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WELL LOGS

Geophysical logs
Depth below Electric log Gamma-—
land surface Driller's log SP Apparent fay
(meters) - + | resistivity log
Sand, coarse with pebbles {. \ — — >
(Cased to 4 m) t
(Water table at 9 m) ] )) ‘
(Freshwater)
15.2 ; / r——-J \
19.0 Clay, red and green 7 J \ )
Sand, coarse
(Freshwater)
26.6 1 =
29.7 Clay, brown ? C
Clayey sand
(Freshwater)
38.8 -
Clay, reddish brown
43.3
Sand
(Brackish water)
50.3 o p
53.9 ay, e
Sand, coarse
61.3 Cl(Sal;water)
65.0 — ay, brown

An important part of well construction is determining the
character and the thickness of the different layers of material
penetrated by the well and the quality of the water in the
permeable zones. This information is essential for the installa-
tion of casing and for the proper placement of screens. Infor-
mation on materials penetrated is recorded in the form of
“logs.”” The logs most commonly prepared for supply wells are
drillers’ logs and geophysical (electric) logs. Copies of logs
should be carefully preserved by the well owner as a part of
the file on each well.

Drillers’ logs consist of written descriptions of the material
penetrated by wells. These descriptions are based both on
samples of rock cuttings brought to the surface during drilling
operations and on changes in the rate of penetration of the
drill and in the vibration of the rig. The well driller may also
collect samples of the rock cuttings for study by geologists on
his staff or those on the staff of State geological surveys or
Federal and State water-resources agencies. Descriptions of
these samples made by utilizing a microscope and other aids
are commonly referred to as a geologic log to differentiate
them from the driller’s log. If the well is to be finished with a
screen, the well driller will retain samples of material from the
principal water-bearing zones for use in selecting the slot size
of screens.
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Geophysical logs provide indirect information on the char-
acter of rock layers. The most common type of geophysical
log, the type normally referred to as an electric log, consists of
a record of the spontaneous electrical potentials generated in
the borehole and the apparent electrical resistivity of the rock
units. Several types of electric loggers are available, but
nearly all provide continuous graphs of spontaneous potential
and resistivity as a sensing device is lowered into and removed
from the borehole. Electric logs can be made only in the un-
cased portion of drill holes. The part of the hole to be logged
must also contain drilling mud or water.

The spontaneous potential log (which is usually referred to
as the SP log) is a record of the differences in the voltages of
an electrode at the land surface and an electrode in the bore-
hole. Variations in voltage occur as a result of electro-
chemical and other spontaneous electrical effects. The SP
graph is relatively featureless in shallow water wells that
penetrate only the freshwater zone. The right-hand boundary
of an SP log generally indicates impermeable beds such as
clay, shale, and bedrock. The left-hand boundary generally in-
dicates sand, cavernous limestone, and other permeable
layers.




The resistivity log is a record of the resistance to the flow of
an alternating electric current offered by the rock layers and
their contained fluids and the fluid in the borehole. Several
different electrode arrangements are used to measure the
resistivity of different volumes of material, but the arrange-
ment most commonly used by the water-well industry is re-
ferred to as the single-point electrode. The resistivity of water-
bearing material depends primarily on the salt content of the
water and the porosity of the material. Clay layers normally
have a low resistivity because of their large porosity, and the
water that they contain tends to be relatively highly miner-
alized. In contrast, sand layers saturated with freshwater tend
to have a high resistivity. Sand layers containing salty water,
on the other hand, tend to have a low resistivity resembling
that of clay layers. Such layers tend to have a strongly nega-
tive spontaneous potential that, viewed together with the
resistivity, aids in identification of the layers.

Several other types of geophysical logs are available, in-
cluding gamma-ray logs that record the rate of emission of
gamma rays by dlfferent rock layers. In fact, geophysical log-
ging is a complex topic that has been developed Iargely by
the oil industry, into an advanced technical field. it is being
utilized to an increasing extent by the water-well industry,
especially in conjunction with the construction of large-yield
wells by the hydraulic rotary method.

It is also important, either during well construction or fol-
lowing geophysical logging, to collect, for chemical analyses,

water samples from the permeable zones that may supply

water to the completed well. The chemical analyses made on
these samples should include the concentrati o‘- *f any con-
stituents that are known to be a problem in other s upply wells

drawing from the aquifer. These constituents might inclu
iron, manganese, chloride, sulfate, nitrate, total dissolv

solids, and others. (See “Quality of Ground Water.”’)
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