
lilb#lclass and home problems 

The object of this column is to enhance our readers' collection of interesting and novel problems in 
Chemical Engineering. Problems of the type that can be used to motivate the student by presenting a 
particular pri'neiple in class or in a new light or that can be assigned as a novel home problem are re­
quested as well as those that are more traditional in nature that elucidate difficult concepts. Please sub­
mit them to Professor H. Scot Fogler, ChE Department, University of Michigan, Ann Arbor, MI 48109. 
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PROBLEM 

On November 20, 1980, an oil well drilling rig, 
operating in the shallow waters of Lake Peigneur, 
Louisiana, accidentally drilled · into an under­
ground salt mine. The hole increased rapidly in 
size and drained the lake, flooding the mine. 
Miraculously, no fatalities or serious injuries oc­
curred, although the property damage was very 
large. The incident is recounted by Michael Gold 
in, "Who Pulled the Plug on Lake Peigneur ?", 
Science 81 2 (9) (November 1981), 56-63. Figure 
1 shows a sketch, roughly to scale, of the mine, 
lake, and drilling rig. 

From the text of the article, it is clear that 
there were two vertical shafts from the surface 
to horizontal galleries : a main shaft, and a smaller 
ventilation shaft. Which levels of the mine were 
open to each of the shafts is not clear in the 
article (or any other published description), so 
we should probably assume that each shaft was 
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open on all levels. In addition to the two vertical 
shafts, one or more inclined roadways connected 
the various underground galleries with each other, 
but not with the surface. The mine itself did not 
consist of simple cylindrical tunnels, as the sketch 
might suggest, but of a series of rooms, up to 100 
feet square, with roofs up to 80 feet high, 
connected by galleries large enough for several 
trucks to drive through side-by-side. 

In one part of the article, the flow out of the 
ventilation shaft is described as follows: 

For some time, a powerful jet of air had been 
coming from the mine's ventilation shaft, . . . Forced 
out by the incoming floodwaters below, the blast had 
kept the emergency elevator dancing around the top 
of the shaft like a paper kite in a stiff wind. Suddenly 
the rushing air halted, and a thick stream of water 
rocketed out of the shaft. The geyser climbed 400 feet 
into the sky, surged for 10 minutes, coughed up mud, 
and died. (Reproduced by permission of Addison 
Wesley.) 

The fact that the water flowing from the lake 
into the mine would expel the air in the mine is 
perfectly obvious. But, as we all know, "water 
seeks its own level." This report indicates that 
water which flowed from the lake eventually came 
out of the top of the ventilation shaft (a few feet 
above lake level) and jetted 400 feet in the air. 
That means that it "sought a level" 400 feet above 
the level it started at. (The article does not 
mention any such water flow from the main shaft 
of the mine.) 

Can the description of a 400 foot geyser 
possibly be correct? Were the observers, dazed by 
the other wild event of the day, mistaken about 
that? If it is correct, it must be explainable by 
the laws of fluid mechanics. Present an explana­
tion, in terms of those laws, with suitable diagrams 
and calculations. 

© Copyright ChE Div ision, ABEE, 1982 

CHEMICAL ENGINEERING EDUCATION 



--- - - ------ - - --- ---- --- ----------- - --

Noel de Nevers earned his BSChE at Stanford and his PhD at the 
University of Michigan, with a year out in between to be a Fulbright 
exchange student at the Technica l Institute in Karlsruhe, Germany. He 
spent five years with what is now Chevron Research and Chevron Oil­
field Research, before joining the faculty of the University of Utah. 

He spent Academic 1971-72 on leave, working for the Office of Air 

Programs of the Environmental Protection Agency. He is the author of 
a textbook on Fluid Mechanics, and editor of a book of readings and 
discussion on Technology and Society. 

SOLUTION 

In principle, the overall flow in the system is 
like that in a U-tube manometer. Inserting liquid 
into one leg of the U expels the less-dense air in 
the other leg. If the system had been a simple U­
tube, we would expect the air to be expelled and 
the flow to stop when the liquid levels in both legs 
of the tube were the same. One may easily demon­
strate that in the laboratory. One may also show 
that an oscillation can be set up, with the levels 
in the two tubes moving up and down 180 degrees 
out of phase with one another. The behavior and 
mathematical analysis of such an oscillating mano­
meter are identical with that of a pendulum; if 
there were zero friction, they would oscillate for­
ever, just as a frictionless pendulum would oscil­
late forever. 

Such an oscillation represents the exchange of 
potential and kinetic energies between parts of 
the system, as does a pendulum. But, just as a 
pendulum can never swing higher than its initial 
position, so also this type of "manometer oscilla­
tion" can never take any of the fluid higher than 
the original position of the free surface of the 
fluid poured into the manometer. So, if only an 
orderly plugflow displacement of the air in the 
mine by the water from the lake had taken place, 
we could not have had such a fountain. 

However, if one of the legs of the U-tube is a 
mixture of air and water, then its average density 
is much less than that of the water in the other leg, 
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and it will not come to simple gravitational equi­
librium at the same level as the other leg. This is 
the basis on which coffee percolators and gas-lift 
pumps work. Fig. 2 is a copy of a problem from 
de Nevers, Fluid Mechanics, Addison Wesley, 
1970, which shows an analogous situation. One 
can easily set this up in the laboratory and show 
that, if one leg of the "equivalent manometer" is 
full of liquid while the other leg has a gas-liquid 
mixture, then the equilibrium level due to fluid 
statics alone will be higher on the gas-liquid 
side than the liquid side. This problem has be­
devilled everyone who has ever tried to make ac­
curate measurements with a small diameter mano­
meter in which it is difficult to purge all the air 
bubbles. 

Returning to the mine geyser, it seems certain 
that the geyser must have been caused by some 
of the in-rushing liquid finding a flow path which 
led it to the ventilation shaft before all of the air 
was expelled from the mine· In that case, it would 
temporarily block that shaft, and the pressure of 
the trapped air in the mine would rise enough to 

FIGURE 2. Sketch of a fountain arrangement made of 
two glass jars with rubber stoppers, 
several lengths of glass tubing, a funnel, 
and a piece of rubber tubing. The level of 
the jet and the level of the water in the 
funnel · are exactly the same. The space 
above · the water in each bottle is full of 
air, as is the rubber tube connecting the 
two bottles. An inventor has come to us, 
telling us that with this arrangement the 
water will squirt high in the air, much 
higher than the water level in tfie funnel. 
Is he right? Explain your answer. 
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expel it with considerable force. 
A hypothetical series of events which could 

have produced the jet is sketched in Fig. 3 (with 
only one shaft) . 

First Stage: The flow into the 1300-foot level 
reaches the shaft and begins to flow down it, 
trapping air in the lower, 1500-foot level. With 
the water flow down the shaft, the air is unable 
to escape. Water displaces air from the upper 
levels, causing air to flow out of the shaft. 

Second Stage: The continued flow of water 
down the shaft to the lower level compresses the 
"bubble" of air remaining trapped in the lower 
level. Meanwhile, the upper galleries continue to 
fill, venting air through the shaft. (Fig. 4) 

Third Stage: Eventually, the air bubble in the 
lowest level reaches the pressure at which it is at 
or near hydrostatic equilibrium with the inflow­
ing water. Thus the water flow down the shaft 
slows and stops. This downflowing water was the 
seal which kept the bubble in place; now the 
bubble can begin to migrate up the shaft. As it 
does so, water flows in behind it. Once it begins 
to fill areas above the 1300 foot inflow level, it 
can again be driven up by the water. But now, the 
water above it in the system must be expelled to 
make room for it to escape. This causes that water 
to be expelled in the "mine-mouth geyser." (Fig. 5) 

This simplified picture, with only one shaft, 
cannot account for the description that the geyser 
"surged for ten minutes, coughed up mud, and 
died." If there were only one entrance, the geyser 
would have had to end with another air jet, as the 
bubble escaped. But with two shafts, one of which 
apparently did not show any liquid flow, the air 
bubble could have used one of the upper galleries 
to move from ventilation to main shaft, and escape 
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through it, thus ending the geyser without a final 
air jet. If the actual underground space had been 
a series of horizontal and vertical cylinders, then 
the surging might be hard to explain. But the 
actual space ( as reported in the article) was a 
room-and-pillar mine, consisting of many more-or­
less cubical rooms connected by much narrower 
rectangular vertical, horizontal, and inclined 
shafts. Thus the surging was most likely to be 
the result of the irregular flow of the air bubble 
through these various rooms and passages. 

If, as reported, the jet exiting from the air 
shaft went 400 feet in the air, then it exited with 
a velocity of roughly 

V = y'2gh = y' (2) (32 ft /sec2
) (400 ft) 

= 160 ft /sec (1) 

If, as shown above, the geyser flowed at 160 
ft /sec, and the distance from the topmost gallery 
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to the surface was 800 feet, then the geyser should 
only have lasted five seconds. However, because 
of the irregular rooms to be filled and emptied, 
the actual volume ejected is not implausible. If 
we assume that the ventilation shaft was ten feet 
in diameter, had a velocity of 160 feet a second, 
and flowed steadily for ten minutes, then the 
total volume of water ejected would have been 
56 x 106 gallons of water. This is a high estimate, 
because it assumes a 400 foot high geyser for the 
full ten minutes; a much lower estimate is more 
plausible because of the reported surging, perhaps 
a fourth to a tenth of this number. The total flow 
of water from lake to mine ( equal to the excavated 
volume of the mine) was 3.5 x 109 gallons. Thus 
this high estimate of the total liquid flow of the 
geyser is only 1.6 % of the estimated total flow 
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of water from the lake to the mine. 
If a solid column of water had been flowing 

up such a ten foot diameter shaft at a velocity 
of 160 ft / sec, the pressure gradient due to friction 
above the hydrostatic gradient would have been 

AP 4f y 2 

Ax = ~ P- 2- (2) 

To determine the fraction factor, we must esti­
mate the relative roughness of the ventilation 
shaft. Assuming that the individual surface 
roughnesses are one inch, we can estimate 

e 1 inch 
D = 120 inches = 

0·0083 (3) 

and hence f = 0.009, 

lbm 
(4) (0.009) (62.4 fts ) (160 ft/sec) 2 

(10 ft) (2) (32.2lbm 1!_) ( 144 in2) 
lbf sec2 ft2 

= 0.62 psi/ft (4) 

This pressure gradient is 1.4 times that of a 
hydrostatic column of water; it is clear that a 
simple filling of the "U-tube" could never produce 
pressure gradients of this magnitude within the 
fluid. However, from the sketch in the problem 
(taken from the Science 81 article), it appears that 
the shallowest gallery of the mine was 800 feet 
below the surface, and the deepest was 1500 feet 
below the surface. Thus, if there were a column 
of air 700 feet high from this deepest gallery to 
the shallowest, and if the bottom were in hydro­
static equilibrium with the lake while the top 
were facing an 800 foot long column of liquid 
open to the surface, a pressure gradient of ap­
proximately 0.38 psi /ft (above the hydrostatic 
gradient) would have been exerted on the liquid 
in the ventilator shaft. Comparing that to the 
above estimate, I infer that either I have over­
estimated the relative roughness of the ventilator 
shaft or that the observers overestimated the 
height to which the geyser went. 

This proposed solution is basically a hydro­
static solution. Before accepting it, we should 
consider alternative dynamic solutions. There are 
well-known devices, called hydraulic rams, which 
allow a liquid falling from level one to level two 
to pump some liquid to a level higher than level 
one. An illustrated description is given on page 
195 of Brown and Associates' Unit Operations, 
Wiley, NY, 1950. Their operation requires quick­
acting valving, not likely to be approximated in 
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the mine flooding. However, the idea on which it 
is based deserves examination. If a column of 
moving fluid is suddenly stopped, it can generate 
high pressures. This is the subject of water­
hammer analysis. It shows, for example, that if 
a column of a slightly compressible fluid ( e.g., 
water, but not air) is stopped by closing a valve 
very quickly, the maximum pressure which will 
be generated in the region of the valve will be 

p = u[Kp]o.5 (5) 

where P is the pressure, u is the original velocity 
before the fluid was stopped, K is the isothermal 
compressibility, and p is the density of the fluid. 
Inserting typical values for water, we find that, 
for an initial velocity of 10 ft / sec, the calculated 
pressure is 650 psi. This is high enough to damage 
equipment and rupture pipes; large hydraulic 
structures (e.g., hydro power plants) are designed 
to avoid the creation of this kind of pressure or 
to withstand it where it is unavoidable. But this 
kind of pressure can only be exerted on an unyield­
ing structure. It cannot propel a jet of fluid for 
any significant time or distance. If a mass of liquid 
is compressed to 650 psi and then allowed to do 
work by expanding (W = )F dx = )P dV) then 
the compressed liquid will return to its original 
volume and pressure if it expands 0.2 % . Thus the 
amount of work of accelerating some of the fluid 
up the ventilator shaft could not easily have been 
obtained by allowing some other fastmoving body 
of liquid to be stopped suddenly and using the 
high pressure thus generated to· drive a fountain. 
It certainly could not drive one for ten minutes. 

From the article in Science 81, it is clear that 

Continued on page 203. 
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GEYSER PROBLEM 
Continued from page 189. 

this jet of liquid occurred at the very end of the 
filling process, 9.5 hours after the first penetration 
of the mine by the drill. At that point, most of 
the mine must have been full of water, and the 
only forces likely to generate such a spectacular 
effect are gravitational ones, of which the bubble 
mechanism proposed above is the most plausible. 

An alternative gravitational explanation 
would be that the first fluid to flow into the mine 
was relatively clean water, while the later fluid, 
flowing in after the hole had enlarged, would be 
quite muddy. In oil well drilling practice it is 
possible to produce drilling muds (mud-water 
slurries), with densities up to twice that of water. 
If the first half of the path from wellbore to venti­
lator shaft were filled with ordinary water, and 
the second half filled with a mud whose density 
were 1.5 times that of water then the hydrostatic 
pressure difference from lake level to ventilator 
shaft would have been 

P = ghiip = 32 ft/sec2 x 1300 ft 
x (0.5 x 62.4 lbm/ft3

) 

x lbf sec2 /32 lbm ft 
x ft2 /144 in2 = 281 psi 

This would likely have been adequate to produce 
the geyser. I consider this a less-likely explana­
tion than the air bubble, because it requires a 
much more organized process, with strong segre­
gation of the earlier clean inflowing fluid from 
the later mud-ladden fluid. But I cannot rule it out 
for certain without more data on the accident than 
has been published. • 
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