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LVALUATION AND J'lODIFICATIOtJ OF SHALE 
SAl.IPLING SYSTEHS ON RETORT 1'10. 3 

I. INTRODUCTION 

Sampling of raw and spent shale is an important factor in deter
mining yield and material balance data for the gas combustion 
process. Because of this, a program for studying problems 
associated with these systems on Retort No. 3 was initiated. 
Initial tests showed the possibility that nonrepresentative 
samples were being taken. Therefore, an effort was undertaken 
to develop an effective sampler. This memorandum summarizes 
the results of this work. 



- 6 

~J.___ ~tJJ:~:1ARY 

With the raw shale systenl initially installed on Retort No.3, 
several problems were found. These were as follows~ 

1. 	 Difference in size distribution of material rejected 
from the riffler and material taken from the riffler 
for analysis. 

2. 	 Back flow of retort gas, oil mist, dust, and steam 
into the sample taken for assay through the riffler 
reject pipe. 

3. 	 Leakage around the Ty-Lab flop gate of small particles 
and dust, thus giving a high amount of dust in the 
screen analysis done on the retort raw shale feed. 

The first problem mentioned was cause for concern because of 
previous work done on variations of assay with particle size. 
It was found that the smaller the particle size, the leaner 
the shale assay. This is probably because the leaner particles 
tend to fracture more easily than the richer particles. Since 
there existed a difference in size distribution between rejected 
material and sampled material there was, based on above work, 
a difference in assay of the two materials. The bias was very 
significant since the rejected material, being 100 to 200 times 
the weight of the sample, really was the more representative 
of shale being fed to the retort. 

The problem was then attacked by examining riffler uesigns \oTh.i.ch 
would provide no bias between sample and sa~ple reJect size dis
tribution and a theoretical split between sample weight and 
reject weight. Several modifications of the original riffler 
were tried without complete success. In further work, it was 
found that concentric pipe rifflers, with one or more stages 
and means of redistribution of particles between stages, pro
vided the best results. A riffler of this type was eventually 
installed on Retort No.3. 

To solve the problem of sample contamination from steam, dust, 
etc., the riffler reject pipe was removed from the spent shale 
conveyor and placed such that the reject was taken directly to 
the spent shale pile. 

The problem of leakage around the Ty-Lab flop gate was solved 
by inserting rubber pads to insure a dust tight seal. 

Problems similar to the first two outlined above were also 
observed with the spent shale sampling system. Therefore, to 
solve these problems, a concentric pipe riffler was installed 
in this system and the sample reject was rerouted from the 
spent shale screw conveyor to be dumped directly to the spent 
shale pile. 

http:oTh.i.ch
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III. 	DETAILED DISCUSSION 

A. 	 Raw Shale Samplins System 

1. 	 Description of Orisinal Sxstem 

A schematic diagram of the raw shale sampling system origi
nally installed on Retort No. 3 is presented in Figure 1. 
Periodic samples are taken by means of a sample cart which 
is dra~m through the shale stream being fed to the retort, 
thus diverting a portion of the stream to the remainder of 
the sample system. The cart's travel is actuated by a 
timing device and the proportion of sample taken to shale 
retorted may be varied by varying the number of passes 
made by the cart in a given period of time. 

The remainder of the system consists of a sample crusher 
to reduce the size of the material s~~pled prior to 
splitting, a riffler to reduce the weight of sample to 
be analysed, and a Ty-Lab flop gate sampler to provide a 
shale sample of original size for determination of size 
distribution of shale being fed to the retort. Sample 
reject was diverted to the spent shale screw conveyor for 
disposal. The action of the Ty-Lab flop gate is co-ordi
nated with the sample cart timing such that about one out 
of twenty passes of the cart is diverted from the sample 
crusher to the Ty-Lab sample container. 

Earlier investigations had indicated that it is desirable 
to sample about 3,000 pounds of shale of the original 
particle size per material balance period in order to be 
assured that a representative sample of the material being 
fed to the retort is obtained for analysis. Background
for the necessary sample size may be obtained by reviewing 
the ~onthly Progress 11emorandum published June 3, 1966. 
The function of the raw shale sampling system may therefore 
be described as follows: 

1. 	 To obtain in a representative manner, 3,000 
pounds of shale of the original particle size, 

2. 	 To split out about 150 pounds of the original 
sample for screen analysis, 

3. 	 To provide size reduction and mixing on the 
remainder of the original sample so that further 
reduction in weight of the sample is possible, 
and 

4. 	 To split or riffle the crushed sample so as to 
obtain a representative sample of the original 
material in a weight of manageable proportions. 
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RAW SHALE SAMPLING SYSTEM 
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2. Effect of Riffler Design on Samele Size Distribution 

a. Results With Original Riffler Design 

One problem that was noted with the system as originally 
designed was that the sample produced by the riffler 
showed wide discrepancies in size distribution with 
the material being rejected from the riffler. Several 
size distribution tests were run on the sample collected 
and the total material from the sample crusher. 
Results are shovm on Figures 2, 3, and 4 and the con
figuration of the splitter assembly on Figure 5 (left 
hand side). As is shown, there is considerable uif
ference in the two materials. Based on work reported
in the Monthly Progress Report - February 19, 1965, 
Page 20 (data included in Table 1 of this report) the 
smaller particles are leaner because the leaner par
ticles tend to break more easily. Thus, it was 
reasoned that if the smaller particles are selectively 
sampled as seems to be the case, the assay is pro
bably lower than the actual assay of the feed. 

Further study of this problem revealed that there was 
insufficient mixing and redistribution,of the material 
after each reduction in sample size. Furthermore, a 
close inspection revealed that after three stages 
any particle falling in a straight line would have 
been rejected. The larger particles would tend to 
fall straight and be rejected while the smaller par
ticles and dust would tend to float due to up drafts, 
be remixed, and some allowed to pass through the 
splitter to be sampled. 

b. Results With Final Riffler Design 

Several modifications to the original riffler were 
tried in an effort to solve the discrepancy in sample
size distribution. Some improvement was obtained, 
but complete matching of size distribution between 
sample and sample reject was not achieved. Development 
of another riffler design was then undertaken. The 
results of the modifications to the original riffler 
and the development of the new design are described in 
a subsequent section of this report. 

Based on the results of the development work, a single 
stage concentric pipe splitter was eventually installed 
in Retort No.3. A drawing of this splitter is pre
sented in Figure 6. The results of tests made on 
this splitter are shown in Figure 7. There is now 
very good agreement of the screen analYSis and Fischer 
Assay between sample and reject. 



FIGURE 2 

RAW SHALE SA.HPLE SIZE DISTRIBUTION 

Description of test: 8 Stage Splitter 
No provisions for mixing 

Date of test: December 10, 1966 
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FIGURE 3 

RAW SHALE SAMPLE SIZE DISTRIBUTION 

Description of test: 8 Stage Splitter 
No provisions for mixing 

Date of test: December 15, 1966 
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FIGURE 4 

RAW SHALE SAHPLE SIZE DISTRIBUTION 

Description of test: 8 Stage Splitter 
No provisions for mixing 

Date of test: December 16, 1966 
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FIGURE 5 

COMPARISON OF ORIGINAL 8 STAGE SPLITTER 
AND MODIFIED 7 STAGE SPLITTER USED TO 

SAMPLE RAW SHALE FEED 
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e" TABLE 1 

RAW SHALE FISCHER ASSAY VERSUS SHALE SIZE 

(1) RAvl SHALE RETORT FEED 

Size (Inches) Fischer Assay (9:a1/ton) 

+0.525 30.0 
-0.525, +0.371 28.6 
-0.371, +0.263 29.4 
-0.263, +0.185 28'.2 
-0.185, +0.131 27.8 
-0.131, +0.093 27.0 
-0.093, +0.065 26.4 
-0.065 . 23.6 

(2) RAW SHALE SN·1PLE REJECT 

Size (Mesh) Fischer Assay- (9:a1/ton) 

+ 4 31.8 
4 , + 8 30.6 
8 , + 20 28.6 

- 20 , + 48 28.0 
- 48 , +100 23.9 
-100 , +200 20.8 
-200 19.6 

(3) LABORATORY RAW SHALE 

Size (I'1esh) Fischer Assay (9:a1/ton) 

- 8 , + 20 28.4 
- 20 , + 35 28.8 
- 35 , + 65 28.4 
- 65 , +100 26.9 
-100 , +200 25.0 
-200 21.8 

MONTHLY PROGRESS MEMORANDUt1 - February 19, 1965 
Page 20 



FIGURE 6 

SINGLE STAGE CONCENTRIC PIPE SPLITTER 
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FIGURE 7 

RAW SHALE SAMPLE SIZE DISTRIBUTION 

Description of test: 

:tr
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Single Stage Concentric Pipe Splitter 
3/4 inch sample tube 
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3. 	 O~~E!r _?~C?~lems ~Jith Raw Shale Sampling System 

To evaluate the sampling system as a whole, several other 
types of tests were run on the system. Table 2 shows 
the results of material balances on the system. The data 
agrees reasonably well with calculated values for the 
system; thus it was concluded that the total sample taken 
from the feed is representative of the total feed and the 
main difficulty was in the sample splitting device. 
Solution of the latter problem has been described in the 
preceding sections of this report. 

On inspection of the entire system, however, two other 
problems of somewhat less significance were observed as 
follows: 

1. 	 Retort gases, steam, and spent shale dust tended 
to back flow up the riffler reject pipe into 
the ra\Y' shale riffler, thus possibly contaminating 
the raw shale sample. 

2. 	 The Ty-Lab flop gate was not sealed tightly. 
Raw shale fines produced in the sample crusher 
could be thrown or blown into the Ty-Lab con
tainer, thus possibly giving an erroneous screen 
analysis of the raw shale feed. 

Solving these tt:l0 problems was relatively simple and 
required only minor changes in the system. The contarr,ination 
problem was caused by several things, such as injection 
of water to control the spent shale dust problem, below 
the point where the riffler reject pipe connected to the 
spent shale conveyor. This caused stearn to be generated 
and forced up the reject pipe along with retort gases and 
spent shale dust. To solve the problem, the reject pipe 
was removed from the conveyor and the reject material 
dumped directly onto the spent shale pile. 

Leakage around the Ty-Lab flop gate gave "bad ll results 
for screen analysis of the retort raw shale feed. This 
device was actuated by a timer which allowed the gate to 
open at predetermined intervals and take shale cut from 
the raw shale feed system by the sample cart. This shale 
then went to a container which was later run through a 
screen analysis. 

When the gate was in a closed position, dust and small 
particles could leak around the gate and into the container. 
Thus, when a screen analysis was made on the material in 
the container, it would show more dust and fine particles 
than were actually present in the feed. The problem was 
solved by using rubber pads on the edges of the gate to 
insure a dust tight seal. 
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TABLE 2 

RAW SHALE SAMPLE SYSTEM DATA 

(lbs) 
Reject 

(lbs) 
Sample 

(lbs) 
!y-Lab 

(lbs) 
Total 

*Materi.a1 Balances 

No. 1 Actual 
Calculated 

459 
467 

3 
3.5 

11.1 
13.4 

473 
484 

No.2 Actual 
Calculated 

230 
239 

1.4 
1.9 

94.2 
100.4 

326 
341 

No.3 Actual 
Calculated 

580 
585 

5 
4.6 

34.6 
30.0 

620 
620 

*Individua1 
Cutter weights 

Test lbs/cut 
(actual) 

lbs/cut 
(calculated) 

1 
2 
3 
4 
5 
6 
7 
8 

5.60 
4.90 
2.90 
7.07 
5.76 
6.00 
6.17 
6.20 

6.93 
6.93 
6.93 
6.69 
6.69 
6.69 
6.69 
6.69 

1 cut 
1 cut 
1 cut 
Average of 3 cuts 
Average of 3 cuts 
Average of 3. cuts 
Average of 3 cuts 
Average of 3 cuts 

*A11 tests run on 1 to 2 1/2 inch shale 

WI-1Broman 
,.. ~",n /(:.7 
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The final configuration of the raw shale sampling system, 
after installation of modifications to solve the problems
found, is presented in Figure 8. 

4. 	 Development of Riffler Design 

a. 	 Modifications to Original Design 

In an effort to solve the problem of the bias of 
sample size distribution versus that of the sample 
reject, a number of modifications to the original 
design listed below were investigated. Most of the 
variations tried had one or more of the modifications 
indicated in Figure 5 (right hand side). 

1. 	 Eight stage splitter - mixing baffles 
after each stage. Results shm;?n in Figures 
9 and 10. 

2. 	 Seven stage splitter from Retort No.2. 
Results shown in Figure 11. 

3. 	 Seven stage splitter - mixing baffles after 
each stage plus two mixing stages. Results 
shown in Figures 12 and 13. 

4. 	 Seven stage splitter, mixing baffler after 
each stage, plus two mixing stages and 
vibrator. Results shown in Figure 14. 

Examination of the results in Figures 9 through 14 
indicates some improvement in match of size distri 
bution bet'tr/een the sample and sample reject. However, 
none of these variations were successful in providing 
complete solution to the problem. It was concluded, 
therefore, that a completely new approach should be 
taken. 

b. 	 Development of Concentric Pipe Riffler Design 

Observation of the natural distribution tendency of 
the shale particles showed roughly a circular pattern. 
Also, the number of particles present at the bottom 
stages of the conventional splitter was so greatly 
reduced that it was difficult to get a good split in 
these stages. With this in mind, the design shown 
in Figure 15 was initiated. A full scale plastic 
model of this type splitter was built and tests run 
on the distribution. Results are shown on Figures 
16 th~ough 18. These show that the size and the dis
tribution of the sample are almost identical to that 
of the reject. Also the split in weight as shown on 
Figure 17 is less than 1% in error with the calculated 
split. 



FIGURE 8 

RAW SHALE SM~PLING SYSTEM 

(Final Lay Out) 
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FIGURE 


RAW SHALE SM1PLE SIZE DISTRIBUTION 

Description of test: 8 Stage Splitter 
Mixing baffles after each stage 

Date of test: December 20, 1966 
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FIGURE 10 

RAW SHALE SAMPLE SIZE DISTRIBUTION 

Description of test: 8 Stage Splitter 
Mixing baffles after each stage -

Date of test: December 21, 1966 
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FIGURE 11 

RAW SHALE SA!1PLE SIZE DISTRIBUTION 

Description of test: 7 Stage Splitter Off of 
Retort No. 2 Sampling System 
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FIGURE 12 


RAW SHALE SAMPLE SIZE DISTRIBUTION 

Description of test: 	 7 Stage Splitter 
Mixing baffles after each stage 
and 2 mixing stages 

Date of test: February 16, 1967 
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FIGURE 13 

RA~'l SHALE SM1PLE SIZE DISTRIBUTION 

Description of test: 	 7 Stage Splitter 
Mixing baffles after each stage 
and 2 mixing stages 

Date of test: February 17, 1967 
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FIGURE 14 

RAW SHALE SAHPLE SIZE DIsrrRIBUTION 

Description of test: 7 Stage Splitter with mixing 
baffle after each stage plus 
2 mixing stages and vibrator 
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FIGURE 15 


PIPE SPLITTER 
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FIGURE 16 

RA~v SHALE SAJ."1PLE SIZE 	DISTRIBPTION 
i 
I 

Description of test: 	 Concentric Pipe Splitter 
equivalent to! 7 stage splitter 
(plastic model) 

Date of test: March 1, 1967 
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FIGURE 17 


RAW SHALE SAHPLE SIZE DISTRIBUTION 


Description of test: 7 Stage Concentric Pipe Splitter 
(plastic mo~el) 
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FIGURE 18 

RA~1 SHALE SAI'1PLE SIZE 	DISTRIBUTION 

Description of test: 	 7 Stage Concentric Pipe Splitter 
placed, in reject line from conven
tional riffler during Run Cl014 
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Figure 19 shows results of tests on a constructed 
splitter of this type before installation on Retort 
no. 3. Here again, the size distribution and split 
are within reasonable limits. 

After installation on Retort NO.3, it was found that 
due to wet shale, the system plugged quite easily,
therefore, a single stage splitter (Figure 5) based 
on the same principle was built and installed on the 
unit. Single stage splitting with concentric pipes 
was known to be theoretically possible since the ratio 
of sample to sample reject would be determined only 
by the ratio of the cross section of the smallest to 
the largest pipe. However, it was felt that several 
remixing stages were needed to provide uniform 
spread of particles across the cross section. How
ever, in actual practice as indicated in a previous
section of this report, the single stage concentric 
pipe splitter operated quite satisfactorily and pro
vided an adequately uniform split between sample and 
sample reject. 

B. Spent Shale Sampling System 

1. Description of Original System 

The functions of the spent shale system are very similar 
to the raw shale sampling system, differing in only one 
major respect. No Ty-Lab sample was to be taken on the 
spent shale, therefore, the flop gate sampler was unnec
essary. The details of the original system are shown in 
Figure 20. As will be noted, because of problems of 
elevation, it was necessary to install a bucket elevator 
between the sample crusher and the sample splitter. Other 
than the exceptions noted, the essential features of the 
system are very much the same as the raw shale sampling 
system. 

2. Description of Final System 

The spent shale system had very similar problems to the 
raw shale system. As shoun on Figure 20, the reject from 
the riffler was taken to the spent shale conveyor, there
fore also had a backflow problem. Also since the riffler 
used was of the same design as that used in the raw shale 
system, it would also give a nonrepresentative sample. 
Solutions to the problems were also similar, i.e. replace
ment of the riffler and removal of the riffler reject from 
the spent shale conveyor. Final configuration is shown 
in Figure 21. 
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FIGURE 19 


RAvl SHALE SA.,.\1PLE SIZE DISTRIBUTION 


Descri~tion of test: Concentric Pipe (hand test) 
equivalent to 7 ~tage splitter 
to be installed on unit 

Date of test: April 24, 1967 
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FIGURE 20 

SPENT SHALE SANPLING SYSTEM 

(Original Lay Out) 
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FIGURE 21 

SPENT SHALE SAtv1PLING SYSTEt1 

(Final Lay Out) 
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