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METHOD OF INSULATING THE ROOF OF A 1 
SUBTERRANEAN CAVITY DURING RETORTING 

BACKGROUND OF THE INVENTION 

This invention relates to a method of insulating the roof ofa 
subterranean cavity during retorting in order to prevent pre 
mature roof collapse of the‘cavity. The invention has particu 
lar application to the process for retorting oil shale rubble in 
situ within a subterranean cavity such as a cavity formed by a 
contained subterranean nuclear explosion. 
There has been increasing interest in this country in 

processes for the recovery of shale oil. One promising shale oil 
recovery process involves the use of nuclear explosives 
detonated underground to create a spherical cavity, the size of 
which will depend upon 1. the nuclear explosive yield, the 
average density of the overburden and the depth of burial of 
the bomb. If a sufficiently large spherical cavity has been 
produced, the shale abovetthe cavity will be unable to support 
itself, and the roof of the cavity will begin caving in soon after 
the creation of the cavity by the explosion. Natural factors and 
factors caused by the shock of the nuclear explosion will aid 
sloughing of the rock into the cavity until in place of the initial 
spherical cavity there will be an approximately cylindrical 
cavity ?lled with broken rock or rubble. This ?lled cavity or 
column of oil shale rubble is known as a “nuclear chimney." 
The void space present in~:the initial spherical cavity becomes 
distributed as porosity within the broken oil shale, and this 
porosity or permeability isian important factor in the “in situ" 
recovery of shale oil therefrom by retorting. 

In retorting the nuclear chimney, 700°-retorting under 
high temperature and pressure is forced through the rubble, 
the gas being introduced adjacent the top of 250°—and being 
withdrawn adjacent the bottom of the chimney. The permeable 
or “open" nature of the rubble within the chimney not only 
permits the hot retorting gas to flow downwardly through the 
chimney to uniformly heat the rubble, but it permits the shale 
oil to flow to the bottom of the chimney from where it may be 
pumped to the surface. For maximum shale oil recovery it is 
therefore important thatzthe permeability of the rubble be 
maintained at a substantially uniform level (to minimize chan 
neling and bypassing) and that crushing and compaction of 
the rubble be minimized. 

Retorting a chimney for a considerable length of time with a 
gas at high temperature. (e.g., between about 700°F. and 
l000°F.) may weaken the arches of shale supporting the over 
burden above the chimney and cause the roof to collapse, 
thereby possibly crushing and reducing the permeability of the 
rubble and reducing the recovery of shale oil. 
The present process is intended to insulate the roof of the 

nuclear chimney, therebyreducing the likelihood of a prema 
ture collapse of the roof and a compaction of the oil shale rub 
ble which would reduce the recovery‘ of shale oil. 

SUMMARY'OP THE INVENTION 

The invention is an improvement in the process for retorting 
‘oil shale rubble in situ within a subterranean cavity. In ac 
cordance with one embodiment the process includes the 

, cycling of a retorting gas under a high temperature, for exam 
ple, 800°F., and a high pressure, for example, 100 p.s.i.g. 
through the rubble preferably'by introducing this gas adjacent 
the top of the cavity and withdrawing it adjacent the bottom of 
the cavity. The process further includes injecting into the cavi 
ty adjacent the top thereof a quantity of a second gas having a 
signi?cantly lower molecular weight than the average molecu 
lar weight of the retorting gas.)The temperature of the second 
gas at the time of introduction/is preferably substantially lower 
than that of the retorting gas, and the difference in molecular 
weight is such that even when the gas is cool (i.e., at the inject 
ing temperature), it will be substantially less dense than the 
hot gases being used to retort the chimney. It is preferred that 
the difference between the molecularweights of the retorting 
gas and the insulating second gas be as great as possible, with 
best results being obtained when the insulating gas is no 
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2 
greater than two-thirds the molecular weight of the retorting 
gas. It is also highly desirable that the insulating gas be rela 
tively inert, 112.. relatively nonreactive with respect to the con 
tents of the cavity or chimney and with respect to the retorting 
gas under the retorting conditions. 
By using a gas whose molecular weight is signi?cantly lower 

than the other gases contained in the nuclear chimneyv the in~ 
sulating gas will remain adjacent the roof of the chimney and 
prevent natural convection currents of the other gases in the 
cavity from transporting heat to the roof. 

A BRIEF DESCRIPTION OF'THE DRAWING 

The FIG. is a schematic illustration of a subterranean cavity 
filled with oil shale rubble and of the equipment for retorting 
the chimney and for carrying out the process of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the FIG. there is-illustrated a nuclear chimney 12 formed 
in a strata of oil shale 14. The chimney has been formed by a 
nuclear explosion which initially produced a generally spheri~ 
cal cavity in the shale strata. The weakened shale above the 
original cavity then sloughed into the cavity resulting not only 
in the ?lling of the cavity but in an increase in the height of the 
cavity, until the ?nal cylindrical cavity 16 was formed, this ‘ 
?nal cavity being substantially completely ?lled with the 
sloughed oil shale rubble 14a. The ?nal cavity I6 is approxi 
mately the diameter of the initial cavity formed by the explo 
sion, and the height of the cavity 16 is determined by the 
porosity of the broken oil shale within the cavity. The volume 
of the original spherical cavity is distributed as voids or porosi 
ty in the ?nal cylindrical cavity 16. The nuclear chimney 12 
thus comprises the ?nal cylindrical cavity 16 and the column 
of oil shale rubble 14a within the cavity. 

It will be noted that the roof or top portion 16a of the chim 
ney cavity 16 is arched or substantially dome-shaped. As a 
result of this arching roof the weight of the overburden 18 
above the chimney 12 is transferred to the oil shale l4 sur— 
rounding the chimney. The roof is also supported to some ex 
tent by the broken oil shale 14a within the cavity 16. 
The following table gives the characteristics for a typical 

nuclear chimney 12 formed by a 50 kiloton nuclear explosion 
set off at a level of 3000 feet below the surface: 

TABLE I 

Chimney Characteristics for n SO-Kiloton Nuclear 
Explosion at 3,000 Feet 

ltadius—~133 feet. 
Height—~655 feet. 
Bulk porosity (fractional)——.267. 
Yofid \s'olume (volume of original ca\'it_v)——9.$i5>< l0’3 

eet. 
Total volume (of final cavity) —36.90>( 10° feet.3 
Oil Shale rubble volu1ne——27.05>< 10G fee-L3 
Oil Shale rubble muss-4.86% 10"3 tons. 
Volume shale oil (kerogun) contained in rubble (assumed 

25 gal./ton)—-—1.1U>< 106 bbls. 

After the chimney 12 has been formed a ?rst well or input 
shaft 20 is drilled through the roof 16a of the cavity 16, and a 
conduit such as the casing 22 of this shaft is extended 
downwardly to below the level of the arching dome or roof 
16a. A second well or input shaft 24 extending from the sur 
face through the roof 16a of the cavity has a conduit or casing 
26, the end of which preferably terminates within the arched 
or domed area of the roof 16a. A third well or output shaft 28 
extends between the surface and the bottom of the cavity 16 
and has a conduit or casing 30 which extends into the bottom 
of the cavity 16. An instrument well shaft 32 has a casing 34 

' which extends downwardly through the roof 16a of the cavity 
16, preferably to approximately the level of the lower end‘ of 
the liner 22 of the shaft 20. a 
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A hot retorting gas is pumped into the cavity 16 below the 
level of the arched roof 1611 through the casing 22 of the first 
input shaft 20, and this gas is drawn downwardly through the 
shale oil rubble 14a and then upwardly to the surface through 
the conduit or liner 30 of the output well 28. The retorting gas 
may, for example, comprise a major amount (i.e., over 50 per 
cent) of nitrogen and a minor amount (i.e.. less than 50 per 
cent) of other gases, such as carbon dioxide and water vapor. 
A part of the gas exiting from the casing 30 is vented to the 

atmosphere, and the remainder of the gas at a preselected 
pressure is compressed in a compressor 35 and then pumped 
into a combustion chamber 36 where air from a compressor 
37 and auxiliary fuel from an injection system 38 may be 
added if and as needed. The heated and pressurized retorting 
gas is then recycled through the casing 22 to the chimney 12. 
A pump 40 in the lower end of the casing 30 pumps the shale 
oil from the-bottom of the chimney 12 to the surface. Tem 
perature measurements within the chimney 12 are made 
through the instrument well 32 by means of a thermocouple 
41 or other suitable temperature measuring means. 
A typical set of operating parameters for the retorting of oil 

shale rubble within a nuclear chimney of the type set forth in 
Table I may be as follows: 

TABLE II 

for Combustion 
Process 

Process Parameters Gas “recycle 

Shale oil yield, ?sclicr assay-“706,2. 
Shale gas yield-1,500 . c.f./ton. 
Time to retort nuclear chi1nnc_\'——1 year. 
l'tctorting temperature-800° I". 
Chimney temperature——300° F. 
Injection pressure-100 p.s.i.g. 
Recycle gas rate-1.6x 101‘ s.c.i'./day. 
Assumed recycle gas con'lposition (by vol.)——N-g, 73%; 

CO2, H30, 13.592. 

it is apparent that the recovery of shale oil by the in situ re 
torting of shale oil rubble within a nuclear chimney is depen 
dent upon the llow of large volumes of gases through the shale 
oil rubble within the nuclear chimney. The initial permeability 
of the oil shale rubble may decrease as the oil shale is heated 
due to compaction and plasticity. It is, however, desirable to 
maintain a high level of permeability for the rubble, and one 
means for accomplishing this is to minimize the amount of the 
compressive load upon the rubble, thereby preventing the rub 
ble from becoming excessively crushed and compacted. 

It has been found that the compressive strength of shale oil 
decreases with the richness of the shale oil. lt has also been 
found that the compressive strength of the shale decreases at 
least during the initial stages of retorting, with the strength of 
the richer shales exhibiting a greater dependence upon tem 
perature. In other words, the richer shales not only have lower 
compressive strength and are more easily compacted, but they 
are more susceptible to being adversely affected by the retort 
ing temperature. ' 
Compression and compaction of the shale may result from 

an excessive and premature collapse of the roof 16a of the 
cavity 16 causing brittle failure of the oil shale rubble 14a 
under the overburden rubble load. Such premature roof col 
lapse may occur if the roof of the nuclear chimney is subjected 
to the retorting temperatures and the arches of shale support 
ing the overburden above the nuclear chimney become 
weakened. This collapse would transfer a larger portion of the 
overburden weight to the oil shale rubble and perhaps crush it, 
resulting in a compaction of the shale and preventing 
adequate gas ?ow to the bottom of the nuclear chimney. 
Not only will compaction of the oil shale in a nuclear chim 

ney result in possible reduction in the amount of oil recovered, 
but it could also result in a weakening of the overburden 
above the nuclear chimney, particularly if a minimum over 
burden ‘existed initially. Compaction could also serve to 
damage injection, production, and instrument wells. 
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ln order to maintain the strength of the arched roof 16a of 

the cavity 16 during retorting, particularly in the richer shales 
more affected by temperature. it is very desirable that this roof 
area be kept "cool" and protected from contact with the hot ' 
retorting gases within the cavity 16. For this purpose, a gas. 
whose temperature and molecular'w‘cight are both signifi 
cantly lower than the gas contained in the nuclear chimney. is 
injected into the top 16:: of the cavity 16 of the nuclear chim~ 
ney. This light and relatively cool blanket or protection gas 
must remain at the top of the chimney to protect the roof of 
the cavity 16a from the natural convection currents which 
would otherwise efficiently transport heat to the roof. 

Since the blanket gas is to remain at the top ofthe chimney. 
the weight per unit volume (density) of the ‘blanket gas within 
the cavity 16 must always be less than the weight per unit 
volume (density) of the retorting or recycling gas within the 
cavity. The densities of the gases, of course. will be dependent 
not only upon the molecular weights of the gases but also upon 
the temperatures of the gases. The densities of the gases will 
vary directly with the respective molecular weights and inver‘ 
sely with the respective temperatures of the gases. ln ac 
cordance with the present invention the blanket gas, which 
protects the roof of the nuclear chimney from contact with the 
hot (e.g., 700 °—l0O0°F.-) retorting gas, is maintained at a 
cooler temperature (e.g., 250°—500°F., depending on the 
grade of shale). This relatively cool blanket gas will, therefore, 
be more dense than would be the case if it were at the same 
high temperature as the retorting gas; nevertheless, within the 
operating temperature ranges of the chimney, the blanket gas 
must not be as dense as the retorting gas. The relationship 
between the molecular weights and the temperatures may be 
stated as follows: 
0003 

If the gas composition and other retorting parameters are 
those ofTable ll, the molecular weight of the recycling gas will 
be 28.8, the temperature of the recycling gas will be 800°F. 
(1260°R.), and the temperature of the blanket gas will be 
300°F. (760°R.). The molecular weight of the'blanket gas 
should, therefore, be less than 

760 

’ , or less than 17.4. 
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Not only should the blanket be one which has a molecular 
weight of less than 17.4, but it should be a gas which is stable 
in the operating range of the recycling process and under the 
recycling conditions, and it should be relatively inert with 
respect to the contents of the nuclear chimney. In other 
words, the gas should not have properties which would materi 
ally detract from' its tendency to remain in place as a relatively 
cool protective medium in the top of the chimney. One gas 
which would satisfy these conditions is methane (Cl-l4), having 
a molecular weight of 16 or a gas consisting essentially of 
methane with impurities such as may bring the average 
molecular weight to between 16 and 17. Another satisfactory 
gas would be hydrogen (H2) having a molecular weight of 2. It 
may be desirable to use a hydrogen-rich (i.e., greater than 50 
percent H2) gas mixture which would also have a very low 
average molecular ‘weight and would be effective in the 
prevention of natural convection currents to the supporting 
roof 16a of the cavity. A hydrogen-rich gas could be con 
veniently prepared from shale gas by stripping off the light 
hydrocarbons, water and carbon dioxide. 

in retorting a nuclear chimney having the characteristics set 
forth in Table l, the amount of blanket gas necessary to pro 
tect the roof 16a of the cavity 16 may be calculated based 
upon the assumption that the roof is hemispherical. In order to 
completely protect the roof 160 from the hot ( 800°F.) gas cur 
rents, it is, of course, desirable to completely fill the hemi 
spherical roof area with the blanket gas. The volume of a 
hemisphere (5‘; ** 4/3 1r r3) which has a radius of 133 feet is 
calculated to be 5.03 X l0ls ft”. 



5 
The blanket gas is injected into the top of the cavity 16 

through the conduit 26 under the same pressure as the retort 
ing gas (e.g., 100 p.s.i.g.) but at a much lower temperature 
(e.g., 300°F.). Assuming that the original temperature of the 
gas is 60°F. (520° Rankine) and the original pressure of the 
gas is atmospheric (l4.7 p.s.i.g.), the volume of this blanket 
gas required‘ to ?ll the cavity at the higher temperature and 
pressure may be calculated from the gas laws using the expres 
SlOl'l 

P2 .Ti 
V1~ VZXPl X T2 

nwhere V., P. and T. are the original volume (standard cubic 
feet), pressure and temperature (absolute) respectively of the 
blanket gas, and V.,, P2 and T2 are the Volume, Pressure and 
Temperature (absolute) respectively of the blanket gas within 
the cavity 16. The volume of the gas required to fill the hemi 
sphere at 100 p.s.i.g. and 300°F. (760° Rankine) is thus calcu 
lated to be 23.4 X106 SCF. 

During the retorting of the nuclear chimney, it is contem 
plated that additional quantities of the blanket gas will have to 
be injected intothe top of the nuclear chimney from time to 

> time to replace the blanket gas which may mix and be drawn 
downwardly with the retorting gas as well as that which may 
escape through ?ssures in the shale roof 16a. The blanket gas 
must be maintained against the roof 16a in sufficient quantity 
to prevent convective currents from warming the top of the 
chimney. The volume of this additional blanket gas to be used 
may best be determined by measurement of the temperature 
of the top portion of the chimney. It is contemplated that per 
haps .5 percent of the total volume of the blanket gas would 
have to be added each day in order to make up for possible 
losses during the operation of the retort and in order to main 
tain the temperature of the gas in the area of the roof 16a 
within the range of about 300°F. to about 500°F. If the amount 
of blanket gas initially required to fill the hemispherical top 
16a of the cavity 16 is 23.4 X 10 6 SCF, as previously calcu 
lated, .5 percent of this or 1.15 X 105 SCF of the blanket gas 
would have to be added each day. 
From the foregoing it will be apparent that the roof 16a of 

the cavity 16 may be insulated and protected from the exces 
sive heat of the retorting gases which could cause premature 
weakening and collapse of the roof and concomitant compac 
tion of and reduced oil recovery from the shale rubble being 
retorted. 
Although the compressive strength of the oil shale 

decreases during the initial stages of retorting, in subsequent 
stages the compressive strength increases. After it has been re 
torted, the shale has a relatively high compressive strength and 
is not as susceptible to being crushed and compacted. It may 
therefore be desirable to eventually permit collapse of the roof 
of the nuclear chimney, thereby producing additional oil shale 
rubble for retorting. One possible way of accomplishing this 
would be to permit the blanket gas to be depleted by not 
replenishing it. If desired the blanket gas could be evacuated 
from the roof toward the end of the time of retorting of the 
original chimney contents. Thus the roof would be heated by 
the hot retorting gas, and it would tend to collapse. 
Although the process has been described in connection with 

the shale gas recycle process for retorting nuclear chimneys, it 
will be appreciated that it may be employed to most other re 
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torting processes such as, for example, the natural convection 
process and the direct drive combustion process. 

Since in general the problem of roof collapse during retort 
ing increases with the diameter of the chimney, the present in 
vention permits the retorting of larger chimneys than was 
heretofore possible. 

It is to be understood that the present disclosure has been 
made only by way of example and that many additional 
modi?cations, changes. and various details may be resorted to 
without departing from the spirit and scope of the invention as 
hereinafter claimed. 

1 claim: 
1. A process for retorting oil shale rubble in situ within a 

subterranean cavity, which process comprises cycling a retort 
ing gas under high temperature through said rubble and inject 
ing into the top of said cavity a second gas having a cooler 
temperature and a signi?cantly lower molecular weight than 
that of the average molecular weight of the retorting gas, 
whereby said second gas will remain in the top of said cavity to 
protect the roof of the cavity from being excessively heated by 
the retorting gas. 

2. The process of claim 1 wherein the retorting gas and the 
second gas are under pressure within said cavity. 

3. The process of claim 2 wherein the retorting gas is in 
troduced into the cavity at a level below the top of the cavity 
and it is withdrawn adjacent the bottom of the cavity; and the 
second gas is introduced into the top of the cavity at a point in 
termediate the top thereof and the level of introduction of said 
retorting gas. 

4. The process of claim 3 wherein the cavity has an arched 
roof area, with the retorting gas being introduced in an upper 
area of the cavity just below the level of the roof area and the 
second gas being introduced into the roof area in sufficient 
quantity to substantially fill the roof area. 

5. The process of claim 4 including the step of periodically 
injecting additional amounts of the second gas into the top of 
the cavity to maintain the temperature within the top of the 
cavity at the desired level and to maintain a sufficient quantity 
of the second gas within the top of the cavity to protect the top 
from the heating effects of the retorting gas. 

6. The process of claim 1 wherein the second gas is substan 
tially inert with respect to the oil shale rubble under the 
operating conditions within the cavity. 

7. The process of claim 1 wherein the retorting gas com 
prises a major amount of nitrogen gas and minor amounts of 
other gases. 

8. The process of claim 1 wherein the second gas is a 
hydrogen-rich gas. 

9. The process of claim 1 wherein the second gas consists 
essentially of methane gas. 

10. The process of claim 1 wherein the retorting gas is in 
troduced at a temperature of between 700°--l000°F. and the 
blanket gas is introduced at a temperature of below 500°F. 

11. The process of claim 9 wherein the retorting gas consists 
essentially of a major amount of nitrogen and minor amounts 
of carbon dioxide and water vapor. 

12. The process of claim 1 wherein the molecular weight of 
the insulating gas is no greater than two-thirds of the molecu 
lar weight of the retorting gas. 
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