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?ISf I. SUMMARY 

Fxiating geophysical prospecting methoda were studied 

with the emphasis on reflection seismic practices. From 

the wave equation, the derivation of the transmission and 

reflection coefficients for plane polarised waves in elastic 

modi am by M. Musket and M, W. Meres was sketched. Other 

sources of energy loss were considered. 

A small dome structure was sketched and constants 

assigned that are typical of those encountered In practice. 

It was approximated that the presence of oil or gas affected 

the density of a bed without affecting the velocity. On 

this assumption, and other approximations and simplifications 

the comparable energies arriving at the surface were computed 

and plotted, this result was compared to what might he expected 

if the formation contained no oil or gas. A maximum deviation 

of about 14$ occured. 

The points of importance for the applications of these 

principles to an actual field problem were considered and 

listed. 



PARS IX. SBSVST 0? ©BOPHTSIOAL PROSPECT IBS POIi PETROLEUM 

She aim of any oil company in sending a seismic orew into the 

field is to locate, lease, and produce an oil or natural gas field. 

Obviously, the ideal equipment or instrument would he one that was 

easily transported, could he operated by a minimum personnel, and 

would give a positive indication when it was caused to pass over an 

underground body of oil, As might he suspected, such simplicity has 

not been obtained. In fact, at present, there is no publicly known 

method of actually and positively detecting an underground deposit 

of oil, as such. Rather, intricate means of detecting phenomena that 

are associated with an oil deposit are employed. She former problem 

remains unsolved because of its illusive nature. At present, a 

large part of the shallow reserves are known, and the emphasis is, 

therefore, on the deeper, uninvestigated deposits. 

So the end of locating oil by its properties as such, surface 

contour maps of percentages of hydrocarbons in surface gas and soil 

analysis for various anomalies have been triad. lo doubt, there is 

soma positive correlation on some of these methods, particularly 

surface gas analysis. It has been found that sometimes there is a 

halo, or ring of higher hydrocarbon-content gas, circling an oil 

deposit. Even for this method, lack of controls exists since samples 

must be carefully taken to prevent contamination and, too, previous 

history of the area can influence the accuracy. Obviously, the deeper 

the deposit the less success Is obtained. 

Contour plots of surface radioactivity have been attempted— 

with some success--particularly in the search for hard minerals. 



Soma faults show op as anomalies in a radioactive distribution plot. 

Oil has some interesting electrical properties, i.e., its di¬ 

electric constant is high. However, the nature of oil deposits (oil 

saturated strata of sand or porous limestone) and its depth (up to 

15,000 feet) make electric anomalies, specifically due to the oil 

itself, virtually impossible to detect. It is a matter of not being 

able to see the trees for the forest. 

We see, then, that an oil prospector is often forced to turn to 

some other method of location,for only soil and soil gas analysis 

can give a direct indication of drilling possibilities. (Of course, 

in some eases, gas or oil actually works to the surface in the fora 

of asphalt, oil seeps, or gas bubbles in water bodies with character¬ 

istic oil rings around them, etc. Certainly, in this country, most 

of these phenomena have been observed.) 

There are two things necessary for a commercial oil well: First, 

an oil bearing subsurface strata; second, a natural trap or reser¬ 

voir to hold it. 

Geology furnishes us with the knowledge of what formations can 

bear oil. Sxlsting well logs indicate what stratum is most likely 

to produce in a particular locality. At present, little more than 

this can be investigated. Further, it 1® not even sufficient that 

a trap occur in an oil bearing formation. If the formation is too 

tightly packed, it cannot hold much oil. Porosity is a measure of 

how much oil a volume of material can hold. The more porous a material 

is, then, the higher its porosity. Permeability is a measure of how 

well connected the small holes and cavities are, a measure of how 

easily a fluid can flow through. It is quite possible and often 
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happens that a formation can have a high porosity and a low perse- 

ability. Consider the cross sections in figures 1 and 2. It is 

obvious that figure 1 would have a high porosity but a low perme¬ 

ability, while Figure 2 would have good values of both permeability 

and porosity. 

Consider diagrams three through six. these four figures repre¬ 

sent typical oil traps or structures, and each has the three require¬ 

ments! An impervious cap, an oil bearing stratum porous enough to 

allow for migration of oil, and a closed trap, there are other types! 

igneous intrusions, leasing effect in porosity, etc. the more closure 

(a measure of the size of a trap) the larger the potential field. 

It is also important that the region adjoining the structure be 

relatively free of extreme faulting or folding, since these can dis¬ 

rupt the collection and migration of oil to the trap. 

the fact that an oil deposit is always characterised by a 

structure suggests that prospecting might be don© by searching for 

these structures. In fact, an overwhelming number of prospects are 

made by locating and mapping these geological configurations and may 

b© summarised as follows; 

I. Gravitat1onal. Sensitive devices detect changes in gravity, 

and this data indicates anomalies that, with the aid of available 

geological knowledge of the section, can suggest certain underground 

configurations. 

II. Magnetic. Irregularities in the disposition of underground 

strata cause anomalies in the earth’s magnetic field, which may bo 

detected and to a degree interpreted, these magnetic anomalies are 



largely caused by the differences in magnetic polarisations, which, 

whan hods are shifted or are otherwise Irregular, cause the values 

and gradient of the earth's field to suffer changes fro® the distri¬ 

bution pattern for smooth strata, this type of investigation is 

primarily successful in reconnaissance work on tectonic stracttire, 

i.e., domes, topographic irregularities of the basement chert or 

granite, igneous dykes, etc. back of control reduces its application 

to detail work. 

Ill, llectrieal. She different electrical methods may ha 

distinguished as follows! 

■A. Self potential. Electrochemical actions in the 

subsurface say give rise to electric fields. The 

surface intensity distribution is measured and 

plotted fro® which locations and approximate depths 

to ore bodies may be interpreted. Obviously, this 

method finds little application to petroleum pros¬ 

pecting. 

3. Surface potential. An electric field is supplied 

to the earth through two electrodes, and the equi- 

potential lines detected and mapped. Bocause 

conductivity is generally better in the direction 

of dipping beds than at right angles, some indi¬ 

cation of structural and stratigraphic trends is 

obtained. By observing not only potential differences 

but also primary currents, a measure of ground 

resistivity is obtained. Interpretation of hori¬ 

zontally stratified conditions is possible. 



0. Sleetromg&etie. 

1. felvaaie. Energy Is supplied directly through 

electrodes. 

2. Energy I® inductively coupled in. 

In each of these divisions frequencies between 200 and 

several kilocycles have been employed. Badio frequencies 

are extremely limited due to the rapidly increasing 

absorption with increasing frequency. Measurements of 

direction and absolute values of horizontal and vertical 

components of the field are possible, as veil as ratios 

of intensities with their phase differences, fo date, 

. the interpretation of this data leads itself best to 

the location of hard mineral ore bodies. 

IV. Seismic methods. All the subdivisions of this group are 

concerned with the reactions of geologic bodies to physical fields. 

More specifically, a shock, in the form of a charge of explosive, unbal¬ 

anced fly wheals, weights dropped from scaffolds, etc., is supplied 

to the ground surf ace; and the resulting elastic impulses, after suf¬ 

fering attenuation, reflection, refraction, etc., are detected, 

again at the surface. 

Shore are two really ma^or divisions of tecsMquot refraction 

and reflection methods. A third method, fan shooting, is similar 

to the refraction method and will not be considered here. It is well 

to consider the overall picture of the former two methods before con¬ 

sidering a more accurate description of the physical laws and phenomena 

involved* 



A. The Refraction method, A large charge of explosive is 

detonated in a previously drilled and enlarged hole. At a distance 

of from three to el#t miles from the shot point, a line of detectors 

is laid out. fhe separation “between detectors varies, ranging from a 

spacing of five to fifty feet for work on ore bodies to several hundred 

feet for petroleum prospecting. Radio communications are maintained 

between the shooters at the shot points and the observer in his 

recording truck. Several frequencies have been designated by the 

F.G.O., five spots In the 1.6 to 1.7 M.G. band and five more on the 

30-35.540 M.G. band. Previously, communications were maintained by 

field telephones, an operation that consumed such time in laying and 

picking up transmission lines. 

After all the geophones have been planted, the cables tested for 

breaks and shorts, and the observer ascertains that all his equipment 

is in operating condition, the shooter is contacted, and he indicates 

if his preparations are complete. If all is well, the observer 

starts his oscillogram camera and orders the shot to bs detonated. The 

ensuing train of events is as follows? The explosion sets up a series 

of shock waves, which radiate spherically In all directions. The hole 

is customarily packed with water to insure the maximum transfer of 

ener®r into the ground. The transmitted shock wave® are of a complex 

character that represent four different modes of vibration. She 

longitudinal, or compressional waves, have the highest velocity and, 

due to the great distances between the shotpoint and the detectors 

in refraction work, are the only ones of consequence. These waves 

may be thought of as sound waves being transmitted through an elastic 



medium, and, as such, exhibit all the characteristics of light in 

ordinary physical optics, They obey the principle of least travel 

time of format and Snell's law of refraction, as well as the law of 

reflection. In inpinging on a surface of contrasting density,or 

characteristic velocity, they are refracted upwards, if the second 

medium is the more dense and has the higher velocity property, and 

la ail cases suffer ordinary reflection. The losses in energy as 

the wave is propogated are manifold, and will he discussed later, hat 

are large enough that at such distances as are employed in refraction 

work several hundred pounds of explosive is often required. She 

blaster that the shooter operates simultaneously breaks a trans¬ 

mitted ton® while detonating the explosive, so that it may be detected 

at the recording truck and recorded on the oscillogram to accurately 

define the moment of origin of the waves. She train of waves con¬ 

form to format's principle, being refracted through minimum time 

paths to reach the train of detectors. Obviously, such a train of 

events to occur by refraction demands that the velocity characteristic 

of the beds must increase with depth, fortunately, this is the case, 

though often there may be an intervening bod of lower velocity, 

When the wave reaches the surface at the detectors, it sets them 

in action and causes them to generate voltage variations that are fed 

through amplifiers and filters to the recording oscillogram. Time to 

first break vs. horizontal distance curves are made and from these 

determinations of depths to a marker bed, dips of such beds, etc., may 

be mad®. These determinations will be considered later. 

B, The Beflection Method. Because of the accuracy and 

multiplicity of subsurfac© conditions that may be investigated, 





reflection seismology Is fey far the most important and most used 

method of petroleum prospecting. Equipment that Is used for 

refraction work: is applicable here and vice versa, figure 7 shows 

a typical cross section of a seismic reflection field crew at work. 

the crew say operate as follows: Surface geology may Indicate 

that a region is interesting. 4 magnetic crew §** gravity crew is 

sent out to the prospect and furnishes the home office with enough 

information to know if the region merits rigorous investigation. 

If it does, the seismic crew begins its operation. Maps of the region 

are obtained, and a shooting pattern is laid out. Reflection spreads 

are generally quit® short, in the order of 1,000 feet. Much as in 

surveying, closed loops are run to provide a cheek on how accurately 

a particular feed has "been carried around a loop, therefore, it is 

inevitable that the lines will run through private property. A 

permit man, then, is necessary to talk to the land owners and secure 

permission to enter his land, the heavy drills, truck, etc., usually 

damage grazing land to a small extent and a satisfactory fee per shot 

hole must fee agreed on. Of recent years, land owners more fully 

appreciate their bargaining power and permit fees are no small part 

of operating expenses. 

Behind the permit man follow the engineers charged with the duty 

of laying out the lines, flagging the shot points, center points, etc. 

Elevations must fee run in and position must fee accurately known fey 

running loops to all available feenoh marks, fhe excellent job the 

V, S, Geodidio Survey has done in providing numerous bench marks makes 

it possible to use plane table surveying methods. Xt is the duty of 



the engineers to heap the office maps un to defes» 

Closely "behind the engineer® follow the drills. Depending on 

the nature and hardness of the weathered layer, from one to four 

drill® say he ©alloyed, The drill® are portable hydraulic rotary 

rig® usually drilling a fire or six inch hole. Inch drill has 

associated with it a water track. The permit man or chief engineer 

acts as a reconnaissance nan and indicates where the water is to he 

obtained, Quite often the drills are contracted for either on as 

hourly or footage basis. Coats are in the neighborhood of $10 par 

drill per hour. They are capable of drilling a 200* hole Is m hour 

or so in reasonable formations. 

Sehiad the drills follow the chief shooter. Since the holes are 

not often cased, it is important that a charge be planted on the 

bottom e.s soon as the drills more off the hole, otherwise, there 

exist® the danger of a eave-ia that would prevent planting the dyna¬ 

mite whoa It came time for the shot, iodera explosive® are very 

reliable and successfully stand several days or even weeks in the 

holes under water before their explosive characteristic is appre¬ 

ciably altered. 

Finally coses th® crew proper which is composed of one or two 

shooting, and water trucks, the raeordingtruck, and th® reel track 

or "Jug buggy1*, E^ryons helps; when th© cable is being laid, % 

to twelve separate traces say b® employed with from on© to ton or 

twenty geophones per trace. Th® reel track is provided with two 

motor driven reels, operating off either a battery-generator or a 

generator system. Bach reel holds half the cable. The trucks are 



usually four-wheel drive and drive from shot point to shot point 

laying off the cable and gsophones (or 8Jags") at usually flagged 

positions. 

fhis procedure may vary, depending on what type of spreads are 

used, A continuous spread shooting sequence is as followsi She 

spread is laid between shot points one and two. Oscillograms are 

taken from one to three or four times using shot point on© as the 

explosion bass until a good record is obtained, Then, with the 

cable and geophone spread unaltered, shot point Ho. 2 is fired, 

loaded, and re-fired, until the observer is satisfied with the 

record, The reel truck then picks vg the cable and jugs, by the 

simple expediency of reeling the cable up as the truck travels 

over the tract at 5 to 15 m.p.h. while the geophones are scooped 

up by hand. The cable is then laid from shot point two to three. 

In the meanwhile, the recording truck has moved to the center of 

a new spread, and the lo. 1 shooting truck moves to shot point three. 

The same procedure is repeated for the new spread. In this fashion 

each record or profile is shot from both directions which increases 

accuracy by providing for averaging and cross checking. Another 

method is to shoot a “split® set-up with the recording truck at the 

shot point in all cases. The split is slightly faster though possibly 

not as accurate. 

Depending on the terrain and how easily a locality gives a record, 

from five to thirty or forty profiles a day may be taken. At the 

conclusion of the working day, the trucks, etc., are parked and 

locked, geophones inventoried, unused dynamite returned to the magazine, 



and the crew returns to town. At the office, the records are washed 

and dried, and the drillers check In with their logs. 

fhfee or four sen are usually employed in the office, the crew 

chief, the computer, and one or two helpers. It is the duty of the 

crew chief to supervise, plan, and direct the shooting program, main¬ 

tain a hi# degree of accuracy on the calculations and map work, 

interpret the end result contour maps, and stay in constant conference 

and contact with the geologist and supervisory personnel of the 

district and home office. 

As the name implies, the computer picks and calculates the 

records and represents the results in graphic form for the crow 

chief*s use. the high expense per profile and the hi# order of 

accuracy that is needed to work with closing depths on several mile 

runs to a tie-in point makes it appropriate that all calculations 

he checked at least once hy a different person, fhe office force 

attempts to stay abreast of the shooting program so that any espe¬ 

cially interesting territory may he investigated in greater detail, 

if so desired, while the field crew is still in that locality, fhe 

obtaining and blocking of the leases ie usually conducted by a 

separate agency. 



vm m. WAVS mmumm tv m Rustic wmtm 

the phenomenon of wav© propagation In an elastic cisdium will be 

considered. It is important to note that throughout this paper all 

actions on the medium will he considered to he within the elastic 

limit, i.e., after a force ia removed the media returns to its original 

configuration, this Is deformation within the elastic limit. 

A. CefinitioaG 

1. Stress! force per unit area, 

2. Strains Resulting deformation per unit length or volume. 

3. In a perfectly elastic holy, stress is proportional to 

strain. 

H. Young's modulus (&) is a measure of stress-strain 

ratio ia simple tension or compression, thus: 

e= r//> , /fL 
AL/I s&t- 

5. Bull: modulus (M) is stress-strain ratio under hydro¬ 

static pressure, or 

Jk* e/L =££, 
Av/y AY/ 

6. Rigidity or shear modulus 

AM 
A L/C 

where the displacement is accomplished by one face of 

a parallelopiped, with no change of volume, as the 

stress is a tangential one. 

7. Poisson's Ratio; A measure of geometric change of 

shape, i.e., if a cylindrically shaped specimen is 



compressed to a diameter of brti>, with a resulting thickness of 

, then <T~ is 

kb/!> 

TtfL 

from a molecular standpoint Oouchy derived a value of 1/4 for cf , 

which is close to typical value for good elastic materials. In this 

paper, a value of 1/4 for (T will he assumed and used. 

8. lame^ constants, .. /j± ,are convenient mathematically 

and are defined as follows: 

= ^ 

i<? JM 

9. finally, it may he shown that these constants are inter¬ 

related as follows: 

=- /) -b 'Y^yA' =r dT 

<r) 

-A = ■ea. dr 

3-C/ nr) 

<«r> 
y* t/ 

_ Cjjz -y 
3 ft 

r= -A _ 3 (z — 2 A - tr 

(c>sh ■s-'zrL ^ 

_ / 

u& -?4 n , 
* 3 c/A'-iri 

£r 

2-0 rr) 
- 



B. Derivation of Snergy flransraission and Heflection Coefficient 

formulae. 

She following derivation is sketched from that worked out hy M. 

Muskat and M. W. Meres and recorded in Geonhysioa, Vol. 5. pages 115- 

l4g. 

1, Consider incident longitudinal or transverse waves 

polarized in the planeof incidence 

2, $ is dilation function, 

SP is shear function. 

3, fhase asst satisfy the wave equation: 

where: 

is the wave frequency 

longitudinal velocity 

transverse velocity 

4. 

Solution is of the fora: 

1/0* - £■ 50 4. !/* / A2/ 



// 

5. plane is taken as the plane of incidence, hence 

$ it will he independent of ^ , and 'U~‘ will 

vanish every where. fhe actual dilation is V* 

C 0/2 -AA0 ). We shall he concerned with amplitudes 

of 3> £ rather than displacement. 

6. /o , Consider incident longitudinal wavet 

Subscript 1 indicates incident 
media 

3 Indicates refracting 
media 

Sf= tS, e(~c^- ^) 

l 
z- <p 

* L*- 

CL2" ^ ^r. _j .-eAj® 2 dr~~ 

^ * / ^r-2 'A.1' <K\ 



7« Apply boundary conditions* 

& - / -T> -Sf , . -5^, _ _ 

•I, J? *~r -h^ ' X, 

-&r , x 
J 4-- 2*/ (>&X£,VYO 1‘ ' , „  ... 

Where* * JL
r 4 *■ T* 

/ _ / C/^. ^ 7 r\ . ^ 
c. i*-2^ ^ ^ 

/ 7* = ^ ^ 

?*,<;{&) j. ) %y} 

^ ~ ^ &z — dr, j P - cJ^z ^ 2- ^ ^ *j c ^ ^ ^ 

ytA- ■•■ modulus of rigidity. £ ^6V2'^2' 

8. for incident fraasveree Ware* 

It may he shown* 

if =, e, /('«■»- ^ 
*,-= v ? £-'lVc' *-^ / J' 4>'' ^ ? 

C& = . 

^ = -j 

Where reflection and transmission coefficients ares 

✓fj 

v1 

- ac. . 5^ = m(£xx_±j<L 

£ t-T* -b*^ } 4! / ± ts 

Apl^-PS^ 4j p) -2 
 , ^ 

Z' / ■/• 7- v-/^_ 



9, To obtain coefficient in terms of amplitudes of 

displacements of various wave components, the 

amplitude of longitudinal wave will Ise X or g 

multiplied lay A ; transverse wave amplitude will 

■be S or f* multiplied hy-'^'^ 

10, Energy flaxes por unit section normal to the direction 

of propagation will be; 

y^%^x J-'O* s' 
for longitudinal 

11. 
there % is medium density. 

Thmt for incident longitudinal wave 

Jy2. ~ &long, wave rafl. ooef. 

trans. wave refl. ooef. 

~ <5r^» l}.1 

l^vl2' 

for incident transverse wave; 

long, wave traaa. eosf. 

trans. wave trans. ooef. 

4, =£_v zrL 
^ ^ /:-v v long, wav© refl. coef. 

/ , 

r _ o 
-7=T"^ %rm®* mm rafl© ooef, 



12, 

2/ 

. The energy fluxes of 11 describe the energy distri-* 

button. To find the fractions of incident energy carried 

away by various waves, it is necessary to correct for the 

different widths of the beams resulting from a unit 

width beam inpinging on the reflecting surface. It is 

seen that for a wave leaving the interface at an 4 ^ 

lh. If incident transverse waves are polarised normal to the 

plan© of incidence, the amplitude coefficients are given by: 

with respect to the normal, the factor is 

Denoting the new coefficient with a bar, we have 

finally* 

for Incident longitudinal waves* 

Trans, wave refl. eoef. 

than .0001) 



*2? 

Whore i/ij 1/| j f Kx. are displacement amplitudes of the 

reflection, incident, and transmitted waves. 

o0t- wave-intensities are * 

'X 
and 

reflection coefficient, representing fraction of incident 

energy las 
v/Vv- 

Can he expressed In terms of of incidence <=> , 

velocity contrast j, ?fc/ ( /-# ? 

density contrasts ~ */•' % L>f 

x = thickness of reflecting plate, 

la this case, there would he no longitudinal waves or 

transverse waves created at the Interfaces; the trans¬ 

mission coefficient, giving the fraction of incident 

energy which is transmitted, will be simply >r 



PASS XT. AWLIOASIGSr Of BBZB&T WSimOM TO A fflEPIOAL PSOSFEW 

^3 

A. In the following tables, reproduced froa Muscat and Meres, 

are listed coefficients for inpinging longitudinal wares* 

A Poisson ratio of 1/4 and hence a ratio of w*-s 

used, fha tables are self explanatory. 



PLANE WAVES IN ELASTIC MEDIA 
*33 _ 

TABLE 3 
FACTIONS OF THE INCIDENT ENERGY TRANSFORMED INTO THE LONGITUDINAL AND 

TRANSVERSE WAVES CREATED AT AN ELASTIC INTERFACE AFTER INCIDENCE OF A 
LONGITUDINAL WAVE 

i  i^- i 
? = 72/7l = 0.7 

'j a=ccifai = 0.50 ; 0.75 I. OO 1-25 1.50 *•75 2.00 

o~ Lr 0.2318 O.O970 O.O3II 0.0044 0.0006 0.0102 O.O278 

Tr 
O O O 0 O 0 O 

Li O. 7682 O.903O O.9689 . 0.9956 O.9994 0.9899 0.9722 

Ti O . O O 0 O 0 O 

Lr 0.2264 O.O948 O.O305 0.0044 0.0006 0.0098 0.0268 

Tr 
O.OO53 0.0021 0.0006 0.0001 0.0000 0.0003 O.OOOS 

Lt O.767I O.9027 O.9689 0.9952 0.9981 0.9869 O.967I 

Tt O.OOI2 0.0004 0.0000 0.0003 0.0013 0.0030 O.OO53 

:0” Lr O. 2108 O.0884 0.0286 0.0042 0.0004 0.0087 O.O24I 

Tr 0.0205 O.O083 0.0025 0.0003 0.0001 O.OOII 0.0027 

Lt O.764O O.9OI7 0.9688 0.9943 0.9942 0.9780 O.9516 

Tt O.OO48 0.0015 0.0000 0.0012 0.0053 0.0122 0.0216 

r _* Lr O.l868 O.O787 0.0257 0.0040 0.0003 0.0074 0.0208 
* Tr O.O436 O.OI76 0.0054 0.0007 0.0001 0.0017 O.OO44 

Lt O.7588 O.9OOI 0.9688 0.9926 0.9875 0.9629 O.9249 

Tt 0.0108 O.OO35 0.0000 0.0027 O.OI2I 0.0280 O.O498 

Lr 0.1574 0.0666 0.0220 0.0035 0.0003 0.0064 O.OI9I 

Tr 0.0715 0.0291 0.0092 0.0014 0.0001 0.0019 O.OO45 

Lt 0.75I8 O.8979 O.9688 0.9901 0.9776 0.9404 O.8847 

Tt O.OI94 O.O063 0.0000 0.0050 0.0220 0.0513 O.O916 

< _3 Zr 
O.I256 O.0536 0.0178 0.0027 O.OOO3 0.0074 O.O269 

Tr O.1009 O.O4II 0.0134 0.0025 0.0000 0.0008 0.0009 

Lt 0.7431 O.8954 0.9687 0.9867 0.9636 0.9075 O.8195 

Tt O.O304 O.OO99 0.0001 0.0081 0.0360 0.0843 O.I527 

Lr O.O948 O.O4IO 0.0136 0.0017 O.OOII 0.0182 O.5769 

Tr O.I28l 0.0522 0.0177 0.0042 0.0006 0.0007 O.I477 

Lt 0.7330 O.8925 0.9687 0.9819 0.9428 0.8478 O 

0.0442 O.OI43 0.0000 0.0122 0.0554 0.1333 O.2755 

- = (density of refracting medium)/(density of incident medium) = 72/71. 
I _ (velodty in refracting medium)/(velocity in incident medium) = a2/ai. 
Lr, Try Li, Tt — fractions of incident energy transformed into reflected longitudinal, 

reflected* transverse, transmitted longitudinal, and transmitted transverse waves; 
y = angle of incidence. 



134 M. MUSK AT AND M. H\ MERES 

2$ 

TABLE 3—Continued 7 = 72/71 = 0.8 

e a—at/ai =0.50 0.75 1.00 1-25 1.50 1-75 2.00 

o° Lr 0.1837 0.0625 0.0123 0.0000 0.0083 0.0278 °*°533 
Tr 0 0 0 0 0 0 0 
Lt 0.8163 0.9375 0.9877 I.0000 0.9917 0.9723 0.9467 
Tt 0 0 0 0 0 0 0 

_o 
Lr 0.1793 0.061I O.OI2I 0.0000 0.0080 0.026*) 0.0516 
Tr 0.0042 0.0014 0.0003 0.0000 0.0002 0.0007 0.0013 
Lt 
Tt 

0.8152 0.9372 0.9877 0.9997 0.9904 0.9694 0.9417 
0.0013 0.0004 0.0000 0.0003 0.0014 0.0031 0.0053 

IO° Lr 0.1669 0.0569 0.0114 0.0000 0.0072 0.0245 0.0471 
Tr 0.0163 0.0054 0.0010 0.0000 0.0008 0.0026 0.0048 
Lt 0.8119 0.9362 0.9876 0.9987 0.9865 0.9606 0.9265 
Tt 0.0050 0.0015 0.0000 0.0013 0.0054 0.0123 0.0216 

I5° Lr 0.1478 0.0506 0.0102 0.0000 0.0062 0.0213 0.0412 
Tr 0.0345 0.0115 0.0021 0.0000 0.0015 0.0048 0.00SS 
Lt 0.8065 0.9346 0.9877 0.9970 0.9799 0.9458 0.9006 
Tt 0.0113 0.0034 0.0000 0.0030 0.0124 0.0282 °04Q5 

20° Lr 0.1245 0.0428 0.0087 0.0000 0.0052 0.0185 0.0372 
Tr 0.0564 0.0187 0.0037 0.0000 0.0019 0.0061 0.0103 
Lt 0.7991 0.9324 0.9876 0.9946 0.9703 0.9240 0.8625 
Tt 0.0201 0.0061 0.0000 0.0054 0.0227 0.0513 0.0901 

250 Lr 0.0994 0.0345 0.0071 0.0000 0.0048 0.0186 0.0452 
Tr 0.0792 0.0261 0.0052 0.0000 0.0017 0.0048 0.0051 
Lt 0.7898 0.9297 0.9876 0.9914 0.9568 0.8932 0.802 ^ 
Tt 0.0316 0.0097 0.0000 0.0086 0.0367 0.0834 °-i474 

30° Lr 0.0752 0.0265 0.0054 0.0000 0.0061 0.0318 0.6542 
Tr 0.1001 0.0328 0.0070 0.0002 0.0007 0.0006 0.1227 
Lt 0.7790 0.9267 0.9876 0.9868 0.9377 0.8391 0 
Tt 0.0457 0.0141 0.0000 0.0129 °-°555 0.1285 0.2230 

V)
 II ’ll 0.9 

o° Lr 0.1439 0.0376 0.0028 0.0035 0.0222 0.0499 0.0816 
Tr 0 0 0 0 0 0 0 
Lt 0.8561 0.9624 0,9972 0.9964 0.9778 0.9501 0.9183 
Tt 0 0 0 0 0 0 0 

„o 
Lr 0.1404 0.0368 0.0027 0.0034 0.0216 0.0485 0.0793 
Tr 0.0033 0.0008 0.0001 0.0001 0.0005 0.0012 0.0019 
Lt 
Tt 

0.8550 0.9620 0.9972 0.9961 0.9765 0.9473 °* 9X35 0.0013 0.0004 0.0000 0.0003 0.0014 0.0031 0-0053 
I o° L r 0.1306 0.0342 0.0026 0.0031 0.0198 0.0446 0.0729 

Tr 0.0128 0.0034 0.0002 0.0003 0.0020 0.0044 0.0071 
Lt 0.8515 0.9610 0.9972 0.9952 0.9727 0.9387 0.89S7 
Tt 0.0051 0.0015 0.0000 0.0014 0.0056 0.0124 0.0214 

15° Lr 0.1156 0.0304 0.0023 0.0026 0.0173 0.0391 0.0643 
Tr 0.0271 0.0069 0.0005 0.0006 0.0039 0.0085 °-OI35 
Lt 0.8458 0.9593 0.9972 0.9936 0.9661 0.9241 0-8735 
Tt 0.0116 0.0034 0.0000 0.0031 0.0127 0.0282 0.04S8 

20° Lr 0.0972 0.0256 0.0020 0.0022 0.0143 0.0340 0-0575 
Tr 0.0440 O.OII2 0.0007 0.0009 0.0055 0.0117 0.0171 
Lt 0.8381 0.9572 0.9973 0.9911 0.9570 0.9033 0.8371 
Tt 0.0206 0.0060 0.0000 0.0057 0.0233 0.0509 0.0883 

25° Tr 0.0777 0.0206 0.0016 0.0019 0.0130 0.0324 0.0646 
Tr 0.0615 0.0155 0.0012 0.0010 0.0061 0.0113 0.0117 
Lt 0.8284 0.9545 0.9973 0.9881 0.9439 0.8744 0.7818 
Tt 0.0324 0.0094 0.0000 0.0091 0.0369 0.0820 0.14Is 

30° Lr 0.0589 0.0160 0.0012 0.0018 0.0137 0.0465 0.7189 
Tr 0.0772 0.0191 0.0016 0.0008 0.0047 0.0044 0. IOKS 

Lt 0.8171 0.9512 0.9972 0.9839 0.9265 0.8256 0 
Tt 0.0468 0.0137 0.0000 0.0134 0.0551 0.1236 0.1795 



»3S PLANE WAVES IN ELASTIC MEDIA 

TABLE 3—Continued z.o 

§ a motfm =*0.5© 0-75 1.00 1.25 • x.50 *-75 2.00 

0° k 
O.IZII 0.0204 0 0.0123 0.0400 0.0744 0.IIII 

Tr © « 0 ‘ 0 0 0 0 0 

¥ 
0.8889 

0 
0.97# 

0 
1.0000 

0 
0.9876 

0 
0.000 

0 
0.9257 

0 
0.8889 

0 
o 

5 Tr 0.1084 0.0199 0 0.0120 0.0390 0.0725 0.1081 
Tr 0.0026 0.0005 0 0.0003 0.0009 0-09*7 0.0026 

¥ 
0.8877 0-9793 1.0000 0.9873 0.9586 0.9228 0.8841 
0.00x3 0.0004 -0 0.0004 0.00x4 0.0031 0.0052 

10° Tr 0.1007 0.0Z85 0 O.OII2 0.0360 0.0669 0.0999 
Tr 0.0099 0.0018 0 0.001I o-oo34 0.0064 0.0094 

¥ 

0.8841 0.9783 1.0000 09864 0-9549 0.9x44 0-8697 
0.0052 0.00x4 0 0.0014 0.0057 0.0x23 0.0210 

o 
1 > Tr 0.0890 0.0163 0 0.0098 0.0318 0.0592 O.0886 

Tr . 0.0209 0.0038 0 0.0022 0.1x170 0.0x26 0.0X82 

¥ 

0.8783 0.9767 z.0000 0.9846 0.9484 0.9003 O.8455 
o.ozzl 0.0033 0 0.0034 0.0x29 0.0280 O.O478 

20° Lr 0.0748 0.0Z37 0 0.0083 0.0273 0.0513 O.0788 
Jr 0.0339 0.0060 0 0.0033 0.0x03 0.0x81 O.O244 

fc 
0.8703 0.9744 1.0000 0.9824 0-9392 0.8802 0.8X08 
0.02Z0 0.0058 0 0.0060 0.0232 0.0504 O.0861 

23° £ 0.0597 o.ozzz 0 0.0069 0.0235 0.0475 0.0843 
T, 0.0471 ' 0.0082 0 0.0043 0.0x24 0.0x91 O.OX96 

|* 0.8603 0.9716 1.0000 0-9793 0.9272 0.8331V O.7597 
T§ 0.0329 0.009Z 0 0.0094 0.0369 0.0803 O.1364 

j0° Zr 0.0454 0.0086 0 9.0060 0.0229 0.06X6 0.7728 
Tr 0.0586 00099 0 0.0046 0.0115 0.0X08 O.084O 

¥ 

0.8484 0.9682 1.0000 0-9756 0.9x12 0.8091 O 
0.047s O.OZ33 0 0.0138 0.0544 O.II85 O.I432 

‘Js=s7i/yi— X.7 

■ o° 
¥r 

0.0843 0.0092 0.6023 0.0249 0.0602 0. IOOI O.Z406 
0 0 0 . 0 0 0 O 

¥ 
0.9*57 0.9908 o*9977 0-975* 0.9398 0.8998 0-8594 

0 0 0 0 0 0 O 

-o 
2 k 

0.0822. 0.0090 0.0022 0.0243 0.0587 0.0975 0.1370 

lr 0.0020 0.0002 o.oooz 0.0005 0.0013 0.0022 0.0031 

k 0.9145 0*9905 0-9977 0.9748 0.9386 O.8972 0.8547 

T, 0.00Z3. 0.0604 0.0000 ©.0004 0.00x4 0.0030 0.0051 

10® Tr 0.0763 0.0083 O.0O2Z 0.0227 0.0545 O.O904 0.1270 

lr 0.0075 ■ p.0008 0.0002 0I0021 0.0051 O.O084 0.0117 

i 
¥,\ 

0.9x00 0.989s 1 ©-9977 0-9738 0-9347 O.889O 0.8407 

0-0053 0.00Z4 ■ 0.0000 0.0015 0.1x157 0.0X22 0.0206 

150 T, 0.0673 0.0072 0.00Z9 0.0201 0.0484 O.0803 0.1130 

Tr 0.0Z59 0.00Z7 0.0004 0.0043 0.0103 O.OI68 0.0229 

¥ 
0.9049 0.9879 0-9977 0.9721 0.9283 0-8753 0.8x74 
0.0ZZ9 0.1x132 0.0000 0-0035 0.0x29 0.0277 0.0468 

20° Tr 0.0567 0.0060 0.0016 0.0172 0.0415 O.0696 0.1002 

Tr 0.0258 0.0027 0.0006 0.0069 0.0158 0.0247 O.O3X8 

¥ 
0.8963 0.9856 0.9977 0.9698 0.9x95 O.8560 O.7842 
0.02Z2 0.0056 0.0000 0.0061 0.0232 O.O496 O.0838 

25° Tr O.045O 0.0048 0.0013 0.0142 0-0355 O.0632 O. IO36 

Tr O.O354 0.0036 0.00X0 0.0091 0.0197 O.0278 0.0281 

¥ 
O.8863 0.9828 0.9978 0.9670 0.9081 0.8306 0-7373 
0.0332 o.o©88 0.0000 0-6097 0.0367 O.0784 0.1310 

3°° Tr O.O343 0.0038 0.0010 0.0x19 0.0331 O.0764 0.8176 

Tr O.0436 0.004Z 0.0012 0.0105 0.0199 O.OI89 0.0689 

T, O.8742 0-9793 ®-997® 0.963s 0.8935 0.79©9 0 

T, 0.0479 0.0x28 0.0000 0.0x41 0.0535 O.IX38 0.1x35 



136 M. MUSK AT AXD M. IT. MERES 

TABLE 3—Continued f = 72/71 = = 1.2 

e a = a2/ai = 0.50 0-75 1.00 1*25 1.50 1-75 2.00 

o° Lr 0.0625 0.0028 0.0083 0.0400 0.0816 0.1259 , 0.1696 
Tr 0 0 0 0 0 0 0 
Lt 0-9375 0.9972 0.9917 0.9600 0.9183 0.8742 0.8305 
Tt 0 0 0 0 0 0 . 0 

„o 
o Lr 0.0609 0.0027 0.0081 0.0391 0.0797 0.1229 0.1654 

Tr 0.0015 0.0001 0.0002 0.0009 0.0018 0.0027 0.0037 
Lt 0.9363 0.9969 0.9916 0.9596 0.9170 0.8714 0.8258 
Tt 0.0013 0.0003 0.0000 0.0004 0.0014 0.0030 0.0050 

IO° Tr 0.0564 0.0024 0.0076 0.0365 0.0742 0.1142 
0-1536 

Tr 0.0057 0.0003 0.0006 0.0032 0.0067 0.0103 0.0138 
Lt 0.9326 0.9960 0.9918 0.9588 0.9134 0.8633 0.8123 

Tt 0.0053 0.0014 0.0000 0.0016 0.0057 O.OI2I 0.0202 

>5° Lr 0.0497 0.0021 0.0069 0.0326 0.0662 0.1018 0-1370 
Tr 0.0119 0.0006 0.0014 0.0069 0.0139 0.0210 0.0276 
Lt 0.9265 0-9943 0.9917 0.9570 0.9070 0.8500 0.7898 
Tt 0.0120 0.0030 0.0000 0.0036 0.0129 0.0273 0-0457 

20° Lr 0.0416 0.0017 0.0059 0.0279 0.0568 0.0883 O.1212 

Tr 0.0190 0.0008 0.0024 0.0111 0.0216 0.0315 0.0392 

Lt 0.9181 0.9920 0.9918 0.9548 0.8986 0.8314 0.7581 

Tt 0.0213 0.0054 0.0000 0.0063 0.0231 0.0488 0.0814 

25° Tr 0.0331 0.0014 0.0048 0.0231 0.0483 0.0792 0.1222 
Tr 0.0260 0.0010 0.0034 0.0150 0.0277 0.0368 0.0371 

Lt 0.9075 0.9891 0.9917 0.9521 0.8876 0.8075 0.7147 
Tt 0.0334 0.0085 0.0000 0.0099 0.0363 0.0766 o*I259 

0 O
 

<T> Tr 0.0253 O.OOII 0.0037 0.0189 0.0437 0.0909 
0-8547 

Tr 0.0316 0.0010 0.0045 0.0179 0.0294 0.0280 0.0560 
Lt 0.8950 0.9856 0.9918 0.9490 0.8743 0.7719 0 

Tt 0.0480 0.0124 0.0000 0.0142 0.0527 0.1092 0.0893 

7 = 72/71 = 1-3 

o° Tr 0.0450 0.0002 0.0170 0.0567 0.1037 0.1516 0-1975 
Tr 0 0 0 . 0 0 0 0 

Lt O.955O 0.9998 0.9830 0.9433 0.8963 0.8485 0.8025 

Tt 0 0 0 0 0 0 0 

5 Tr 0.0438 0.0002 0.0167 0.0555 0.1013 0.1480 0.1927 

Tr 0.0011 0.0000 0.0003 0.0012 0.0022 0.0032 0.0042 

Lt 0.9537 0.9995 0.9831 0.9429 0.8951 0.8458 0.7981 

Tt 0.0013 0.0003 0 0.0004 0.0014 0.0030 0.0049 

IO° Tr 0.0405 0.0001 0.0157 0.0519 0.0946 0.1379 0.1794 

Tr 0.0042 0.0000 0.0013 0.0045 0.0084 O.OI22 0.0159 

Lt 0.9500 0.9986 0.9830 0.9420 0.8914 0.8380 0.7849 

Tt 0.0053 0.0013 0 0.0016 0.00571 0.0119 ! 0-0197 

15° Tr 0.0356 0.0001 0.0142 0.0464 0.0844 0.1231 0.1604 

Tr 0.0086 0.0000 0.0029 0.0096 0.0175 0.0252 0.0320 
Lt 0.9438 0.9969 0.9830 0.9403 0.8852 0.8250 0.7631 

Tt 0.0120 0.0029 0 0.0037 0.0129 0.0268 0.0446 

20° Tr 0.0297 0.0001 O.OI22 0.0398 0.0727 0.1069 0.1416 

Lr 0.0137 0.0000 0.0048 0.0156 0.0275 0.0382 0.0463 
Lt 0-9353 0.9947 0.9830 0.9382 0.8768 0.8071 0.7329 
Tt 0.0214 0.0052 0 0.0064 0.0230 0.0478 0.0792 

25° Tr *- 0.0236 0.0000 0.0100 0.0329 0.0615 0.0949 0.1400 
Tr 0.0185 0.0000 0.0071 0.0215 0.0360 0.0460 0.0462 

k 0.9245 0.9917 0.9830 09356 0.8666 0.7846 0.6927 

It 0.0334 0.0082 0 0.0100 0.0359 0.0745 0.1211 

0 o
 Tr 0.0181 0.0000 0.0077 0.0267 0.0546 0.1049 0.8853 

Tr 0.0222 0.0000 0.0094 0.0262 0.0395 0.0378 0.0452 

Li 0.9118 0.9881 0.9830 0.9327 0.8543 0.7526 0 

Tt 0.0480 0.0119 0 0.0143 0.0516 0.1047 0.0695 



3. She proceeding tables provide a concept of eneygy divisions 

for a uniform plane polarized wave inpinging on a surface of dis¬ 

continuity* Shis is by no means the total picture of energy distribution. 

Shere are two more factors to be considered, i’irst, the falling off 

of energy with distance, due to spreading from the point source, and, 

secondly, the attenution due to the acoustical resistance of the 

media, let us quantitatively consider these two lossess 

1. Spreading effect: Consider the dynamite to be a point 

source that radiates longitudinal waves. Obviously, if 

a point source radiates a bundle of energy 2* uniformly 

in all directions, at a radius , the energy surface 

medium, the energy density falls off as the square of the 

distance from the source. 

2. She introduction of a damping term into the wave equation 

would result in an expression for intensity with distance 

as follows: 

She total expression is, then: ^ 

&7Sl'L- 

It may be shown that a plane wave in passing through a medium, 

neglecting the dispersion, the expression for intensity is given by: 

2/7 

where: ^is the frequency 

is the amplitude 

^ is the specific acoustical impedance, a complex 
quantity. 



She real portion of this impedance accounts for the energy dissi¬ 

pation imd ts analogous to ©loctrical resistance. 

Coming "back to the final expression for the intensity, namely, 

h ZL - Zf* 
?/ZAx 

It la seen that by taking the leg of both sides: 

.orA-' 

o£i o< - J. Jyx. 2o° , 
2^,0/i3- 

Obviously, c<. could be determined experimentally. Ha11and reports 

&{, to increase with the second power of frequency, accounting for 

the use of relatively low frequencies in seismic reflection work. 

the above expression, together with the tables shewing the 

division of energy at a velocity or density contrast, is a fair 

summary of the energy distribution from the shot moment back to the 

detectors. 

fhe application to seismic reflection records will be considered. 

Safer again to figure 7* fhe typical record shown in the right hand 

center of Idle drawing should be noted. It is seen that the record is 

covered with a grid of vertical lines, called timing lines, fhese are 

marked on the film as it I© being swept past the recording galvanometers 

by an electrically-driven tuning fork that operates a shatter such that 

separation between timing lines is .01 second®. By noting the number 

of timing lines between the shot moment and the breaks characteristic 

of a given reflecting bed (usually read to .001 seconds}, the time It 

takes the longitudinal waves to travel from the bottom of the shot 

hole to the reflecting surface,and back to the surface on which the 

detectors rest, is known. It is seen that if the velocity characteristics 



of the strata and the elevations of the shot point and detectors ia 

kao«a, it would he possible to convert this time to a depth to the 

hed under consideration, referred to a common elevation, usually sea 

level. 

fh® more accurate a velocity survey is available, the more accurate 

will he the end product of the reflection seismic crew. On this score 

there is a spirit of cooperation among the major companies, and arrange* 

meats are usually such that all dry holes in the prospect are available 

for a velocity survey. Several methods are ia vogue, hut, typically, 

charges are detonated at some 200 feet from the mouth of the well, and 

a special geophone is lowered into the hole at various depths, the 

time to first break being recorded. 

A program of taking “weathering” shots Is also carried out to 

determine thickness and velocity characterletice of the weathered 

layer. 

All this information is conveniently recorded in the form of 

contour maps of characteristic velocity. Generally only the detectors 

and galvanometer corresponding to the position nearest the shot point 

is used for the actual depth calculation. She horizontal distance 

separation is in the order of 100 feet? thus, for depths of a thousand 

or so feet it la assumed that the ray of energy goes straight down 

mid returns straight up, vis, half velocities are used, and the time 

elapse multiplied by the velocities give the depth directly, the 

remainder of the traces are to facilitate carrying a reflection from 

a certain bed from one profile to the next, although, they sometime 

give visual evidence of a fault when it ie crossed. 



Quite often, several geophones will "be connected to on© trac?: 

This is to provide for phase cancellation of unwanted componenta of 

vibration, l.a.» the longitudinal waves are arriving with essentially 

no phase separation, if the total width of the paralleled geoptionee 

is only twenty or thirty feet, while energy arriving by direct paths 

would tend to cancel out, as would other spurious vibrations. Con¬ 

ventionally, there are separate channels for each set of detectors 

(six to twelve), and the output is fed through a filter, then through 

an amplifier, to the recording string galvanometers, frequently, the 

output of one set of gs©phones will be mixed with that of its 

neighboring set, either electrically at the recording truck or by 

connecting some of the go©phones of location one to those of location 

two and vie© versa, this has the advantage of making the records 

neater and easier to carry a reflection across. Obviously, such a 

procedure can easily be carried too far such that a disturbance on 

one trace is mixed into the others to the extent that it is errone¬ 

ously picked as a reflection from a deep bed. 

this Is at best a sketchy picture of seismic reflection pro¬ 

cedure, but it does point out what information is at present obtained 

and used, namely, contour maps of depths to subsurface formations, 

accurate to within five to twenty feet, to depths of eight or ten 

thousand feet, and occasionally give evidence of a fault (extreme 

of irregular step out), furnished with this information, the geologist 

can recognize structures and recommend a drilling program. As pointed 

out earlier, a structure is no guarantee of a producer. 

It now remains to see if amplitudes on a seismic record can . 



Z' 

furnish any worthwhile information. To this end some representative 

■mines of porosity, velum percent of porosity full of oil or water 

in the formation, sis© of structure, depths, and typical formations 

will he used. She values shown are met with in practice though they 

are generally the higher or better values, fhe investigation is in 

the form of a calculated example. 

f 



PART V. EXAMPLE SQ1.BTXQI 

A simple dome structure. It is assumed that a thorough reflection 

program of conventional shooting has been carrl§& out, and the structure 

with indications of closure hag been observed^ It is now proposed to 

shoot directly across the apex of the structure, in this case, parallel 

to the dip. In this example, these simplifications and approximations 

have been made! 

1, The effect of the weathered layer has been neglected. For 

this approximation to hold in practice it would be necessary to plant 

each geophone below the weathered layer. 

2, Vertically, the beds have been broken into only four layers 

as to velocity and density. 

3, Horizontally, the variation of velocity characteristic has 

been neglected. 

4, It is assumed that limestone bed B has a constant porosity 

and is either all saturated with water or is completely dry, such 

that it ha® a constant density characteristic. Reference to Figure 

$ shows that the Bed B has no dome characteristic* This is not as 

bad an assumption as might bs expected, since Bed 0 represents an 

earlier geologic formation and successive sedimentary deposits are 

often smoother as a result of weathering and erosion as they were laid 

out. 

5, Bed D, the oil-bearing bed, represents a structure about one 

mile across the apex, with a closure of about 400 feet. This is a 

small structure for such a closure. Actually, such a structure would 

tend to be larger. This example structure Is probably slightly more 



difficult to calculate ant observe than a larger one would be. fhe 

most important assumption la that led.fi maintains a constant porosity 

and that its density is a function of the oil and gas content. She 

values used for porosity and oil content are typically chosen, though 

they are higher than the average. 

Shis example is chosen for these reasons, there are so many 

complex energy losses that it would be an impossible task to work with 

absolute values of energy, lance, the plan of working with a marker 

bed, and, therefore, using energies compared to it Is employed, this 

requires a marker bed of constant porosity, density, and velocity 

characteristics* to decrease the error of this approximation and 

increase its feasibility, the horizontal distance covered la small, 

about two miles. Horn important, an anomaly due to the presence of” 

oil itself is being investigated, obviously fairly interesting. She 

velocity characteristic of the bed is assumed to be independent of 

its per cent saturation with oil, gas or water. Holland on page 475 

of ffaophysio&l Exploration states that moisture content of consolidated 

beds (sandstones, limestones, etc.) appears to increase the velocity. 

If this is true, It will tend to reduce the anomaly. Of necessity, 
is 

sine® little /quantitatively known of this phenomenon, it is neglected. 

6. Recently, it has been appreciated that the grading from a 

water saturated formation into an oil saturation is not quite what sight 

be expected, fhs surface of separation Is distinct bat not horizontal, 

the oil often grading out or feathering into a thickness of only a few 

inches, fhe surface of spearatIon Is then a curve surface, rising In 

the direction of the apex of the structure, fhig effect would tend to 



smooth oat the density change re stilting from the levels of the oil 

and gas. Since a thickness in the neighborhood of 20 feet is suf¬ 

ficient to produce a reflection, the break as far as reflection is 

concerned will he still farily sharp. 

?. Values of density are selected front Marks Handbook; velocity 

values are from those listed in Heiland and Fettletoa; porosity values 

and par cant of oil per free space in the formation are those suggested 

by H. A. Watson, technician for United Gore Corporation of Houston, 

texas. 

g. Bed B is of uniform thickness. Beds A and 0 have approximately 

the same velocity characteristic, hence the approximation that the ray 

in traversing medium B does not suffer any refraction ia not too bad. 

9. for simplicity, only five geophone stations from shot point 

to shot point will be used. 
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B# Calculations 

/ X* Values ohosens 

$ i velocity* 

/A s 6000 ft*/sec« 

fc® 12#000 ftu/sec* 

fcs 8000 £t*/s#C« 

<¥p» 181 ,000 £t«/s®e* 

1’huos 
Ji & ~ o 

u " 2 

(fl 
^ 8 *686 

U ic 
j'g * 1*5 -^7 8 l*b 

o/i donaitfi 

2*0 

8000 

a XX0#/«tu ft, 

<=<^» 140#/em* ft, 

48 I3G#/cu. ft* 

^yt iss#/ou, ft* 

"X <| ©iis ft* 

^ <^wata3?s X6S#/mu ft* 

o*_i 
<=<T. « .*788 C*^L 

o4-t 

C^J, 
8 1*075 

^U/ 
£ 

-0^4,, 
C>i a 

« 1*272 

« 

$ 

7/7// /s/*/ &&K0*} J.Q23 
/5 Colter. 77hf/g fjgr<idg 'S 

0/A//M fZ>£T/?*JrS' 74 77-tc* 

M5 ST? &MC</ e&ttT /S 70 

.5'M/77~ \3 

1*252 370 “£>“ 7? fiSOisT' o.Zsft, 
Z^s-<7e Tyf-. /sJ 

* 1*19 



2, Graphical data* For the various density and velocity 

ratios encountered by the wave reflected from ftB9, and 

the wave transmitted to# reflected froa ‘‘D9# then reflected 

hack to the serface# the following graphs have keen 

prepared froa the preceding tables* 

3* On Figure 8tthe paths of the rays for reflection froa 

9BB ©ad HJ)“# and the following table is prepared. The 

intensity at geophone station 8~i due to the deep 

reflection is not computed due to the fact that energy 

can reach this point from two different ray paths of 

approximately the same length# and the resultant is 

unpredictable, for the remainder of the stations for 

shot point Bt the shorter path is calculated. 





N
O

. 
3
4
0
 

-M
 

D
IE

T
Z

G
E

N
 

G
R

A
P

H
 

P
A

P
E

R
 



N
O

. 
3

4
0

 -
 N

i 
D

IE
T

Z
G

E
N
 

G
R

A
P

H
 
P

A
P

E
R

 
E

U
G

E
N

E
 

D
IF

T
Z

G
E

N
 

C
D

. 



N
O

. 
3

4
0
 

*
M
 

D
IE

T
Z

G
E

N
 

G
R

A
P

H
 
P

A
P

E
R

 
E

U
G

E
N

E
 

D
IE

T
Z

G
E

N
 

C
O

. 

n V 

::::::::::: UMIIitll »■■■•«»■*• ■•■■■■•■■•  »•■■■■«■• ■■■■■■•■•■ *BI 
aaaaaaa* niHiMii •**•■■**** B*L   

■■■■■■•>«• *■•••••••« *•*«!»■•■•>• ICHflMIII ■■■••■■•■a (••»■•■••■* ••••■•<•••■ miditii 

:::::::::: i 

•■;■***• aii 

rri::::::: 

rmssssss: ssssssssssssass iztzr 
I, —   M—I 

J*P««••■•••••■*•■«•■ «■«•«••■■•■■■■■*■«■? •■•■•■•»•• UMIIMMI IMVV ViVVI HlStf lltfll    
aaaaaaaaa* aaaaiaaaa* fiaitinaimHiiMi miMugi uHMnn«iaaifiiiiiii»(L, 
iaiaaaaia* aaaaaaaaa* ■aaaaaaaa*aaaaaaaaa* *aiaaaaallMSaaaaBiaaaia*«aaa* aaaaaaaa aaawaaaai 
iaaiaaaaa* aaaa* aaaa* aaaaaiaaa* aaaaa aaaaa •aaaaaaaaf iiau aaaai aaaaa • aaaaaaaa aaaiaai 
• •■■■(■•ai MIMMIK ■•■(•>•••! aaaaa aaaaa aaaaa aaaai aaaaa aaaar aaaaa aaaaa aiaaa aaaaa iiiiSai 

I aaaaaaaaa*aaaaaaaaa*•■**:■**■•• 

aSSSSSSaaSaaaaaaaaa*SSSSaaaaa!I 
    a* aaaaa aaaaa aaaaa aaaaaaaa vaaai aaaaa aaaaaaa< 

aaaaaaaaaaaaaaaaaaaaaaaaaaeaa H 
aaaai aaaaa aaaaa aaaaa aaaaa aaaa aaaai 
aaaai aaaaa aaaaa ■•99* aaaftiaaaa.-aai 
•aaaaaaaaiaaaaaaaaaa aalaaaaaa * *ari 
aafiaaaaaaaaaaiwaaaai naiiiaai* -aa< 

:sss::s:s::s::s:s:ssssssaHMi  ■ mm 

*aaaaaaaa*■*■■••■■■■ 2«aaaaaaaa aaaaa a » aaa aaaaa aaaa**■■■■ aaaa*iaiaiigajaiai 
■■■■aiaaa*■•■■aaaaa*■■■■•■■■■•aaaa*• «•••aaaaaaaai**?. 
• aaaa aaaaa aaaaa an iaaaaaaaa «M»»tn»a'«]<iia)kai|a|i|||a*aaiiiaaatii|j||| 

■IIIIMIX *■•••■■■■• aaaaaaaaaa aaaaaaaai 
aaaaaaaaa*laiaaaaaaaaaaaaaaaaaaaaaaaaiL. 
-aaaaaaaai aaiaiWBliBaaiatOWMlaiiiHiiai 
aaaaaaaaiaa aaaaaaaiiaiBiaaaaaaaaaaI ala* 
•aaaa aaaai<•aaaaaaaaaaaaaaaaaa aiaaaaaaaa 

HI ■•■•aaaaaS *aaaaaaaaMaaTa78aa^??aaa«aaa^aaa(a' 8wm ••••■•■»•■ aaaaaaaaaa iaaiaaaaai aaa*.-aaaaa aaaaa a' 
■ »ai|H»**« »aaaalaaai aaa«aa»»*iaaaaa » 
a* ■■•»••■••• ■•••••aaa* ••••■aaaaaaaaaaaaa* . 

I aaaaa aaaaa aaaaaaaaaa aaaaaaaaa* M. -aa* aaa* i aaaa r x 
aiaaatagaaiaaaaigaaiiaaiaiiSa; aaaaaaaiii fiaaaaa* _  
aaaaaaaaaaiaaafaiaaaiaafiiaaai \ taaaaaaa* iaaaaaaaaa iaaaaaaaaa ai 
■■■■•■■■■•aaaaiaaafiaSaaiaaaaai 'aaaaaaaaa •aaaaaaaa* »iaiaaaai«< ■■••••■■■a■•■•■••■■•• *•*«.*••••• igiiiiuai •■■»■■■•■• »•«•••• *«» w 

I ■■■■■■■■■• vmmmmmmwwm wwwmmmwwmm l ^ ^ ■ ■ ■■■ ■ mmmwwmwmwm mwmmm • 
aaaaa aaaaa aaaaaaaaaa aaaaa aaaai aaaaa aaaa* iaaaa 11**1 »•»■■•■■■■■••••■•«•■■■•■••' 
aaaaaaaaa* aaaaaiaaaaaaaaaaaaai*aianaaaa* iaaaaaaaaa «aaas»aa**aaaaaaaaa*■■■•aai  . 
aaaaaaaaaa aaaaiaaaaiaaaaaaaiia.aaaaaaaa* •■••■*■•••>••■■■••■•aaaaaaaaa*aaaaa■•■■»1 
•aaaaaaaa* aaaaaaaaaa aanaaaaii* •••■aaaaa ••••••••■• iaaaaaaaaa aaaaaaaaa* aaaaaaaaa* > .             
aa*aaaaaa*aaaaaaaaaaaaaaa*aaa**<i aaa*aaa* »aaaa aaaa* ••■■••MM aaaaaaaaa** ***■ •"■■• •■■•■••■•• aaaaa *aaai •»■••••■• aaaaaaaaa* aaaaaaaaa* aaaaaaaaa* a aaa a a __      
aaaaaaaaa*aaaaaaraaaaaaaaaaaaaaaaaaaaaa) iaa*aaaaa*•aa*a*aaa*a«iaaiaaa**aiaa*aaa**aaaaaaaaaa*aaraaaa*aaaaaBBaaaaaaaaaaaafiaaaiiaaafaaaaaaaaa*iiaaaav.i -• •»ai|HSa 
■iaaiiaiaf ••■§■■■■■; faifMaaa*aaaaaaaaa* ia**aaaia*■■■■»•»■■*■{■■■«*■■*aaaaa■■■■*•■•■■■■■•■Baaaaaiaa*•aiiaaaaaaaaaaaaaaaaaaaaaiaaafaaa9aaaa*aaaaaa*aiB*«;aaaaaaa*ar*a**aaai■aaaaaaaai 

in:: 
■•■•« 

::::: 

nnnnnnHKKnn::::: 

*■•••■• *-IJ 

5!S2!2!!!:2:*;S?!! 

;:sn:;n:iin:::::::»n:nss::::::::::: 
I iaiaa iaiI* iMaaaaa** aaaaaiaaaa Wa•■••<>■ aaaaaaaaai iWaaaaaai 1 
I *■»•«•••*• »aaaaaaiaa aaaaa aimiiiaaiaiia iaii aiaaa* aaaaa * aaa* a 7»**«“*" iiMiMMiiiiiiiiiMaiiiaiMi* •■•■••■■■* ■••••••■•* • 

ms 
find 

!*S5SS» 

li 
n ■ »■•*. 
• ibaaa*. 

■a aaaaa ai 
•a »•*■«■< 

iirisi:? 



N
O

. 
3
4
0
 

-
M
 

D
lt
T

Z
G

E
N
 

G
R

A
P

H
 

P
A

P
E

R
 









M
IL

L
IM

E
T

E
R

 





N
O

. 
3

4
0
 

-M
 

D
IE

T
Z

G
E

N
 

G
R

A
P

H
 
P

A
P

E
R

 
E

U
G

E
N

E
 

D
IE

T
Z

G
E

N
 

C
O

. 
v 



N
O

. 
3
4
0
 

-M
 

D
IE

T
Z

G
E

N
 

G
R

A
P

H
 

P
A

P
E

R
 



fABtB OF SS1RGI PATHS 

5? 

BID «SS 
S8FCSC310S 

BIO “Ba 

SP h ®1 y2 V *2* ®i9 ©2
? 5?j* 

*3 V v 

n. deg. ft. ft. ft. deg. deg. ft. deg. deg. deg. ft. 

1 1 2110 5.0 2100 2110 2930 2.8 5.6 2960 2.7 .4 .6 2100 
2 2130 8.6 2110 2110 2950 4.1 8.2 29©) 5.5 1.4 2.1 2110 
3 2160 11.4 2130 2120 2960 5.4 10.85 2950 8.3 2.6 3.9 2120 

2 4 2120 i4»S 2140 2120 2960 7.0 14.5 2960 n.i 1.0 6.0 2120 
1 2090 5.4 2090 2080 2930 3.0 6.1 2940 2.7 .3 .45 2080 
2 2100 8.6 2100 2090 2930 4.2 8.4 2940 5.5 1.2 1.8 2080 
3 213O 11.6 2110 8100 8940 5.6 11.3 2940 8.3 3.8 5.7 2070 

3 4 2lS0 14.6 2130 2100 2950 7.0 14.0 2940 11.1 4.2 6.3 2080 
l SOSO 4.3 2050 2060 8930 3.1 6.2 2920 2.7 .2 *3 2050 
2 2150 7.4 2070 8070 2930 4.4 8.8 2920 5.5 2.4 3.6 2050 
3 2140 10.4 2090 2080 2930 6.0 12.0 2910 8.3 2.8 4.2 2050 

4 4 2170 13.6 2100 2080 2930 7.4 14.9 2910 11.2 3.8 5.7 2060 
1 2060 4.1 2060 2080 2760 12.0 24.5 2740 2.9 9.0 13.5 2050 
2 SOSO 7.4 2060 2090 2750 12.6 25.9 2730 5.8 6.4 9.6 2050 
3 2110 10. g 2070 2100 2?40 13.6 28.0 2780 8.7 4.8 7.2 2050 

3 4 2140 14.2 2080 2120 2730 14.6 30.4 2710 11.6 3.2 4.8 2040 
1 SO©) 3.4 2040 2030 2650 8.0 16.1 2610 3.0 4.4 6.6 2030 
2 2070 7.0 2040 2030 2650 8.2 16.5 2610 6.0 1.8 2.6 2020 
3 2080 10.6 2050 2040 2650 8.5 17.2 2600 $.1 0.0 0.0 2020 

6 4 2100 l4.l 2060 2050 2650 9.0 18.2 2600 12.2 2.8 4.2 2020 
1 2020 3.T 2010 2010 2600 .6 1.2 2580 3.0 1.4 2.1 2010 
2 2050 8.0 2050 2010 2600 1.4 2.8 2590 6.0 4.4 6.6 2020 
3 'snio 10.7 2040 2005 2610 2.0 4.0 2600 9-1 7.0 10.5 2020 

7 4 2090 14.18 2060 2005 2610 2.4 4.8 2600 18.2 9.6 14.7 2030 
1 2010 3.1 8000 2010 2660 5.0 10.0 2660 3.0 7.8 11.7 2010 
2 2030 7.3 2010 2010 2680 2.4 4.8 2670 6.0 9.7 14.7 2010 
3 2030 11.0 2030 2000 2700 2.0 4.0 2690 9.1 11.0 16.5 2010 

8- 4 2040 10.6 8040 2000 2720 1.8 3.6 2710 12.2 14.8 28.2 2010 
1 2000 2.8 I960 I960 1970 
2 8010 7.8 1990 1980 2850 4.8 9.6 2830 5.f 1.0 1.5 I960 
3 8020 11.0 2000 1970 2850 6.1 12*2 2830 8.6 7.8 4.2 I960 

9 4 2030 14.8 2033 1970 2850 7.8 15.6 2840 11.7 4.0 6.0 1950 
1 1980 3.4 I960 1980 2820 3.6 7.2 2820 3.0 .4 .6 1950 
2 1990 7.6 1970 i960 2820 5.6 11.6 8820 5.8 1.4 2.1 1950 
3 8000 11.4 1980 1970 2820 7.0 14.0 2810 8.8 2.3 3.5 1940 

10 4 8010 14.6 1990 1970 2820 8.5 17.0 2800 11.9 '3-5 5.1 1930 
l 19©) 3.1 1940 1930 2780 3.6 7.2 2800 3.0 .6 •9 1930 
2 1970 8.0 1940 1930 2780 5.4 10.8 2790 5.9 .8 1.2 1920 
3 1980 U.3 1950 1940 2790 6.5 13.0 2780 8.9 2.4 3.6 1910 
4 8000 15.0 I960 1940 8800 8.0 16.1 2780 12.1 4.2 6.3 1910 



4» fro® the graphical data, mlng the angles previously 

recorded, a table of reflootion and transmission 

ceafficients is prepared m beloe. 
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TABL1 OF AOT0J& RmSCHOK 

MU fRAISMISSIOR COiWXOXIETS 

RefXaBi} Reflection from wPn 

SP %A® ■&20 ^0®ACf ^OOWASm 
1. .1850 .8095 .9414 .1934 .9444 .8104 

. 2 ■ •1T58 . .8079 .9409 .1891 .9440 .8099 
• 1666 .8056 .9399 .1821 .9435 .8093 

a k 
i 

.3.553 
.184? 

.0020 
.8092 

.9387 

.9413 
.1733 
.1934 

.9428 
dUkk .8085 

.8102 
a .1758 .8078 .9407 .1891 .9441 8100 
3 .1660 .8054 .9398 .1881 .9430 .8087 

3 4 
1 

,1553 
.1868 

.8020 
.8090 

.9 399 
.9413 

.1733 
.1734 **■ 

.9427 

.9446 
.8085 
.8104 

2 .1794 .8073 .9406 .1891 .9436 .8094 
3 .i?00 .8046 .9397 .1821 / .9434 .8091 

4 4 .1590 .8010 .9385 .1733 .9430 .8087 
1 .1865 .7840 .9336 .1825 .1932 .9400 .8021 
2 .1794 .7815 .9327 .1780 .1884 .9416 .8062 
3 .168? .7770 .9316 .1706 .1809 .9423 .SOSO 

5 4 .1568. .7726 .9300 .1464 .1715 .9431 .8090 
1 .1874 .7990 .9379 .1653 .1930 .9426 • 8082 
2 ' .1790 .7983 .9378 .1615 .1880 .9439 .8098 
3 .1693 .7974 .9373 .1540 .1797 .9447 .8104 

6 4 .1572 .7958 .9369 .1445 .1692 .9434 .8191 
1 .1876 .8105 .9430 .1653 .1930 .9440 .8099 
2 .1777 .8103 .9484 .1615 .1880 .9426 .8082 
3 .1690 .8101 .9420 .1540 .1797 .9412 .0056 

7 4 .1553 .8098 .9418 .1445 .1692 .9397 .8005 
1 .1876 .8064 .9401 .1653 .1900 .9408 .8033 
a .1792 .8098 .9418 .1615 .1880 .1395 .8005 
3 .1680 .8101 .9420 .1697 .1797 .9385 .7980 

s 4 .1553 .8102 .9422 .1591 .1692 .9343 .7385 
1 .1881 
2 .1783 .8078 .9403 .1885 .9440 .8100 
3 .1680 .80*2 .9396 .1812 .9434 .8191 

9 4 .1546 .7997 .9380 .1711 .9428 .8085 
1 .7874 .8086 .9403 .1930 .9445 .8104 
2 .1789 .8052 .9398 .1884 .9440 .8099 
3 .1688 .8020 .9389 .1806 .9437 .8095 

10 4 .1553 .7974 .9379 .1704 .9430 .8088 
1 .1878 .8086 .9403 .1930 .9443 .8101 
2 .1777 .8057 .9400 .1882 .9442 • 8100 
,3 .I67O .8032 .9392 .1003 .9436 .8094 

li 4 .1538 .7990 .9375 .1096 .9427 .8085 



S3 

% It has “been shown that the energy fall# off as 
~v</Z. 

So e 
& .cK& 

Since no data are available on values of , the £ term 
~oL A- 

is neglected. At large values of r, -+■ sero; hence 

the error of this neglect ion may not be as great as si#t 

b® expected. It is seen that energy expression at a distance 

rg from a surface of discontinuity at a distance r^ from the 

source Is . r 
j ^ J* 
^ Si,IAS 

It is seen, then, that the energy arriving at the surfAce for 

reflection from “Bn 1st ^ 

Xv, -zz Jf ° 

for reflection from Dt /, \. _ N/ T \/'r~ Vf~„) 

neglecting spreading loss in bed B. Since it is Intended to 

compare intensities, units are no concern, provided they are 

constant. Calculations show that about .001 units of energy 

arrive from the deep bed, for 1 unit from the shallow bed 

fhe following table shows the calculations. 



T&BLI OF BBLAtflVE 2HSR0Y BEUSITT HlfUHH 

Reflection Bed B Reflection led B 

8P & 3 0 B 1 » 
x 10-3 

1 1 56.45 9.311 66.80 .1128 7.535 
2 49.5? 8.702 66.36 .1108 7.353 

47.24 7.870 64.94 .1052 6.832 
2 4 45.96 7.136 65.34 .09937 6.493 

1 52.41 9.680 72.05 .1126 8.115 
2 51.41 9.038 71.33 .1097 7.824 
3 49.50 8.217 70.82 .1050 7.436 

3 4 47.24 7.336 69.64 ,09936 6.920 
1 54.96 10.300 76.62 11127 8.625 
2 51.92 9.314 75.93 .1096 8.321 

V. 
3 49.98 8.497 75.64 .1051 7.950 

4 4 4g.l5 7.656 74.91 .09931 7.439 
1 55.52 10.354 96.15 .1005 .1065 9.663 
2 54.47 9.770 97.37 .09835 .1041 9.576 

} 52.41 8.842 97.18 .09397 .09914 9.132 
5 4 50.48 7.915 97.66 .08027 .09392 7.839 

1 56.56 10.60 123.1 .09440 .1101 11.62 
2 56.ll 10.07 124.3 .09231 .1075 11.47 
3 55.54 9.340 124.3 .08801 .1026 10.94 

6 4 53.42 8.398 122.8 .08322 .09747 10.22 
1 60.72 11.39 136.2 .09654 .1127 13.15 
2 57.30 IO.36I 133.8 .09391 .10931 12.57 
3 56.09 9.683 132.43 .08878 .1039 11.75 

7 4 53.94 8.3768 131.0 .08277 .09702 10.84 
1 6I6SS 11.62 122.4 .09470 .1105 11.59 
2 60.06 IO.76 119.7 .09261 .107s 11.09 
3 57.74 9.700 117.3 .09695 .1027 11.37 

8 ^9.7. 57.94 8.7107 113.9 .08382 .00913 9.547 
1 63.78 12.00 
2 62.50 11.14 103.1 .1094 11.28 
3 61.27 10.29 102.1 .1058 10.80 

9 4 65.10 9.191 101.4 .09782 9.919 
1 66.40 12.44 108.2 .1122 12.14 
2 65.06 11.64 108.2 .1089 11.78 
3 63.20 10.67 108.0 .1038 11.21 

10 4 62.30 9.706 110.0 .09714 10.69 
1 69.16 12.99 119.0 .1121 13.34 
2 68.45 12.16 121.1 .1090 13.20 
3 67.ll 11.21 121.2 .1038 12.58 

11 4 65.06 10.01 120.3 .09678 11.64 

10.24 
10.14 
9.634 
9.1T2 

13.55 
13.36 
12.75 
11.97 
15.35 
14.63 
13.75 
12.71 
13.52 
12.90 
12.05 
10.15 

' JV2?ev?/>/A/<5 Cs&sZ&Cr/OfJ f=Oyg J), <?' 

A ' /V7^/^S />U. 

C £>/*/$ Co^/z^r/c^) A(, ■ M 
Z> /om<- cU&ztfsrY /K/Vft*- 

* * < / 

)<(jr yZ<=J=C, /cr/€o^/y/3" 

/ y »“Mw/ 

^-=,/‘^/2c“-S'/^a-V'^/A/(^. CTA/C^ ^/Cry ^ejero/W ^/D* * / 
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PART n OlSOtlSSIOl .AID GQHOLUSTIOJJS 

The results of the calculated example are shown la figure 2*1 * 

The anomaly' due to the change in density caused by the oil and 

gas'is surprisingly large—a maximum of about lh£ at station 

6-1. It is seen from the figure that the change from oil to 

gas shows t» as a break in the slop© of the response curve, 

if the transition occurs within a spread. Where it occurs between 

spreads, the effect is not directly noticable and requires a 

calculation of the value that would be expected for the bed with 

water saturation to show it up. 

The transition from a theoretical to a practical problem 

i® a subject worth deliberating, and is summarised as follows: 

1. Calibration of detecting channel. 

All modern geophoae amplifiers have a gain-time response 
‘ T* 

that is by no means linear. She gain increases with time, to 

give record amplitudes that are roughly unifrom with depth. 

She tripping of the blaster circuit sensitises the amplifier 

and the gain control circuit goes into operation. She 

gain increase in usually in the form of two exponential carves, 

the maximum value to which each tends to rise being controllable, 

as is the time to when the second rise starts. Obviously, to 

work with the reflection record amplitudes, the gain of each 

channel at each instant of time must be known, this could b® 

accomplished by tapping off a voltage from the amplifier proportion- 

able to the gain, and driving an additional recording galvanometer 



element, fills arrangement should “on made such that the entire 

width of the record paper is used. On© smooth trace rising 

across the whole record should, not interfere with measurements 

of individual traces. So automatic Volume Control should ha 

used, nor should any mixing. 411 the amplifiers should he identi¬ 

cal. fo this end a “phaseH record could he sad©, with all the 

detectors in on© place. Any deviation from th® norm could then 

he corrected by adjustment, or else accounted for. 

2. Th© weathered layer, velocity and density values. 

This is a very important phase of the problem. The conven¬ 

tional velocity survey program should b© carried out with as 

much accuracy and detail as possible, la addition, wherever 

possible core logs of producing and dry wells should b® obtained 

so that density contour maps at various depths may be plotted. 

For the weathered layer, the problem is simplified since the 

shot holes are usually drilled through the layer and provision 

could be mad® to take cores and record depths. It does net seem 

feasible to plant each detector below th© weathered layer. Hence, 

the effect of the layer must be accounted for. If a marker bed 

is chosen that is at a depth comparable to the bed under consider¬ 

ation, the problem is not as great ami is not likely to introduce 

as much error, for the reflection paths from the two beds would 

then be quite similar, almost identical in creasing the weathered 

layer. Again; it is the ratios of the energies that is of interest 



fhis could easily occur, as often the impermeable cap on a 

structure is a thin layer of extremely compacted shell 

limestone, with almost no porosity, fhis bed could be used 

as the marker, if It is not too thin. 

3. fhe use of marker reflections. 

from a prior conventional reflection program, a cross 

section map of the structure should be prepared, fh© 

fhe example in this paper indicates that greater accuracy 

than was here employed should be used, hence the map should 

be of a large scale, fhe leasing effect of a dome structure 

mast be accounted for in laying out the map. A shooting 

program is then decided on and carried out. fhe energy paths 

may be approximated by the methods of this paper, and laid 

out. fhe presence of ten or twelve reflections from the marker 

gives a degree of control, for from each reflection the 

energy liberated by the single blast may be calculated. Bach 

measurement should give the same value of this intensity. 

If a large variation is encountered In these calculations, 

it would indicate that either the depth or density and velocities 

are incorrect, and must be changed. If an examination of depth 

calculations indicate no error, or in cases where the variation 

is slight and uniform, it might indicate that the marker bed is 

grading in intensity, especially if neighboring spreads confirm 

this trend. It is seen, then, that these reflections are for 

calibrating the shot energy. 



4. Deep reflections. 

Using the value of shot point intensity calculated by 

the method previously listed, the expected energy density 

return for a deep reflection with an assumed density from the 

density contour map is calculated and plotted.1? On the 

edges of the structure, where the dip is uniform, if calcu¬ 

lations do not agree with observations, they should be brought 

into harmony by juggling the density of the reflecting bed. 

(if a careful check shows no likely errors in depth , etc) 

Thereafter, this value of density would be the norm. As 

the structure is crossed, any sharp break between predicted 

and actual energy returns is interpreted as a grading into oil 

or gas. (this effect should appear on both sides of the 

structure, if it is a dose. ) A gradual change in the anomaly 

would be due to grading in porosity. 

5. Absorption of energy; random scattering, dispersion; 

It is noted that in the calculations of this paper, these 

effects have been neglected. Page ,2*? of this report points out 

how this effect might be accounted for and calculated. 

Dispersion is an effect that occurs only for a multi-frequency 

wave, and if the study is confined to one frequency, is of no 

consequancy. This applies to the total variation of absorption 

with frequency. Provided the frequency for which absorption 

coefficient is calculated is the frequency studied , it will 

be of no concern. It is essential that this coefficient be 

measured and investigated in the field and in the laboratory, 



before it expected that theory will check observation. 

Random scattering of energy would undoubtedly occur, 

since the medium can never be expected to be perfectly 

homogeneous. It is possible that an average effect for 

a given type of -strata could be considered to occur, and 

its effect accounted for in the value of the absorption 

coefficient. Selective scattering is the factor accounted 

for In the previous tables. 

6. Detection at the surface. 

The detector proper and the recording galvanometers 

may generally be considered as simple harmonic oscillators, 

and as such, are usually not highly damped. Shis means 

that they may still be responding to a previous excitation 

when a deep reflection arrives. Therefore, the amplitude 

recorded may be either more or less than the reflection of 

interest would produce by itself, fo account and correct for this, 

a number of records for alighly different depths of charge and 

position of geophonea should be made. If the average amplitudes 

of the marker reflection amplitudes were then compared with 

the average of the deep reflection, the two together would 

more nearly those due to the reflection effects proper, for 

this application, the gaophonss and galvanometers should have 

natural frequencies either much higher or much lower than those 

anticipated in the field, and the filter that follows or proceeds 

the amplifier should ba sharply peaked at a fixed frequency. 

The actual calibration of the entire system should be done with 

a shading table 



7. fhe shooting plan. 

A continuous center point plan should he followed to 

give maximum detail and control. 

8. Accuracy, limitations. 

Distance and angle of incidence have large effects on the 

energy distribution, hence great importance should he given 

their measurement and calculation. Conventional reflection 

amplitudes are well above wind and other microseim effects, 

and no error due to them is anticipated. All calculations 

should he carried through with four places, as was done In this 

paper, using a calculator. In the final result, therfour^ifigure 

has no significance. Even for the simple configurations of 

the example of this paper, the calculation and preparation e£ 

the graphs took a great deal of time. It would seem that 

the actual calculations in the field would take even longer. 

However, office calculations are highly systematic, and much 

more complete tables of reflection and transmission coefficients 

could he prepared and used, such that the time spent is reduced, 

fhe complexity of the problem prohibits tha application to any 

hut the more simple structures, vis., simple domes, simple 

folds, stratographio traps, etc. 
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