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The primary object of the Anvil Points Oil Shale Research 
Center TECHNICAL riEMORANDUB is to advise authorized personnel 
employed by the Participating Parties (1) that various 
activities are in progress or that certain significant data 
have been obtained \vi thin the Research Center. 

These TECHNICAL HEr,IORANDA have been prepared to provide rapid, 
on-the-spot reporting of research currently in progress at 
Anvil Points. The conclusions drawn by project personnel are 
tentative and may be subject to change as work progresses. 
The TECHNICAL MEl10RANDA have not been edited in detail. 

(1) [:lobil Research and Development Corporation, Project Hanager 

Continental Oil Company 
Humble Oil and Refining Company 
Pan American Petroleum Corporation 
Phillips Petroleum Company 
Sinclair Research, Inc. 



TECHNICAL MEMORANDUM NO. 67-37 

These analytical laboratory methods have been issued as a 
technical memorandum so that (1) they will become part of the 
formal memoranda issued by the Anvil Points Oil Shale Research 
Center and, (2), they will be automatically distributed to all 
authorized personnel of the Participating Parties. 

This is a revision and final updating of the material contained 
in Technical Memorandum No. 65-5. 

Of necessity, copies of that memorandum were issued to the 
laboratory technicians in the Analytical Laboratory, who were 
employees of the Colorado School of Mines Research Foundation, 
Inc. 

--_ ........................ _-
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ANALYTICAL LABORATORY I·tETRODS 
(FINAL REVISION) 

I. INTRODUCTION 

The purpose of this manual is (1) to present the details of the 
analytical methods used in this laboratory and (2) to report 
general information relative to the operation of the laboratory. 

The procedural details are mainly for the laboratory technicians, 
but are also intended for those in other Analytical Laboratories 
who are, or will be, involved in oil shale and shale oil analyses. 

In general, the apparatus used is described in detail. It is not 
necessarily the only equipment suitable, but it has been selected 
for the laboratory and founc1 to be satisfactory. ~iJ.uch of the 
equipment left by the U. S. Bureau of I·Hnes was used. Al though 
some of it is not as good as other equipment commercially 
available today, it was satisfactory for our purpose. 

The methods were written for use on routine samples originating 
from the Anvil Points research program; often, they were applied 
to special samples with little or no modification. 

An explanation of the numbering of the methods is give below: 

AP - Anvil Points (identifies procedure used in the Anvil Points 
Oil Shale Research Analytical Laboratory). 

S - Shale (procedure used for raw and spent shale). 

o - Oil (procedure used for crude shale oil or liquid product). 

G - Gas (procedure used for recycle gas). 

W - Water (procedure used for water). 

The main goal of the laboratory was to provide accurate and 
precise analyses. Standard samples were used to check accuracy, 
a quality control program was used to obtain precision data. 
Precision figures were recalculated about every four months from 
data obtained by our continuous quality control program. 

--_ ... -_ .. --



II. SU~~RY 

ciethods applicable to the analytical requirements of the Anvil 
Points Oil Shale Research Center were adopted, adapted, or 
developed, and are reported in this memorandum. 

Results for precision of these methods, as used by our analytical 
personnel, are given in Table 1. 

For convenience of reference, a summary of sample treatment 
and result reporting data are shown in Table 2. 



... ateria1 

Raw Shale 

Spent Shale 

Shale Oil 

. ---.... 

Gas 

TABLE 1 

PRECISION OF LABORATORY ANALYSES 

Method 

Fischer Assay 
Mineral C02 
Ash 
Moisture 
Carbon 
Hydrogen 

Mineral C02 
Ash 
Moisture 
Carbon 
Hydrogen 
Nitrogen 

Carbon 
Hydrogen 
Nitrogen 
Gravity 
Ramsbottom Carbon 
Ash 

Level 

28 gal/ton 
17 Wt % 
69 wt % 
0.2 wt % 
16 Wt % 
1.7 Wt % 

14 Wt % 
82 wt % 
0.15 Wt 
7 Wt % 
0.3 Wt % 
0.2 Wt % 

84 wt % 
11 Wt % 
2.2 Wt % 
20 OAP! 
2 Wt % 

% 

0.02 Wt % 
123 SUS 
46 SUS 
85 F 

Standard 
Deviation 

0.226 
0.139 
0.087 
0.014 
0.069 
0.028 

0.114 
0.047 
0.014 
0.031 
0.018 

0.15 
0.25 
0.05 

95% 
Confidence 

Limit 

0.476 
0.320 
0.191 
0.034 
0.156 
0.063 

0.254 
0.111 
0.036 
0.070 
0.041 
0.012 

0.35 
0.55 
0.11 
0.1 
0.1 

< 0.01 
24 
1.6 o . 

Viscosity, 130 F 
Viscosity, 210 F 
Pour Point 
Distillation Within limits given in ASTM method 

Carbon 
Hydrogen 

10 1b/z..lSCFDG 
0.3 1b/MSCFDG 

0.22 
0.06 

0.48 
0.13 

DLiederman 
10/67 



TABLE 2 

SU~~RY OF SM~PLE TREATMENT AND REPORTING OF RESULTS 

TEST 

RAW AND SPENT SHALE 
Fischer Assay 

Mineral C02 
Ash 
Moisture 
Carbon 
Hydrogen 
Nitrogen 
Benzene Extractables 

Particle Size Distri­
bution 

Density 
Richness Distribution 

LIQUID PRODUCT 
Carbon 

J!'lfdrogen 

Nitrogen 

API Gravity 

Water in LP 
Sediment in LP 
Ramsbottom Carbon 

Ash 

Viscosity @ 130 F 

Viscosity @ 210 F 

Pour Point 

Distillation 

SA}lPLE TREATMENT REPORTING OF RESULTS 

Grind to minus 8-mesh as rec' d. , gal/ton 
S.G. oil 
oil \-It % 
water ~vt % 
spent shale Wt % 
gas + loss ~vt % 

Grind to minus 48-mesh as rec' d. , Wt % 
Grind to minus 48-mesh as rec' d. , Wt % 
Grind to minus 48-mesh as rec' d. , Wt % 
Grind to minus 48-mesh as rec' d. , Wt % 
Grind to minus 48-mesh as rec'd. , Wt % 
Grind to minus 48-mesh as rec'd., Wt % 
Grind to minus 48-mesh as rec I d. , Wt % 

or none 
Dry, if wet "dry", Wt % 

Dry, if wet "dry", gm/ml 
Dry, if wet Richness, gal/toni or graph 

Centrifuge to separate 
water and sediment 

Centrifuge to separate 
water and sediment 

Centrifuge to separate 
water and sediment 

Centrifuge to separate 
water and sediment 

None 

dry oil, Wt % 

dry oil, \vt % 

dry oil, wt % 

dry oil, °API 

as rec'd., wt 

@ 60 F 

% 
None as rec' d. , vol/wt % 
Centrifuge to separate water 

and sedimenti filter 
through 100-mesh screen 

dry oil, Wt % 

Gravity separated, use oil as rec'd., Wt % 
on top 

Centrifuge to separate dry oil, s.u.s. 
water and sediment, filter 
through 100-mesh screen 

Centrifuge to separate dry oil, S.U.S. 
water and sediment, filter 
through 100-mesh screen 

Centrifuge to separate dry'oil, F 
water and sediment 

Centrifuge to separate dry oil, Vol % 
water and sediment; dry 
with CaC12i filter through 
100-mesh screen 

(Continued on next page) 



TABLE 2 (CONTINUED) 

SU~MARY OF SAMPLE TREATMENT AND REPORTING OF RESULTS 
,-

TEST SM"IPLE TREATMENT REPORTING 

GAS 
Component Analysis Oil condensed out, gas dried dry, Vol % 

with MgC104 
Total Carbon Oil condensed out, gas dried dry, lbs/MSCF 

with MgC104 
Total Hydrogen Oil condensed out, gas dried dry, lbs/IvlSCF 

with MgC104 

WATER PRODUCT 
Various components Detailed in method Wt % 

OF RESULTS 

DLiederman 
10/67 



AP-S-l 
Revised October 2, 1967 

Scope 

ANVIL POINTS OIL SHALE RESEARCH CE:ITER 
Rifle, Colorado 

Analytical Laboratory 

Preparation of Raw and Spent Shale Samples 
CAP-S-l) 

This method is used to prepare raw and spent shale samples 
for various analyses performed in the laboratory. 

Outline of Method 

The sample is first split to about 800 grams, then crushed to 
pass an 8-mesh screen. A portion for Fischer Assay and a por­
tion to be used for other analyses are then split out. The 
latter portion is ground to pass a 48-mesh screen. 

Apparatus 

a. Jaw Crusher - Denver Fire Clay Company, 4 1/2 inch. 

b. Pulverizer - Bico-Uraun UA. 

c. Sieve Shaker - Braun-Porter, acco~~odates one to 
six standard 8-inch sieves with cover and pan. 

d. Sieves - 8 inch; 8 mesh, 48 mesh, pan and cover. 

e. Splitters - various sizes, 6 inch and up. 

f. Pans - for splitters. 

g. Plastic bags - Scientific Products Whirl-Pak bags1 
l8-oz. capacity, 6-oz. capacity. 

h. Jars - 4-oz. wide mouth, screw cap, glass. 

Procec.ure 

Using proper splitting technique*, reduce the amount of 
shale sample to 775 - 825 grams. With the jaw crusher, 
this entire sample so that it passes the a-mesh sieve. 
the resulting minus 8-mesh sample well. 

the 
crush 
Mix 

Follow the splitting procedure outlined in Figure 1 to obtain 
samples for analysis. nAil is 775 - 825 grams of minus 8-mesh 
shale. The portions identified by a solid circle should be 
poured into an l8-oz. plastic bag as a retain sample. (Attach 
the original sample tag to this bag.) 

*See Discussion 

~--~-.................... -
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When duplicate Fischer Assays are required (+aw shale), por­
tions "III and 11Lil should each be poured into a 6-oz. plastic 
bag labeled with the laboratory number of the sample. These 
two samples will be used for Fischer Assay. Combine "P'" and 
"QIII for Fischer Assay Moisture which is determined by AP-S-6. 

l~en only a single Fischer Assay is required (spent shale), 
treat portions Ill" and IlL" as shown at the bottom of Figure 1. 
Pour portion "Un into a 6-oz. plastic bag labeled with the 
laboratory number of the sample. This sample will be used for 
Fischer Assay. 

Grind portion "s" to minus 48-mesh according to the following 
directions; 

Set the grinding plate adjustment knob on the Bico-Braun 
pulverizer so that practically all of the shale charge is 
crushed to -48 mesh in one pass. Handle all samples in a way 
that minimizes dust loss. Carefully brush shale dust from 
the pulverizer into the sw~ple pan. Grind any material that 
remains on the screen in a mortar, add this material to the 
other portion, and mix thoroughly. 

Discussion 

The reasons for reducing the submitted shale sample to 775 -
825 grams are (1), that a four-fold reduction in size will 
provide a sample in the 95 - 105 gram range which is required 
for Fischer Assay, and (2), that the approximately 550 to 650 
grams of retained sample not used for analyses, conveniently 
matches the capacity of the IS-oz. plastic bag. 

Because of the heterogeneity of oil shale, extreme care must 
be used in splitting and grinding; this is necessary to insure 
that the smaller samples used for analyses are truly representa­
tive of the original large sample submitted to the laboratory. 

Proper splitting technique to be used is as follows: A pouring 
pan, a splitter, and two receiving pans are used. The size of 
the splitter should be commensurate with the size of sample 
being split. The three pans should be of the same length as 
the splitter. Place one receiving pan on the "right" side of 
the splitter: place the other receiving pan on the I1left". 
Pour the sample into the pouring pan, distributing it evenly 
throughout the pan. Raise this pan next to the splitter so 
that one side is parallel and directly adjacent to the splitter. 
Slowly tilt the pouring pan so that the shale is uniformly 
transferred from the pan into the splitter. (This step should 
be done slowly to minimize dust loss.) The sample should then 
be equally divided into the right and left receiving pans. 
While reducing the sample size, alternately discard the shale 
in the right and left receiving pans. 
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t1hen the original sample has been reduced to about 2000-3000 
grams, use the examples shown in Figure 2 as a guide to further 
reduce the sample to the 775 - 825 gram range. 

Retain about 3 to 5 pounds of the uncrushed sample for possible 
future analyses. 
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Scope 

AP-O-2 
Revised Se9tember 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CEHTER 
Rifle, Colorado 

Analytical Laboratory 

Treatment of Liquid Product Samples 
(AP-O-2) 

This method describes the treatment of liquid product (cruGe 
shale oil + water + sediment) before various analyses, such 
as specific gravity, water-and-oil, and ash, are made. 

A~paratus 

a.~alt lvlixer - such as the Hamilton Beach no. 18. 

b. Centrifuge - International Size 2, EXD, with head, 
cups, and i.~eoprene cushions to fi t centrifuge tubes 
in (c) below. 

c. Centrifuge tubes - 100 ml, pear shape, 3-ml stem, 
Kimble iJo. 45245, calibrated before using (see 
Centrifuge Tube Calibration below) • 

d. Nater Bath - 80 C, with holder for six centrifuge 
tubes. 

e. Jars - 1 pint, glass, wide-mouth; with screw cap, 
(to fit sampler at the retort). 

Procedure 

Liquid product samples, which are collected from various parts 
of the retort product recovery system, are usually submitted to 
the laboratory in pint jars. 

Warm the sample in an oven at about 140 F for 10 to 15 minutes, 
then mix it well with the malt mixer for about 30 seconds. 
Immediatel¥ transfer 50 to 80 g into a preweighed flask for 
determinat10n of water in oil by distillation, and about 50 ml 
into a centrifuge tube to use for specific gravity.C-H, and N 
determinations. If the ash content, R~sbottom carbon, viscosity, 
pour point, or distillation of the oil are to be determinen., 
transfer enough liquid product to a centrifuge tube(s) for the 
required analyses. 

Heat the centrifuge tube(s) in the 80 C 
wipe dry, and centrifuge for 10 minutes. 
oil for the analyses. 

bath for five minutes, 
Remove the supernatant 
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Centrifuge Tube Calibration 

Clean the centrifuge tube with cleaning solution, rinse well 
with distilled water, and air dry. 

Add 5 ml of shale oil and, successively, 0.1, 0.3, 0.5, 0.8, 
1.2, 1.5, 2.0 r 2.5, and 3.0 ml of water from the retort pro­
duct. After each addition, warm the tube in the water bath 
and centrifuge for 10 minutes. Read the water level at the 
bottom of the meniscus. 

On graph paper, plot the amount of water added versus that 
read. Prepare a chart with the corrections to be made for 
each reading at 0.1 ml intervals up to 3.0 mls. 



Scope 

AP-S-3 
Revised October 2, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Fischer Assay of Raw and Spent Shale 
(AP-S-3) 

This method is the modified Fischer Assay Procedure developed 
by the U. S. Bureau of Hines, and is used to determine the 
oil content of raw and spent shale. 

Outline of l'1ethod 

Approximately 100 grams of minus a-mesh shale is heated in an 
aluminum retort. Retorted oil and water are collected in a 
cooled receiver. The weights of the resulting oil, water, 
spent shale, an6 gas + loss (by difference), and the specific 
gravity of the oil are determined. Oil yield, in gallons per 
ton, is calculated. 

Apparatus 

A six-unit Fischer Assay apparatus has been designed and con­
structed in the laboratory. Each unit can be operated individ­
ually. In this section, the components and assembly for one 
unit are described; in addition, a description of the components 
common to all six units is included. 

1. Components For One Unit 

a. Aluminum retort* 
and outlet tube. 
Foundries, Inc., 
Colorado. 

- with plug, vent tube, 4 discs, 
Casting available from Winner 

5655 Marshall Street; Arvada, 

b. Transite heater* - with 4 Chromalox strip heating 
elements (No. PT-502, l20v., 250 watts) and 1 
Chroma lox Ring Heating Element (No. A-20, l20v., 
500 watts). 

c. Silicone stoppers - Size 6, I-hole for outlet 
tube; Size 3, I-hole for condenser top: Size 1, 
1 hole for drying tube. 

d. Adapter - See Drawing No. RE 23; available from 
Scientific Glassblowing Company, Houston, Texas. 
(Design from Colorado School of Hines Research 
Foundation, Golden, Colorado) 

*"Automated Modified Fischer Retorts for Assaying Oil Shale and 
Bituminous I"iaterials ll

, by Arnold B. Hubbard, Bureau of Mines 
Report of Investigations, RI 6676. 

~--~ .. - ... -~-
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e. Centrifuge tube - "1.5 mIn: 100-ml, oil, pear 
shape, Kimax; stem graduated up, from 0 to 1.5 
ml by 0.1 ml; body graduated at 2 mI., from 2 to 
5 ml by 0.5 ml, from 5 to 10 ml by 1 ml, from 
10 to 25 ml by 5 ~l, and at 50 and 100 mI. 

f. Centrifuge tube - "3.0 ml": 100 ml, oil, pear 
shape, Kimax; stem graduated up, from 0 to 3 ml 
by 0.1 ml; body graduated from 3 to 10 ml by 0.5 
ml, from 10 to 25 ml by 5 ml, and at 50 and 100 mI. 

g. Tape - Permacel, 3/4", ~ .. mS-J5l7A, P2650 - 10 ml. 

h. Condenser - Allihn, Pyrex, 300 mm. jacket length; 
top - adapter for No. 3 rubber stopper; bottom -
24/40 W with drip tip. 

i. Asbestos tape - 2-inch width. 

j. Drying tube 
150 mm. 

k. Glass Wool. 

straight for~, single bulb, Pyrex, 

1. Drierite - indicating, 8-mesh. 

m. Thermocouple - Bayonet, Type 2# TE 2A012lP 
Iron-Constantan, Immersion length 2" to 2 5/8" 
(with light spring, 2 lbs.) Type E coupling for 
lead wires; Adapters #1500-2, 3/8" - 24 thread, 
screw driver slot. Available from Thermo-Electric 
Company, Inc., Saddle Brook, New Jersey. 

n. Pyrometer - Contacting, Model No. 46l-C, Cat. No. 
4625 for Iron-Constantan Thermocouple (ISA 
Calibration J) i Dial-Standard 0-1000 F, 0-500 C. 
single high set point, zero left, standard type 
set-point adjustment; with meter relay control 
package MFP Unit for IIAlarrn or Shutoff-Single 
(High Set Points)!I. Available from Assembly 
Products, Inc., Chesterland, Ohio. 

o. Ammeter - Triplett AC Ammeter, 0-25 amperes, 
i'10del 330-H. 

p. Variable Transformer - STACO, Type 2500 BU, 3.5 KVA, 
120 volts, output 0-132/0-120 volts, 25.0 amperes. 

q. Relay - 20 ampere, single pole-double throw, 
normally closed. 

r. Switch - 20 ampere circuit breaker. 
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s. Indicator Lights - 1 red, 1 yellow, 120 volts. 

2. Components Common to the Six Units 

a. Instrument Panel - 1/8:I -alurninum, 24" X 66/1, 
bottom 42" from floor, supported by 1-1/4" angle 
iron. 

b. Circuit Breaker - 200 amperes. 

c. Cooling Bath - for centrifuge tubes, galvanized 
metal, 45 11 length by 4'! width by 7 1/2" height, 
with 1/4-inch copper inlet tubes, and two 1/2-
inch I.D. outlet pipes. 

d. Cooling Bath Supports - (2), Laboratory Big Jack. 

e. Refrigeration Bath** - insulated, approximate 35 
gallon capacity. 

f. Compressor - tEKD-33l Sealed Unit 1/3 hp. Cap. 
Start. Refrigerant #F-12, with #F2l0-4, 1/4 fl 

SAE Filter Dryer and #A302S03 Cold Control (Ronco): 
available from McCombs Supply Company, Denver, 
Colorado. 

g. Coolant - 1:2 Prestone-water, maintained at 0 ± 5 C. 

h. Circulating Pump** - 115 volts, 1/4 hp. 

i. Exhaust fan and manifold**. 

j. Centrifuge - Universal No.2, EXD, with suitable 
head, cups, and cushions. 

k. Water Bath - 80 C, with holder for six centrifuge 
tubes. 

1. Retort Plug Puller - See Drawing No. RE 21. 

m. Solvent - 1:1 Acetone - Trichloroethylene. 

n. Graphite - powdered. 

o. Support Structure** - for retorts, water, cooling 
bath, etc. 

**These items (among others) were left in the laboratory by 
the U. S. Bureau of t'~ines. A complete description of these 
items has not been included since many designs of these pieces 
of equipment are acceptable. 
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Preparation of Apparatus 

The final assembly of the apparatus for one unit is shown in 
Figure 1. The identifications in the figure refer to those 
described in the "Apparatus" section, parts 1 and 2. The 
layout of a single unit on the control panel is shown in 
Drawing No. RC-8-A (not included). The circuit diagram for a 
single unit is shown in Drawing No. RE 22. 

The refrigeration system consists of a reservoir of coolant and 
a circulator. By means of the circulating pump, the solution 
is pumped in parallel to the bottom of the condensers which 
are wrapped with asbestos tape, and then out the top to the 
inlets of the cooling bath. The height of the outlets in the 
cooling bath is such that the solution covers the centrifuge 
tube up to its widest point. The solution then flows by gravity 
back into the reservoir in the refrigeration bath. 

Fill the drying tube in the conventional manner with 
at either end and indicating drierite in the middle. 
a Size 1, I-hole rubber stopper in the large end and 
tubing on the small end. 

Procedure 

glass wool 
Insert 

rubber 

Use the 95-105 gram portion of minus a-mesh shale in the 6 oz. 
plastic bag as obtained by the procedure, "Preparation of Raw 
and Spent Shale SCl;ilples". 

Record all data and make all calculations on OSRe-13, "Fischer 
Assay" • 

Weigh an empty retort with its four discs, vent tube, plug, and 
rubber stopper, to the nearest 0.1 gram. Record this weight, 
Retort. Slowly pour (to prevent dust loss) the entire contents 
of the 6-oz. bag into the retort in five layers separated by 
the four discs about the vent tube. (Be careful not to pour 
any sample down the distillate tube.) Tap the plug in place 
with the retort plug-puller. (See Drawing) Weigh the filled 
retort to the nearest 0.1 gram. Record this weight, Retort + 
Sample. 

Use a 113.0 mI" centrifuge tube. Weigh a clean, dry, empty 
centrifuge tube (receiver) and adapter together to the nearest 
0.01 gram. Record this weight, Rec. and Adp. 

Refer to Figure 1 for assembly of the apparatus. Place the 
filled retort within the heater and close the lid. Be sure 
the thermocouple is making good contact with the retort. Attach 
the centrifuge tube and adapter to the distillate tube; attach 
the condenser to the adapter. All connections must be gas 
tight. The centrifuge tube should be well immersed in the 
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coolant. Be sure the coolant is flowing through the condenser 
and out of the cooling bath. Turn on the power switch and set 
the variable transformer at full power. Adjust the high set 
point of the pyrometer to 510 C. ~fuen the temperature reaches 
500 C, adjust the variable transformer so that the 500 C tempera­
ture is maintained. After 25 minutes at 500 C,* turn off the 
power switch. Open the heater lid. After about five minutes, 
move the retort to the cooling rack. Attach a filled drying 
tube to the outlet tube. lleanwhile, raise the condenser and 
remove the centrifuge tube and adapter together. Rinse the 
coolant from the centrifuge tube with \'1ater f and dry. Allo\-! 
the centrifuge tube and adapter to come to roo~ temperature, 
and then lveigh them together to the nearest 0.01 gram. ~ecord 
this weight, Rec. + Adp. + Dist. Place the centrifuge tube 
and adapter in the 80 C water bath for 10 minutes. Remove the 
adapter, and centrifuge the oil and water in the centrifuge 
tube for 10 minutes. Read the volume of water to the nearest 
0.05 mI. Record this volume, :~ter Vol. (Wt). 

If the water-oil interface is not sharp, insert a small wire 
into the sample anc scrape around the tube to sharpen the 
interface. Then reheat the centrifuge tube in the water bath 
for five minutes, re-centrifuge for five minutes, and then 
read the water volume. 

Determine the specific gravity of the oil as described in nAPI 
Gravi ty of Crude Shale Oil II. Record the "'1eight of the pipet 
plus oil, t'Jeight (Pipet + Oil). Convert to specific gravity 
at 60 F by use of the prepared tables. Record this value, 
S.G. 60/60 F. If there is insufficient oil for a specific 
gravity determination, use a value of 0.914 for further cal­
culation. 

After the retort is cool, remove the drying tube and weigh the 
retort to the nearest 0.1 gram. Record this weight, Retort + 
Sp. Shale. Use the retort plug-puller to remove the plug from 
the retort. Pour out the spent shale, and clean the inside of 
the retort, plug, four discs, and vent tube with a dry brush. 
Swab the outlet tube with the bl acetone-trichloroethylene 
solvent, and dry. After enptying the centrifuge tube and adapter, 
clean them with the solvent, and dry. 

Calculation and Report 

Complete OSRC-l3 as shown on the sample form. 

*For very rich shales (>50 gallons per ton) more than 25 
minutes at 500 C may be required to retort all of the oil. Do 
not terminate heating the retort until five minutes after the 
last drop has fallen into the centrifuge tube and adapter. 
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Report: Gallons per ton to the nearest 0.1 

S.G. 60/60 F to the nearest 0.001 

Wt % Oil to the nearest 0.1 

t'1t % \'later to the nearest 0.1 

Wt % Spent Shale to the nearest 0.1 

Wt % Gas + Loss to the nearest 0.1 

Coking Tendency 

Report coking tendency on the shale as described below (from 
Bureau of Mines RI 4825, Properties of Colorado Oil Shale, p 13): 

Coking Tendency 

None 

Slight 

Hoderate 

Heavy 

Discussion 

Condition of Spent Shale from Assay 

The spent shale poured from the retort 
similar to sand without any evidence of 
conglomeration. 

The spent shale adhered but could be removed 
completely from the retort by stirring with 
a light spatula or rod. 

The spent shale was partially fused but 
contained some unfused particles. It was 
difficult to remove from the retort. 

The spent shale was completely fused and 
the original form of all visible particles 
was completely altered. The residue was 
very difficult to remove from the retort. 

With the 1500 watts of heating elements operated at 110 volts, 
the ammeter will normally read about 13.5 amperes at full power 
of the variable transformer. If the heating elements are not 
drawing this much current, a defective element is indicated. It 
should be replaced, since the final temperature of 500 C will be 
reached more slowly than required. Normally, the 500 C is 
reached in about 40 minutes. 

If necessary, lubricate the retort plug with the powdered 
graphite. 

The condensers should occasionally be rinsed with the solvent. 

The factor 239.6 on Form OSRC-13 converts ml/gram to gallons 
per ton. Density and specific gravity are assumed to be the 
same number. 
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Scope 

AP-S-4 
Revised September 12, 1967 

ANVIL POIHTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Mineral Carbon Dioxide in Raw and Spent Shale 
(AP-S-4 ) 

This method is used to determine from 0 to 20 percent mineral 
C02 in raw and spent shale. 

Outline of Method 

The ground sample is treated with hydrochloric acid which de­
composes mineral carbonates. The carbon dioxide released 
(mineral C02) is absorbed by Ascarite and weighed. The percent 
mineral C02 is calculated from this weight. 

Apparatus 

The apparatus is shown in Figure 1, and is made up of the fol­
lowing components connected with rubber tubing~ 

a. Knorr Alkalimeter - Pyrex. 

b. Absorption Bulb - Nesbitt (2 needed). 

c. Drying Tube - 200 rom. 

d. Rotameter - Brooks Instrument Company, Inc., Hatfield, 
Pennsylvania. Tube Size 1-15-6, Glass Ball. 

Reagents and Materials 

a. Carbon dioxide absorbent - Ascarite, 
8-20 mesh 

b. Hagnesium Perchlorate - anhydrous. 

c. Indicating Drierite - a-mesh. 

d. Hydrochloric Acid - Reagent-grade, conc., sp gr 1.19. 

e. Aerosol(R) OT Solution - 10%, available from Fisher 
Scientific Co. (So-A-292). 

----------- ------------------------~~--
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Preparation of Apparatus 

a. Packing the Nesbitt C02 Absorber 

Pack the absorber as follows~ Place a l/2-inch 
thick pad of moderately-packed glass wool at the 
bottom. Follow this with a 2 l/2-inch layer of 
loosely-packed Ascarite, l/4-inch of glass wool, 
l/2-inch of magnesium perchlorate, and finally 
l/2-inch of glass wool. This absorber should be 
replaced when it is 1/2 exhausted as indicated by 
the Ascarite changing from brown to white. Discard 
the white spent Ascarite; retain the good Ascarite. 

b. Packing the Nesbitt H20 Absorber 

Pack the absorber as follows~ Place a l/2-inch 
thick layer of moderately-packed glass wool on the 
bottom. On top of this, add a 2 l/2-inch layer of 
magnesium perchlorate and a l/2-inch layer of glass 
wool. 

c. Filling the Guard Tubes 

Procedure 

Fill these by putting a layer of glass wool into the 
vessels and then filling 1/2 the tube with Ascarite 
and 1/2 with indicating Drierite. The Drierite, 
which turns pink when exhausted, can be regenerated 
to its blue form by heating at 120 C in an oven. 

With the whole system connected as shown in Figure 1, apply 
vacuum to the exit tube, and purge by drawing air through the 
apparatus at 100 ± 10 ml per minute for 15 minutes (the rate 
is adjusted with the needle valve). At the end of this time, 
shut off the flow at the vacuum end, then close the ports of 
the C02 absorber. Remove it and weigh it to the nearest 0.0001 g. 
(Just before weighing, open the Nesbitt absorber ports momen­
tarily to equalize its pressure to atmospheric.) Replace the 
absorber. Remove the Erlenmeyer sample flask and weigh (to the 
nearest 0.0001 g) into it 2.0 ± 0.2 g of sample ground to -48 
mesh. Add 4 - 5 drops of Aerosol OT Solution and 50 ± 5 ml 
of deionized water. Close the stopcock on the separatory funnel 
and add 25 ml of concentrated hydrochloric acid to it. Reassemble 
the apparatus, turn on the vacuum and the water to the condenser. 
lromediately allow the acid to flow into the flask at a rate 
that keeps the bubbling in the Bubble Tube approximately the 
same as during the purge step. Heat the contents of the flask 
to boiling (If the contents of the flask begin to back up into 
the separatory funnel, reduce the heating rate momentarily.) 
Remove the heat and allow the system to purge for 60 minutes, 
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then turn off the vacuum. Close the Nesbitt absorber, allow 
it to equilibrate near the balance for about 15 minutes, then 
vent it and reweigh it to the nearest 0.0001 g. 

Determine a blank by the same procedure used for a sample, 
except omit the sample. 

Calculation and aeport 

% 1·1ineral C02 = (W-B)jlOO) 
s 

Where, 

w = the increase in weight 
the sample, in grams. 

B = the increase in l'leight 
the blank, in grams. 

of 

of 

S = the weight of the sample, 

the Nesbitt absorber for 

the Nesbitt absorber for 

in grams. 



April 28, 1965 

Precautions to Observe on Mineral C02 Method 

1. Be sure to vent the absorbers after a IS-minute equilib­
ration time at the balance. 

2. Purge the apparatus for at least 15 minutes when first 
using the apparatus. 

3. Add the acid slowly so that no C02 is forced back up 
the funnel. 

4. Heat the acid at a moderate rate so that no gas or liquid 
is forced back up the funnel. 

5. Be certain that all absorbers are properly filled, that 
is, with absorbents in good condition and filled to the 
proper levels. 

This is a very important test since it is used in the carbon 
balance. It requires skill and care in order to obtain 
accurate results. 
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Scope 

AP-S-5 
Revised September 12, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Ash Content of Raw and Spent Shale 
(AP-S-5) 

This method is used to determine the ash content of raw and 
spent shale. The ash content is usually in the 65 to 90% range; 
however, the method is applicable to any ash level of oil shale. 

Outline of Method 

The ground sample is ignited in a muffle furnace to burn organic 
material and to decompose carbonates. The inorganic material 
remaining is the ash, and is free of volatile matter. The 
weight percent of material remaining is reported as the ash 
content. 

Apparatus 

a. Muffle Furnace - Hevi-Duty, 230 volts, safe working 
temperature - 1750 F; maximum temperature 1850 F, 
with chromel-alumel thermocouple and Wheelco 0-2000 F 
controller. 

b. Compressed air line with needle valve leading into 
the rear of the furnace chamber. 

c. Crucible - Wide Form, Coors Porcelain, Size No.1. 

Procedure 

Use the portion of the shale sample ground to -48 mesh. Weigh 
about 2 grams (to the nearest 0.0001 g) of the sample into a 
weighed, ignited crucible. Carefully heat the crucible and 
the sample on the front part of the open muffle furnace until 
most of the organic matter is burned off. Then place the 
crucible inside the furnace and ignite at 950 ± 25 C U750 
± 45 F) for two hours. Adjust the needle valve on the air 
line so that about 500 ml per minute of air enters the furnace. 
(This will ensure sufficient oxygen for burning during the 
two hour period.) 

Remove the crucible from the furnace, allow to coolon the hard 
asbestos surface by the furnace for a minute, and then in the 
desiccator for at least one hour. Weigh the crucible and ignited 
sample to the nearest 0.0001 g. (Be sure no particulate matter 
is adhering to the outside of the crucible.) 



Calculation and Report 

Wt % Ash = ~ X 100 
S 

Where 

- 2 - AP-S-5 

R = the weight of the residue, in grams 
5 = the weight of the sample, in grams 

Report results to the nearest 0.1% Ash. 

Discussion 

This procedure is used for normal shale samples with negligible 
moisture. The moisture content of typical raw and spent shales 
is about 0.3% and 0.05% respectively. Moist shales are first 
dried at 105 C (221 F) before ignition. 
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Revised September 12, 1967 

ANVIL POINTS OIL SHALE I1ESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Moisture Content of Raw and Spent Shale 
(AP-S-6) 

This method is used to determine moisture content of raw and 
spent shale. 

Outline of Method 

The ground sample is heated in an oven at 105 C (221 F) to 
remove any moisture present. The percent loss in weight is 
the moisture content of the sample. 

Apparatus 

a. Oven - 230 v., maximum temperature 140 C, with 
thermometer and regulator. 

b. :vaporating dish - Pyrex, size E 

Procedure 

Use the portion of the shale sample ground to -48 mesh. Weigh 
about 10 grams (to the nearest 0.0001 g) of the sample into a 
weighed, dry, evaporating dish. Heat the sample in the oven 
at 105 C (221 F) for two hours. Transfer the sample to the 
desiccator and allow it to cool for at least one hour. Weigh 
the dish and dried sample to the nearest 0.0001 g. 

Calculation and Report 

~lt % Hoisture - ~ X 100 
S 

Where, 

L = the loss in weight of the sample, in grams 

S = the weight of the sample in grams 

Report results to the nearest 0.01% Moisture 

Discussion 

The two-hour drying time in the oven has been found adequate 
for normal shale samples whose moisture content is less than 
0.50%. Where shale samp1es,whose moisture content is signif­
icantly above this level, are encountered, an additional one 
hour .ile2.tim] p .. ~r ioc. sLouL .. l .. lc usee. as a ched..: on COIllolete 
moisture removal. 
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Revised Sep~cember 12, 1967 

AI'NIL :?On·TTS OIL SH}I.LE HLSBARCH CENTER 
Rifle, Colorado 

Analytical L~boratory 

Total Carbon and Hydrogen in :rtaH anc S!,?er.t Shale, 
Crude Shale Oil, and Recycle Gas 

(AP-SOG-7) 

This method is used to determine the total carbon and hydrogen 
conter.ts of oil shale, shale oil, and ~ecycle gas. The con­
centrations usually ~eterrnined are froi~ 5 to 20 percent in 
shales and 80 to 85 percent in s}lale oils. Recycle gas con­
tains approxi~ately 12 pounds of carbon and 1 pound of hydrogen 
per t~ousane standard cubic feet. 

Outline of Method 

The sam!Jle is burned in a stream of oxygen ir. a packed combustion 
tube. The products of combustion of carbon and hydrogen (carbon 
dioxide and water) are collected in Ascarite and magnesium 
perchlorate, respectively. Interfering products, such as sul­
fur gases, are re~oved by the packing. The increases in weight 
of the carbon dioxide and "later absorber::; are used to calculate 
the carbon and hydrogen in the sample. 

Apparatus 

The apparatus (shown in Figures 1 and 2) consists of the 
fo11ow'ing: 

a. Organic Combustion Furnace - Multiple Unit, Type l23-T, 
nanufactured by Hevi-Duty Heating Equipment Company, 
Watertown, Wisconsin. For automatic operation, the 
furnace is modifie& as shown in Drawing RB 265 (not 
attached) • 

b. Oxygen - USP, cylinder 1 with 2-stage regulator, valves, 
and flowmeter (approximately 35 mI. of air per minute 
maximur.l rate). 

c. ~esbitt Absorbers - (2 needed) • 

c.. Combustion Tube - Vycor I :.0 rnm OD I 3 feet long. 

e. Combustion Eo&t - Porcelain, Size 6. 

f. Stoppers - Silicone P..ub0er, Amber, Size 1'10. 1 
(2 needed). 
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g. Chromel-Alumel Thermocouples - No. 14 B & S Gauge, 
placed in the center of each furnace section. 

h. Pyrometer - ~'~est Instrument Corporation, Hodel I, 
0-1,000 C. with a 6-position switch. 

i. Gas Adapter - Pyrex; Custom-made, illustrated in 
Figure 2. 

j. Bottle - Aspirator, Tubing Outlet, Polyethylene, 
2-gallon. 

k. Rubber Tubing - Amber Latex, 5/32' 0.0., 1/32" wall. 

1. Gas SaMple Tube - Cylindrical, with straight stop­
cocks on both ends, 1,000 mI. 

m. Rotameter - Brooks Instrument Company, Inc., Hatfield, 
Pennsylvania. Tube Size 1-15-6, Glass Ball. 

n. Timer - Gra Lab Universal, I-iodel No. 171, 125 V, 
0-1 hr. Dimco-Gray Company, Dayton, Ohio. 

Reagents and Materials 

a. Asbestos Fiber - Acid-washed and ignited. 

b. Asbestos - Platinized, 5%. 

c. Ascarite - 8 to 20 mesh. 

d. Magnesium Perchlorate - Anhydrous. 

e. Silver Wool - For micro analysis. 

f. Silver Wire - 34 B & S Gauge, pure grade. 

g. Copper Gauze - 20 mesh. 

h. Lead Dioxide-Asbestos Mixture - Prepare by thoroughly 
mixing four parts-by-w~ight of lead dioxide (brown 
powder, ACS grade, suitable for ~icro-analysis) 
with 1 part-by-weight of asbestos fiber. 

i. Lead Chromate-Copper Oxide Nixture - Prepare by 
thoro~ghly mixing one part-by-weight of lead chromate 
(Special Micro 12 to 20 mesh) with 2 parts-by-weight 
of copper oxide (black wire, ACS grade, suitable for 
micro analysis). 

j. Brine, 25% - Prepare by using 2.5 pounds of rock 
salt for each gallon of solution. 
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General Instructions 

Set the furnace controls to maintain the following temperatures: 

1. Sample Furnace (4-inch) 

a. Shale ail and Organic Standards. 700± 10 C. 

b. ~aw and Spent Shale, and Inorganic 
Standards •.•..•.•.. 950± 10 C. 

2. Iliddle Furnace (12-inch) . . . . . 680± 10 C. 

3. End Furnace (8-inch) . . . . . . . 190± 10 C. 

Adjust and maintain the flow of oxygen through the combustion 
tube at 20 to 25 mI. per minute. 

Keep the middle and end furnaces, and the oxygen flow, on 
continuously. 

Packing the Comvustion Tube 

Start packing the combustion tube at the outlet end. First 
insert a No. 1 Silicone rubber stopper containing a 50-mm 
length of 8-mm O.D., I-rom I.D. capillary tubing. Thread about 
10 strands of the silver wire, 60-mrn long, through the capillary 
(This serves to conduct heat along the capillary so that no 
moisture will remain in it.) Pack the rest of the combustion 
tube loosely with the following, in the order given: 

1. 10 rom of silver wool 

2. 5 to 7 mm of asbestos 

3. 200 mm of 4:1 Pb02-asbestos mixture 

4. 5 to 7 mm of asbestos 

5. 35 mm of crumpled silver wire 

6. 5 to 7 rnm of asbestos 

7. 250 rom of 1:2 PbCr04-CuO mixture 

8. 5 to 7 mm of asbestos 

9. 20 rom of platinized asbestos 

10. 20 mm of crumpled silver wire 

11. 30 mm roll of copper gauze 
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Care should be taken to pack the materials loosely, but to 
avoid leaving spaces that would allow channeling of the gases. 

Packing Absorbers 

a. Nesbitt C02 Absorber 

Pack the absorber as follows: Place a l/2-inch 
thick pad of moderately packed glass wool at the 
bottom. Follow this with a 2 l/2-inch layer of 
loosely-packed Ascarite, l/4-inch of glass wool, 
l/2-inch of magnesium perchlorate, and finally 1/2-
inch of glass wool. This absorber should be replaced 
when it is 1/2 exhausted as indicated by the Ascarite 
changing from brown to white. Discard the white 
spent Ascarite; retain the brown. 

b. Nesbitt H20 Absorber 

Pack the absorber as follows: Place a 1/2-inch 
thick layer of moderately-packed glass ~ool on the 
bottom. On top of this, add a 3/4-inch layer of 
magnesium perchlorate, a l/4-inch of glass wool, 
1 l/2-inches of magnesium perchlorate, and 1/2-
inch of glass wool. Replace the packing (retaining 
the dry magnesium perchlorate) when the 3/4-inch 
layer of magnesium perchlorate appears wet •. 

Procedure for Raw and Spent Shale 

Use the portion of the shale sample ground to minus 48-rnesh. 
t'Jeigh O. 9± 0.1 g. of shale (to the nearest 0.001 g.) into an 
ignited combustion boat. (Put as much of the shale as possible 
into the center of the boat.) Have the sample furnace heated 
to 950± 10 C and in the pulled-back position. 

Place the two absorbers (which have been purged with oxygen 
and weighed to the nearest 0.0001 g.) in position with their 
ports open. Attach the magnesium perchlorate H20 absorber 
next to the combustion tube, and connect the Ascarite C02 
absorber to the water absorber with a short length of latex 
tubing. 

Remove the inlet stopper from the combustion tube and carefully, 
but rapidly, insert the sample boat into the tube, past the 
sample furnace, and up to within one inch of the middle furnace. 
Replace the stopper and bring the sample furnace just up to 
the sample boat. Set the timer to 45 minutes, with the "Alarm" 
switch on. Turn the motor traverse switch on. The sample 
furnace traverses three inches in about one hour, at which time 
it should be close up to the middle furnace. At that time, 
it activates the timer which sounds an alarm at the end of a 
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45-minute "soak H time. Remove and close the absorbers, turn 
off the motor traverse switch, and move the sample furnace 
back to its start position. 

Cool the absorbers near the balance for 45 minutes, vent them 
momentarily, ana reweigh them to the nearest 0.0001 g. 

Noteg Take extra care to keep the absorbers clean and dry 
at all times. Do not wipe them before weighing because 
static charges on the glass will cause errors. 

Procedure for Shale Oil 

Use the water-and-sediment-free liquid product (crude shale 
oil) as obtained by the procedure, I1Treatrnent of Liquid Product 
Samples". Neigh D.15t 0.01 g. of sample (to the nearest 
0.0001 g.) into an ignited combustion boat. Have the sample 
furnace heated to 700± 10 C and in the pulled-back position. 
Continue as in "Procedure for Raw and Spent Shale'; above, 
starting with "Place the two absorbers···". 

Procedure for Recycle Gas 

a. Calibration of Gas Sample Tube 

Clean and dry the gas sample tube and weigh it to 
the nearest 0.1 g. Fill it, including the stopcock 
bores, but not the tubules, with distilled water. 
Reweigh to the nearest 0.1 g. Record the water 
temperature. 

Calculate the volume as follows: 

v = W 
IT 

where, 

v = the volume of the tube, in milliliters 

w = the difference in weight between the empty 
and full sample tube, in grams 

D = the density of distilled water at the 
recorded water temperature, in grams per 
milliliter 

b. Collecting a Sample 

Fill a calibrated I-liter gas sample tube with a 
25% brine solution. !Jith the sample gas, purge a 
short length of hose attached to the gas sample 
holder, then while still purging, attach the sample 
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tube. With the hose at the top, open the top stop­
cock, and then the bottom; allow the brine to flow 
into a container. When the sample tube is full of 
gas, close the bottom stopcock, and then the top one. 

c. Procedure 

Attach the sample tube to the apparatus as shown in 
Figure 2, and allow it to equilibrate for at least 
15 minutes. Then dip the bottom tubule about 1/8-
inch below the surface of water held in a small 
beaker. Open the bottom stopcock and allow excess 
gas to escape, then close the stopcock. Record the 
temperature (T) at the sample tube and the barometric 
pressure (b). 

The middle and end combustion furnaces should be 
maintained at the temperatures mentioned previously. 
The sample furnace should be kept at 950 C and close 
to the middle furnace. A closely wrapped roll of 
copper gauze, three inches long should be inserted 
in the combustion tube under the sample furnace. 

Position the T-stopcock so that both the oxygen 
supply and the sample tube will be connected to the 
furnace. connect the absorbers which have been 
purged with oxygen, and weighed to the nearest 0.0001 
g. Open both stopcocks on the sample tube, then 
release the pinch clamp on the tube leading from 
the 25-percent brine reservoir. Adjust the brine 
rate so that the sample tube will be full of brine 
in about 40 minutes. T·'7hen the brine reaches the top 
of the upper tubule, close both stopcocks (top one 
first) and tighten the pinch clamp. 

Continue purging with oxygen for an additional 20 
minutes. Disconnect and seal the absorbers, and 
let them equilibrate near the balance for at least 
45 minutes. Momentarily vent the absorbers, then 
weigh them to the nearest 0.0001 g. 

Calculations 

a. Raw and Spent Shale, and Shale Oil 

wt % Carbon 

Wt ~ Hydrogen 

= (27.29) (C02) 
S 

= (11.19) (H20 ) 
S 
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where; 

C02 = the increase in weight of the C02 
absorber, in grams. 

H20 = the increase in weight of the H20 
absorber, in grams. 

S = the weight of the sample, in grams. 

Report results to the nearest 0.1%. 

b. Recycle Gas 

lbs. Carbon/l;lSCFDG 

lbs. HydrogenjllSCFDG 

where, 

= (44.88) (C02) (273 
(I)-a) (V) 

= (18. 40) (H 20) (273 
(b-a) (V) 

C02 = the increase in weight of the C02 
absorber, in grams. 

H20 = the increase in weight of the H20 
absorber, in grams. 

b = barometric pressure, in mm. Hg. 

+ T) 

+T) 

a = vapor pressure of 25% brine solution at 
the temperature near the sample tube (see 
attached Table I). 

T = temperature near the sample tube, in PC. 

V = volume of the sample tube, in liters. 

MSCFDG = thousand standard cubic feet of dry 
gas (1 atm. and 60 F) 

Report results to the nearest 0.1 pound. 



TABLE I 

VAPOR PRESSURE OF 25% BRIllE AT VARIOUS TEMPEPATURES 

Tem:eerature, 

20 

21 

22 

23 

24 

25 

26 

27 

28 

28 

30 

31 

C ~')or Pressure I mm. Hi 

14.2 

15.1 

16.1 

17.1 

18.1 

19.2 

20.4 

21.7 

23.0 

24.3 

25.8 

26.2 
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Scope 

AP-SO-8 
Revised September 12, 1967 

ANVIL POINTS OIL SHALE RESEARCP.: CENTER 
Rifle, Colorado 

Analytical Laboratory 

Nitrogen in Raw and Spent Shale and Crude Shale Oil 
(AP-SO-8) 

This method is used to determine the total nitrogen content 
of shale and shale oil. The range of concentrations is 
usually 0.1 to 3%; however, any concentrations between about 
100 ppm and 50% can be determined. All types of compounds 
except those having a nitro or -N=N- group, or nitrogen in 
a ring, can be determined. 

Outline of Method 

The sample is decomposed by digestion with concentrated 
sulfuric acid and a catalyst: the nitrogen is thereby converted 
to ammonium sulfate. After the resulting solution is made 
alkaline, ammonia is distilled off into a boric acid solution. 
The borate formed is titrated acidirnetrically with standard 
sulfamic acid to a methyl purple end point. The total nitrogen, 
in weight percent in the original sample, is calculated. 

Aeparatus and Materials 

a. Digestion and Distillation Apparatus, Kjeldahl -
Precision Scientific Company, Cat No. 5492, 6-position. 

b. Flask, Kjeldahl - 800-ml, long neck, pyrex, with 
Kool-Grip cork jacket. 

c. Connecting Bulb - Fisher Scientific Company, Cat. 
No. 13-188, fitted with a No. 7 rubber stopper. 

d. Flask - 500-ml Erlenmeyer, Pyrex. 

e. Hengar Grandules - plain (not selenized). 

f. Buret - 2S-ml, graduated in 0.1 ml divisions. 

Reagents 

a. Sulfuric Acid - Reagent-grade, conc., sp. gr. 1.84. 

b. Mercury Metal - Red~stilled, N. F. 

c. Potassium Pyrosulfate - Fused powder, ACS grade. 
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d. Zinc I,ietal - Dust, low nitrogen. 

e. Boric Acid-~'lethyl Purple Solution - Prepare by dis­
solving 8 ± 0.1 g. of reagent-grade boric acid in 
distilled water, adding 4 ml of methyl purple 
indicator solution (available from Fisher Scientific 
Company, Cat. Uo. SO-I-9) and diluting to 1 liter. 

f. Standard Sulfamic Acid Solution, 0.1000 N - Prepare 
by weighing exactly 9.7100 g. of reagent grade sul­
farnic acid (UII2S03H) into a 1 liter volumetric flask. 
Dissolve the salt in distilled water and dilute to 
1 liter. 

g. Sodium Hydroxide Solution - 50% H/W, for Kjeldahl 
Nitrogen Determination. 

Procedure 

a. Digestion 

Use the portion of shale sample ground to minus 48-
mesh,or the water-and-sediment-free liquid product 
(crude shale oil) as obtained by the procedure, 
"Treatment of Liquid Product Samples n • 

Weigh 2.5 ± 0.2 g. of shale or O.So± 0.1 g. of 
crude shale oil into an 800-ml Kjeldahl flask. 
(Weigh to the nearest 0.001 g.) Add 30 ± 1 g. of 
potassium pyrosulfate, 25 ± 1 ml of sulfuric acid, 
1.3 ± 0.1 g. of mercury, and 2 Hengar granules. 
Heat, gently at first, then ~ore strongly until the 
mixture boils. If frothing occurs, reduce the heat 
until the frothing stops. Swirl the contents per­
iodically. As digestion progresses, the dark charred 
material will gradually lighten to a transparent 
straw-colored liquid. In the process, some acid 
will usually be consumed. Add acid in 1 to 3-ml 
increments to keep the vol~~e at about 25 ± 1 mI. 
After the solution has become straw-colored, boil 
it gently for one ~!.our, then cool to room temperature. 
Add 250 ml of distilled water slowly, with swirling, 
to dissolve precipitated salts. Cool the solution 
to ice temperature. 

b. Distillation 

Rinse the connecting tube and trap with distilled 
water and turn on the condenser cooling water. To 
a SOO-ml Erlenmeyer flask, add 50 ml of the boric 
acid-methyl purple solution. Place the rece~v~ng 
flask under the delivery tube so that the end of the 
tube is about l/16-inch from the bottom of the flask. 
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Add 6.0 ± 0.1 g. of powdered zinc to the ice-cold 
solution in the Kjeldahl digestion flask. Incline 
the flask and slowly add, down the side, 85 ml of 
50% sodium hydroxide solution to form two layers. 
Do not mix the solutions at this time, since this 
wilr-cause a loss of ammonia. Quickly connect the 
digestion flask to the connecting bulb and dis­
tillation apparatus. Turn on the heat and immediately 
mix the contents of the flask by swirling. Distill 
until the receiving flask contains about 200 ml. 
Disconnect the receiving tube; remove it and the 
flask together. Rinse the liquid clinging to the 
tube into the flask. 

c. Titration 

Fill a clean 25-ml buret with 0.1000 N sulfamic acid 
solution. Titrate the distillate to the first per­
manent gray end point. Record the vol~~e of the 
sulfamic acid solution used. 

Whenever new reagents are used, make a blank deter­
mination, in duplicate, exactly as in the above pro­
cedure but omitting the sample 0 

Calculation and Report 

\'Jt % Nitrogen = N(VA - VB) (14.01) (100)_ (0.1401) (VA - VB) 
(S) (1000) (S) 

Where~ 

N = the normality of the sulfamic acid solution (0.1000 N). 

VA = the volume of 0.1000 N sulfamic acid solution used 
for the sample titration, in milliliters. 

VB = the volume of 0.1000 N sulfamic acid solution used 
for the reagent blank, in milliliters. 

S = the weight of the sample, in grams. 

Report the nitrogen content as follows~ 

Less than 0.1%, to the nearest 0.001% 

0.1 to 5.0%, to the nearest 0.01% 



Scope 

AP-O-9 
Revised September 14, 1967 

ANVIL POINTS OIL SEALE RESEARCH CENTER 
Rifle, Colorado 

ANALYTICAL LABORATORY 

API Gravity of Crude Shale Oil 
(AP-O-9) 

This method is used to determine the API gravity of crude 
shale oil. The range is normally from 170 to 260 API. 

Outline of Hethod 

The oil sample is heated to 100 F (37.8 C), and a pipetful 
is weighed. From the density at 100 F, suitable corrections 
are applied, and the API gravity at 60 F is calculated. 

Apparatus 

a. Viscosimeter Bath - Kinematic, High Precision, 0.02 F 
Termonitor Controlled, Sargent, is suitable. (Fill 
with mineral oil.) 

b. Test Tubes - pyrex, 150 rom x 18 mm 

c. apets- see attached Drawing No. RE SK 18; available 
from Scientific Glassblowing Co., Houston, Texas 

d. Horizontal Pipet Support - 5 1/2 inch x 6 1/2 inch~ 
6 pipet capacity. 

Procecure 

Use the water-and-sediment-free liquid product (crude shale oil) 
as obtained by the procedure, "Treatment of Liquid Product 
Samples". 

Pour about 10 ml of the oil sample into a test tube and heat 
it in the 100 F constant temperature water bath. Insert a 
standardized pipet into the test tube with the oil. Leave 
the cover off the bath. Allow the oil, test tube, and pipet 
to equilibrate for 15 minutes. 

With the test tube still in the water bath, apply suction to 
withdraw a pipetful of oil. The oil should not rise more than 
1/8 inch above the calibration mark. Adjust to the mark. 
Wipe the outside of the pipet dry and lay it on the pipet sup­
port next to the balance. After a 10 minute equilibration per­
iod, weigh it to the nearest 0.001 gram. 
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Calculation and Report 

Refer to the prepared table to read the API gravity at 60 F 
for the observed weight of pipet + oil, for the pipet used 
(note the letter marked on the bulb). 

Report results to the nearest 0.10 API. 

Discussion 

For each pipet, a computer table has been furnished listing 
weight of pipet + oil, specific gravity at 60 F, and API gravity 
at 60 F. These tables have been prepared from the weight of 
the empty pipet, the calibrated volume of the pipet at 60 F, 
correction factors for temperature, and the relationship between 
API gravity and specific gravity. The equations used in the 
computer are the following: 

T = (0.9990 5 - 0.01398) (V):+ P 
G = 141.5/5 - 131.5 

Where, 

T = the weight of pipet + oil, in grams (at 100 F) 
5 = specific gravity at 60/60 F 
V = the volume of the pipet, in milliliters 
P = the weight of the empty pipet, in grams 
G = API gravity at 60 F . 

If a computer table is not available, the calculation is made 
as follows: 

V 

5 = 0 + C 

Nhere, 

D = specific gravity (density) at 100 F 
C = correction found using table below: 

o 
0.800 - 0.843 
0.844 - 0.916 
0.917 - 1.000 

C 
0.010 
0.009 
0.008 

Note~ These corrections were obtained by converting the specific 
gravities determined at 37.8/37.8 C to 37.8/15.6 C 
by multiplying by the factor 0.995, (density of water 
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at "37.8/density of water at 15.6 C) then converting 
these values to specific gravities at 15.6/15.6 C by 
the use of standard conversion tables.* 

Use the S.G. at 60 P - API Gravity at 60 P tables to 
convert S to G. 

*"Analytical Methods for Use on Oil Shale and Shale Oil" 
A-1-15, Intra-Bureau Report, osp~ 32, Petroleum & Oil­
Shale Experiment Station, Bureau of Mines, Laramie, 
Wyoming, August 1949. 
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Scope 

AP-O-IO 
Revised September 15, 1967 

AUVIL POINTS OIL SEALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Water and Sediment in Liquid Product 
(Centrifuge Method) 

(AP-O-lO) 

This method is used to determine the amounts of water and sedi­
ment in liquid product samples. Liquid product consists of 
crude shale oil, water, and sediment. The method is most 
accurate \>lhen the total water and sediment content of the sample 
is less than about 3 weight percent. A more accurate (and the 
recommended) method for water only, is AP-O-2l, Water in Liquid 
Product by Distillation. 

Outline of dethod 

The weighed sample is heated, 
the oil, water, and sediment. 
are then measured, and the Wt 
calculated. 

Apparatus 

and then centrifuged to separate 
The amounts of water and sediment 

% water and Vol/t'Jt % sediment 

a. Centrifuge - International Size 2, Model Exe with 
8-place head, aluminum cups, and neoprene cushions. 

b. Centrifuge tubes - lOO-ml, oil, pear shape, Kimax; 
stem graduated up, from 0 to 3 ml by 0.1 ml; body 
graduated from 3 to 10 ml by 0.5 ml; from 10 to 25 
ml by 5 ml; and at SO and 100 mI. 

c. Water bath - 80 C, with holder for six centrifuge 
tubes. 

d. Corks - Size 4. 

e. fV'eighing sling. 

f. Halt Hixer - such as the Hamilton Beach No. 18. 

Procedure 

The liquid product sar,ple is submitted in a one pint wide­
mouthed jar. 
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The liquid product sample is well mixed on the malt mixer, and 
about 50 9 is immediately transferred to a preweighed centrifuge 
tube. The sample and tube are weighed to the nearest 0.01 g 
and then transferred to the water bath. 

After 10 minutes, the tube is wiped and placed in the centrifuge. 
After 10 minutes at 2000 RP~l, the tube is removed. If the 
interface is not sharp, it may be necessary to reheat the oil 
and centrifuge a second time. The interface nay also be 
sharpened by use of a small diameter wire, or by drawing off 
some of the supernatant oil and diluting the remainder with an 
organic water-immiscible solvent such as toluene or xylene. 

Read the volume of sediment and of water to the nearest 0.05 ml 
(or as close as practical). 

Calculation and Report 

The density of the water is assumed to be 1.00 gm/ml 

Wt % Water = ~ X 100 

Vol/Wt % Sediment = ~ X 100 

Where, 

w = the volume of the water, in milliliters 
T = the volume of the sediment, in milliliters 
S = the weight of the liquid product sample, in grams 

Report results to the nearest 0.05%. 

Discussion 

If there is little or no water present, the amount of sediment 
may be difficult to read. In this case, record the volume of 
the water, then add about 1 ml of distilled water to the sample. 
shake well, warm if necessary, and centrifuge for 10 minutes. 
Read the volume of the sediment. 



AP-O-ll 
Revised October 2; 1967 

AeJVIL POE1TS OIL SHALE RESLARCE CI:, "fER 
Rifle i Colorac:o 

Anc:!.!y~ic~_1. ___ ~~~9_r_~.t~!X 

Ramsbottom Carbon Residue of Crude Shale Oil 
(AP-a-ll) ----------- ------.---. .-.---- ,._- --.--... _- .. _--,---._-

The methocl used is 1I~"!ar.lsbottom Carbon :tesidue of Petroleum. 
Products , J\ST~l :::. 524-62. Below is a condensed version of 
the ;;Procc(,\.:re; ane. Calculation and. rteport sections of this 
method as usee in this laboratory. 

·:)utline of.lethod .. ... 

Clean crude shale oil is charged to a preweighed ~atlsbottom 
coking bulb and heated in a furnace for a specified time. 
After a period of time. the bulb is rernove(:~ ane wei~Jhed. The 
co)=.e rernaining in the bulb is a IT1.3aSUre of the :,1arnsLottorn 
CarDon .. <.esi6ue. 711e .,0thcd is f essentially I .AST,l ;) 524. 

Procedure 

Use tile water-and-sedir.1ant-·fret~ liquid j?roC!uct (crude shale 
oil) as obtained by the procedare, ~Treatment of Liquid 
SaI:1ples.' If necessary, warre. the oil ~lightly to reduce its 
viscosity. Strain th~ sar.lple through a 100-mesh "ire strainer. 

~ leigh a nel'l glass coking bulb I that is clean and dry, to the 
nearest 0.0001 Srar:.. ~~y means of t;1e hypor~ermic syringe, 
introduce .:.pproximately 1.5 gr:lrEs of sample into the "leigheo 
bulb, an~ rewaig~ to 0.0001 gram. Make sQre th~t no oil 
remains on the exterior surface or on the inside of the neck 
of the bulb. 

Place the bulb in the selecte~ well in the furnace, and allow 
it to remain for 20 ± 2 minutes. (De sure the furnace is at 
the correct temperature.) Renove t'le bulb lV'i th metal tongs! 
the tips of ""hich have just been heatea.. .~\.llo:'l the bulb to 
coolon the rack for a few minutes and then in t:le desiccator 
for one hour. Brusil any particles off th~ bulb, and "leigh it 
to t~e nearest 0.0001 graM. After t~e calculation below is 
made, anli the \-1eigilt of t:le ignited sample is checked (if nec­
essary), discard tile usecl bulb. 

Calculation ~nd ~e~o~t 

\'!t % ~ai'.sbottor:\ Carbon 

"here, 

.:e.si! .ue = !3 X 100 S 

R = the weight of the residue, grams 
5 = t:~e \leig]1t of th,a sample j gra: s 

~e~ort results to the nearest O.l~. 

http:Proccc;\:.re


AP-O-12 
Revised September 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratorx 

Ash Content of Crude Shale Oil 
(AP-O-12) 

The method used is "Ash from Petroleum Oils", ASTM D 482-63, 
with slight modifications. Below is the version of this method 
used in this laboratory. 

Outline of dethod 

A weighed amount of crude shale oil is weighed into an 
evaporating dish and burned. The carbonaceous residue is 
ashed. The weight percent ash is calculated from the weight 
of the ash. 

Apparatus 

a. Muffle Furnace - Hevi-Duty Type 62, 230 volts, safe 
working temperature 1750 F, maximum temperature 
1850 F, with chromel-alumel thermocouple, and West 
0-2000 F temperature indicator. 

b. Heat Lamps - "Infra-Rediator;'. 

c. Evaporating Dish - Coors procelain, Size 3. 

d. Isopropanol - reagent grade. 

e. Filter paper - Nhatrnan No. 42, 9 cm circle. 

Procedure 

Place the quart bottle sample in the oven ('-""".140 F) for about 
one hour to allow any water and heavy sediment to separate. 
Withdraw approximately 50 grams of the oil, transfer to a pre­
viously ignited and weighed evaporating dish, and weigh to 
the nearest 0.0001 gram. Since the sample may still contain 
some water, it should be dried before burning. This is done 
by adding about 10 ml of isopropanol to the weighed oil sample, 
mixing as much as possible, and heating the oil under the 
infra-red heat lamps for about one hour. If the oil tends to 
spatter, add more isopropanol. 

Then place a circle of filter paper on top of the oil, and 
heat the dish and sample with a gas burner until the oil can 
be iqnited with a flame. Haintain at such a temperature that 
the sample continues to burn at a uniform and moderate rate, 
leaving only ash and carbon when the burning ceases. 
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Place the crucihle with the r2sidue in the ~uffle furnace, 
leaving the cioor partially open (for oxygen s~~ply) until t~e 
car';on has bur!\cc~ off:. Then C1038 the ('oar i anc. heat at 1750 
± 45 F for t~'o hours. 

l!andlinq of t~e ~ish with the light ash (uring the remaineer 
of the analysis .s:1oulc~ be done \d th great care to avoi::: losin'l 
any ash 0 Turn ("Iff t:~c hood in the .furnace room. Carefully 
rer:-.ove t:le cruci:Jle from t:le furnace, allml it to cool for a 
fe'.'7 minutes i ant. t:lr2n place it in a desiccator until cool 
cnouqh for weighing. Heiq:l ~:e crucible an( ash to the nearest 
0.0001 gra:T .. 

Calculation and ?enort ------ '-'-~'~"--

T' 
·:t % Ash = ., 2: 100 

(. 

;'!here .. 

11 = the weight of the re.sic"',ue 
S = the weight of t~e sa~ple, 

Eeport results to t . .'.C ne.::lre~t 1).01%. 

in 'jra" s 
in ,raMS 

http:remainC'.er
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AdVIL POL,iTS OIL SHALi: R:'~Sl.;A;:'Cf-. C:':;IT~BR 

:'"<ifle, Co1.oraC1o 

Ana~¥t~~a.~l:.a.bo.:r;.~t()!Y 

Saybolt Viscosity of Crude Shale Oil 
_____ . ____ J_AP ____ .Q.~.!_~l ___ . __ ' ___ _ 

The method usee .. is .JSayr.:olt Viscosity:', ASTi'l D 88-56. '1'\10 

viscosity measurements are InaC'.e - one at 130 F, the otl1er at 
210 F. 

Use the water-anri-seCiment-free liquid product (crude shale 
oil) as obtained by the procedure ,''l'reatr~ent of Liquid Procl.uct 
Samp1~s. Determine the viscosity at 130 :r." l:sing the Precision 
2"}?osition viscometer v catalog no. 4962 deten,ine the viscosity 
at 210 P using the Precision 4-position visconeter i catalog 
no. 74966. 
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A:JVIL POI~JTS OIL SEAL:: RESEARCH C~.~~lT.:~:R 
Rifle, Colorado 

An~~t_i c~l .. L.a~9_ra ~9.;-"y 

Pour Point of Crude Shale Oil 
_______ (A.R.:Q.-14 ) ___ . __ _ 

The meti-lOd used is "Cloud and Pour Points' .' ],~3T.l D 97-57. 
Be 10\<1 is a con&ensed version of the "Procedure'; of this netl10d 
as used in this laboratory. 

Outline of ilethcd 

The cru6e shale oil is cooled in steps until it no longer flows 
cLurin·J a set period of time c The lm.,rest temperature at which 
rnovenent occurs is the pour point. The ll'.ethod is l!.S'T:I 1) 97. 

ProcedurE: 

Use the water-and-sedirnent-free liquid proCuct (crude shale oil) 
as obtained by the procedure j '/'I'reatment of LiquiC. Product 
Samples. " Pour the oil into the test jar to the nark; about 
5J :Cll is required. Assemble thE; cork i.m,2 the:r:noI'!1eter according 
to paragra,}h 5 (1:;) of the AST.l proce:J.ure. l-Ieat the oil; ,,;ithout 
stirring. to 115 F. Place the test jar in the cooling apparatus 
(filled with ice and water) accorting to paragra?hs 5 (d); (e) r 

and (f) of the AS~1 procedure. :~en the temperature reaches 
105 F, remove the jar from t~e cooling jacket and look for oil 
Llovement accorCiinq to paraqraphs 5 (g) ancJ. (h) of the AST.~ pro­
cedure. 

>!ote that the pour point is 5 F above the temperature ''lhcre no 
mover.lent is observed. (The pour point of crut::.e shale oil from 
the Gas Combustion Retort will usually be ap~roximately 85 F.) 
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A~1VIL POlr:TS OIL SI.i.2\LE R2SEARC:_ CEi.,j'l'E::~ 

Rifle" Colorado 

An~~ Y"=-~_<?_c:l f.ae.o.r_a tory 

Distillation of Crude Shale Oil 
_. __ . __ (J\P_-O-15L ____ .... _._ 

The method used is 'uistillation at Reduced Pressure of 
Petroleum Products i AST:·1 :) 1160-61, at 10 rom pressure. Some 
details of the met;lod as used in t2ds laboratory are given 
below. 

Outline of .1ethod 

The crua6 shale oil is distilled at 10 ~D pressure as in ASTI D 
1160. ?he fractions over at different temperatures are reportet. 

l\.pparatus 

The apparatus useo. conforms to the snecifications of the AS'l'H 
method. Sone of the ~Clrticular components usee: in this labora­
tory are descriLed below. 

a. Flask (insulatec:.i), Colur:m (insulateJ.), ConC'.enser, 
Receiver, :ieater I Cold Tra::->s I and 'l'hermocou1?le - avail­
able from Scientific Glassblm·!ing Corr:.pany" Houston. 
Texas. 

L. Potentiolileter - Honeywell:iodel 2720. 

c. Pressure :"leasuring SysteM - Vacuum c;auge, .10(;.el 68, 
available from Fisci1(:!r Scientific Company, Catalog 
~';o. 11-250. 

d. Presst:re :~egul?_tin::r System - It:;I Absolute Pressure 
Control, C?200, available from Cole-Parmer Instrument 
and Lquipr.1ent COf'1.pany, Catalog :10. 911, "lith bleed 
needle valve, 

e. Vacuum System - Single stage vacuum pump. (reIch 
,:0. 1404 i. (33.4 liters/minute)" 15 gallon surge tank. 

f. Coolant Circulating System - 12-quart roun~ bottom 
jar- Auto!nerse Heater, 850 Hatts, available from 
T,1ischer Scientific Company, Catalof] :10. 11··463-·10V3 
Circulating Pump, Eastern Centrif'~lgal Pump, :lodel D--6, 
'Iy!?e 100 I 1550 rpm. 

J. Filter Funnel - 100-~esh, as described in AST~ D 88. 
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Reagents 

a. 'lercury - Instrument grade. 

b. Calciwl Chloride - 8 to 12-mesh. 

Procec".ure 

Use t~le water-anQ-sediment-free liquid product (crude shale oil), 
as obtained by the procedure, '?reatment of Liquid Product 
Sanples. Dehydrate the sanple as described in section A5 of 
the appendix of the AST 1 rlethod. Filter ti1e drie.:' oil through 
the 100-mesh filter funnel. 

Follow the . Procedure ir. the AST:·1 method. using 10 mm pressure. 
Adjust the temperature of the coolant to 125 ± 5 1.:". 

Use forn O:-:::?C-24 to record the required duta. 

Calculation and n.el?ort 

Complete forr.l OSRC-24. Use Chart 53-12* to convert the tempera­
ture rea0.ings at 100 rnm to equivalent te~perature at 760 mo. 

Discussion 

Use the prepared ta~le to ~etermine the weight of sruaple 
equivalent to 200 ml at 125 F. The table was orepareJ from the 
follmling relationship" 

S = 194.88: 

T~here. 

S = the \'leight of the saF'.ple, in grams, equivalent 
to 200 nl at 125 F. 

J = the ,1ensi ty of the sanple., in 'Jrams/millili tcr 
at 60 F. 

The density is obtained directly from standard API Gravity­
Density-S,:;. conversion tables. 

* "Vapor Pressure Charts for Petroleum Hydrocarhons", J < b. lax\,lel1 
an~ L. S. bonnell. 



I\P-O-16 
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Al'NIL POLJ'.:.'S OIL S:.!AL:: RFSEI.:~CE CE~'~'I·J:R 

Rif1e i Colorado 

l'~n~~.:it:i.9a~..!!.a.bor_a_tory 

API Gravity of. Vent Purge Oil 
________ ._ ..iAP~_<?·~_l:.l)1_ .. _. ___ . __ ._ 

The method use~ is d 7·~PI Gravity of Petroleu."":'\ Products I. 

l~ydror:leter ,:'ethoC .. Af:Tl L) 287-55. 

A hydror:lcter reading on the dry oil is ma<'~e as in 7\8':'1'1 D 287. 
This is reported as 0API at 60 F. 

If there is any water present in the sa~ple, it is separated 
by allowing the saople to stand in a se?aratory funnel for 
a~out one hour. The water and SODe of the oil is drawn off 
the gravity measure;,1ent if:) nac.ic at roor.'" te1'1perature on the oil 
rer'ainin<] • 
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AP-G-17 
Revised September 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CEI-ITER 
Rifle, Colorado 

Analytical Laboratory 

Analysis of Recycle Gas 
(AP-G-17) 

This method is used to determine C02, 02' N2, CH4, CO, Ar, and 
H2 in gas combustion retort recycle gases. 

Outline of i'lethod 

The method consists of (1) collecting a composite sample in a 
gas holder over the duration of a retort run and (2) transferring 
a portion to a gas chromatograph, where the individual gases 
are separated and their peaks recorded. The concentrations of 
the gases are calculated from these peaks. 

Apparatus and Baterials 

a. Gas Chromatograph - Fisher Gas Partitioner, Model 25V; 
column i10. 1. 30-in., 30% HI1PA (hexamethylphosphoramide) 
on 60/80 mesh Columpak; column No.2 - 6 1/2 ft., 42/60 
mesh activated aolecular Sieve 13X- 1/2-ml sa: pIe loop. 

b. Thermal Stabilizer - Model 27 for Fisher Gas Partitioner. 

c. Recorder - Sargent r-todel SR-25 with 1.0 mv. range plug. 

d. DIying Tube - available from Fisher Scientific Co., cat. 
no. 11-134-125 (filled with indicating drierite, 10-20 
mesh). 

e. Drying Tube - straight form, single bulb, Pyrex, 100 mm. 
(filled with anhydrous magnesium perchlorate). 

f. Bubble column assembly - avqilable from Fisher 
Scientific Co., cat. no. 6-390-65. 

g. Carrier Gases - Helium 99.99%; Nitrogen 99.996%. 

h. Gas Regulator - (for carrier gases) Gas chromatography 
regulator No. 8G, available from Matheson Co. (2 needed) 

i. Calibration gas mixtures - at the nominal concentra­
tions listed below, analyzed standards. 
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Nomin~J _VoU 

Gas A B -
CO2 16· 30 

02 0.1 1 

H2 6 2 

CO 3 6 

CH4 1 3 

N2 65 55 

He Bal. Bal. 

j. Cylinder gauge and valve (for calibration gases) -
No. 52 needle valve with tank gauge, available from 
r!Iatheson Co. (2 needed). 

k. Gas holder - Approximately 5-cubic feet capacity, brine 
resistant. 

1. Brine solution, 25% - Prepare by using 2.5 pounds of 
rock salt for each gallon of solution. 

Collecting a Sample 

The sampling system is shown in Figure 1. Approximately 1 1/2 
cubic feet of gas per hour is sent from the retort, through a 
heat-traced line, to the laboratory. At the laboratory, the 
proper valves are opened and the flow into the gas holder is 
regulated to collect about 3 cubic feet of gas during a run. 
The sample in the gas holder can be conveyed directly to the 
laboratory chromatograph for gas analysis. 

Preparation of Instrume.!l~._for~nl'!!ys_l!! 

The recorder should be kept on "Standby" ana ..... "'e thermal stabi­
lizer should be kept on, whenever it is expected ~at the 
instrument may be used within about 3 days. t,1hen the t"!hromato­
graph is to be used for the gases other than hydrogen, UbQ the 
helium carrier gas; for hydrogen, use the nitrogen carrier g~~, 
Attach the "quick-connect" couplings from the proper carrier 
gas supply and the bubble flowmeter. Adjust the flow to 80 ± 0.5 
ml per minute. Put the Partitioner on 2 percent sensitivity. 
After at least a IS-minute warm-up and stabilization period, 
disconnect one wire at the recorder and short the input terminals. 
Turn the recorder to "Pen", and zero the recorder at the right 
side of the chart (zero divisions) for the gases other than 
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hydrogen, and at about 80 divisions for hydrogen. Reconnect 
the Partitioner, and use the IIBalance" control to adjust the 
pen at the same zero as the recorder zero. Set the recorder to 
"Record" whenever sample or standard gases are to be injected 
into the instrument. 

Calibration 

(A) For Gases Other Than C02 and N2 

The instrument is calibrated with the calibration gas 
mixtures. At least t"lQ standards, bracketing the concen­
trations expected in the sa~ples to be analyzed, are 
needed. Calibrate as follows: Conduct a slow stream 
(about 50 ml per minute) of one of the standards through 
the 1/2-ml sruople loop for at least 10 seconds (making 
sure that the sample valve knob is in the "out tS position). 
Stop t~e flow, then immediately push the sample knob in. 
t"lhen the recorder pen begins to trace the first peak, pull 
the sample knob out again in preparation for the introduc­
tion of another standard or a sample. The peaks, after 
an initial "Composite" peak, \-Till appear in the order shown 
on the "Gas Analysis \-]ork Sheet" (OSRC-2l). (The 
02 and Ar peaks appear as one.) Use the instrunlent sen­
sitivities shown next to each gas. A typical set of chroma­
tograms is shm'm in Figure 2. (The small "pips II after 
C02, 02, and N2 are caused by changing the sensitivity.) 
Make two chromatograms for each standard before and after 
each group of sanples. If the duplicate peak heights on 
any sample differ by more than 0.5 division, rerun that 
sample. Average the peaks (measured from the base line 
at the same sensitivity as the corresponding peak) for 
each component of the gas mixture, and enter the data on 
the work sheet. Record the differences (P) between the 
average peak heights for the two concentrations of each 
gas in the standards. Record the differences eC} between 
the concentrations of each component gas. Calculate a 
factor C/P for each gas except C02 and N2. 

(B) For C02 and N2 

Plot the peak heights along the ordinate (vertical axis) 
versus the concentrations of the gases along the abscissa 
(horizontal axis) on linear graph paper. Join the points 
with a straight line. 

If there is doubt about the relationships being linear 
ones, determine peak heights for concentrations between 
those given, and plot those also, to determine the true 
relationships. 

Subsequently, when standards are run, the two peak heights 
obtained for each calibration gas can be plotted and then 
connected by using a straight edge. 
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Sample Analysis 

With the instrument and gas flow adjusted, open the valves 
that will permit the sample to pass from the gas holder through 
the magnesium perchlorate-filled drying tube into the sample 
loop. Allow it to flow long enough to purge the system com­
pletely, then stop the flow, and immediately push the sample 
knob in. When the recorder begins to record the composite peak, 
pull the knob out. Use the sensitivities sho~m for each gas on 
the "Gas Analysis Work Sheet." 

Calculation and Report 

Estimate, to the closest 0.1 division, the peak heights above 
baselinecof the different gases. Enter these peak heights on 
the work sheet. Calculate the factors from the peak heights of 
the standard gases, then use these to compute the concentrations 
of the gases in the sample. After determining the nitrogen 
concentration, find the oxygen correction and tho ~~Qon content 
from Table I. Subtract the total percentage from 100 to o~'~in 
IIOthers". Report all results to the nearest 0.1 volume percent.. 

An example of a calculation is shown on the attached "Gas 
Analysis Work Sheet.!! 
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TABLE I 

OETERl:IINATION OF ARGON CONTENT AND OXYGEN CORRECTION 

% NITROGEU % ARGON OXYGEN CORRECTION 

54 0.7 • 0.6 
55 • 0.7 • 0.6 
56 0.7 • 0.6 
57 0.7 • 0.6 
58 0.7 0.7 
59 • 0.7 0.7 
60 0.7 • • 0.7 
61 • 0.7 0.7 
62 • • • 0.8 0.7 
63 • • • 0.8 0.7 
64 • • 0.8 0.7 
65 0.8 0.7 
66 • • • 0.8 • 0.8 
67 • 0.8 • • 0.8 
68 • • 0.8 • 0.8 
69 • • • 0.8 0.8 

-:-. 70 • 0.8 • 0.8 
71 • • • 0.9 • 0.8 
72 0.9 • 0.8 
73 0.9 • • • 0.8 
74 • 0.9 • • 0.8 
75 • • • • 0.9 • • 0.9 
76 • • 0.9 • 0.9 
77 • 0.9 • • • • 0.9 
78 • • 0.9 • • • • • 0.9 
79 • • • • • • • 1.0 • • • • 0.9 
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AP-S-18 
Revised September 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Benzene Extractables in Raw and Spent Shale 
(AP-S-18) 

This method is used to determine the amount of material that 
can be extracted by hot benzene from a sample of shale or 
shale plus oil. 

Outline of Hethod 

The method used is similar to "Sediment in Fuel Oil by Extrac­
tiontl, ASTM D 473-59; the apparatus used is ieentical. 

The sample, in an alundum thimble, is extracted with hot 
benzene. The amount of material extracted, as determined by 
the loss of weight of the sample, is calculated as the benzene 
extractables. 

Apparatus 

a. Extraction Flask - see ASTM D 473-59 

b. Condenser - see ASTM D 473-59 

c. Extraction Thimble - see ASTr·l D 473-59 

d. H~t'Plate - Precision six hot-plate unit, catalog 
no. 65500, l15v, 1800 watts~ with 25 ampere variable 
transformer 

Reagent 

a. Benzene - Reagent, A.C.S. 

Procedure 

If possible, grind the sample to minus 48 mesh as described 
in "Preparation of Raw and Spent Shale Samples lf

; otherwise 
use the sample as submitted, taking care to use a representative 
portion of it. 

Weigh a dry extraction thimble, that has been well extracted with 
benzene, to the nearest 0.001 gram. Place about 10 grams of the 
sample into the thimble, and reweigh it to the nearest 0.001 
gram. 
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Pour 50 ± 2 ml of benzene into the flask. Hook the thimble 
containing the sample onto the condenser and lower it into the 
flask on the hot plate. Seat the condenser firmly on the flask, 
and turn on the cooling water. (Refer to Figure 1 of ASTM D 
473-59) 

Adjust the heat so that the level of the benzene in the thimble 
is about 3/4 to 1 inch below the top. Continue the extraction 
for fifteen minutes after the benzene dropping from the thimble 
is colorless. Dry the thimble and extracted sample in air for 
five minutes, and then in the 105 C (220 F) oven for one hour. 
Allow the thimble to cool in the desiccator for one hour, and 
then weigh it to the nearest 0.001 gram. 

Calculation and Report 

Wt % benzene extractable L 
= S X 100 

Where, 

L = the loss in weight of the sample (after extraction), 
grams 

S = the weight of the sample, grams 

Report results to the nearest 0.01%. 

Discussion 

The ASTa D 473-59 procedure should be consulted as a reference 
for this method. 

After completion of the test, the thimble should be well rinsed 
with benzene, and dried. 

Since benzene is toxic, avoid hreathing the vapors and contact 
with the skin. 

Modified Hethod 

Transfer the benzene plus extracted material from the flask into 
a weighed evaporating dish. Evaporate at 105 C until only a 
heavy residue remains. Cool, weigh, and then calculate the 
extractables as given below. 

Wt ~ extractables (modified) w = S X 100 

lihere, 

W = weight of extractables, grams 
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AP-S-19 
Revised September 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CmlJTER 
Rifle, Colorado 

Analytical Laboratory 

Particle Size Distribution of Raw and Spent Shale 
(AP-S-19) 

This method is used to determine the distribution of particle 
sizes (less than 1 inch) of samples of raw and spent shale. 

Outline of i-iethoa 

The dry shale sample is se-:;regate( by particle size on a series 
of standard sieves. ~he weight percent held by each sieve is 
calculated. 

Apparatus 

a. Sieves - with pan and cover, 8-inc!1, of the follo\'ling 
sizes~ 

Hesh Inches Hesh Inches 

1.050 8 .093 

.883 10 .065 

.742 14 .046 

.624 20 .0328 

.441 28 .0232 

.371 35 .0164 

2 1/1 .312 48 .0116 

3 .263 65 .0082 

4 .185 100 .0058 

5 .156 150 .0041 

6 .131 200 .0029 

b. Sieve Shaker .• Ro-Tap, Electric, a-inch, is suitable. 
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P.rocedure 

The shale sarr.p1e used must be cry. If it is damp, dry with 
hot air or in the 105 C (220 F) oven; if it is oily, wash well 
with benzene, then dry with hot air. 

Arrange 
at top) 
1000 g, 
Turn on 

the required sieves on the sieve shaker (largest mesh 
with a pan at the bottom. Pour the sample (about 
if available) onto the top sieve and attach the cover. 

the shaker, and shake for 30 seconds. 

When the segregation is complete, weigh the amounts of sample 
on each sieve and on the pan to the nearest 0.01 gram. 

Calculation and Report 

T = P+Sl+S2+····+Sn 

Wt % on sieve = ¥ X 100 

Where, 

P = the \'leight of the sample on the pan, in grams 
S = the weight of the sample on each sieve, in grams 
T = the total weight of the sample, in grams 

Report the total weight to the nearest 0.1 gram. 

Report the weight percent on each sieve and the pan to the 
nearest 0.1%. 

In reporting the amount on each sieve, the identification of 
particle size is made using the mesh size of the sieve that 
held the sanlp1e and the mesh size of the sieve immediately 
above, through which that portion of sample passed. A "+" is 
used to indicate the sieve that retains the sample, and a "-" 
is used to indicate tile sieve passing the sample. An example 
is given below. 

If a portion amounting to 15 Wt % of the total sample was 
retained on the 20 mesh sieve, and the sieve just above that 
was 8 mesh, the following notation would be used: 'I -8 +20 15%. " 

The total of all weight percentages should equal 100.0. 



Scope 

AP-S-20 
Revised October 3, 1967 

A:.'JVt:u POli.~'i 3 OIL Si-'.ALE RLSE.A::1Cl~ CEnTER 
Rifle, Colorado 

Analvtical Laboratorv - _._ .... _-,_ ... _._-- .. 

Density of Raw and Spent Shale 
(AP-S-:-:}Q.L ________ _ 

This method is use~ to determine the (1) loose, (2) packeC. 
anti (3) solid. densities of ra\'1 and srant shale. 

Outline of 11ethod 

Loose Jensi ty - the volume of a 't;-{eiqhed amount of loosely 
packed dry shale is measured. 

Packed Densi ty - tlle volume of a ,>/eighed arilount of tigl1tly 
packed dry shale is ueasured. 

Solid Density - the difference in volume Let~'1een a 
volume of tolu.ene and t:1C volume of a mixture of a 
amount of (.~ry shale plus the toluene is neasure,'. 
densi ty in gra:,.s/rnillili ter is calculatec.. 

knm·m 
weighec 
The 

Apparatus 

a. 3raduate -, volume sui table for amount of sarn?le. 

~eagent 

a. Toluene - technical grade. 

Procedure 

T~le s:lale saTI1::>le usee, must be ury. If it is clar-.p I dry \-Ii t:1 
hot air or in t£le 105 C (220 !') oven if it is oily, Hash \'Jell 
\'>'1 th benzene t:1en dry ,\,i th hot air. 

Select a graduate of such size that it will he about three­
fourths or more filled by tIle sa:aple. 

a. 

b. 

Loose i.Jeusi t.Y .~ . 7eig1-l the drieC:: silale saT.":,?le to the 
nearest 0,01 SJram if less than 100 'jrams. or to the 
nearest 0.1 grams if r..ore than 100 graJ.~s .. Pour it 
into tne gra(:uate and read the volume as closely as 
possi::.le. 

Packed DenDi ty ~. t~?eic:h the c.1.riea shale su!'1ple to the 
nearest 0.· gra.:l if less tl1an 10J grams, or to the 
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nearest 0.1 gram if ~ore than 100 gra~g. Pour it 
into the graduate, anu jar the sap';?le until a r:u.nl.mum 
volume is notec. rea(~ the volume as closely as 
possible. 

c. Solid 0ensity - ~eigh the dried shale sample to the 
nearest O. 01 gral -:. if less than 100 grams, or to the 
nearast 0.1 Jran if more tL.an 100 grams. Pour it 
into the graduate 0 Use anotll':.r graduate of the same 
size to acid a knm'!n V'olUIt1e of tolu8ne to the shale 
until it is covered. Jislodqe any air bubbles. Read 
the volwne of the sa-c.~le plus toluene as closely as 
possible. 

Calcul~tion and rteport 

Loose Density = ~ 
r.,. 

Packed Density = ~ 
Vp 

Solid Density = S 

irJhere f 

S = the weight of the sat.\ple. in grams 
= the volume of the loosely packeG sanple, in 

ndllili ters 
= the volume of the tightly packed sample, in 

milliliters 
= the VOlUI:le of the tolue.ne added, in milliliters 
= t~e total volume of the sample plus toluene, in 

milliliters 

~eport densities to the nearest 0.01 gram/milliliter. 

Discussion 

All of these densities may be determinea on the same sanple 
if. more than one is requesteJ, the Gensities should be deter­
mineu in the or~er given. 



Scope 

AP-O-2l 
Revised September 15, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratorx 

Water in Liquid Product by Distillation 
(AP-O-2l) 

This method is used to determine the water content of liquid 
products from various portions of the retort product recovery 
system. The method is a modified version of ASTX-1 t-iethod D 95. 
It is more accurate than AP-O-IO. 

Outline of Hethod 

The liquid product is heated with toluene which distills over 
with water into a trap. The water separates and the excess 
toluene drains back into the distillation vessel. The volume 
of water collected in the trap is measured. 

Apparatus 

The apparatus consists of a variable heater, distilling flask, 
condenser, and receiving trap. 

a. Heater - Any suitable electric heater to fit the 
flask in (b) below. 

b. Hal t I·fixer or Blender 

c. Boiling Stones, such as Hengar granules, are suitable 

d. Distilling Flask - SOO-ml, round bottom, short neck, 
.<24140. 

e. Condenser - Liebig, Integral, 500 rom jacket, • 24/40 
on drip tip delivery end. 

f. Receiving Traps - 5. 10, and 25-ml capacity, con­
forming to ASTU E123 (Calibrate these traps by 
adding known amounts of water, covering the top sur­
face with toluene, and preparing a table of volumes 
added versus read). 

Solvent 

a. Toluene, Industrial Grade, dry. 
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Procedure 

Weigh 50 to 80 g (to the nearest O.lg) of well-mixed liquid 
product into a 500-ml distilling flask. Add 100 ml of toluene p 

2 to 3 boiling stones and attach the flask to the condenser­
trap system. Bring to a vigorous boil to distill the water­
toluene mixture into the receiving trap at a rate of about 2 
to 5 drops per second. Distill until successive 15-minute 
periods show no increase in the water collected in the trap. 
Allow the trap and contents to come to room temperature, dis­
lodge any droplets with a glass or Teflon rod, and measure the 
water volume. Interpolate as closely as possible between the 
scale divisions. 

Calculation and Report 

Water, wt percent = Vol of water in trap X 100 
wt of sample 

Report to the nearest 0.1 percent. 



Scope 

AP-W-22 
Revised September 18, 1967 

ANVIL POINTS OIL SHALE RESEARCH CENTER 
Rifle, Colorado 

Analytical Laboratory 

Analysis of Retort Product ~7ater 
(AP-W-22) 

This method is used to determine pH, specific gravity, chloride, 
carbon dioxide, ammonia, ash, and solids in water produced by 
the gas combustion retorting of oil shale. These analyses are 
of interest because of their relationship to corrosion, pollu­
tion, disposal, or possible future utilization. 

Outline of i:1ethod 

The sample is divided into several portions which are treated 
soon after sampling in order to preserve certain transient 
components. Determinations are made for individual desired 
components. 

Sample for Ammonia and Chloride 

As soon as possible after the sample is taken, acidify exactly 
1 liter with 1:1 sulfuric acid to pH 2-3, then add 25 01 in 
excess.* Filter, then extract with chloroform. 

Doil the aqueous solution to eliminate C02, 502' and H2S. Boil 
until the volume is reduced to about 900 ml, keeping the solu­
tion at pH 2 to 3 by adding more acid if necessary. Cool the 
solution and filter it into a l-liter volumetric flask. Dilute 
to volume with distilled water. 

Ammonia 

Take an aliquot for determination of ammonia (approximately 
2 ml for an estimated concentration of 1.5% NH3) and 
transfer to a 800-ml Kjeldahl flask. Add 200 ml of dis­
tilled water, then make the solution basic with sodium 
hydroxide and distill the ammonia over as in AP-SO-8. 
In the calculation, assume the sample weight is equal to 
the volume of sample taken. 

Chloride 

I'ieasure a 500-ml portion of the sample into a 600-ml 
beaker, add 50% sodium hydroxide to pH 10, and evaporate 

*The sample is stabilized at this point, and may be held while 
the samples for carbonate and pH are taken. 
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dry under a heat lam9. (Add more NaOH to keep pH at 10 
or higher, if necessary.) Ignite at 550 to 600 C to 
burn off organic matter. 

Cool the sample and dissolve the salts in a small amount 
of distilled water. Filter through a coarse fritted glass 
crucible. Wash with 3 or 4 lO-ml portions of distilled 
water. 

Transfer the filtrate to a 250-ml beaker and adjust to 
pH3 with nitric acid. Boil to expel sulfides. Cool the 
solution, then add 20 mq/l silver nitrate solution slowly 
with stirring. Let the precipitate settle periodically, 
then add 1 drop of silver nitrate~ if no precipitate forms 
when the drop is added, all the chloride has reacted. 
At that point, add about a 10% excess. 

Heat the solution just to boiling to coagulate the pre­
cipitate. Allow it to stand in the dark for about two 
hours, then vacuum filter through a preweighed filter 
crucible. Filter the supernatant liquid through first, 
retaining as much of the precipitate in the beaker as 
possible. l'Jash the precipitate in the beaker with three 
20-ml portions of 0.01 N nitric acid, pouring the wash 
solution each time into the filter crucible. Finally 
rinse the precipitate into the crucible, taking care to 
transfer all particles. 

Dry the filter crucible at about 120 C for two hours. 
Cool in a desiccator and weigh to the nearest 0.0001 gram. 
Heat for an additional hour and reweigh. If the weight is 
constant, calculate the weight % chloride as follows: 

Wt % Cl • 0.0495 W 

Where, 

l'J = weight of silver chloride precipitate, grams. 

Sample for Carbon Dioxide 

As soon as possible after the sample is taken, pipet a 50-ml 
portion into a flask used for carbonate determination. Imme­
diately seal the flask to the C02 evolution apparatus which has 
been prepared as described in the "Procedure a for "Mineral 
Carbon Dioxide in Raw and Spent Shale n (AP-S-4). Follow the 
procedure as given in the method, starting with IIClose the 
stopcock on the separatory funnel····". 

Calculate the carbon dioxide (dissolved and as carbonates) 
as follows: 

t-Jeight % C02 = Hv-B) (100) 
S 
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v7here, 

W = increase in weight of the Nesbitt absorber for 
the sample, grams. 

B = increase in weight of the Nesbitt absorber for 
the blank, grams. 

S = weight of sample, grams. 

Sample for Solids and Ash 

Solids 

Ash 

Weigh a 50-ml portion of the original sample into a 
Pyrex evaporating dish. Evaporate the solution in a 
hood under a heat lamp. Finally heat in the oven at 
105 C for one hour, cool, and reweigh. 

Calculate solids as follows: 

Weight % Solids = 100 Ws 
S 

Where, 

t'Js = weight of solids, graI""S 
S = weight of sample, grams 

Heat the dish, containing the water solids, in a muffle 
furnace at 500 C for two hours. ~'leigh the residue. 

Calculate ash as follows: 

Weight % Ash = 100 Wa 
S 

~lhere , 

Wa = weight of ash, grams 
S = weight of original sample, grams 

Determination of pH 

As soon as possible after the sample is taken, adjust a small 
portion (about 50 ml) to room temperature, and determine pH 
with a pH-meter or short-range pH paper. Report to 0.1 pH-units. 



Scone 
:, 

AS-S-23 
?evise~ October 3, 1967 

AUVIL POHI'I'S OIL SHAL:;:~ PLfEP. ':l.Cii CLUTLR 
Rifle i Colorado 

Shale Pic!mess 0istribution 
__ . _____ L1:~~~s.. ~.2.~L_. _____ _ 

This nethod is used to determine the range of richness of oil 
sl1ale. 

Outline of :·lethod 

Portions of the ground shale are ad~ec to graGuated cylinders 
containing liquids of cliff(~rent densities. The volume of 
material that floats is plottc~ versus the liquid Jensity on 
probability graph paper to show the density - and thus richness -
distribution of t:1C shClle. 

Apparatus 

a. Flasks - volulnetric, 50-·ml capacity. 

b. Graduatec cylinders, 50~I!l1 capacity, ,,11th grouno.­
glass stoppers. 

Reagents 

a. Carbon tetrachloriJe. ~eagent-grade. 

b. '.L'ctrabror:1oethane: I~eiA.gent-gra<!e. 

Procec,ure 

1. Prepare a series of solutions of different ~ensities using 
carbon tetrachloride (eTC) and tetra~romoethane (7BE). 

?recaution. Both these solvents are (.ang~rous and toxic - work 
\17i th thera only in a hooa and 1 Ie sure that there is 
a constant draft from an open winCow or door. These 
materials can caU,5e serious ')odily injury! 

a. .-l,ud 50 1":11 ':'BE to 450 ml CTC in a quart '>ottle and 
mix thorou'J;~l.'!. (':i:'his nixture is 10 volume percent 
TBE and 90 volur.·.r;! oercent CTC.) 

b. ~~epeat abcve \Jith. 100 nl TB!.: - 40 ,'"\1 CTC (20 percent 
TDI - 80 percent eTC) 150 Ml ~~E - 350 rnl eTC (30 
percent TDE - 70 percent CTC) 1 200 ml T~L - 300 ml CTC 
(40 percent ~i'~/E 60 percent ':.'CT): 250 nl T3E - 250 ml 
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CTC (50 percent TDE - 50 percent C~C)· 300 rnl TBE -
200 ml CTC (60 percent TBE .. 40 percent CTC). '_'lie 
other solution is pure :TC. 

Precaution: Keep the~~_bot~les tightly _~1:0E.pered at all tirr,es. 

If you do not. carl~n tetrachloride uill pre­
ferentially evaporate and increase the density 
of the mixtures. 

2. Determine the specific gravity of each mixture as follows' 

a. ~Jeigh 50 ml volumetric flask \'lith sto1?per. 

b. Add solution to the nark anG reweigh. 

c. Subtract (a) from (b). . luI tiply this result by 
0.0200 to obtain the density of that particular 
solution. 

c.. Check t~le room temperature (it s'lould be 23 to 25 C). 

3. Place 10.0 g (± 0.1 q) of ground shale into each of seven 
50-ml graduatc~ cylin~ero (one graduate for each solution). 
Ad~ solution to about the 40-ml ~ark in each grafuate and 
carefully stopper each graduate (use a small amount of 
silicone grease to seal the joint in order to ?revent eTC 
from eva~orating). 

4. Shake each .;raduate for about 30 to 40 seconds, then allml 
the solid to s·3ttle (the settling takes one to three ~ours 
as a rule, but it is denenuent on t~e tyne of s~ale). 

5. Carefully reac:2 ana record ble solid. volurr,es at t~"1e top of 
the gra~uate. Generally, you can estimate this volume to 
1/3 MI. 

6. :::epeat 4 ano 5 bTice a,,]ain. 

7. Enter the data on OSRC-29. 

8. Average the ~ata fro~ each graduate. 

9. Plot the data versus der;si ty anu. richness on probability 
graph ?a~er. T~c specific gravity-oil yield relationship 
given in Applicability of a Specific Gravity-Oil Yie10 
Relationship to Green River Oil Shale J ~. Gnith, Ind. 
:ena. Cham. 3, 306 (1958) is oJ _ 

y = 326.624-205.998x+3l.563x2 
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Hhere, 

y = oil yield, gallons per ton 
x = specific gravity EO/60 F 

A table is also given in that pa')er. 

~P·-S-23 



APPENDIX A 

ANALYTICAL LABORATORY FORl'4S 

Several forms have been prepared for use in t~e laboratory. 
Each one is a different color so that it may be easily recog­
nized. A summary of the forms is given below and a copy of 
each is attached. 

OSRC-12A LABORATORY ANALYSIS SHEET 

OSRC-12B LABORATORY AJ:IALYSIS SHEET 

OSRC-13 FISCHER ASSAY [']ORK SHEET 

OSRC-IS SUPPLEHENTAL Al'iJ'ALYTICAL LABORATORY 

OSRC-20 QUALITY CONTROL RESULTS REPORT 

OSRC-21 GAS AlIALYSIS vl0RK SHEZT 

OSRC-22 AHALYTICAL "QUICK-YIELD" SHEET 

OSRC-24 DISTILLATION DATA SHEZT 

OSRC-29 SHALE RIClmESS DISTRIBUTION 

REPORT 

Blue 

Canary 

Pink 

Green 

Goldenrod 

Yellow 

Salmon 

Blue Mineo­
tone 

• 



/"--.. 

LABO::tATORY ANALYSIS SHEEr 

ANVIL POINTS OIL SHALE RESEARCH CENTER 

Date Sampled ________ _ Run No. _________ ~_ 
·it

' 

Sample Time: RS ___ ; 55 __ _ 

• 4 

FISCHER ASSAY 

ORAW SHALE OSPENT SHALE 

I • 

• • 

I I 

• . 
I . 
• I 

MINERAL C~ 

0 • '0 • 

ASH (SHALE) 

0 • 
'. 

0 • 

MOISTURE 

0 • 0. • 

CARBON 

0 • 0 • 

HYDROOEN 

--0 • 0 • 

BENZENE EXTRACTABLES 

0 • 0 • 

11 

GaljTon 

S.G., g/ml 

Oil, wt % 

Water, wt % 

I • o R:ErORT SHALE IDISTURE 

wt% 

O 
RAW SHALE FISCHER ASSAY 
. MOISTURE 

wt% 

Sp. Shale, ~ % 

Gas & Loss, wt % 

COKIOO TENDENCY 

wt% 

wt% 

wt% 

wt% 

wt% 

o SHALE RICHNESS DISTRIBUTION 
(See attached graph) 

O SCREEN ANALYSIS 
~~~(S~e~e~b~a~ck~o~f~th~.i~s~sheet) 

All results are lias received" unless noted. "Moisture" designates the moisture 
content of the -48 mesh material used for "Ash", "Mineral C02/!, "Carbon", and 

~,"!:!ydrogenll. The "FA l>i[oisture" is for the sample used for the Fischer Assay. 
CO~TS ____________________________________________________ __ 

DATE COtll>LETED _________ _ 
CHECKED BY -----"""""' ......... .....-.:-r------­

OSRC-12A 
Revised 6/20/66 



CO2 

'0, 

N2 

CHh 
00 

~: ~!-, 

'q 

~ 

. ,". .'. 

; :! I . :: ii' !,: ;1' I L II = 

SIP't!Ii9It 
Dl 1?tIfR)Uf 

, If' :,1 -n 

• « 

OIL 'ft, g 

WATER VOL, III 

l 

GRAVITt OIL, °API. ___ _ 
1 ftC 

1 a 

o C1 ~ 1it>~ Il-~< 
, 

I 
..,1 S CI\ Vb1 til, -_ .... --- " 

t " C~4-c~ " • 

·,14 1 
II C;sH& • F • 

• " '011, " • 
• • 1. eli' • . 

'3D • 

• II It: 
Ii CfillO 

~ 

• -
f " ~:h J'" 

.. 
r It 

.R ! : a C9112, ! ~':I 
If 

1 I 

, .. ,' 

, 

!. 
},.,. , 

'I 



..,nvil Points Oil Shale l1esearch Center 

Sample Ho _____________________________ ___ Date ---------------------------
.i.etort :.1oo __________ -;.eceiver IIoo _________ ;.d.apter lJoo ________ _ 

rletort + Spo ,ihale • gm 
r1etort ( -) • 

Retort + .3a:·,lple • 
iretort ( -) • 

gm 

SamDle Heir,fht • <..> • gm Spent Shale • gm 

Jist. + 3p. Shale ( -) • Dist. Pei~ht (+ ) • 
Gas + I..,oss • gIn Dist. + jp. ":-hale gm 

J.ec. + !1.dp. + Jist. • g'!Il 

• 
gm 

~eco + Adp. (-) 
Oistillate Height ..:.-.:....------...;..---

• TTater Vol. (TTt.) (_) 
~~---------~------Oil'Tei2;ht • gm 

OIL gm ··-t. (f/ OIL • • /I> 

MAT:':"':l • gm • T'Tt. % ~TAT:'ZR 

SF:')'iT ::;rrAL:--:: ,!,Tt. (",~ SF lIT 3HAL::::: • gm • ,'.) 

G.\3 + 1033 gm Vt. ,I GAS + '~.cSS • • i.J 

S IJPL"S -YJJ~lrr • 100.0% 

sp::~crTIC G.:hIITY OF GIL (Oil T.Teight) (239.6) 
(3.G. 60'0760'0) (damp1e 'i 'ei;fit) 

------~.-------gm 
( • ) (239.6) 

Pipet No. --------------------
·Peic~ht (Pipet + Oil) (0. ) { • j 

3. G. 600 160oF O. 
------------~-----

GALW~,;S lTON ---------------------

OJ"." "-';':T3 --------------------------------------------------------------

Analyst ------------------------ Chec~ced By 
--------------------~----

os HC-13 
}1evised 3/29/67 



~-.. ---~ .......... 

Lab No. 

~bt No. ______________ _ 

SUPPIEMENTAL ANALyrrCAL LABORATORY REPORT 

ANVIL POINTS OIL SHALE RESEARCH CENTER 

Date By --------- ------------

Sample No. Date Result 

-, 

. 

OSRC - 15 
Revised 6/65 



t,· 

, 
TEST SA"1PLE RESllL't 

, 

'~ 

Coanents 

,. 



r_ 

GAS ANALYS IS "ORK SHImT DAm, __________ . ______ _ 

ANALYST _______ _ 
AV. PEAKHT. 

~ SENSe STD A-2 STD B-2 DIFF. (p) DIFF. IN CONCN •• %(C) FACTOR ,c/r) 

(15.4%) (23.7%) 

CO2 (2) 

02 (10) 

N2 (2) 

CH4 (25) 

CO (25) 

H2 (lO) 

LA.B. 1'TO. mn-T NO. ---
GAS SENS. AV. PEAK lIT. FACTOR (clf) 

CO2 (2) = • %C02 tFrom C02 curve) 
(Subtract) 

02 (lO) X_=O.;;..:.~_{O corr.) = • %02 

N2 (2) = ......!-%N2 (From !Il2 curve) 

CH4 (25) == -L-%CH4 

CO (25) = • %Co 

H2 (lO) = --..!-.%H2 

Argon • • • • • • 
Others •••• 

- . . . . . . . • • • . • • • _ • • = _ %Ar (From Table 1) 
_ .... = --:--% (Dirf. from 100) • • • • . . . . . . 

LAB. no. RTn~ NO. __ _ 

GAS SEtTS. AV. "EAK HT. FACTOR (C/p) 

CO2 (2) 
(Subtract) 

O2 (lO) X~ =O.;;...:.:...--_{ O2 corr.) = • %02 

N2 (2) = --L--%N2 (From N2 curve) 

CH4 (25) 

CO (25) 

H2 (10) = • %H2 

. . . . . Argon • 
Others ••• 

. . . . . . . . . . . • • • • • • • = • %Ar (From Table 1) 
•••• = --L--% (Diff. from 100) 

OSRC-21 
Revised ~/5/67 
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ANALYTICAL "QUICK-YIELD" SHEEr 

RAW SHALE 

Lab No. ---------------------
FA ________ Oil, gal/ton 

LIQUID PRODUCT 

Lab No. 

Description 

API Gravity 

Water, wt% 

• 

RUN NO. ___ _ 

Composite 

OSRC-22 
Revised 9/24/65 



DISTILLATION DATA SHEET 

ASTM D-U60 @10 nun. 
~RATORYNO. ____________________________________________ __ 

SM~IE NO. _______________________________________________ ___ 

API GRAVITY • -----"---
o SM1PlE Wf. • e· 

R:E;G"EIV1~R TEMP. ° F. I.B.P. mv. of. ------

T~. Te!!!E' @ 7oOmm. 
F. i: Vol. ! of. 

Pressure Potential 
Ml .• nun. Hi mv. 

i: S ; 
! 

10 • • 
20 • • 10 

.1 
t! 

20 Ij 

It 
i! 
1/ 30 iI 

40 e. 0 

60 • • 
.1 
I 

;1 40 80 • • 
I f :1 I 

, 
I I 

I 100 f 50 • • ! :i 
I 'I 

I 120 I ! ! 
60 : • • 

I 
, 

I i I i 

140 
I 

70 e ; • I 

! i i I 

160 I I 80 • • 

180 
I I , 

• i , 90 I I 
f ! I . I 

190 • • 95 i 
I j , I 
i 

, \ . j · 1 End 

Dry Ice Trap. Oil ___ ...;ml. water mle ---
CONi.·,iENTS __________________________ _ 

DATE _______ it:dALYST ________ CHECKED BY ______ _ 

uSRC-24 
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