FOR DEPARTMENT USE ONLY

RESEARCH REPORT NO. 345

UTILIZATION OF DRILLING AND RESISTIVITY
EQUIPMENT IN GROUND WATER RESEARCH

by

Loris E, Asmussen

US Sedimentation Laboratory
Southern Branch
Soil and Water Conservation Research Division
Agricultural Research Service
United States Department of Agriculture

October 17, 1961



UTILIZATION OF DRILLING AND RESISTIVITY
EQUIPMENT IN GROUND WATER RESEARCH

By
Loris E. Asmussen 1/

Introduction

The drilling exploration a;xd resistivity measurements
discussed in this report were conducted durihg the summer of
1960 in the Pigeon Roost Creek Watershed, Mafsha.ll County, |
Missiseippi, This 117 square miie watershed lies in the
North Central i’lateau region .of the East Gulf Coast(Plain
physiographic section of the COaatﬁ Plain province.

The investigatibne, as part of a comprehensive vater
balance stixdy, served in the testing of equipmer;t and the

development of drilling techniques. Data obtained were used

in establishing preliminary structure and stratigraphic

profiles, for characterizing the sediment and geologic strata,
and in defining the water table and pi_ezomef.ric surfaces,
Resistivity measurements were carried out for the comparison

of resistivity and drilling methods in determination of

" geologic conditions,

/ Geologist, US Sedimentation Laboratory, Southern Branch,
Soil and Watexr Conservation Research Division, Agricultural
Research Service, US Department of &griculture, University,

Mississippi, in cooperation with the University of Missiseippi

and Mi?gaise:lppi State University,




Drilling Rig

A vacuum type drilling rig was utilized becsuse of its
ability to drill in quicksands and.to obtain good samples by
several different means. These were particularly uséfhl features
" for drilling in the Pigeon Roost Creek Watershed. This rig is
mounted on skids; but the one used in thip atudy was on a tandem .
trailer (figure 1). The tank shown in the pickup truck supplied’
water for the drilling operation and was filled by a 1% horsepower
cgntrifugal‘pump which also supplied water under pressure for
qleaning equipment and mixing mud for forced and reverse water
driiiing. The skids are sturdy and may be used as slidgs to move
the rig. These skids aléo serve as storage reservoirs for the oii
used by the hydraulic system. The rig, including the mast, rotary
‘head, draw works, and both catheads, is completely bydraulically
qperatedo

The mast is mounted on a rotating table which permits angle
drilling perpendicular to the rig (figure 2). It is also possible
to ang@e drill parallel with the center line ¢f the rig (figure
3)0 Any.comﬁiﬁation of these two is possible permitting complete
rotation of the mast through 180°, The mast is 15 feet high and
supports the rotary drili'head, which is raised and lowered by a

"number 60 roller chain at speeds from 0 to 15 feet per minute with



up to 2,000 pounds total pressure. The drill head, which rotates
the drill stem, hae speeds from O to 420 RPM and swings out per-
mitting the use of the cathead to lower or remove drill stem or
casing from the hole and to use the hammer to drive cores.

The drill removes cuttings from the holes in six different
ways: (1) vacuum-air or vacuum-water (figure 4)3 (2) drive core;
(3) auger drilling; (4) core drilling; (5) forced water (jetting)
(figur§ 5); and (6) reverse water (figure 5), With the 4-cylinder,
30-horsepower, air cooled gas engine, it is possible to drill to
depths of about 250 feet, depending on drilling conditionaa.

Disturbed or undisturbed samples can be obtained. The
disturbed samples may be taken by: (1) reverse water, wherein the
sample is collected in the plastic sampling tubes; (2) vacuum-air
or vacuum-water, which céllects and gives total recovery of the
sample in the plastic tubes (figure 6); (3) forced water, whereby
samples are collected in the sump tank but may not represent the
total sample; (4) auger drilling, which m;rely collects the sample
on the surface of the auger or augers it to the surface. The
undisturbed samples may be taken by means of: (1) a core barrel,
or (2) a split-tube drive sampler, both of which give total
recovery., : L et

| The vacuum type drill rig is particularly useful in drilling

qqidksqndso. This cén»be accomplished by three methodss (1) vacuunm




5

drilliné and driving the casing simultaneously, (2) rotating the
casing under continuous pressure, or (3) vacuum drilling and
driving -alteme;tely. The first method is successful if extreme
care is taken not to let sand rise above the bit while driving
(figure 7). This method, however, is risky in fhat the drill stem
cannot be. brought out of 'the hole fast enoug;i if the sand rises
above the bit while in operation. %he second method involves
putting'a saw-tooth shoe on the casing, attaching' it to the drill
head, and rotating the casing while forcing it down with the drill
hea.d (figure 8). This method works until friction and weight
overcome the power o'f the drill head. It is possible to go

slightly deeper by vacuuming out the casing and breaking the sand |

loose below the casing shoe, but the maximum depth witp this method

is 40 feet. Below 40 feet it is necessary to use either the first
method or vacuum drill and break the sand loose, then drive. The

third method, vacuum drilling and driving alternately, requires

-more time, but there is less chance of gétting stuck in the casing.

. This method consists of vacuuming the casing out by using water
_and vacuum, then pﬁlling the drilling tools out of fhe hole ‘and
driving the'Jca;.sing. Usually when the casing is cleaned out this
permi‘ts the sand to break loose below the casing and rise in the -
casing. It is this loosening aétiqn on the sand below the casing

which permits driving. It has been posqi’blg'to penetrate



Figure 2
20° from

- Directional drilling at
the perpendicular,
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Figure 7 - Driving and drilling
simultaneously. (1) Brake

operating catline of left side

of mast used to regulate the

descent of the rotary head.

(2) Casing. (3) Hammer, 140 1bs.

: QW Drill-stem. (5) Cathead used
to drop the hammer., co

'

Figure 8 - Rotating and forcing
casing into quicksand, (1) Casing
(smooth walled) 3" ID 34 OD. .
:(2) Drill-hesd. .

[N
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approximately 100 feet of quicksands, which is about the maximum
depth uéing present equipment qnd techniques,

A vieiplé core can be obtained with vacgﬁm air, vacuum
water, and revérae water; It ié also possible to obtain total’
recovery by the two vacuum methods. The rig will also drill
by forced water and coring. The varied sampling and drilling’
methods make it adaptable to most drilling conditions in any
area, .
The rig is light and portable, Its weight, including
the tréiler, is about 2 tons, depending upon the equipment
carried on the frailero Approximately 15 minutes are requireﬁ
fa réady the drill after arriving at a looation because it is
éompieteiy hydraulic,

The rig, as a whole, is well designed, but there is a
definite need for heavier and better construction° Design
alterations needed are: (1) a better system of oiling the top
bearing in the drill head, (2) larger hydraulic motors to
drive the catheads and the drill head, (3) a different gear
ratio which would give leés speed and greater power on the
drill head rotation. (At present the drill head has speeds
from 0 to 420 RFM, ' Speeds in excess of 100 RPM are too fast.
to be of much use. It would be desirable to have more power

-and less epeedo) (4) .8 different trap door suspeneion on the
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Figure % - Angle drilling parallel with center line of drill
rig, 40° from the perpendicular,

Figare 4 - Right-hand side of rig showing (1) high velocity vacuum
gir pump capable of pulling up to 7,500 F.r.M. and (2) air filter
System,
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bottom of the plastic sample tubes, (5) a better clutch systen
on the high velocity vacuum pump and one that permits changing
to water with greater ease, (6) a hook to hold the drill head
back to prevent it from swinging over the hole when it is in
the out-position, (7) a guard to keep the hydraulic hoses from
hooking on the back of the mast when in thd out-position,; and
(8) a change of the air-cooled gasoliné motor into such a
position as to enable the operator to change the oil without

the oil running all over the rig and also permit the oil plug to
be removed easier,

Modifications will be made on the local drill rig to
increase its efficiency. It is planned to design a gravel trap
which can be attached to the drill head to separate the gravel
(Citronelle) from the sand, silt, and clay before it goes into
the rubber hose to the cyclones. The gravel in the Pigeon Roost
Creek area has a diameter that permits it to go through the bit
and up the drill stem, but not through the hose to the cyclones,
It is not possible to grind the gravel before it goes into the
bit because the sediments are not consolidated. When the gra;el
is forced into the walls of the drill hole, it will not stay.
Therefore, a great deal of drilling time is lost cleaning the

hoses and unplugging the cyclones,
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seving in time- and money. -

Drilling .Proaam

Due to the flexibility of the drill rig it is possible
to adapt it to a varied program of aquifer-atreamflow investi-
;ations, and to develop geological and ground wa_ter 'intérpretgt:lons
usable in planning Waterghed Protection and Flood Prevention
programs, |

Dril].ing, obtaiﬁing good samples, and loggiﬁg holes
drilled in quicksand hlave.been the major problem- in the ground
water investigations in the Pigeon Roost Creek Watershed. '
Drilling sites located on the ﬁplanq present very little or
no problem until Meridian sands are contacted. It is these
water-saturated sands that form the ma.;}or portion of the
quicksand in this a.rea.' Sites located in the valley also have
valley fill material which may act in the same manner as the
.Me’ridian, since it is composed of well-g:'adgd sub-angular .
Eocene sands, clays, and silts,

Drilling during the summer of 1960 was successful to |
depths of 100 feet in guicksands which is about the maximum
depth they could be drilled with the vacuum drill .rig. (ALl
of the drilling sites completed during the summer were loocated

on a section across Pigeon Roost Creek bottonm at gaging Station
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directly into the Meridian. In either case, it is possible
that water is moving both influently and effluentiy depending
" on the channel reach vand stream"stage, but primarily int'o the
alluvium due to the artesian pressure within the Meridiazgo

" The piezométric rises were determined by drilling holes
through the clasy and loess cover, determining at what depth-
Wa.ter was contacted, and then meaéuring the height to which
it rose in the well. There was no rise in areas where the old
~channel lay directly on the Meridian because of the lack of -
& sealer bedo

| The valley fill at Station 34 lies directly on the water-
sgturated Meridian sands with no segl between it and the Meridian.
It would, therefore, be very hard to determine the amount of
water loss from the watershed in valley fill at Station 34.
Water is permeafing into and out of the Meridian in the aréas
where the sealer bed is absento' However, it may be possible to
determine the ground watér loss and balance the water budget
from a portion of the Pigeon Roost Ureek Watershed at some up-
valley location where a sealer bed is found to be present over
the entire valley width, |

A proposed application for the well rig is- the development

of a method for determining in-place permeability by the use of
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a small well point. The rig has supplied the means for field
testing :amt:hr a well point and aiao sppplied high velocify air
for the draw- down in laboratory studies conducted during the
winter months. By using high velocity air it wag possible to
maintain a small, well-controlled hydraulic head on the well
point. In most cases it was found desirable to keep the head
‘to 6 inches or less. The water removed to maintain this head
was then trapped in the cylinders shown in f_:lgure 6. By
measuring the quantity of water, knowing the hydraulic head,
length of time pumped, and the effective area of the well point,
ﬁ seems possibdble t§ compute in-place permeabilities. A later
publication will cover th:l.é metl;od of in-place permeability
determinations, |

Resistivity measurements were made for comparison ﬁth '
the visual well logs in connection with the drilling program.
At Station 34 on Pigeon Roost Creek, both resistivity and
drilling logs were obtained at several locations, and a gopd -
correlation existed between the data obtained,

Possible applications of the resistivity measurements
in the Pi\geon Roost Creek area mld be in measuring thickness
of sediments in old channels and dams, chamnel looations,

ground water studies, and other geologiocal vir.weat:lgat:lona 3.
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Figure 3 - Angle drilling parallel with center line of drill
rig, 40° from the perpendicular.

- Figure 4 - Right-hand side of rig showing (1) high velocity vacuum
air pump capable of puiling up to 7,500 F.rF.M. and (2) air filter
‘system. '
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bottom of the plastic sample tubes, (5) a better clutch system
on the high velocity vacuum pump and one that permits changing
to water with greater ease, (6) a hook to hold the drill head
back to prevent it from swinging over the hole when it is in
the out-position, (7) a guard to keep the hydraulic hoses from
hooking on the back of the mast when in thé@ out-position, and
(8) a change of the air-cooled gasoline motor into such a
position as to enable the operator to change the o0il without

the Qil running all over the rig and also permit the oil plug to
be removed easier.

Modifications will be made on the local drill rig to
increase its efficiency. It is planned fo design a gravel trap
which can be attached to the drill head to sepafate the gravel
(Citronelle) from the sand, silt, and clay before it goes into
the rubber hose to the cyclones. The gravel in the Pigeon Roost
Creek area has a diameter that permits it to go through the bit
and up the drill stem, but not through the hose to the cyclones.
It is not possible to grind the gravel before it goes into the
bit because the sediments are not consolidated. When the gravel
is forced into the walls of the drill hole, it will not stay.
Therefore, a great deal of drilling time is lost cleaning the

hoses and unplugging the cyclones,
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directly into the Meridian. In either case, it is possible
that water is moving both influently and effluently depending
- on the channel reach and stream stage, but primarily into the
alluvium due to the artesian pressure within the Meridiax;°
.The piezometric rises were detérmined by drilling holes
through the clay and loess cover, determining at what depth
water was contacted, and then measuring the height to which
it rose in the well., There was no rise in areas where the old
. channel lay directly on the Meridian because of the lack of
a sealer bed,

The valley fill at Station 34 lies directly on the water-

sgturated Meridian sands with no seal between it and the Meridian°~

It would, therefore, be very hard to determine the amount of
water loss from the watershed in valley fill at Station 34,
Water is permeating into and out of the Meridian in the area$
where the sealer bed is absent. However, it may be possible to
determine the ground water loss and balance the water budget
from a portion of thelPigeon Roost Creek Watershed at some up-
valley location where a sealer bed is found to be present over
the entire valley width.

A proposed application for the well rig is the development

of a method for determining in-place permeability by the use of
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a small well point. The rig has supplied the means for field
testing such a well pqint and aiso sup;}lied hi_gk.x velocity air
for the draw- down in laboratory studies conduoted during the
winter months. By using high velocity air it waé possible to
maintain a small, well-controlled hydraulic head on the well
point. In most cases it was found desirable to keep the head
‘to 6 inches or less. The water removed to maintein this head
was then trapped in the cylinders shown in f‘igure 6. By |
measuring the quentity of water, knowing the hydraulic head,

length of time pumped, and the effective area of the well point,

ﬁ seems possible to ocompute in-place permeabi].it:l.es. A later
publication will cover this method of in-place permeability
determinations,

Resistivity measurements were made for comparison with
' fhe visual well logs in connection with the drilling program, .
At Station 34 on Pigeon Roost Creek, both resistivity and
drilling logs were obtained at several locations, and a good -
correlation exieted‘be’fﬁegn the data obtained,

Possible applioations of the resistivity measurements

\
in the Pigeon Roost Creek area would be in measuring thickness -

of sediments in old channels and dams, channel locations,

ground water studies, and other geological ‘ix_westigations (3.
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