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ABSTRACT

USGS PHOTOMETRIC METHOD

Two photometric methods for estimating the amount of shale oil obtained by pyrolysis of oil shale are reviewed.
The first method was developed by the U.S. Geological Survey and published (Cuttitta, 1951). The USGS method utilizes
a colorimeter that measures the absorbance of blue-filtered light by shale oil obtained by pyrolysis of small sample oil
shale. The second method, which is similar in some respects to the USGS method, was developed and filed for a U.S.
patent in 1967 by Shell Oil Company and granted in 1970. Shell’s procedure utilizes a fluorometer to measure units of
fluorescence emitted by shale oil obtained by pyrolysis of a small sample of oil shale. Both methods require that the
instrument readings be calibrated against a suite of oil shale samples analyzed for shale oil content by other methods
such as Fischer assay or Rock-Eval©. Analyses by both methods plotted against Fischer assays found coefficients of
determination (R2) of about 0.91.

This method was developed by the U.S. Geological Survey (Cuttitta 1951). It involves pyrolyzing a 0.5 gram sample of
oil shale in a closed test tube at 480 to 500° C for 11 to 14 minutes, dissolving the extracted oil in toluene, and measuring
units of “optical density” (absorbance) of the extract in a filter colorimeter. Because absorbance does not measure the
quantity of shale oil directly, it must be calibrated against a set of oil shale standards that are analyzed by a quantitative
technique such as the modified Fischer assay developed by the former U.S. Bureau of Mines (Stanfield and Frost, 1949).

The modified Fischer assay, developed by the former U.S Bureau of Mines (Stanfield and Frost, 1949), has long been
the de facto method for determining the amount of recoverable oil in oil shale obtained by pyrolysis of a 100 gram
sample of oil shale in a small laboratory retort. The method reports the weight percents of oil, water, shale residue, and
“gas plus loss” by difference, plus the specific gravity of the shale oil. From these data, gallons of oil and water per ton
of oil shale are calculated and reported.

The method is fully described by Cuttitta (1951) including construction of a test tube heater and descriptions of the
effects of sample weight, oil specific gravities, and heating temperatures on oil yield, light filters, and other factors.

Both techniques are simple to use, are much faster than the Fischer assay, and give results comparable to the
Fischer assay. The techniques are limited to estimating the quantity of shale oil; other parameters including spent
shale, water, “gas plus loss”, and oil specific gravity as determined by Fischer assay, are not reported.

The method was tested by plotting absorbance units against Fischer assays of 76 samples of Devonian Chattanooga oil
shale that yield 0.2 to 5.6 weight percent shale oil, or 0.53 to 14.8 gals of oil per ton of oil shale (fig.1).

However, the modified Fischer assay has several shortcomings. Some of the organic matter in oil shale is not
converted to oil or gas but remains in the spent shale as a carbon residue which is not recorded by the Fischer assay.
The assay also does not record the amount of combustible gases in the “gas plus loss”. In other words, the modified
Fischer assay does not record the total amount of potential energy available in a sample of oil shale. The method is
slow, requiring about 2 hours. A bank of several retorts is usually required to increase the number of assays made to a
satisfactory level.

PYROLYSIS FLUORESCENCE ANALYSIS

INTRODUCTION
This review discusses two simple photometric methods for estimating the amount of shale oil in oil shale. Both
methods require pyrolyzing a small sample of oil shale in a test tube and diluting the shale oil produced with an organic
solvent. The shale oil-solvent extract is read for units of absorbance of filtered light with a colorimeter or units of
fluorescent light with a fluorometer. The instrument readings require calibration with a suite of oil shale samples of
varied grades that are analyzed by other pyrolysis methods such as the modified Fischer assay (Stanfield and Frost,
1949) or Rock-Eval©.
Some of the advantages of these photometric techniques include: they are simple procedures that a laboratory
technician can easily master, the methods are as much as two to ten times faster than the Fischer assay, the equipment
required is relatively inexpensive, and sample sizes are less than one gram. One disadvantage is the methods yield only
shale oil quantities; water, “gas plus loss”, and specific gravity of the shale oil, as reported by Fischer assay are not
determined.

Shell Oil Company developed an assay method similar, but simpler, to the USGS procedure (Shell Oil Company, 1970),
which the company called the pyrolysis fluorescence analysis (PFA), which was used to analyze well cuttings from two
wells drilled in Alaska (Marshall and Shell Oil Company, 1974; Shell Oil Company 1974).
The author tested the method with 30 core samples in duplicate of oil shale from the Green River Formation in the Piceance
Basin and found that it gave about the same coefficient of determination (R2) as that for the USGS method (fig. 2). The Shell
and USGS methods are generally similar but differ in one respect; the USGS method requires a small tube heater and a
glass-stoppered test tube, whereas, in the Shell method, the sample is simply heated in an open test tube without a tube
heater (fig. 2). A schematic view of both photometric methods is shown in fig. 3.

CONCLUSIONS
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Figure 1.-- Scatterplot of optical density units and Fischer assays for 76 samples of Chattanooga oil shale.
Both sets of analyses were made by the USGS (Cuttitta 1951).
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1. The USGS and Shell methods are simple, easy to use, and give relatively good estimates of the amount of shale oil in
oil shale.
2. Both methods require calibration with a set of standards which are analyzed by Fischer assay, Rock-Eval©, or other
estimators of shale oil or organic carbon content.
3. Both methods can be performed quickly compared to the Fischer assay.
4. Sample size for each method is minimal; 0.1 gram for the Shell method and 0.5 gram for the USGS method.
5. Equipment required is minimal. The most expensive item is a colorimeter or fluorometer.
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In view of their utility, it seems unusual that these photometric methods have not found wider use by companies
having an interest in oil shale exploration and development. The methods should be useful in the field for preliminary
exploration of oil shale deposits as well as for drill core studies in the laboratory.
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Figure 3.-- Schematic view of the equipment and sequence of steps in the USGS and Shell photometric methods.
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Figure 2.—Scatterplot of fluorescence units and Fischer assays. Both sets of analyses were made by the USGS.
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