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The prediction log (P-log) has been used worldwide as a best-efforts predic- 
tion of the lithology and pressures to be encountered while drilling deep ex- 
ploration tests. In these endeavors, it has been observed that high 
temperatures are a common characteristic of zones of abnormal pressure. A 
linear relationship between quantitative amounts of pressure and heat has not 
been established, but a good correlation exists for relative quantities. This is 
especially true of the Anadarko Basin and the Gulf of Mexico embayment areas 
of Texas and Louisiana. The phenomena have been noted in these areas for 
decades in the course of drilling deep tests. In the past few years, some 
geophysicists have begun to extract from seismic data information that locates 
and delineates these anomalous conditions. 

A P-log is prepared by extracting interval-velocity information from the var- 
ious types of computer-automated velocity analyses and correlating this with 
all available geologic information. Velocity analyses are very similar to acoustic 
logs, but are not as detailed. Seismic data are limited in relative lithology defini- 
tion by the frequencies that the earth transmits and the associated 
wavelengths. Higher-frequency energy is attenuated with depth. It might be 
possible to recognize a 20-foot abnormal-pressure zone at 3,000 feet in the 
Pleistocene of offshore Texas, but a 20-foot zone of H,S with abnormal 
pressure at 18,000 feet in southern Mississippi is at present out of the question. 
Were the zone 500 feet thick, there would be a good chance of recognizing it. 
These limitations are relative. The interpretive geophysicists attempting to 
prepare P-logs from existing seismic data are most limited by factors over 
which they generally have no control-geophone-offset distances and the 
parameters for the computer-automated velocity analyses. 

It is actually very simple to determine velocities that relate to lithology and 
pressure from good-quality seismic data. The prime requisite is appropriate 
field geometry to yield normal moveout (NMO) for the desired resolution. The 
geometry, optimally, is tailored for the geologic objectives, namely, short 
offsets for shallow geologic sections and long offsets for deep geologic sec- 
tions. The mechanics of NMO and its relationship to velocity calculations are il- 
lustrated by figures l and 2. NMO is the additional travel time due to the 
angular wave paths as a result of increasing distance of the seismic receiver 
from the seismic energy source. The delta time is determined by scanning the 
reflections on the seismic records. The approximate average velocities to 
reflecting horizons can be calculated by using the known offset distance ( X ) ,  
the observed time for a zero offset distance (To), and the observed NMO. 
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There are of course many factors that adversely affect the accuracy of the 
calculations. The earth is seldom kind to the scientists. Such factors as curved 
ray paths, anisotropy and the effects of dip are beyond the scope of this paper, 
however. 

Figure 3 shows the difference in resolution between automated velocity 
analyses from data recorded by geophone spreads of 7,000 and 15,000 feet. A 
time of 3.4 seconds represents a depth of about 23,000 feet. The average 
velocity is interpreted by picking the center of a trough at any given time. 
Tolerances for given picks can be observed to be about f1,000 feet on the left 

Source 7,000' 15,000' 

X X 
geophone geophone 

V 

TO = 4.0seconds - 
Assuming: 12,500 feet per second rms Velocity 

NMO at 7,000 (Bi + 82) = .039 seconds 
NMO at 15,000 (B3 + 84) = .175 seconds 

Figure 1. Mechanics of normal moveout. 
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versus f300 feet on the right. These data are from the Anadarko Basin. With 
appropriate statistical enhancement for individual values from the longer 
(15,000-foot) spread, it was possible to predict the high abnormal pressures to 
within %ppg mud weight and to predict depths to significant lithology changes 
within 100 feet. More than 25 velocity analyses on the same feature were used 
to interpret the abnormal pressure beginning at a time of about 2.7 seconds. 
The depth estimate to the onset of massive carbonates at about 3.3 seconds 
was in error by only 100 feet. A 500-foot zone of sand was predicted to exist at a 
time of about 3.4 seconds, and It was there. The maximum pressure en- 
countered at 22,400 feet was about 19,000 psi (versus a normal 10,000 psi), 
which required 16.8 ppg mud for adequate control. The temperature was 387°F 
at total depth. 

The biggest trap for the interpreting geophysicist is the type of velocity 
analyses with which he is forced to work. In most instances, the velocity plots 
were made to yield information for common depth point (CDP) stacking pur- 
poses and not for finite interval-velocity resolution. Smoothing functions (mix- 
ing) are used in both time and velocity domains. This makes them easier to in- 
terpret in a gross sense and more pleasing to the eye so that the product sells 

0' 
Source 
vx 

7,000' 
X 

15,000' 
X 

0.0seconds 
To = 4.0 ---- 
T, = 4.039 -- 



n 
v) 
'0 c 
8 
$ - 
E 

i= 

7 

J 

1.1 

I.. 

1.0 

1.7 

I.. 

1.1 

1.6 

t.? 

3.1 

33 

3.0 

3.7 

4.0 

4.7 

VELOCiTY FROM 7,000 FOOT SPREAD 

. Velocity (Wsec) 

VELOCITY FROM 15,000 FOOT SPREAD (cd 
Velocity, (ft/sec) 

1.0 

1.1 

c.t 

I 

1 

Figure 3. Effect of geophone spread on resolution. 
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better. They are generally scanned for root mean squared (rms) velocity at a 
rate of 100 or 200 feet per second (fps) because it takes less computer time 
(money). 

Figure 4 is a comparison of velocity scanning at 50 fps, 100 fps, and 200 fps. 
Notice the overall sharpening of the troughs as the scan frequency is in- 
creased. Multiple reflection and primary reflection energy are also shown to be 
separated instead of merged. This is very pronounced at a time of about 1.1 
seconds. Also, the data is usually plotted in the time domain at rates of 30, 40, 
or even 50 milliseconds. This does not allow for close observation of the start of 
an event in order to predict accurate depths. These are the kinds of limifations 
that frustrate geophysicists. And yet, almost all velocity programs have a wide 
range of input parameters that permit enhancement for the required resolution 
to predict pressures and lithology. 

Figure 5 is the type of velocity analysis used to determine approximate 
velocities for CDP stacking purposes. A 100-fps scan was made in the velocity 
domain, smoothing functions were used, and it is plotted at 30-millisecond in- 
crements. 

Figure 6 is a detail analysis of the anomalous zone between times of 1.6 
seconds and 2.9 seconds. A 50-fps scan was used, smoothing functions were 
minimized, and it is plotted at 10-msec increments. The geologic section at 
depth is Oligocene in age, with alternating sand-shale sequences. With mass 
statistical enhancement of the velocity data, it was possible to reliably predict 
abnormal pressures of about 10,000 psi (versus a normal pressure of 5,600 . 
psi), which required a mud weight of 17 ppg for adequate control. Finite depths 
for various identified lithology were estimated within 200 feet. The anomalous 
interval between 0.8 seconds and 1.0 seconds (fig. 5) correlates with a zone of 
freshwater sands common to the area. The extreme abnormal pressure begins 
to build at about 1.7 seconds. It was predicted to overlie a few hundred feet of 
porous sand, grading into several hundred feet of tight sand, and this was con- 
firmed. The temperature at 12,008 feet was 296OF. 

Figure 7 shows a velocity plot from offshore Texas. These data were scanned 
at 100 fps, smoothing functions were used, and the plot is in 30-millisecond in- 
crements. Figure 8 is a detail plot of the anomalous zone b e ~ e e n  0.5 seconds 
and .0.9 seconds. The data was scanned at 50 fps, smoothing functions were 
minimized, and the plot is at 10-millisecond increments. The velocity informa- 
tion from three adjacent points illustrates how to statistically enhance the vaiidi- 
ty of the interpretation. An interpretation of these data suggests that a zone of 
very high pressure at only 1,800 feet might exist. In considering the nature of 
these shallow Pleistocene sediments, prior knowledge of this potential 
becomes very important for the drilling program. It subsequently was deter- 
mined to be an abnormally pressured zone of wet gas. 

Quantitative degrees of abnormal pressure are estimated by converting in- 
terval velocities into interval transit times and plotting these values versus 
depth on semilog paper (fig. 9). A Magcobar pressure template is then overlaid, 
so that the 9-ppg gradient is positioned along the apparent normally pressured 
lithology for the area, and values of abnormal pressure are read directly (fig. 
10). Necessary drilling-mud weights can readily be converted to psi. 

Finally, any individual velocity plot can be completely misleading owing to 
the effects of dip, diffractions, multiples, and any other spurious coherent 
energy. A statistical enhancement for the validity of the interpretation is 
necessary. This is accomplished by saturating the location of the study with 
many velocity analyses. As few as 6 or as many as 20 may be necessary for this 
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L purpose. The principle is that the velocity signature for the relative lithology 
does not change over short distances, but all types of interfering energy tend to 
vary because of their more complex nature. 

Existing seismic data processed for CDP coverage normally provide woefully 
insufficient statistics to allow finite determination of velocities with the accuracy 
required. Frequently, reprocessing of recently acquired CDP data provides the 
required number of velocity analyses with sufficient statistical enhancement for 
adequate pressure prediction. Optimum accuracy is assured, however, when 
seismic data is acquired and processed specifically for prediction analyses. In 
this manner, proper location of velocity analyses, optimum record quality, ap- 
propriate spread length, and adequate statistics for the specific purpose of 
pressure prediction are all assured. 

These outlined interpretive techniques have been used all over the world, 
with outstanding results in predicting abnormal pressure and relative lithology. 
The benefits are incalculable for lease evaluation, logistics planning, better 
drilling programs, and environmental protection. 

With the current sudden demand for more geothermal energy, it is obvious 
that these same techniques have direct appliqation to the exploration for 
geopressured geothermal anomalies. The method should become a very 
powerful tool in helping to solve out energy problems. 
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Figure 4. Effect of velocity scan Interval'on resolution. 
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Figure 5. Example of velocity analysis used for common depth point 
stacking. 100-fps velocity scan, 30-millisecond time interval. 
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Figure 6.Detailed analysis of 1.6-second to 2.9-second 
interval of figure 5. 50-fps velocity scan. 10-milli- 
second time interval. 
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Figure 7. Example of offshore Texas seismlc data. 100-fps velocity scan, 
30-mllllsecond time interval. 
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Figure 8. Detailed analysis of 0.4-second to 1.7-second interval of figure 7.50-fps velocity scan, 10-millisecond 
time interval. 

142 

i 

c 



DATE: 

Figure 9. Magcobar plot of interval transit time as a function of depth. 
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t k J  Discussion 

Shulman Has this technique been used in looking for geothermal-steam flows in the 
Geothermal Power normal geothermal area? 

Aud 

Alger 

Aud 

Schlumberger 

Alger 

Aud 
Alger 
Aud 

Alger 
Aud 

Not to my knowledge, and I would be scared to death to even try it if you 
consider the nature of the rocks that you’re dealing with-highly metamor- 
phosed, complex faulting, rough terrain. You name it, and you have every prob- 
lem in the book. I would like to try it in the Imperial Valley, however. I’d like to 
see if I could see through this crystalline rock, even though it’s metamor- 
phosed. I wonder if you’ll not have density contrast and interfaces which will 
give you required reflections that you can work with. 

Now, I don’t think there is such reflection seismic data out in the Imperial 
Valley. I think it would be necessary to specifically design a technique to ac- 
complish this. 

Would you say some words on how you distinguish shale from sand? 

Sometimes you don’t. Take for instance, in the highland area of offshore 
Texas. If you have a gassy sand in there, it will give you a low-velocity hold- 
down. If you have an abnormal-pressure shale down there, it will give you a 
low-velocity hold-down. We generally figure that, even if you have reflections, 
you have to use everything you can. You use your seismic-record section. If 
you’re getting reflections of more than one reflection [a multiple reflection 
signal], this means that additional interfaces are present, which would mean an 
interface within the shale section or within the sand section that’s giving you a 
reflection (not likely). 

What we anticipate, when we see a zone of this particular type, is that we 
have an abnormal-pressured zone here, with both shale and sand, both of 
them being abnormally pressured. Where we do not have the abnormal 
pressure-I mean, where we do not have the abnormal pressured shales up to 
the Miocene age-your sand [velocities] will tend to be somewhat faster than 
the shales. 

If you go into massive material, say several thousand feet of something in the 
gulf embayment area here, we’re not going to anticipate a sand. We generally 
anticipate shale. You have to use a little bit of common sense on this, but 
sometimes it’s difficult to tell the difference when the layers are thin. 

Well, I’ve noticed that quite a lot in the Wilcox and perhaps Frio, the travel 
time of shale and sand are very nearly the same. 

That’s especially true after they get some pressure in them. Right? 

Right. 

Which I would anticipate means that your sands are somewhat pressured 

Yes. 

Well, the chances are we might not be able to tell the difference on seismic 
a panacea, but one thing we can tell a driller is,“This is an 
. Don’t take a nap when you approach this thing right here.” 

also. Now, you’re talking about the travel paths from acoustic logs? 

That’s the point, whether it’s sand or shale. 
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If it‘s sand and if it’s pressured watch out. Well, 1’11 give you a good example. 
Once offshore they drilled a well and we told them,“You’re going to hit a thin 
layer of abnormal pressure here at about 3,000 feet.” They said, “There has 
never been any history of abnormal pressure in the tertiary offshore here.” 
There were several other wells around there, but they got cautious and they 
were ready. Just before they hit this zone, they hit a hard streak. The drilling 
slowed down. They went through this hard streak and the drilling rate jumped 
up a bunch. The temperature dropped immediately over the zone which is 
characteristic of gas percolating through and expanding and cooling off that 
zone. 

When they went through it, the temperature jumped from 95OF tol l8”F and 
they continued to drill. Now, I asked the engineer who was on the well at the 
time, “What would have happened if you had hit a 5-foot layer of sand?” He 
said, “It would have blown out,” but they stayed in shale and went on through it 
and didn’t have to mud up or anything. It was just a thin streak. The point I’m 
making is that we can spot these anomalous zones and have those guys ready 
for them. 

Bill, are those zones thick enough to affect your structural maps. 

You’d better believe it. In the Anadarko Basin, the abnormal pressure can 
vary in thickness to such an extent that it will change your average velocity es- 
pecially at a distance of 5 miles from perhaps 13,000 feet per second to 11,000 
feet per second. 

This can hide structure. We’re talking about depths of 20,000feet. You can 
have a perfectly flat seismic-time section by using your velocity information 
along this line and converting it to depth. You can see structures with relief on 
the order of 2,000 feet. Conversely, you can put in the synclines or anticlines, 
either way. You could wipe out your anticlines and put in additional anticlines 
just because of this velocity phenomenon. That’s the reason they drill so many 
dry holes in the Anadarko Basin. 

It is possible to distinguish between geopressure zones and zones of high 
artesian-water pressure? 

Well, I would think that they would be quite similar, in which case I would say 
no. I don’t know how. You would still have pressure in both instances. 

I have a question for the gentleman who asked the question. What’s the 
difference between high artesian-water pressure and geopressure? 

I think our expert who should answer is Dr. Jones. 

We’re talking now about what is the difference between high artesian-water 
pressure and geopressure. 

Artesian pressure-to make a measurement in the subsurface in an area of 
high relief, where the aquifer is say thousands of feet higher than land surface 
in the area of the well, one couldn’t tell from the pressure measurement 
whether he had geopressure or whether he had artesian-water pressure, so far 
as a measurement is concerned. 

The primary difference is that the reservoir behavior is entirely different un- 
der the two conditions. One is a compartment and the other is a system free to 
the air, which means that the reservoir behavior with production would be en- 
tirely different. Now, what kind of measurement can you make to prove that the 
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one is geopressure and the other is artesian? Frankly, you just have to unaer- 
stand the system. 

My feeling about the seismic is that your grain-to-grain contact under 
geopressure conditions is far less. In other words, your velocity is going to be 
much lower than in the artesian systems just because in your artesian head 
conditions, you don’t have the high enough interstitial fluid pressure to expand 
the sand. There is a lack of expansion of sand with pressure. 

Aud 
Jones 

But it’s a matter of relativity. I imagine if we can- 

Yes, it’s a matter of degree. 

147 




