.6 62 17.4 

11-r.1 66.1 28.8 s.J 79 41 2·1 ao zo u.o 2.2 21 1M 1.2 2.397 s.1 65 18.3 
n-s~ M.:J ~r..5 1.2 98 11 36 32 26 i2 10.0 2,3 as !SOt 2." 2.4:12 5.o us 14.7 
ll-63 sa.~ 2£.~ 4.2 92 67 4o :1.~ 2a 22 11.0 2.4 31 ;oo+ L9 2.432 o.o !16 11.1 
a-us 10.5 zo.s 4.0 ~~ 10 :15 :10 27 21 n.o 2.1 21 

"-65 69.2 26.7 4.1 1>3 73 3" 22 28 22 8, 7 2,1 23 

11-63 u~. 7 2s. 1 1. 2 98 68 34 30 27 20 9. o 2. 2 
11-63 69.1 2ll.ll 4.3 90 66 06 Ol 2" 22 10.0 2.2 
8-65 89,6 26,0 4,4 D:i "5 34 30 27 20 8.9 2.1 
8-65 69.6 26,1 4,3 [>4 67 a;; ao 21 21 s.a 2.2 

11-63 6£.4 zo.~ 4.4 ss 75 ·12 35 :n 21 11.0 2.3 
H-63 68,1 21.~ 4.=> 95 oa n 'l~ 29 22 Jo.o 1.7 

H-C,5 66.9 28,6 4,5 100 17 41 34 30 22 11.0 2.4 
8-GS o;9.8 "<6,1 4.1 g~ 71 28 21 27 21 9,2 2.1 

1-56 M. s 20,2 4. S 74 42 .16 32 
1-01 nc. ~ ~8. 3 ·1. a n2 39 a4 20 

J2-E7 na.4 21.1 4.5 os 35 a1 2s 
12-57 08.5 26,9 4.£ r,4 oo a1 28 
11-58 6~.4 25.9 4.7 il4 38 32 27 
ll-58 72,4 23.3 4.3 Sfl 32 28 21 

1-6o 69.7 2s.a 4,s r,9 3r, ao 21 
l-60 70.3 25.5 1.2 65 35 30 27 

ll-61 69,7 26.~ 1.1 67 35 21 27 21 10.0 2.4 
ll-61 69.0 26 .. 1 4.5 63 36 21 28 22 10,0 2,3 
11-G3 68.1 27.7 4.2 o7 r,s 4o 33 ~9 23 u.o 2.6 
11-62 6U.4 28.3 4.3 95 67 3U 31 29 22 11.0 2.1 
8-65 69,7 27.0 1.3 86 65 38 31 29 22 10.0 2.2 
8-!io 69.2 26.:; 4.:J 95 66 2a a2 2B 21 10,0 2.2 

1-56 GV.4 26,3 4, 3 67 3G 34 28 
1-fi7 67.4 28.0 1.6 12 3V 33 2V 

12-57 66.8 28.4 0.8 73 38 33 30 
1~-57 67, B 27.7 4. 5 67 27 32 29 
ll-58 ss.9 28.7 4.4 n 41 34 20 

1-r,o 10.1 25.6 4,4 " ~4 3,0 27 
11-£1 68.7 26.1 4,6 67 :17 ~1 28 22 10.0 1.7 
11-62 o;9,7 26.1 2,9 100 73 37 31 28 21 10.0 2.2 
ll-6a 71.0 N.O 1.1 98 76 36 30 28 20 9,0 l.ll 
s-65 68,0 21.n 4.4 100 s7 39 3a 29 22 s.J 2.1 
8-65 70.6 25,3 4,1 96 70 :w 30 27 20 9.1 2.0 

1-58 67,4 23.2 4.4 75 40 3~ 30 
1-67 6£,1 29,1 4.~ 65 41 35 31 

12-51 11.' 20. o a, g 6G 34 29 zo: 
12-s? 68.~ 2o:.6 4.5 so 39 a1 29 
ll-58 69.1 26,5 4.1 68 ~8 31 28 
1-so 70.4 25.5 4,1 ua 34 au 27 

u-61 66.5 2~.7 -1.8 74 a9 34 ao 22 u.o z.a 
ll-63 72.7 2a,6 .1.7 9~ 02 ~3 21 zs 20 9,0 1.s 
ll-£3 6~.5 21.1 4,1 93 n 39 32 2F 2a 11.0 2.1 
8-65 £7.1 28.8 1,6 94 70 41 34 30 2;l 10.0 2.1 
6-65 69,5 26.3 4.2 97 68 36 31 28 22 11.0 2.2 

l-Oll 66.6 28,5 4,9 ~6 38 33 ~o 
1-57 llll,4 28.1 5,2 71 29 33 30 

12-5'1 N • .'l 2s.a 1.2 65 as 20 20 
12-[)7 68,8 28,7 4.0 66 36 31 28 
11-sa ng.a 25,8 4.4 69 3fi 30 27 
11-58 nv. n 25.8 4, 6 12 35 30 27 

l-60 SU.Z 2~.1 4,7 N 35 .10 27 
1-60 68.4 26.7 4. 9 76 37 31 28 

11-Ul os.a 28.8 4.9 10 40 a4 ao 24 11.0 2.3 
11-61 66.4 28,6 ~.0 66 88 83 ao 21 11.0 2,3 
11-63 63.5 26.8 4.7 87 R9 3~ :J2 28 23 10.0 2.3 
ll-63 6U.7 25.8 -1.5 92 65 36 30 2'1 Zl 9.0 2.1 
»-65 87.4 27.8 4.8 100 71 38 33 29 23 9,8 1.3 
B-65 69.9 25,8 4,a 97 n 37 a1 27 21 9,1 2.2 

150+ 
11;0+ 

l60t 
150+ 
137 
150+ 

160+ 
150t 
150+ 
1M+ 

lfiO+ 
1.oo+ 
150• 
150+ 
150+ 
l50+ 

150> 
150+ 
150+ 
160+ 
160+ 
1&0t 
150+ 
1M+ 

150t 
150+ 
150+ 
150+ 
HW+ 

150• 

150+ 
too+ 
150+ 

"' 
100+ 
150+ 
150• 
150+ 
150+ 
lOOt 

"' " '" lBO+ 
150+ 

"~ 
150+ 
!BOt 
150+ 
1.>0+ 
150+ 
ISO• 
150+ 
150+ 
150+ 
150+ 
150+ 
!50+ 
150+ 

].3 2.101 £.2 no 
1.0 2.423 6.3 65 

2,a 2.46;; :3.1 13 
2.1 2.45fi 4.1 71 
L l 2.430 !\,1 £7 
1.6 2.412 5.8 63 

2.9 2.479 3.~ 77 
2.6 2,481 3,1 17 
1.8 2.433 5.0 68 
1.5 ~.4-15 4,5 68 

2.5 2,424 5,3 6V 
2. ~ ~.116 ~. 5 72 
0.1 2,44;< 1.6 70 
LB 2,412 0.8 ~5 

0. 3 2, •110 4.7 11 
0.2 2.137 1.8 68 
0.2 2.47V 3.3 17 
0.2 2,454 4.J n 
L l 2.442 4.Ei 71 
!.2 ~.381 1.D GO 
2.5 2.469 ~.6 74 
2.0 2.419 s.s 62 
1.2 2.430 4. v ~7 

1.0 2.407 8.0 6~ 

0. 8 2.429 5.1 67 
2.1 2.41" 5.5 66 
L 7 2.422 5.4 G8 
0.1 2,132 5. 0 ,;~ 

G.l 2.426 5,2 67 
0.4 2,oj26 5.2 67 
1,7 2.4W 5.6 66 
l, 8 2,440 4.7 66 
2.2 2.431 5.0 66 
1.5 2.418 5,6 8£ 
1.1 2.434 1.9 06 

1.6 2.412 5.8 64 
1. 5 2.115 5. 7 87 
0.0 2.422 5.1 63 
2. 9 2.433 5. 4 ~6 

0.2 2.124 5.2 G5 
0.2 2.429 5.1 68 
1.4 3.44£ 4.5 72 
2.2 2,186 4.8 65 
2,1 2.445 4,5 GB 
1,7 2.461 3.6 75 
1,1 2,420 5.5 64 

3.0 ~.117 5.0 G7 
2.1 2.459 3,9 16 
1.7 2.421 5..1 65 
0.6 2.438 4.8 89 
o.3 2.1a7 4.8 69 
0. 3 2.138 4,8 70 
0.3 2.480 3,; 78 
o.1 2.449 4.3 7a 
2.0 2.463 3.8 76 
1.8 2,426 4,8 7l 
2. 7 2.176 s. 3 77 
2.1 2.470 3.5 76 
1,6 2.412 ~.4 77 
La 2,437 4.8 68 

15.5 
15.1 

1a, 1 
11.1 
10.0 
15.7 

l3.9 
13.5 
15.<; 
14.1 

17.) 
16.1 
l5.a 
16.6 
)0),2 

15.0 
14.2 
11.1 
1&.9 
)7.0 
13.B 
14.5 
14.8 
18.2 

15.5 
16.2 
16.9 
15.6 
15.8 
15.8 
16,5 
1a.s 
11.7 
16.0 
14.4 

16.1 
17.3 
14.6 
10.9 
15.1 
10.0 
18.1 
13.7 
14. 1 
14.4 
15.3 

17.0 
16.3 
15.4 
15,5 
15.5 
16.0 
14.8 
15. v 
15,8 
18.8 
14.3 
14. fl 
14.8 
15.0 

(o) Lonoo nun>~~red weot to oos(. 

(b) C = co<• !torn centor nf lane. 
\IT~ coro f'orn wheel !rock. 

{c) 100 percent pnoood 1-1/4 ln. •l~vo. 
{d) Penetrotlon of orlgh>ol <t•phalt ~ G4 

(e) 111EIX!mum thoureUcnl opec.lfic grnvltj ~ 2, 560 

""10'~'•" ~"'i''r"rr"·~~lrJ!'' !''n" ffi~ll>··•.v ~ S'%.&<l{S''1i J'• ,. 'k.,H"- ;~'%. ~ '~,. '11 ''"' ~ ~,~ ~'d"'· n-J,. ~ 

MICII!GM~ DEPT. STATE HiC~HWAYS I} 
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Mix 

l 

WT 

SECTION 4. WEST TEXAS WINKLER CRUDE 

8-54 09.~ 25,8 4,3 

11-t.3 69,3 27.0 3.7 88 66 41 ~3 

11-63 GS. g 26,0 4. 1 91 65 36 31 
8-65 01.5 28,3 4,2 M 65 40 34 
B-55 68.6 27.3 4,1 88 Gr. 38 32 

11-63 71.8 24.4 3,8 70 18 32 28 
ll-!l3 7!.3 24,:; 1.2 90 <l4 33 29 

8-65 f)5.5 29,8 4.7 95 70 41 35 
8-65 69.1 27.8 4,1 93 68 38 31 

28 22 11.0 2.9 
27 21 9,0 1.9 
30 23 10,0 2,2 
29 21 9A 2.0 

25 21 10.0 2.0 
26 21 0.0 2,0 
31 25 12,0 2,2 
28 22 9.1 2,4 

169+ 

150+ 
150+ 
150+ 
150+ 

1. a ~. 4G2 
l.? 2,432 
1.0 2.43!l 
1. 2 2.431 

2.4 2,463 
l.B 2.148 
1,4 2.440 
1,6 2,441 

1.2 aa 
0.1 64 
5.3 66 
6,4 61 

4.2 69 
4.8 M 
6,1 69 
5.1 66 

13.1 
15.0 
15.1 
!5,0 

13.5 
15,0 
16,5 
10.0 

1-ss c~.a 26,8 4.4 63 as 31 2a as 150+ 2.2 2.407 s.4 62 Js.a 
l-57 GO.O 26.6 4,4 66 3fi 31 2B 36 150+ 1.3 2.416 6,0 63 !6.2 

12-57 69,2 2G.4 4,4 r.o 36 ao za ~2 ISO+ o.4 z.an a.s so 11.0 
c 12-01 1o.a zs.o 4.2 s~ .n 29 26 n 1oo+ o.4 2.1so 4.7 u8 11.1 § WT n-s~ f>Ei.9 28.3 4.8 12 a8 33 ao 34 150+ o.3 2.418 6.0 ss 11.1 

~ ~~ 1;~~~ ~!:~ ~~:~ !:~ :~ ~~ ~~ ~~ 24 \1.0 1.9 ~~ 1~;+ ~:! ~:!~~ !:~ ~! 15.4 4 WT 11-83 69.1 20.8 4.1 92 09 38 02 28 22 9.0 2.1 2? 99 1.8 2.443 5.0 66 :!:~ 
"$ 11-63 09.4 26.3 4.3 91 61 34 30 27 22 9.0 1.9 27 78 2.2 ~.419 4.7 69 15.2 
z WT s-6s 05.5 29.7 4.8 96 68 40 ar; 31 25 12.0 2.0 28 Ho 1.3 2.409 6.3 64 17.5 

g 1--+-::__ _ _:•-:•:• ___:":"~-'_:":·•::___':·:' -~':' _:":" -'="-":'_:·~·_:':' __:":·:" __:'·:' _ ___:':" __ :'":"~' __ ':·:' _:'·:":·' _ __:'·:"_:":' _ ___:':'·:'---1 
i;J l-56 07.9 27.4 4.7 63 38 -12 29 46 150+ 1. 6 2.402 6.6 63 17.6 

17.0 
15.2 
18.4 
15.0 
16.1 
14., 
14.5 
15.£ 
1£.5 
13.3 
14.6 
12.8 
14.5 

l 

'"' ' WT 

WT 

WT 

IVT 

' '" 
WT 

w~ 

'IT 
w~ 

w~ 
WT 

1-57 £7.0 27.6 4.5 66 37 a2 29 46 Hw~ 

12-57 67.8 27.5 4.7 66 36 32 20 48 150+ 
12-57 ss.1 29.4 4.9 n as 34 n 45 150+ 
11~5~ 67.8 27.5 1.7 M 38 ~2 29 40 lSD+ 
ll-58 71.:3 24.3 4.4 09 :>3 28 25 42 150+ 

1-60 72.0 23.9 4.1 fiG 33 26 25 
l-60 71.4 24.5 4.1 63 32 28 26 

11-Gl 65.0 30.3 4.7 74 42 35 32 2~ ll.O 2.ll 
11-Gl 65.6 2~.0 4.8 69 39 36 31 26 10.0 2.3 
li-63 6a.5 26.4 4.1 S4 61 37 31 28 22 10.0 2.0 
ll-63 69.4 26.3 4.3 BB 73 35 30 26 23 ID.O 2.1 

8-G5 U9.8 26.4 3.8 34 oa 36 21 28 22 s.o 2.0 
8-66 70.6 25.3 4.1 91 03 34 29 26 21 10.0 2.2 

1-Sr. 66.0 2V.l 1.4 7fr 42 35 30 
1-67 68.2 28. ~ 4. 9 G~ 38 34 30 

12-57 67.5 23.1 4.4 fi7 38 33 29 
12-.\7 69. ~ 25.9 4.2 60 35 30 27 
ll-58 M.1 28.3 4.6 89 33 33 30 
11-58 fi8. v 26.6 4.5 58 34 30 28 
1-r.o 68.9 26.s 4.n 63 3B 31 26 
J-60 n.a 22.1 1.0 63 33 28 25 

ll-61 GG. 6 28.0 4. 9 07 37 33 30 24 12.~ 2.2 
\1-61 67.4 27.8 4.8 66 37 33 29 2a 10.0 2.1 
11~6:3 67. fl 27. ~ 4. 5 95 73 as aa 39 22 10.0 2.1 
11~63 68.5 27.2 1.3 82 67 37 32 38 23 11.0 2.4 

B-85 'lB.O 27.8 1.2 94 74 38 32 20 33 10.0 2.1 
8-05 56.7 28.9 4.4 89 72 40 34 30 34 0.8 1.9 

33 l5<J+ 
01 150+ 
36 150+ 
41 150+ 

"' "" "' "" 
100+ 
!50+ 
!50+ 

160+ 
ISO+ 
150+ 
1M+ 
150+ 
150< 
150+ 
150+ 
150+ 
160+ 
150+ 
150+ 
1~0+ 

100+ 

3.4 3.400 
0.3 2.405 
0. 0 3.390 
0.5 2.471 
0.4 2.422 
0.3 3.455 
0.4 2.456 
2.6 2.470 
1.6 2.439 
2.1 2.488 
2.1 2. 466 
1. 8 2.478 
1.5 3.456 

l.O 2.436 
0.8 2.430 
0.2 2.139 
o.o 2.148 
0.5 2.445 
0.6 2.434 
0.4 2.478 
0.4 2.455 
1.1 2.458 
1.2 2.433 
2.5 2.488 
2.3 2.465 
1.9 2.450 
1.0 2.434 

6.3 63 
4.1 73 
7.0 62 
3.9 74 
5.6 64 
4.5 69 
4.0 ss 
3.9 75 
5.1 89 
.1.2 76 
4.1 n 
3.1 71 
4.5 69 

5.3 f>S 
5.3 BS 
5.1 57 
4.8 88 
4. 9 ~9 

5.3 61 
3.6 76 
4.5 68 
4.0 72 
5.4 68 
3.2 77 
4. t 12 
4.7 sa 
5.3 GG 

15.8 
17.). 
15.5 
15.0 
15.8 
16.1 

15.0 
14.1 
1G.1 
18.9 
13.9 
H.t 
14.7 
15.6 

1-511 65.8 29.8 4.9 68 37 34 31 40 !50'" 2.2 2.409 G.S 65 18.0 
1-07 68.9 20.3 4.8 56 34 30 28 40 150+ 1.9 2.401 6.0 63 17.8 

12-57 67.6 27.7 4.7 so 36 22 20 35 160+ o.a 2.411 a.2 64 17.2 
!2-57 GB.S 26.8 4.6 Ol 38 ~1 28 38 150+ 0.0 2.425 0.7 08 1&.8 
!1~58 67.1 26.3 4.0 69 41 M ao 40 160+ 0.3 2.401 6.6 02 17.4 
1~oo so.3 ao.1 4.6 69 u 35 32 36 tso+ 0.1 2.101 r..8 62 n.4 

11-01 66.8 26.9 4.3 64 36 31 28 21 10.0 2.2 39 150+ 2.2 2.428 5.6 65 JS.O 
H-B3 11.3 24.o a.8 so ss 35 29 as 20 s.o 2.1 29 150+ 1.9 2.406 6.1 64 14.2 
H-s3 sa.1 27.9 4.3 so oo 37 22 25 22 s.o 2.2 s2 100• 2.2 a.420 6.9 o3 1s.s 

5 \~T ~=~~ :~:; ~~:~ !:i ~~ ~~ ~~ !i ~~ ~~ !:! !:~ ~! :~~: ~:: ~:!~! ::~ :~ ~::~ 
:~------~----------------------------------------~ 1-66 08.2 27.2 4.5 61 36 82 29 48 150+ 1.8 2.436 
~ 1~57 67.0 27,6 4.5 62 37 33 20 46 160+ 1.7 2.430 

~ W1' :~~:~ ~!:~ ~~:~ ~:: ~~ !~ ~~ ~! ;~ i~~: ~:~ ~:!:! 
WT 11-58 67.6 ~7.6 4.6 70 38 32 39 31 150+ 0.5 2.4a9 

j :~ 1:=~i ~::~ ~~:~ !:~ ~~ ~~ ~~ ~~ 22 10.0 1.9 !! ;~~: !:~ ~:!~! 

l 

WT ll-63 66.6 26.8 4.4 94 6' 39 32 28 22 10.0 2.0 31 150+ 2.0 2.486 
11-63 70.2 28.8 4 •• 1 94 68 37 30 27 21 s.o 1.9 32 150+ 2.4 2.466 

W1' 8-GS 66.6 27.1 4.4 V1 6<! 37 33 26 22 8.1 2.) 38 ISO+ 1.6 2.427 
B~6s 11.1 24.6 1.1 s1 57 ss as 20 20 8.o 1.9 27 150+ 1.8 2.435 

w~ 

' w~ 
w~ 

' 

1-58 66.4 26.9 4.7 
1-57 71.1 24.8 4.1 

12-67 69.7 26..0 4.3 
12-57 68.2 27.1 4.7 
11-56 70.6 24.9 4.6 
11-56 67.3 26.0 4.7 
1-60 69.6 20.0 4.4 
1-60 70.8 25.0 4.2 

11-61 M.2 26.0 4.3 
11-0! fi8.4 37.0 4.6 
11-~3 70. 1 35.8 4.1 
ll-63 71.9 24.2 3. 9 
8-66 71.6 24.4 4.1 
a-65 70.3 2&.4 4.3 

72 36 33 30 
IH 33 29 26 
59 34 30 21 
60 36 31 28 
~0 34 29 26 
61 30 32 29 
64 36 30 27 
63 35 30 26 
61 36 31 26 22 10.0 2.2 
66 37 32 28 24 11.0 2.3 

88 58 35 30 27 22 ll.O 2.1 
91 61 32 26 25. 21 s.o 1.6 
60 56 33 20 M 20 7.5 1.6 
63 56 34 29 27 21 9.6 2.0 

(o) Lance numbered weot to eMt. 

(b) C core from center of lane. 

(o) 100 pero•ot pMaed 1-1/4 ln. o!ove. 

(d) J;>enotrot!oo of or!g!nal nophel( = ll1 
WT ~ coro from wheel t"ack. 

(e) Mox!mwn thooretic!!l. •P<Iollio gravity 2. 571 
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150+ 
150+ 
100+ 
150+ 
150+ 
!50+ 

too+ 
150+ 

"" "~ 
100+ 
150'" 
150+ 
150+ 

2.1 2.441 
2.7 2.451 
0.4 2.467 
0.2 2.438 
0.5 2.471 
0.4 2.431 
0.2 2.487 
0.8 2.490 
2.0 2.448 
2.9 2.458 
2.6 2.493 
I. 7 2.464 
1.4 2.468 
1.3 2.471 

0.2 07 
5.5 66 
6.5 63 
5.7 67 
s.1 as 
5.6 10 
4.4 72 
4.0 73 
4.4 70 
5.2 67 
5.3 65 

6.1 U9 
4.7 68 
4.0 72 
5.4 68 
3.9 H 
5.4 07 
3.3 76 
3.2 76 
4.8 68 
4. 4 12 
3.0 77 
3.4 74 
4.0 71 
a.~ n 

15.8 
16.3 
14.9 
17.3 
IS. 9 
18.7 
15.7 
14.5 
14.7 
16.8 
15.1 

18.5 
14.1 
14. ~ 
16.9 
15.0 
16.4 
13.6 
13.3 
15.0 
15.7 
13.0 
13.1 
13.8 
14.4 



J 
'" ' '" 

w• 
' '" '" '" wo 

'IT 

WT 

' 

'" 

WT 

'"' 
WT 

'" 1\'T 

"" 

SECTION 5. ARKANSAS SMACKOVER CRUDE 

B-54 70.2 20.5 ~-2 61 31 28 27 

l-56 08.0 27.3 4.7 67 40 31 29 
l-57 68.7 26.6 4.7 r,r. 39 32 29 

12-57 fl8.2 27.4 4.4 67 40 33 39 
12-57 70,6 24.9 4,3 60 36 30 26 
ll-58 67.4 28.1 4,5 7a 1l 31 29 
11-58 r.o.r. 26.0 1.1 67 os 31 21 
1-nu co.4 zr..a 4.3 sa a~ 22 za 
1-60 67,9 27.5 4.6 74 40 33 29 

11-61 68.5 25,8 4,1 67 38 32 27 22 9.0 2.3 
ll-~1 66.0 25.6 1.B 70 42 35 ~0 25 10,0 2.4 
ll-G3 Q~.B 20.1 4.1 81 70 ~~ 32 27 22 10.0 2,6 
11-£3 71.~ 24.4 ~.7 87 as as an 25 21 w.o 2.2 

B-65 69,2 26.7 4.1 B7 62 29 33 28 22 10.0 2.2 
3-65 69.9 26.2 3,9 81 67 39 32 27 22 O.S 2.£ 

1-56 r,~. 6 ~G. 8 4. 4 GO :<6 31 28 
1-57 66.2 2B.S 0.0 67 38 33 30 

12-51 69.8 26.0 4.2 64 36 30 27 
12-57 68.9 26.0 4,6 61 ·~ 31 26 
11-58 69.6 2U.O 4.1 G1 36 30 27 

1-£0 70.6 25.4 4.0 61 34 29 26 
11-61 67.1 28.1 4,8 70 35 32 29 24 1!.0 2.0 
11-so 1s.o ~0.6 4,1 so oz 20 24 21 '17 1.0 1.2 
11-£3 72.7 23.4 :J.O 84 £0 31 21 24 IS 9.0 l.S 

B-65 68.6 27.2 4.2 8S 71 38 32 Z8 22 9.3 2.2 
8-65 69.2 26.7 4,1 93 69 37 31 2" 22 8.4 2.2 

11-63 63,5 31.7 4,8 i>2 78 44 37 33 28 13.0 ~-1 
11-fi:J 68.3 Z7.6 4.1 88 79 38 31 29 25 12.0 2.3 

S-GO GV.!J 26.3 4.1 81 70 36 30 2H 23 10.0 2.0 
8-65 72.2 24.1 :!.7 78 Gl 32 28 25 21 10.0 1.9 

11-03 r,e.z 26.6 4,2 w 72 39 a2 za n 11.0 2.2 
11-63 69.1 2r..6 4,3 !l"l 11 4o a2 28 22 11.0 2.2 
8-65 66,2 2~.1 4.7 SO 81 43 35 31 24 11.0 2.3 
8-65 68.3 31.4 4,3 97 7li 40 32 29 23 11.0 2.2 

1-56 63,4 ~1. 7 4. 9 73 47 JB 33 
l-57 68,4 27,2 4.4 73 ;Jr. 32 28 

12-57 69,1 2£,6 4,.1 (Hi 37 .11 28 
12-57 68.5 26,7 4,5 64 31 21 28 
11-0B 66.4 25.9 4,7 68 37 33 30 
u-oa r.~.8 ~s.o 1.2 12 2a 30 n 

1-60 71.5 24.4 4.1 63 32 28 25 
1-60 68,9 2G.V 4.2 62 a? .11 28 

11-61 68,1 21.2 4,3 r.z 36 22 29 22 a.o 2.0 
n-r.1 r,r..7 2a.s 4,7 69 37 aa 20 23 a.o 2.2 
11-63 70.2 2fi.9 3.9 9-i 65 35 30 27 22 10.0 2.4 
11-63 68,4 27.4 4.2 97 61 38 .12 20 23 10.0 2,6 
8-65 68,8 21.1 4.1 B~ GG 37 32 28 21 8,3 2,1 
8-65 66.5 29.1 1.1 93 71 .Jl 31 30 23 12.0 2.S 

ISO+ 

!50+ 
150+ 
!50< 
150+ 
150+ 
150+ 
160+ 
HlD+ 

'"' 150+ 
150+ 
ISO• 
150+ 
!50+ 

150+ 
150+ 
150+ 
150+ 
150+ 
150+ 
:l50+ 
150+ 

" 150+ 

"' 

150+ 

150+ 
150+ 

150+ 
150+ 

180+ 

150< 
150+ 

"" 1:JO 
150+ 
150+ 

"" '"' 150• 

"' 

l.W 

2.2 2.433 4,6 11 
2.0 2.H9 4.0 14 
0.2 2.4~4 4.S 70 
0,3 2,421 
0.2 2.466 
0.3 Z.H5 
0.3 2.459 
0,4 2,471 
0.9 2.456 
1.0 2.HJ 
1, 0 2.465 
3,4 2.476 
l,S 3,501 
L 7 2.460 

2. 7 2.~95 

2,5 2.442 
0. l 2,396 
o.2 2.~w 

0.2 2.4l8 
0.1 2.444 
2.0 2.025 
1.3 2.44-! 
2.5 2.460 
1.4 2.467 
l.G 2.-!55 

1,0 2.410 
1.8 2.396 
1.7 2,445 
0.8 2.386 

2.4 2,463 
J.4 2.466 
1. 0 2.111 
1.4 2.416 

2. 7 2.445 
1.9 2.445 
0.5 2.148 
0.2 2.421 
0.3 2.440 
0,2 3,423 
0.1 2,451 
0.1 2,439 
2,6 2.438 
2,4 2.402 
2.2 2,47:2 
2.0 2.454 
1.1 2.435 
1,4 2.430 

6. I 67 
z.z n 
~-~ n 
3,6 74 
3.1 78 
3.7 75 
4,2 73 
3,3 75 
2.9 76 
1.3 M 
z.s n 

6.0 63 
4.2 74 
u.o r,z 
5.8 60 
5.2 67 
4.2 70 
4.0 70 
4,2 70 
3.0 73 
3,3 75 
3,7 73 

5.1\ 64 
6.o r.z 
4.1 71 
6,0 59 

2.6 80 
3,3 16 
4.2 n 
4.1 n 

4.1 74 
4.1 72 
4.0 72 
1.9 69 
•1.0 7<1 
5.0 57 
3. 0 72 
4.4 70 
4.4 70 
s.a oa 
3.1 75 
3.8 73 
1.5 68 
4.7 67 

15.9 
10.4 
16.0 
16.5 
14.3 
!4.1 
13.8 
14.1 
14. B 
15.0 
13,2 
12,1 
11.9 
13.0 

16.2 
16.2 
15.8 
)r,,r, 
16,6 
14.0 
16.:3 
14.0 
13,0 
13. ~ 
13,' 

15.3 
15.8 
H.l 
14,6 

13.0 
13.8 
15.4 
14, ,; 

15.8 
14.6 
14.3 
15,8 
15,4 
15.2 
13.9 
H.7 
14.7 
18.1 
12.1 
H.1 
14.1 
14,2 

1-56 68,2 27.2 0.6 73 3fl 31 n :<7 150+ 2.6 2.403 5,6 GO 16.5 
l-57 69.9 25,7 4.4 64 36 30 27 37 136 2.6 2.4:<0 4.1 71 15.2 

12-57 6~--~ n.2 4.5 n 2a 01 2a a1 150+ o.2 2.420 s.1 68 15.9 
12-s1 66,9 28.a 4.6 m :l6 a2 20 ao 15o+ o.2 2.429 4.7 11 16.2 
n-5a 5B,8 25,7 4.5 £4 za au zs 22 100+ 0.4 2.425 4.9 £9 15.6 
1-6o ua.7 25.8 1.s 67 35 2'0 2a 26 150+ 0.4 2.4m 2.2 17 14.3 

11"61 £7.5 21.9 4.5 69 35 31 ~9 25 10.0 ~-4 n H5 2.s 2.446 4.1 n 15.2 
11-63 67,1 27"U 4.4 U6 74 40 ;l3 29 20 11.0 2.5 :JQ r.s ~-5 2.460 3,5 75 14.0 
n-63 6B.7 21.0 4.3 a4 G7 27 21 28 24 11.0 z,o 2s 25 z:a ~.H8 4,0 n 14.3 

~ WT ~~~~ ~;:~ ;~:~ !:~ ~~ ~~ !~ ~~ ~~ ;~ :~:~ ~:~ ~~ 1:: ~:: ~::;~ ~:~ ~~ ~::~ 
~ [--j------,-,~~,:,-:,.~.,:-:,:,.:,-:,.:,---~,:,-~,,:-:,:--:c,,:--------,:,:--:,:,,:,-:-,.:,-:,-.,:n:---:,=.,-:o;:---,=,=,--J 
B 1-57 6B.2 27,1 4.7 B6 36 31 28 32 150+ 1.6 2.110 5.5 67 !6.7 

~ WT ~~:~~ ~~:~ :~:~ !:~ :~ ~~ ~~ ~~ ~~ ~~~: ~:! ~::~~ ~:~ :~ ~~:~ 

l 

WT 11-58 72.5 23,2 4.3 GO 34 27 24 H 100~ 0.4 2.42V 4.7 69 15,2 
WT 1-60 68.8 26,8 4.4 07 36 20 28 37 150+ o.3 2.·156 3.7 74 11.2 
W'!' ll-61 ss.6 28,5 1.9 69 38 22 20 21 1o.o 2.4 26 1-"0+ 2.2 ~.4aa 4.4 73 16.3 
WT ll-fl3 67.3 28.1 1.5 91 76 38 33 30 24 ll.O 2.2 33 70 1.7 2.H5 1.1 73 15.2 

11-0.1 69.6 26.o 4.2 a9 71 as 30 21 22 u.o 2.1 25 21 2,7 2.453 3.8 n 14.1 

'" 8-65 n7 .. > 28.o 4.s 97 10 41 33 2u 24 n.o 2.4 26 1s; 1,6 2,426 4.n ss 15,8 
8-65 69,3 26,3 4.4 84 70 37 30 27 22 9,0 2.2 22 1U 1.1 2.414 5.2 66 15.6 

1-l\6 66.6 28.6 1.8 68 10 31 30 
1-57 o:v. 9 25.7 4.4 66 38 31 27 

12-57 71,4 24,6 4.0 M 36 2~ 26 
)2-57 66.>1 28,7 1.9 70 88 33 30 

'"' 11-oa 10.2 ~5-5 4.3 n 21 20 21 
11-58 69.4 20.6 4.7 64 3C 30 27 

'" 1-Go sa. a 26,9 4. s G4 35 20 2s 
1-GO 70.5 25,1 1.4 64 32 25 26 

'" 11-61 67,9 27.3 4.8 ll5 .17 31 2H 24 11.0 2.0 
ll-U1 68.1 27,0 4,9 65 36 31 29 23 11.0 2.0 
11-63 71.2 21.1 1.1 82 67 38 29 26 21 9.0 1.8 
11-63 71.5 24.0 ~-9 03 G2 34 20 26 "21 0.0 1.9 

1\'T s-65 68,9 2G,s 4.2 8G r.v av 32 2a za ~-5 2.a 
6-60 68.2 21.4 4.4 93 14 39 33 29 23 12,0 2.3 

(a) Loneo numbcr~cl weot to eoot. 

{lJJ C ~ wre from oenter of !nne, 
\VT ~cora from wheel trock. 

(c) Jog percon1 pnooed 1-1/4 ln. olave. 

(d) Penetrotlon of orlg!nal oophull = 6Q 

(e) Maxlmurn th•oretlcal opeclflo gr.wity 2. 560 
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150• 
150+ 
!GO+ 

150• 
150+ 
ISO+ 
100+ 
ISO+ 
lOG+ 

150+ 
150+ 

"" 150+ 

2.2 2.449 
2,4 2,440 
0.1 2.423 
0.1 2,449 
o,z 2,44.0 

0.0 2.459 
0.4 2. 492 
0,2 2,460 
2.8 2.485 
2.4 2.46S 
2.1 2.460 
I. 9 2.4~5 

1.8 2.479 
1.4 2.460 

4.0 74 
4,:) 71 
5.0 GG 
4.0 75 
4.1 72 
2.0 76 
2,3 34 
3.5 75 
2.5 82 
3.3 7S 
2.4 81 
2.2 Bl 
2.8 78 
3,5 75 

1S,4 
14,8 
11. 7 
lf..O 
14,0 
15.0 
14.4 
14.0 
13.9 
15.0 
12,G 
ll.fi 
12.7 
14.0 



SECTION 6. EAST TEXAS TALCO CRUDE 

Locn(lon Dote % p""olng lntllonled sieve Bpoctac % F!lled M!Mrol ) 
,, j MixtureArutlya!a %. I Orod&tlonofbtrnctodAsgreguta I lleooveredAllphalt jMeasur:l) ,,,'J,VoldJVolda In 

Snmplorltb ompled I R 10 I p 10 I Bitumen [Ito) [a/4 Ja/8 I 4 fw [10 I 80 I ZOO [Pon'(~at!on I Duot!lityjAoh, %1Gnv:lty(e) Voids Bl:::en Agfj?egolo 

8-51 67,5 27. ~ 150+ 2.7 

1-56 61;,3 30.1 4.8 70 42 36 32 37 72 2.6 2,415 5,7 66 18,8 
l-07 66,7 29,2 5,1 68 40 35 31 37 120 1,4 2.4IJII 5.9 87 17,9 

12-57 68.9 28.8 4,3 70 38 31 28 36 !50+ 0.2 2.4$3 5.0 61 15.2 
U-57 70,1 21;,2 4.0 M 33 26 .26 42 150+ 0,1 2,422 5.4 67 16.4 
11-58 68.8 26,6 4,6 06 34 20 26 42 1)3 0.2 2,414 6,7 66 16,8 
11-58 GS.7 25.8 4,5 68 35 . 30 ~8 35 86 0,4 2.448 4.4 11 10,2 

'" 1-60 68,2 27,2 4.8 70 35 31 28 3& 99 0.2 2A44 4.5 71 15.5 
1-60 10.4 25,3 4,2 66 34 29 28 :1-1 90 0,1 2,460 3.9 73 14.4 

WT 11-61 68.9 U6.8 4,3 66 36 21 28 22 0.0 1.9 36 34 1.9 2,430 5.1 67 15.5 
c 11-61 85.4 29.6 5,0 71 39 34 31 26 10.0 2.1 34 52 1.7 2,409 5.9 67 17,9 

WT 11-6s 70.7 25.3 4.o a9 66 36 20 n 21 1o.o 2.0 21 11 1.s 2.4o9 3.6 n 12.2 
c ll-63 68,3 37,4 4.3 M 7S 37 32 29 23 11.0 2,2 31 40 3,0 2.445 4.5 69 14.5 

1\'T 8-65 60.1 26.6 4.3 90 73 35 31 28 33 10,0 l.fr 30 31 1.7 2,464 3,8 73 14.1 
- c 8-65 68.5 21.2 1.2 s6 63 36 22 2a 22 9,5 1,e 25 17 1,3 ~.406 6,0 62 15.8 

~ f-i--------:,-,c,-c,c,.c,-:,c,.c,---,c.c,--cc--c,,c-c,c,--,:,--:,c,--------------c,,c----:,,:,---,:.:,--:,-.,c,:,---,c.c,--,:,----c,,:.:,-1 

. 
l 

w" 
' '" ' 

'" 
WT 

' '" c 

)IT 

' liT 
)IT 

W1' 
liT 

1"57 69.3 26,4 4,3 66 40 3~ 28 35 111 1.8 2,410 5.0 Q3 15.9 
12-57 68.5 26.9 4.6 16 39 32 28 33 125 0.1 2.3~6 6,4 63 17.3 
12-57 67.6 27.5 4.9 14 41 33 29 27 150+ 0.4 2,421 5.0 70 16.7 
ll-08 66,7 2B,1 4.6 7l 42 34 30 34 77 0.1 2,448 4.4 72 15.7 
1-co 70.6 2s.2 4,1 eo 35 ao za 22 48 0.2 2.426 0.2 65 14.9 

11-81 60.2 29.0 4,8 64 39 34 31 26 !2.0 1.9 21 20 1.7 2.412 6,8 66 17.1 
ll-63 68,7 27,1 4.2 97 74 43 33 28 23 w.o 2,2 22 7 1.9 2.Hl 4.6 68 14.4 
ll-63 67,0 28,5 4.5 92 75 44 30 30 25 12,0 ~.2 36 8 2.6 2,433 5.0 68 15.6 

B-£0 08.7 27.2 4,1 92 68 40 33 28 24 11.0 2.1 23 15 1.8 2.101 6,2 61 16.9 
8-65 68,1 27.7 4.2 89 67 42 34 29 24 10.0 2.4 23 14 1.9 2.300 6,6 69 16.1 

11-63 70.0 25.8 
ll-63 70.0 25. ~ 
8-% 69.1 26,8 
8-6.0 72.2 23.9 

11 G:l 70.6 25,2 
ll-63 70.5 25.5 
8-65 67,2 28.5 
8-65 @.0 26,3 

1-ss so.~ 20.4 
l-57 70,3 20,0 

12-57 68,1 27.1 
12-57 67.9 27,9 
ll-5~ 67.3 28.3 
11-5~ 69,3 28,4 

1-GO 12.6 23,6 
1-so sa.a 21.s 

ll-61 86,3 29. :J 
ll-61 £7,2 28.3 
1)-63 67.3 28,2 
11-62 67., 28.2 
8-65 68,1 27.7 
8-65 69.2 27.4 

4,2 90 17 44 32 27 22 11.0 2.1 
4.1 93 79 42 31 27 22 10.0 2.1 
4.1 so 73 59 32 28 21 9.4 2.0 
3.9 S1 71 35 28 25 20 9.5 2.0 

4.2 93 G4 35 30 26 21 10,0 2,1 
4.0 98 12 29 21 27 21 9.0 2.5 
4,3 86 12 43 34 30 23 l-0.0 2.6 
4.1 84 66 38 31 27 21 9.5 2,3 

70 38 34 31 
60 34 30 27 
73 38 31 29 
68 30 32 29 
73 36 32 30 
10 37 30 28 
59 31 21 24 
73 36 31 29 
65 38 33 31 25 11,0 2,2 
72 37 32 30 25 11.0 1,9 

9~ 84 39 33 30 23 10.0 3.1 
00 76 39 33 30 24 11.0 2.4 
90 72 38 31 29 23 10.0 1.9 
98 67 37 32 20 22 9.S 1,9 

38 1.8 2.039 
6 1,6 2.4!4 

18 2,2 2,426 
12 1.9 2,412 

58 2,0 2,477 
B 2.4 2, 431 

64 2.2 2.452 
83 2.4 2.427 

150+ 0.2 
1oo~ 0.1 
103 0.2 

76 0.2 
45 0.2 
97 0,1 
70 1,4 
18 1,0 
82 2.4 
31 1,8 
64 0, 9 
9 !.4 

2.438 
2.435 
2.i26 
2,409 
2,443 
2,403 
2.420 
2.41~ 

2,464 
2,407 
2,400 
2.449 
2,426 
2.389 

4.7 68 
5.7 £3 
5.2 85 
S.B 61 

:3.2 16 
5.0 ~5 

4, 2 11 
5, 2 ~6 

6.2 85 
4,9 07 
6,2 68 
5.9 63 
4.6 70 
6,1 03 

6,0 70 
5.7 84 
4.1 12 
fl.O e4 
4.3 n 
4,3 10 
0.2 65 
6.7 60 

14.1 
15.4 
14,9 
H,g 

13,3 
14.3 
14.5 
14.9 

16.3 
14.8 
15.8 
15.9 
16,3 
16.1 
18.3 
15.8 
14,0 
16,7 
11.5 
14.8 
14.9 
16,8 

1-56 68.9 26.6 4,5 GG 37 92 28 38 150+ 0.2 2,422 0.4 66 15,9 
1-57 67,4 27.8 4,8 72 38 33 2~ 36 150+ 1.6 2,427 5.2 69 16,8 

12-57 66,9 28,0 4.6 75 40 33 30 J7 150+ 0.3 2.384 6,9 61 11.'l 
12-.11 67.1 2s.1 4.8 sa as a2 so ~ l5o~ o.3 2,41~ s.s 66 11.1 
11-58 67.1 28.1 4,5 74 43 34 30 37 78 0.2 2,400 8.3 63 17.0 

1-60 88,3 29.0 4.7 74 38 '33 30 36 110 0.1 2.431 5.0 69 16.1 
11-61 70.7 25,2 4,1 M 34 29 26 Zl 11.0 1.9 25 17 1,7 2.412 6,8 02 !B.7 
11-63 60,3 30.0 4,1 100 "~ 40 35 32 26 13,0 2,1 31 82 2,8 2,420 5.5 81 16.7 
1!-63 89,4 28,5 4.1 88 63 38 30 28 23 10.0 1.9 32 67 1.9 2.401 0.2 81 15,8 

~ 
17 ~~~ ~::: ;~:: ::~ ~~ ~~ !~ ~~ ~: ~! ~~:~ ::i ~! ~~ ~:~ ~:!~~ ~:~ i: :::~ 

~ r--r--------,-_,=-,--,:,c.,cc,:,:,--_c,= .• ---=---.c,--,=,--=,,:--,c,--cc_c:c_ccc ___ ':" ____ :,=,,c-_c,.:,---=,.=,,=,--_c,: .• --=.,-----,=.=,-i 
~ 1-07 68.0 27.2 4.8 72 41 32 28 38 150+ 1.4 2.424 5,2 S8 16,fi 5 \'IT 12-57 6B.U 21.0 4,4 72 38 51 28 zg 101 0,3 2.419 5,5 66 15,7 

el I~ ~~=~~ ~!:: ~~:i !:~ ~~ ;~ ;~ ~: !~ ~~~+ ~:~ :::~~ ~:: :~ i!:~ 
~ ~ ~~=:i ;~:~ ~~:! ::~ ~~ ~! ~! !~ 21 10.0 2,2 ;~ 1i~ i:~ ~:::~ !:! ~~ :::~ 

WT ll-63 67,7 27.9 4.4 ~5 74 40 33 29 23 11,0 2,3 28 IS 2.4 2,437 4.8 68 15.0 
11-63 69,9 27.0 4.1 ~0 68 28 32 28 22 10.0 2,3 27 0 2.6 2.419 5.0 64 16,3 

B-65 67,1 28,5 4.4 90 70 44 24 30 24 12.0 2.2 27 17 1.5 2.420 0.5 65 15,7 
8-65 ~8.2 27,7 4.1 96 72 44 34 ~9 23 11.0 2.6 22 11 1.9 2.381 7.0 57 18.3 

1-56 64,6 ao.5 
1-57 69,3 25,9 

12-57 70.7 24,6 
12-57 68,3 27.2 
11-~8 69,6 25.0 
11-58 69,7 26,9 

l-60 88.0 26.7 
l-60 71,8 24,2 

11"01 69.2 26,5 
u-61 sa. o 20. a 
ll-63 67,6 27.9 
U-03 67.3 28,2 
8-65 69.9 20.0 
8-US 68.3 n.4 

(o) Lanea numbored weollo e,.t, 

(b) C "core from cantor of lane, 
WT =core from wtoollrook. 

75 40 35 82 
62 36 31 27 
65 35 28 28 
68 37 31 28 
71 36 30 27 
sa M 29 27 
00 34 31 28 
62 33 28 25 
81 38 31 28 
71 37 31 28 
71 39 33 29 
73 45 35 30 
69 35 30 27 
87 39 32 29 

{c) lOO percent p!U!ocd 1-1/4 ln, olevo. 

(d) Penetration of orlglnol a•pMll = 66 

23 IO,U 2,6 
2s Jo,o z.2 
23 12.0 2.8 
24 12.0 2,9 
22 ll. 0 2, 7 
23 9.S 2.7 

(e) Moxlrnurn theoret!col opoelflo grnvity ~ 2, 560 
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Hl 1.8 
100~ 2.0 
100+ 0.1 
150+ 0.1 
140 0.6 
150+ 0,4 
150+ 0,3 
141 0.2 

63 2,3 
63 2,9 

102 1.8 
106 1,0 

43 2,0 
IJll 2.8 

s.a 89 
4.5 72 
6,3 68 
5.9 64 
4.8 89 
5.2 07 
4,3 72 
6.0 61 
.;,a n 
5,5 86 
3,6 75 
4.0 73 
4.5 OS 
4,8 e9 

17.1 
16,1 
16.6 
16.4 
15.5 
16,8 
15.4 
10.4 
14.8 
16,2 
14.4 
14,8 
14,1 
14,8 



Tabulation 
With Corresponding 

Section 1. 
Section 2. 
Section 3. 
Section 4. 
Section 5. 
Section 6. 

APPENDIX C 

of Rutting in Wheel Tracks 
Vertical and Horizontal Alignments 

Wyoming Crude, Refinery A 
Venezuelan Crude 
Wyoming Crude, Refinery B 
West Texas Winkler Crude 
Arkansas Smackover Crude 
East Texas Talco Crude 
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RUT DEPTH MEASUREMENTS (inches) 

SBOL SBIL NEIL NBOL Plan Hor.izontal 
Station Grade Alignment 

RWT I LWT RWT I LWT LWT I RWT LWTI RWT (NB) (NB) 

995 0.12 0.12 0.00 0.00 0,06 0. 12 0.19 0.25 -- ;z 
0 

996 0,19 o. 19 0,00 0.06 0,00 0.00 0. 31 0,38 u ~ 

997 o. 19 o. 12 0.00 0.12 0.06 0,00 0. 12 0. 19 > u w 
998 o. 19 o. 12 0,06 0. 12 0,00 0.00 0,12 0, 25 

-0 ~ 

0 ., < 999 0.19 0.09 0,06 0.12 0,00 0.12 0.31 0,19 w >-
~ I 

"' z 1000 0.31 0.31 0.06 o. 12 0,00 0,00 0.06 0, 19 - 2 
" 0 < 
"' ~ 

1001 0.12 0.12 0,06 0.06 0,00 0,00 0. 12 0. 12 oc z 1002 0, 19 0,06 0.00 0,03 0,00 0.06 o. 12 >-
r;; u 0.00 ~ 

"' 0.12 .. 
"' w 1003 0,06 0.00 0.00 0,00 0,00 0.25 o. 19 i'-r-
" ~ 1004 o. 09 0,00 0,00 0.06 0. 00 0.00 0.19 0. 12 ~ 

oi 1005 0,06 0,06 0.06 0,06 0.00 0.00 0.06 o. 12 <V 
§ -- -- -- -- -- -- -- -- I 

oc 

" Average o. 16 0,11 0,03 0.07 0.01 0.02 0.16 0.19 • u N 
0 - I- " z 1007 0. 12 0,06 0,00 0.00 0.06 0.00 0.06 0.12 " ~ 1008 o. 12 0.00 0.00 0.00 0.06 0.06 0,25 0. 25 gu w 

_,> > 

~ 1009 0. 06 0,00 0.03 0.00 0.00 0.00 0.12 0,12 oc - ~ 

1010 0,00 0.00 0,06 0,03 0,06 0,00 0,28 0.12 u 

..; '" 1011 o. 00 0,00 0.00 0,00 0,00 0.00 0.25 o. 12 0 
~ ~* z z 1012 0,00 0.00 0,00 0.00 0.00 0.00 0,25 0. 19 "' ~-s s 1013 0,06 0.12 0.06 0.06 0,00 0,00 0.00 o. 19 I t---, r-

u u 1014 o. 12 0.12 0. 00 0.03 0,06 0.00 0.12 o. 12 u 

"' "' 1015 0,16 0,12 o. 00 0.19 0,00 0,00 0.19 0. 25 > 
w w -0 

1015 o. 12 0.06 0.00 0.06 0.06 0.06 0,25 0.25 0 

1017 0.12 o. 12 0.06 0,12 0.00 0.00 0.50 0.31 ____!_ r-
-- -- -- -- -- -- -- -- "' Average 0,08 0.05 0,02 0.04 0.03 0.01 o. 21 0. 19 m • 

<V~ 
I 

1019 o. 12 0.12 0.06 0.09 0.00 0.00 0.06 0.25 - I-
1020 0. 12 0.16 o. 06 0,12 o. 06 0.00 0.03 o. 19 u 
102] o. 16 o. 12 o. 06 0.09 o.oo 0.00 0.12 0.19 > 
1022 0.12 o. 12 o. 06 0.06 0,06 0,06 0.06 0,25 -0 

< 1023 0.12 0.31 0.03 0,06 0.00 0,06 0.19 0.19 
0 z 

N 
~ 0 

z 1024 0. 12 o. 12 o. 06 0.12 0,00 0.06 0.06 0.31 - ~ 0 1025 0. 12 0,12 0.06 0.06 0.06 0,06 0.19 0. 31 0 w 

"' ~ ci* "' " u 1026 0.09 o. 12 0.06 0,19 0,06 0.00 o. 19 0.38 

" "' o. 12 0,06 0.09 0.06 o. 25 I 
~ 

" 1027 o. 19 0,00 0,00 I 
u w - r- " z 1028 o. 19 0.19 0,06 0.12 0.06 0,03 0.25 0.38 < 
j 1029 o. 19 0,12 0.00 0.03 o. 00 0,06 0.19 o. 38 "' u >--- -- -- -- -- -- -- -- ~ 

"' > 
" Average 0.14 0.15 0. 05 0.09 0.03 0.03 0.13 0, 28 -0 N 

"' 
0 

z " 
"' 1031 0,22 0,19 o. 06 0,00 0.06 0.06 0.12 0.19 
> 1032 0.19 0.16 0.09 0,06 0.06 0.00 0,06 0.22 - r-
" 1033 0.12 0.06 0.06 0.00 o. 06 0.06 0,06 0.25 0 

z 1034 0,12 0.12 0,03 0.06 0,06 0.00 O.Hi 0.19 
-,, 

8 '" 
0 

1035 0.16 0,12 0.00 0,06 0.00 0.00 0,09 0.22 I 

'"' 
N 

u z 1036 o. 19 0.16 0.00 0.00 0,06 0.06 0.06 0.12 -
"' 8 1037 0.31 0,19 o. 16 0.00 0.06 0.06 0.25 0.38 w 

'"' 1038 0.12 0.12 0.06 0.00 0.06 0.12 o. 25 
ou 

u 0.12 ~> 
"' 1039 o. 12 0.19 0.06 0.00 0.06 0.00 0. 12 o. 19 w 

1040 o. 12 0.19 0,06 0,06 0.06 0.00 0.12 o. 19 - i:- t-
1041 0.12 0.25 0,06 0,03 o. 06 0.03 0,06 0, 19 "' 

w~ 

"" >• -- -- -- -- -- -- -- -- """ 0 

"" Average 0.16 0.16 o. 06 0,03 o. 05 o. 03 0,11 o. 22 I Uo 
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RUT DEPTH MEASUREMENTS (inches) 

SBOL SBIL NBIL NBOL Plan Horizontal 
Station Grade Alignment 

RWT I LWT RWTILWT LWTI RWT LWTI RWT (NB) (NB) 

1043 0.22 0.22 0.00 0.00 o. 06 0.03 0,09 o. 12 

1044 o. 19 0.25 o. 00 0.06 0.00 0.06 0.00 o. 19 
1045 0.12 0,12 0.00 0,12 0.00 0,06 0.06 0.25 

* <! 1046 0,22 0.22 o.oo 0.00 0,00 0.12 0.00 0.19 ., 
<! -1 ,. 1047 0. 12 0.19 0.06 o.oo 0. 00 0.06 0.12 0.19 0 

' "' "' 0 "' '" s 1048 0.38 0.19 o.oo 0.00 0,12 0.06 0.12 0.19 
I " ~ 1049 0.25 0.31 0.06 0.06 o. 12 o.oo 0,06 0.16 " 

"' 1050 0.16 0.16 0.00 0.00 0.06 0.12 0,06 0.25 w 

"' " > 

"' '" 1051 0.12 0.16 0,06 0.00 o. 00 0.06 0.06 0.22 "' '" ~ 

'" 1052 0.19 0,19 0.12 0,12 0.06 0.09 0.12 0.12 - u 

§ 1053 0,28 0.22 0.00 0,06 0.00 0.06 0.06 o. 19 
u 

"' -- - -- -- -- -- -- -- > 
" Average o. 20 0.20 o. 03 0.04 0,04 0,07 0.07 0.19 " '-' 0 

"' 0 

~ "' ~ l;:-1-
1055 0.09 0.12 0.00 0.00 0. 00 0.06 0,12 0.31 + 0 f-

~ 
1056 0.19 0.12 0.00 0,09 0,06 0,00 0.12 0.34 ' -1057 o. 12 0,12 o. 06 0.12 0.06 0.06 0,19 0.28 f.. 

oi 1058 0,25 0.25 o.oo 0,09 0,06 0.06 0.12 o. 25 u 
"' z ~ 1059 0.25 0.12 0,06 0.06 o. 12 0.12 0,12 o. 19 

"' 
> 

~ z 1060 0.19 0,06 0.00 0,12 0,06 0.06 0.06 0,12 "' 
-0 

~ "' 0 

" 
1061 0,19 o. 19 0,06 0,19 0.06 0.00 0,12 0,25 "' 

"' Q 1062 0.25 0.19 0,06 0,06 0.06 0,06 o. 06 0.25 ~--:- f-
'" '" f-

'" 1063 o. 19 0.12 0. 09 0.09 0.09 0.06 0,19 0.25 
1064 0,34 0.19 0.12 0.00 0,06 0,06 o. 31 0,44 
1065 0.25 0.19 0,06 0,06 0,06 0,00 0.44 0.31 u z 

-- > 0 -- -- -- -- -- -- -- 5 Average o. 21 o. 15 0.05 0.08 0. 06 0.05 0.17 0.27 >fJ -0 
0 "' "' 
w "' "' ,_ 

1067 o. 12 0.22 o. 12 0.12 o. 12 0.12 0.22 0.44 ..; 
" 1068 0. 12 0.25 0,09 0,12 o.oo 0.00 0.38 0,44 + 

' 
C) 

c: ;( 
1069 o. 12 0.28 o. 12 0.16 0.00 0.00 0,44 0.56 ~ 

1070 0. 12 0.25 o. 12 0.12 0,12 o.oo 0,19 0.31 
,_ 

- '- " 
"' < 1071 o. 12 0.19 0.19 o. 19 o. 12 0.00 0.06 0,22 
Q .. 
p z 1072 0.12 0.19 0.00 0,06 0,06 o.oo 0.19 0.31 

"' 0 1073 0. 19 0.19 0,12 0,12 0.06 0,06 0.28 o. 31 

" H 

"' 
H 1074 0,09 o. 19 0.06 .o. 06 o.oo 0.00 0,38 0.38 
" "' "' 1075 o. 16 0.25 o. 03 o. 19 0.00 0.00 0.38 0.38 u 

"' '" > 
~ 1076 o. 12 0,12 0.06 0.12 0. 00 0,38 0.44 0,38 

1077 0.25 0,28 0.06 0,06 o. 00 0.00 0.12 0. 19 0 
t< 0 

-- -- -- -- - -- -- -- !! 

'" ;;! Average 0.14 0.22 0.09 0,12 o. 04 o. 05 0.28 0.36 

"' ~- '-H 1079 0.31 0.19 0.09 0.06 o.oo 0.00 0.09 o. 12 
H 

'" 1080 0.12 0.19 0,06 o. 09 0. 12 0.00 0.00 o. 19 ---' f- -1 

"' " 
1081 0.19 0.12 o. 06 0.06 o.oo 0.00 0.25 0,25 0 

~ 1082 o. 16 0.12 0.06 0.06 o. 00 0. 00 0,25 0, 19 ~* _,; "' 1083 0.22 0,19 o. 06 0.19 0,06 0,00 0.06 o. 12 I !. 
z .. " 8 ~ 

1084 0, 19 0.25 0.03 0.06 0,00 0.00 0,12 0,19 -----1 ,... " 
1085 "' H 0.19 o. 12 0,06 0.09 0,19 0,12 0,25 o. 31 > 

" H 1086 o. 19 0.12 o. 06 0.09 o.oo o.oo o. 19 0,25 "' "' " " '" "' 1087 0,19 0.06 0. 06 0,12 0,00 0,00 0,25 0,28 u <J 

"' > 
1088 0.12 0.06 0,06 0,12 0.00 0.00 0.00 0,25 b 
1089 o. 12 0.19 0.09 0.09 0,12 0.06 0.19 0.19 0 t:-....l~ ... -- - -- - -- -- -- --

Average o. 18 0.15 0.06 0.09 0, 04 0,02 0,15 0, 21 
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RUT DEPTH MEASUREMENTS (inches) 

SBOL SBIL NBIL NBOL Plan Horizontal 
Station Grade Alignment 

RWT I LWT RWT I LWT LWT I RWT LWTI RWT (NB) (NB) 

---..., ':"-r 
1091 0.09 0,12 0,00 0.00 0.00 0,00 0.25 0.25 ~,_ 

1092 0. 19 0.19 0.06 0.06 0,06 0.00 o. 19 o. 19 
xZ 

~* <>e 
1093 0.19 0.12 0.00 0.12 0.00 0.00 o. 19 o. 19 

-,_ - <u 
1094 0,19 0.12 0,06 0.12 o. 12 0,06 0.12 0.00 + ""' ---., ,_, 

"' «: 1095 0.12 0,00 0,12 0.12 o. 12 0,12 0.06 o. 19 u"' r--Q ~ .:-
::> z 1096 0.19 0.00 0.00 0.00 0,06 0.00 0.50 0, 31 u 

'" ~ 
> 

u 1097 0.19 0.19 0.00 0.00 0,00 0,06 0,00 o. 25 -0 

'" u 1098 0.19 0,00 0.00 0.06 0.06 0,00 0.19 0,38 0 

"' "' "' > "' 
1099 0.19 0.06 0.06 0.12 0.00 0.06 0.06 o. 19 

0 1100 0.25 0,06 0. 00 0,12 0,00 0.00 0,31 0,38 " "' ---c r- ' u 110~ 0.25 0.25 0,06 0.06 o. 00 0,06 o. 12 0, 19 -
«: " ~ - -- -- -- - -- -- -- 0 

"' Average 0, 19 0,10 0,03 0.07 0,04 0.03 o. 18 0.23 ~ w 
:'il "' > 

~ " "' "' 
~ z 1103 o. 12 0,12 0.00 0.12 0,06 0,12 0.44 0,28 u 

;:] 1104 0. 19 0, 06 0.12 0.06 0,06 0.12 0,19 0,25 + 

:;] 1105 o. 19 0.12 0,12 0,19 0, 12 0.12 0. 31 0,25 
1106 0.00 o. 12 0,06 0.00 0,06 0.06 0.19 0, 19 ---, 

'" "' 1107 0,31 0.06 0.06 0.12 0.00 0.12 0.50 0.25 
z ~ 

8 z 1108 0.19 0.12 0,06 0,12 0,06 0,06 o. 19 0,25 :;:-r-
f-< ~ 1109 0,06 0.09 0.06 0.12 0.06 0,00 0.75 0.25 
ll 1110 o. 19 0,25 0,06 0,09 0,06 0.06 0.50 0.25 

"' ll 

"' "' 1111 0, 19 0,12 0. 03 0.12 0,06 0,00 o. 31 o. 19 
"' 1112 0. 12 0.12 0.06 0,00 0.00 0.00 0.38 0. 25 <) 

1113 0.12 0.12 0.06 0,00 0.00 0,00 0.38 0,25 > 

-- -- -- -- -- -- -- -- -0 
0 

Average 0. 15 0.12 0,06 0,09 0,05 0.06 o. 38 0. 24 ':! 

1115 o. 09 0.19 0.00 0.06 0.06 0.12 0.19 0.06 
1116 0.09 0.06 0.06 0.09 0.00 0.00 0.12 0.25 "' 1117 0.12 o. 12 o. 12 0.16 0.12 0.06 0.12 0.25 " "' 1118 0.09 o. 12 0.06 0.06 0.00 0.00 0.19 0.25 

«: ' z 1119 o. 12 0.09 0.00 0.12 0, 12 0.06 o. 19 0,00 
\::::::: "' 

~ 0 
Q z ll20 0.12 0.09 0,03 0.06 0.06 0.00 0.12 0. 06 ;: 
p 

~ 1121 0.19 0.12 0.06 0.12 0.00 0.00 0.25 0.25 - ~ 
u 

'" 
w 

6.12 "' u u 1122 0.16 0.06 0.09 o. 12 0.00 0.19 0.25 u 
0 "' 1123 0,06 0.19 0.06 0.12 0.00 0.00 0.12 o. 19 > 1-
u "' " ~ 1124 0. 19 0.12 0.06 0,06 0.00 0.06 0. 12 0. 19 -0 ~ 

f'i 1125 o. 16 0,06 0.06 o. 1.9 o. 12 
0 < 

0.00 0.06 0.00 "' " f-

"' -- -- -- -- -- -- -- -- - "' ~ Average 0,13 0.11 o. 05 0.09 o. 05 0.03 0.16 o. 17 

"' f-< 
f-< 1127 o. 19 0.19 0.00 0.12 0,00 0,06 0.19 0.06 -, 
:'il 1128 o. 19 0.09 0.06 0.00 0. 00 0.06 0.19 0.12 

"' 1129 o. 12 0.00 0.00 0.06 0.06 0.12 0.31 0.12 .. 
1130 0.12 o. 12 "' '" -- -- -- -- 0.12 o. 00 0 

z "' 1131 0.19 0.06 0.06 0.06 0.00 0.06 0.12 0.25 -' 
0 ~ I 
H z 1132 o. 12 0.16 o. 03 0.06 0.06 0.06 0, 19 o. 19 
f-< 0 1133 o. 19 0.12 0.25 0.25 u 

~ 
0.06 0.12 0.00 0.12 -

"' 1134 o. 12 0.12 0.06 0.06 o.oo 0,00 0.31 0.38 00 u 

"' 1135 0.19 o. 09 0.00 0.00 0.06 0.12 0.38 0.38 
"' 1136 0.25 0.16 0.00 0.06 0.00 0.00 0.19 o. 31 u 

> 
1137 0.25 o. 12 o. 06 0.06 0.00 0.06 o. 31 0.25 -0 

-- -- -- -- - -- -- -- 0 

" Average 0.18 o. 11 0. 03 0.06 o. 03 0.06 0.23 0.22 
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