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ENGINEERING GEOLOGY 

CHAPTER 2. EXPLORATION METHODS AND EQUIPMENT 

Introduction 

This chapter outlines briefly the various methods of subsur- 
face exploration applicable to SCS work and describes types of 
cutting and sampling tools and other equipment needed to conduct 
geologic investigations of dam sites. 

Exposed Profiles 

Natural Exposures 
A complete investigatiqn of formations in natural exposures at 
the surface is necessary to provide a basis for subsurface 
investigations and to eliminate unnecessary drilling. Natural 
exposures, when described in detail, serve the same purpose as 
other logs in establishing stratigraphy and other geologic con- 
ditions. A fresh surface is required for the preparation of 
adequate descriptions. An ordinary hand shovel or geologist's 
pick may be required for preparing the surface of a natural 
exposure. 

Trenching and Test Pitting - 
General - Trenching and test pitting are simple methods of shallow 
exploration of easily excavated rock or soil materials which 
permit visual inspection of strata. This is of great value in 
logging profiles and selecting samples. If bedrock is anti- 
cipated at a shallow depth, trenches and test pits should be 
located on the centerline of the structure and dug parallel with 
it. 

If bedrock is not at shallow depths, deep trenches or test pits 
should be offset from the centerline to avoid damaging the 
foundation of the structure. Shallow trenches or test pits 
may be dug adjacent to the centerline for correlation purposes. 

In cases where pits or trenches penetrate or pass through 
materials which will constitute the foundation, it is a 
requisite that backfilling be performed in such a manner as to 
obtain soil densities (compaction) at least equal to the density 
of the original, in-place material. It is recognized that 
certain limitations exist in the use of trenching and test-pit 
excavating equipment for compacting fill material. However, 
every practical effort should be made to re-establish the in- 
place densities of foundation materials. 



Trenches  - Trenches  imply long,  narrow excava t ions .  They a r e  
advantageous f o r  s t u d y i n g  t h e  v a r i o u s  fo rmat ions  on s t e e p  s l o p e s  
and i n  exposed f a c e s .  Trenches  made by power' equipment,  such 
as backhoes,  d r a g l i n e s ,  and b u l l d o z e r s ,  may r e q u i r e  hand 
trimming of t h e  s i d e s  and bottom t o  r e a c h  r e l a t i v e l y  und i s tu rbed  
m a t e r i a l .  

The method i s  o f  p a r t i c u l a r  v a l u e  i n  d e l i n e a t i n g  t h e  rock 
s u r f a c e  beneath  t h e  p r i n c i p a l  s p i l l w a y  and i n  abutments and i n  
e x p l o r i n g  emergency s p i l l w a y  m a t e r i a l s .  I n  m a t e r i a l s  c o n t a i n i n g  
many cobb les  o r  b o u l d e r s ,  where d r i l l i n g  i s  d i f f i c u l t ,  t r e n c h i n g  
may b e  t h e  most f e a s i b l e  method of i n v e s t i g a t i o n .  On t h e  c e n t e r -  
l i n e  of t h e  dam, t r e n c h e s  may y i e l d  v a l u a b l e  i n f o r m a t i o n  on rock  
e x c a v a t i o n  and c o r e  t r e n c h  d e p t h ,  e s p e c i a l l y  where th in-bedded 
o r  f l a g g y  rocks  a r e  found n e a r  t h e  s u r f a c e .  

T e s t  p i t s  - T e s t  p i t s  a r e  r e c t a n g u l a r  o r  c i r c u l a r  e x c a v a t i o n s  l a r g e  
enough t o  admit  a man w i t h  sampl ing equipment. They may b e  
excavated by hand o r  by t h e  u s e  of  power equipment such a s  a 
c l a m s h e l l  o r  o range-pee l  bucket .  Power equipment should  be  
used on ly  f o r  rough e x c a v a t i o n  and w i t h  extreme c a u t i o n  when 
approaching t h e  d e p t h s  a t  which u n d i s t u r b e d  samples a r e  t o  be  
t aken .  C r i b b i n g  i s  r e q u i r e d  i n  u n s t a b l e  ground and f o r  deep p i t s .  

The advantages  of  test p i t t i n g  a r e  about  t h e  same as f o r  t r e n c h i n g ,  
b u t  have t h e  added advantage o f  be ing  a d a p t a b l e  t o  g r e a t e r  
d e p t h s  a t  less c o s t .  Disadvantages  i n c l u d e  t ime  l o s s  and c o s t  
where c r i b b i n g  i s  necessa ry .  With adequa te  dewate r ing  equip-  
ment, they  can b e  extended below t h e  w a t e r  t a b l e  and w i t h  
c r i b b i n g  they  can  p e n e t r a t e  u n s t a b l e  m a t e r i a l s .  

P rocedures  f o r  Obta in ing  Undis turbed Samples from Exposed P r o f i l e s  
Undis turbed hand-cut  samples can  b e  ob ta ined  above t h e  w a t e r  
t a b l e  from n e a r l y  a l l  t y p e s  of m a t e r i a l s  w i t h  l e s s  d i s t u r b a n c e  
than  by o t h e r  means. 

Undis turbed samples may b e  o b t a i n e d  as box,  c y l i n d e r ,  o r  chunk 
samples.  Box samples a r e  hand-cut  and trimmed t o  c u b i c a l  
d imensions  and s e a l e d  i n  i n d i v i d u a l  boxes f o r  h a n d l i n g  and 
s h i p p i n g .  They should  have a minimum dimension o f  s i x  i n c h e s .  
C y l i n d e r  samples from f o u r  t o  e i g h t  inches  i n  d iamete r  and 
s i x  t o  twelve  inches  iong can  a l s o  be hand-cut  by s l i d i n g  a 
c y l i n d e r  over  a column of s o i l  which i s  trimmed t o  approximate  
s i z e  i n  advance of t h e  c y l i n d e r .  C y l i n d e r  samples may a l s o  b e  
o b t a i n e d  by j ack ing  o r  o t h e r w i s e  pushing t h i n - w a l l  d r i v e  
samples i n t o  exposed s u r f a c e s  u s i n g  a con t inuous  s t e a d y  
p r e s s u r e .  Chunk samples a r e  of random s i z e  and shape and a r e  
broken away from t h e  s o i l  mass w i t h  o r  w i t h o u t  trimming. 
They a r e  d i f f i c u l t  t o  package and s h i p  b u t  a r e  s imple  t o  o b t a i n .  

F igures  2 -1 ,  2-2,  and 2-3 demons t ra te  t h e  methods of o b t a i n i n g  and 
packaging hand-cut  samples. 



. . . . .... . 
Press mold down over soil firmly: using 

loading bar if necessary. Carefully trim soil 
away from sampling collar with knife. Cut 
downward and outward to avoid cutting into 
sample. The actual cutting to size is done with 
sampling collar. 

Cut off sample a t  bottom of mold with 
shovel, butcher knife, or wire saw and remove 
from hole. 

Remove upper collar and trim top surface 
of sample; then turn mold upside down, remove 
sampling collar, and trim bottom. The top and 
b&tom surfaces must be trimmed level w ~ t h  
ends of mold. Protect ends with wood discs and 
tape around edges. 

NOTE: If stones interfere, pick them out care- 
fully and backfill with soil. Record this fact in 
log of sample whenever this is done. 

A=- TIN C A N  

1. Punch holes in bottom of can. 
PARAFFIN UOWOM OF C A N  

2. Excavate around can in the same way as  
for compaction mold and press down until soil 
penetrates to bottom of can. 

3. Pour paraffin in holes and seal bottom of 
can. Cut off sample with butcher knife and 
remove from hole. 

Excavate trench deeper and repeat process 
until soil penetrates well into extension collar. 

4. Cut surface about \/:-inch below t ~ p  of can 
and fill with paraffin. 

F i g u r e  2-1 Methods of O b t a i n i n g  C y l i n d e r  Samples 



To obtoin o chunk somple from o suagrode or To obtoin a chunk sample from the verticol face To seal chunk after removing it from hole. 

other level surface such as the bottom of a test pit: of o test pit or shovel cut: 1. Trim and shape rough edges w ~ t h  butcher 
knife. 

1. Carefully smooth face surface and mark out- 
line of chunk. 

1. Smooth ground surface and mark outline 
of chunk. 
2. Excavate trench around chunk. 

2. Excavate around and In back of chunk. Shape 
chunk roughly with butcher knife. 

3. Deepen excavation and trim sides of chrnk 
with butcher knife. 

3. Cut off chunk and carefully remove from 
hole. 

4. Cut off chunk with butcher knife, trowel, 
or hacksaw blade and carefully remove from 
hole. 

F ~ g u r e  2-2. Chunk Samples 

2. Apply three coats of paraffin with Ij;tlnr 
brush. Allow each coat to cool and bcc<,n~r, 
firm before applying next coat. 

NOTE: This gives adequate protection for 
strong samples that  are to be used wi th~n a 
few davs. Samples that  are  weak or mav not 
be used soon require additional protection 

3. U-bp  with cheesecloth or other soft cloth 
If cloth is not available, remforce a l th  several 
loops of friction tape or twine. 

4. Apply three more coats of parafin 

NOTE: A better method is to d ~ p  entire s a m l k  
in melted paraffin after first brush coat is ap- 
plied. This requires a large container and more 
paraffin, but gives a more uniform coatiug. By 
repeated dipping, paraffin can be built up to a 
minimum :;-inch thickness. 



Box Sampler 

Box samples are sometimes used for large un- 
disturbed samples requiring extensive investi- 
gation. They can be firmly packed for shipment 
or storage, but require considerable paraffin. 

To obtain a box sample: 

1. Excavate a s  for a chunk sample, then trim 
sample to size slightly smaller than box. 

2. Remove top and bottom from box and place 
over sample. 
3. Fill sides with paraffin, then pour paraffin 
over top of sample and replace bottom. 

4. Cut off sample, remove box containing sam- 
ple from hole, and turn right side up. 

5. Trim surface of sample and seal with melted 
paraffin, then replace lid. 

F i g u r e  2 - 3 .  Box Samples 



Bore Holes - 
General -- 
Bore holes represent a common method of exploration in making 
sub-surface investigations. Various types of drilling equip- 
ment and tools are available for advancing bore holes. Bore 
holes are advanced for (1) general investigation during pre- 
liminary examination, (2)  obtaining representative disturbed 
samples, ( 3 )  for advancing and cleaning holes to specific 
horizons for logging, sampling, or conducting tests, ( 4 )  for 
advancing holes to bedrock to delineate rock surfaces, and 
(5 )  for installing piezometers and relief wells, Only the more 
common methods of boring for SCS work are described in this 
section. 

Hand-auger Borings 
Hand augers are useful for advancing holes to shallow depths 
for preliminary examination of sites. They may be used to 
depths up to 20 feet. Beyond that depth they become cumbersome 
to handle and boring is slow. Usually a bucket-type hand 
auger is found to be most useful because it provides samples 
for inspection without the excessive mixing of materials 
which occurs when a helical or wormtype bit is used. 

Several kLnds of motorized hand augers (post-hole augers) 
are available on the market. Although a shallow hole can 
be advanced rapidly with this type of equipment, the limit- 
ations in use are similar to those of hand augers. 

Power-auger Boring 
Power augers mounted on trucks or jeeps are used for dry boring 
in unconsolidated materials. Bore holes are advanced by 
rotating a cutting bit into the materials. A wide variety 
of materials may be bored with power augers. They are not 
suitable for use in materials containing cobbles or gravel, 
hard or cemented soils, or saturated cohesionless soils. 
Unstable materials require casing particularly below the 
water table. 

In power-auger boring, materials are brought to the surface by 
lifting the bit and removing materials contained therein, or, 
by use of a continuous flight or helical auger which spirals 
the material to the surface by mechanical means. Raising the 
bit for cleaning each time results in slow advancement of 
holes. However, it facilitates inspection of materials from 
strata of known depth. The continuous flight auger provides a 
more rapid method of advancing holes. The material brought 
to the surface is badly mixed by the action of the flight 
auger and correlation with depth is always questionable so 
that definite identification and location of changes of strata 
is not possible. 



The use of power augers usually leaves the hole clean and dry 
above the water table and the materials in the bottom of the 
hole relatively undisturbed, 

Percussion or Churn Drilling 
Percussion or churn drilling is an inexpensive method of advancing 
bore holes through hard consolidated soils, rock, coarse gravel 
deposits, or formations containing boulders. It is often used 
in conjunction with auger boring. 

The hole is drilled by the impact and cutting action of a heavy, 
chisel-edged drilling tool that is alternately raised and dropped 
by means of a cable attached to a walking arm, lljerkline," cra~k, 
or other means of raising and dropping the cable and tools. 

A small amount of water in the bore hole permits the loosened 
rock and soil to be mixed into a slurry as the hole is advanced. 
When the carrying capacity of the slurry is reached, the drilling 
bit is removed from the hole and the slurry removed by means of 
a bailer or sand pump, usually operated by a separate winch and 
light cable or "sand line." When drilling clay materials, the 
addition of sand will augment the cutting action of the bit. 
Also, when drilling in cohesionless materials, the addition of 
clay will increase the carrying capacity of the slurry. 

Except in extremely stable materials, churn-drill holes usually 
require casing. It is desirable that the hole be advanced ahead 
of the casing, but this is often impossible in soft or sandy 
soils. Because of mixing of materials, the materials removed 
from the hole are non-representative and inadequate for 
delineation of particular strata. 

wash Borings 
A wash boring is a means of rapidly advancing a hole by a striking 
or rotating, cutting or chopping tool and by jetting with water 
which is pumped through the hollow drill rod and bit. The method 
usually requires use of casing. Cuttings are removed from 
the hole by the water circulating upward between drill rod and 
casing. The cutting tool is alternately raised and dropped by 
tightening and slacking of a line wrapped around a cathead. A 
tiller attached to the drill rod permits rotating the rod and 
cutting tool. The material brought to the surface in the 
circulating water is non-representative of materials in place. 
Consequently, positive identification of particular strata is 
not possible when holes are advanced by the wash-boring method. 

Displacement B o r i n ~  
This method consists of forcing a tube into soil materials and 
withdrawing material which is retained inside the tube. Tubes 
may be driven by use of a drive hammer or pushed using a jack 
or hydraulic cylinders against the weight of the rig. Displacement 



boring can be made in clays. silts and relatively stable materials 
free from gravel, cobbles, and boulders. The sampler, when 
withdrawn, acts as a piston in the hole causing more excessive 
caving than other methods of boring. Although highly recommended 
for logging purposes, continuous drive boring represents a slow 
method of advancing holes when needed for purposes other than 
loggine. Even minor changes in soil materials can readily be 
detected by extruding samples from the tubes. However, when 
used for logging purposes, the hole should be advanced by 
other means, such as auger boring, and tubes smaller than the 
h ~ l e  diameter should be used in order to provide wall clearance. 
Displacement boring for advancing holes is generally impractical 
for diameters larger than three inches. 

Rotary Drilling - 
In rotary drilling, the bore hole is advanced by rapid mechanical 
rotation of the drilling bit which cuts, chips, and grinds the 
material at the bottom of the hole into small particles. The 
cuttings are normally removed by pumping water or drilling 
fluid, from a sump, down through the drill rods and bit and up 
through the hole, from which it flows into a settling pit and 
back to the sump. Compressed air is available on many newer 
rigs to remove the cuttings from the hole. However, this is not 
very satisfactory in wet formations which are frequently encountered 
in dam site investigations. 

A reverse water circulation is employed on rigs used to drill 
large-diameter holes such as water wells. In this case the 
drilling fluid passes down through the hole and up through the 
drill rods. The higher upward velocity of the fluid through the 
drill rods facilitates removal of cuttings from large holes. 

Holes can be advanced in a wide variety of materials, including 
sound rock, by rotary-drilling methods. Rotary drilling may 
be the only practical method of advancing holes and obtaining 
undisturbed core samples from certain types of soil and rock 
materials. Rotary-drilling equipment is versatile. Any of 
the foregoing methods of advancing holes can be used with 
rotary-drilling equipment. 

Geophysical Methods 

Geophysical methods may be used to supplement test holes for 
geologic exploration. It is desirable to have a limited 
number of test holes for interpretation of results obtained 
by geophysical procedures. Geophysical methods are rapid and 
economical and may reduce the number of test holes that are 
required at a particular site to establish geologic continuity 
With test hole control, geophysical methods may be helpful 
in delineating the bedrock profile and determining the contin- 
uity of strata between borings for certain types of geologic 
conditions. 



Seismic 
The seismic refraction method is based on the variable rate of 
transmission of seismic or shock waves through materials of 
varying densities composing the earth's crust. The nature of 
material is igferred from the rate of transmission of sound. 
Typical sates of transmission for different types of materials 
are shown in Figure 2-4. 



MATERIAL VELOCITIES (THOUSANDS OF FEET PER SECOND) 

Figure 2-4. Velocities of Longitudinal or Compression Waves. 

Hvorslev, M.J.,  ASCE,  Nov. 1949 



'L Several types of operating procedures have been developed. In 
one method, small explosive charges are set off in shallow holes. 
The seismic wave so generated is picked up and its time of 
arrival is recorded at several surface detecting points. The 
travel time of the wave to these recording points is measured and 
the wave velocity of different strata may be calculated. From 
these data the depths and probable character of various beds or 
layers can be inferred. See Figure 2-5 for schematic drawing. 

Light-weight portable refraction seismographs have been developed 
which accurately measure the time interval for travel of a sound 
wave from a source to the instrument. In this method the shock 
wave is created by a sledge hammer blow on the ground and is 
picked up by a geophone. These portable units may be equipped 
with one or more geophones. The mechanical energy of the wave 
is transformed by the geophone into an electrical signal which 
in turn is fed into the receiver. The time interval of the 
seismic wave is read directly on the instrument by means 
of binary counters or is recorded on film or paper. 

The velocity of the wave is then computed from the registered 
time and the distance of the hammer from the instrument. 
Changes in the physical characteristics of underlying 
materials are indicated by the changes in velocities (distance/ 
time) recorded by the instrument. 

L 
The instrument, when the shock wave is created by a hammer blow, 
is limited to depths of about 50 feet and to rather simple pro- 
blems of geology. For example: (1) a single discontinuity 
between two formations, ( 2 )  dipping discontinuity, and ( 3 )  two 
horizontal discontinuities, providing each formation becomes 
progressively denser with depth. Because the velocity of sound 
in water is about 5,000 fps. , groundwater tables can be delineated 
in formations having seismic velocities less than that of water. 
The equipment is relatively inexpensive compared to seismo- 
graphs used for oil and mineral exploration work. Although used 
only to a limited extent in foundation exploration, it appears 
to have possibilities for preliminary studies and for reducing 
the number of test holes needed to extrapolate continuity. 

Electrical Resistivity 
The resistivity, or electrical resistance, of earth materials 
can be determined readily by causing an electrical current to 
flow through the materials being tested. Usually, four 
electrodes are set in the ground in a line and at an equal 
dtstsnce apart. A set of batteries and a milliamrneter are 
connected in series with the outer pair of electrodes. These 
are the two current electrodes. A potentiometer for measuring 
voltage is connected with the inner pair of electrodes. They 
are the potential electrodes. In many types of instruments a 

L 
device, such as a commutator, is incorporated in the circuit 



MULTI - TRACE RECORDING 

REFRACTION SEISMOGRAPH 

Shock Point 

Shock Point 

SE l SMOGRAM 

Time l ines 0.01 sec. aDart 

PORTABLE REFRACTION 

V ISUAL TIMER 

Striker and starter moved outward 

OVERBURDEN 

///////////, BEDROCK '/////////////////// 

DISTANCE TIME (MILLISECONDS) 
(FEET) 

13, 12, 14, 13. @ 
19, 18, 19, @ 

20, 21, 20. @ 

1 22. 23, 46 .  22, @ 
-- 1 

T l M E  RECORD 

Visual read ings f r om t ime r  

DISTANCE - FEE1  

V = Shock wave ve loc i ty  = = f t . /sec. t i  = Overburden th ickness = 

D = Distance to point o f  intersection ( f e e t )  V, = Overburden velocity 

T = T ime to po in t  of i n t e r sec t i on  (seconds). V,= Bedrock velocity 

F i g u r e  2-5.  Seismic  R e f r a c t i o n  Methods 



L, for the purpose of reversing the polarity of the current 
electrodes (Figure 2-6). This procedure permits the registering 
of several potential readings for comparison. By measuring 
the current and the potential drop between the two inner 
potential electrodes, the apparent resistivity of the soil to 
a depth approximately equal to the spacing interval of the 
electrodes can be computed. The resistivity unit may be 
designed so that the apparent resistivity is read directly 
on a potentiometer using the principle of a wheatstone bridge. 

In sediments or loose rock the resistivity meter will show a 
marked drop in potential at the water table. However, in 
solid rock the greater resistance of the material will often 
mask the presence of the water table. 

In "resistivity mapping" or "traverse profiling," the electrodes 
are moved from place to place without changing their spacing. 
The resistivity and any anomalies to a depth equal to the 
spacing of the electrodes can be determined for the various 
points. 

In "resistivity sounding" or "depth profiling" the center point 
of the setup remains fixed while the spacing of the electrodes is 
changed. By plotting the apparent resistivity as a function 
of the electrode spacing, the subsurface conditions may be 

L 
indicated. A break or change in curvature of the plotting will 
generally be noted when the electrode spacing equals the depth 
to a deposit with a resistivity differing from that of the 
overlying strata. 

The electrical resistivity method and refraction seismographs 
have been used complementing each other with good results, 
particulary in delineating gravel lenses, bedrock and the 
groundwater table. However, salt water and saline soils 
have marked influence on conductivity. Excellent results 
have been obtained at swampy sites cantaining organic soils 
and saturated materials. 

Field Penetration Test - 

This test provides a measure of the resistance of soil to 
penetration of the sampler. It also furnishes samples of 
the material penetrated for identification, classification, and 
other test purposes. This test is used to indicate relative 
in-place density of cohesionless and relative in-place 
consistency of cohesive foundation materials and for logging. 
Table 2-1 shows the relative density and consistence for various 
soils and blow counts. 



Legend 

MA - Milliammeter C , ,  C, - Current Electrodes 

POT. - Potentiomater PI, P, - Potential Electrodes 

A - Uniform spacing between electrodes 

F i g u r e  2-6.  Diagram of R e s i s t i v i t y  Apparatus 



LJ Table  2-1. Standard P e n e t r a t i o n  R e s i s t a n c e  

Noncohesive S o i  1s - Cohesive S o i l s  
Blows p e r  R e l a t i v e  Blows p e r  
- Foot Dens i ty  Foot Consis tency 

Less than  4 Very l o o s e  Less t h a n  2 Very so£ t 
4- 10 Loose 2-4 S3f t 
10-30 Medium 4-8 Medium 
30-50 Dense 8- 15 S t i f f  
Over 50 Very dense  15-30 Very s t i f f  

Over 30 Hard 

h l i c a t i o n  
The s tandard  p e n e t r a t i o n , t e s t  i s  recommended f o r  u s e  i n  SCS work. 
It  i s  most a p p l i c a b l e  t o  f i n e  g ra ined  s o i l s  t h a t  a r e  a t  o r  near  
s a t u r a t i o n  and t o  f a i r l y  c l e a n ,  c o a r s e  g ra ined  sands and g r a v e l s  
a t  v a r i a b l e  m o i s t u r e  c o n t e n t s .  M a t e r i a l s  below t h e  w a t e r  t a b l e  
may g e n e r a l l y  be  considered t o  be  s a t u r a t e d .  

Equipment 
D r i l l i n g  equipment - Any equipment may b e  used t h a t  w i l l  p rov ide  
a reasonably  c l e a n  h o l e  t o  i n s u r e  t h a t  t h e  t e s t  i s  performed on 
und is tu rbed  m a t e r i a l  and t h a t  w i l l  d r i v e  and rec la im t h e  sampler 
i n  accordance w i t h  t h e  procedure  o u t l i n e d  below. Where n e c e s s a r y ,  
c a s i n g  o r  hollow stem auger  w i l l  be  used t o  p reven t  cav ing .  The 
h o l e  w i l l  be  a t  l e a s t  2% inches  i n  d iamete r .  

A ,  B ,  o r  N rod may be  u s e d ,  however A o r  B i s  p r e f e r r e d .  I f  N 
rod i s  used ,  t h e  minimum h o l e  diameter  should  be 2 3 / 4  inches .  

Bottom d i s c h a r g e  f i s h t a i l  b i t s ,  j e t t i n g  through open t u b e  o r  sand 
o r  wa te r  b a i l e r s  w i l l  n o t  be used t o  advance h o l e s .  

S p l i t - t u b e  sampler - The sampler s h a l l  have a n  o u t s i d e  d iamete r  
of 2  inches .  It  s h a l l  c o n s i s t  of (1) a hardened s t e e l  d r i v i n g  
shoe a t  l e a s t  3  inches  i n  l eng th  w i t h  a n  i n s i d e  d iamete r  a t  t h e  
c u t t i n g  head of 1 3 / 8  inches .  I t  s h a l l  be  sharpened by t a p e r i n g  
t h e  last 3 / 4  i n c h  t o  a c u t t i n g  edge n o t  g r e a t e r  t h a n  1/16 i n c h  
t h i c k .  Dented,  d i s t o r t e d ,  o r  broken shoes  s h a l l  no t  be used;  
( 2 )  t h e  s p l i t  t u b e  s h a l l  have a minimum leng th  of 16 i n c h e s  and a n  
i n s i d e  diameter  of 1 3 / 8  or 1 1 / 2  i n c h e s ;  ( 3 )  t h e  coup l ing  
head s h a l l  have a minimum leng th  of 6 inches .  It w i l l  have f o u r  
v e n t s  each wi th  a minimum d iamete r  of 1 / 2  i n c h  or i t  s h a l l  
c o n t a i n  a  b a l l  check v a l v e  and no s i d e  v e n t s .  ( F i g u r e  2-71 

Hammer - The d r i v e  hammer s h a l l  weigh 140 pounds and have a 
30- inch s t r o k e  ( f r e e  f a l l ) .  Any t y p e  of hammer may be  used as 
long a s  t h e r e  i s  no i n t e r f e r e n c e  w i t h  i t s  f r e e  f a l l  and i t s  
energy i s  nq t  reduced by E r i c t i o n  on t h e  d r i l l  rod,  g u i d e s ,  o r  
o t h e r  p a r t s  of t h e  equipment. 
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Figure  2-7.  S p l i t - B a r r e l  Samples 



LJ Procedure  
Clean ing  h o l e  - Clean  t h e  h o l e  t o  t h e  sampl ing e l e v a t i o n  by u s e  
of equipment t h a t  w i l l  no t  d i s t u r b  t h e  m a t e r i a l  t o  be  sampled. Do 
no t  u s e  bottom d i s c h a r g e  f i s h t a i l  b i t s ,  j e t t i n g  through a n  open - 
t u b e ,  o r  sand wa te r  b a i l e r s .  Take samples a t  each change i n  
s t r a t u m  and a t  i n t e r v a l s  no t  g r e a t e r  t h a n  5 f e e t .  Never d r i v e  
c a s i n g  ( o r  hollow stem auger )  below t h e  d e p t h  t o  which t h e  h o l e  
i s  t o  be  c leaned  o u t .  

The s t a n d a r d  p e n e t r a t i o n  t e s t  - Lower t h e  s p l i t - t u b e  sampler  t o  
t h e  bottom of t h e  c leaned  h o l e .  With t h e  w a t e r  l e v e l  i n  t h e  h o l e  
a t  t h e  groundwater l e v e l  o r  above,  d r i v e  t h e  sampler 6 i n c h e s  w i t h  
l i g h t  blows s o  i t  w i l l  n o t  be  overdr iven .  Then d r i v e  t h e  s p l i t -  
t u b e  sampler  12 i n c h e s  o r  t o  r e f u s a l ,  by dropping t h e  140-pound 
hammer 30 inches  and r e c o r d  s e p a r a t e l y  t h e  number of blows 
r e q u i r e d  f o r  each 6 inches  of t h i s  12- inch p e n e t r a t i o n  t e s t  d r i v e .  
P e n e t r a t i o n  of l e s s  than  1  f o o t  i n  100 blows i s  g e n e r a l l y  
cons ide red  r e f u s a l .  The blow count i s  t h e  t o t a l  number of blows 
r e q u i r e d  t o  d r i v e  t h i s  last 1 f o o t ,  o r ,  w i t h  r e f u s a l ,  t h e  number 
of i n c h e s  p e n e t r a t e d  by 100 blows. 

The s p l i t - t u b e  sampler  i s  not t o  be used a s  a chopping b i t .  Where 
a  bou lde r  i s  encoun te red ,  i t  should  b e  p e n e t r a t e d  by o t h e r  means 
( d r i l l e d  o r  by chopping b i t )  o r  bypassed.  

I Remove t h e  sampler  from t h e  h o l e  and open i t .  I d e n t i f y  and 
L/ c l a s s i f y  t h e  m a t e r i a l  o r  m a t e r i a l s ,  r ecord  t h e  p e r c e n t  r e c o v e r y ,  

p l a c e  t y p i c a l  sample o r  samples i n  j a r s  ( w i t h o u t  jamming o r  
compress ing) ,  s e a l  j a r s  w i t h  wax and l a b e l .  Label t o  show a l l  
d a t a  a s  t o  s i t e  l o c a t i o n ,  l o c a t i o n  of h o l e  and dep th  r e p r e s e n t e d  
by sample ,  f i e l d  c l a s s i f i c a t i o n ,  blow coun t ,  and p e r c e n t  r ecovery .  

Vane Shear  

The vane s h e a r  t e s t  p rov ides  a  f i e l d  method f o r  de te rmin ing  t h e  
s h e a r i n g  r e s i s t a n c e  of a  s o i l  i n  p l a c e .  See  F i g u r e  2-8 .  The vane,  
a t t a c h e d  t o  t h e  end of a r o d ,  i s  fo rced  i n t o  a n  u n d i s t u r b e d  s o i l  t o  
b e  t e s t e d  and r o t a t e d  a t  a c o n s t a n t  r a t e  by means of a t o r q u e  
wrench o r  o t h e r  c a l i b r a t e d  t o r s i o n  d e v i c e  a t t a c h e d  t o  t h e  rod .  The 
moment o r  t o r q u e  r e q u i r e d  t o  t u r n  t h e  vane i s  a n  i n d i c a t i o n  of 
t h e  s h e a r  s t r e n g t h  of  c o h e s i v e  s o i l s .  Vane s h e a r  t e s t i n g  should  
be  c l o s e l y  coord' inated and c a r r i e d  o u t  under  t h e  d i r e c t i o n  of 
t h e  Uni t  G e o l o g i s t .  

P e r m e a b i l i t y  I n v e s t i g a t i o n s  - 
The c o e f f i c i e n t  of p e r m e a b i l i t y  i s  t h e  r a t e  of d i s c h a r g e  of 
wa te r  under  laminar  f low c o n d i t i o n  through a u n i t  c r o s s -  
s e c t i o n a l  a r e a  of a  porous  medium under a u n i t  hydraul ic  g rad ien t  
and s t a n d a r d  t empera tu re  c o n d i t i o n s .  There  a r e  two t empera tu res  

\ 
which are used as s t a n d a r d .  These a r e  60°F and 20°C. Two 

L 
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F i g u r e  2-8.  I d e a l i z e d  Vane Shear  Apparatus 



Ib commonly used u n i t s  f o r  e x p r e s s i n g  t h e  c o e f f i c i e n t  of permea- 
b i l i t y  a r e :  g a l l o n s  p e r  square  f o o t  p e r  day under  a h y d r a u l i c  
g r a d i e n t  of one f o o t  pe r  f o o t ,  and c u b i c  f e e t  per  square  f o o t  
p e r  day under a  h y d r a u l i c  g r a d i e n t  of one f o o t  p e r  f o o t .  T h i s  
l a t t e r  u n i t  i s  commonly expressed as f e e t  p e r  day and t r e a t e d  as 
a  v e l o c i t y .  T h i s  would be  t h e  d i s c h a r g e  v e l o c i t y  under t h e  
c o n d i t i o n s  of u n i t  head and s tandard  t empera tu re .  Div id ing  t h i s  
v a l u e  by t h e  p o r o s i t y  of t h e  m a t e r i a l  w i l l  g i v e  t h e  average  
v e l o c i t y  o r  d i v i d i n g  by t h e  e f f e c t i v e  p o r o s i t y  of t h e  m a t e r i a l  
w i l l  g i v e  what ~ o l m a d '  terms t h e  e f f e c t i v e  v e l o c i t y  o r  t h e  
a c t u a l  v e l o c i t y  of t h e  moving wate r .  

Var ious  f i e l d  t e s t s  a r e  used t o  determin9 d a t e r  l o s s  i n  rock 
fo rmat ions .  The t e s t  i s  c a r r i e d  o u t  by means of s e a l i n g  o f f  
p o r t i o n s  of bore  h o l e s ,  i n t r o d u c i n g  wate r  under  p r e s s u r e ,  and 
measuring r a t e  o f  w a t e r  l o s s  i n t o  t h e  fo rmat ion .  I n t e r p r e t a t i o n  
of r e s u l t s  of p r e s s u r e  t e s t s  a r e  i l l u s t r a t e d  i n  F i g u r e  2-9.  
P r e s s u r e  t e s t i n g  permi t s  d e l i n e a t i o n  of zones of l eakage ,  f o r  
e s t i m a t i n g  g r o u t i n g  requirements  o r  o t h e r  t r ea tment  which may 
b e  needed t o  reduce wate r  movement. Where p r e s s u r e  t e s t i n g  i s  
r e q u i r e d ,  bore  h o l e s  should b e  t e s t e d  i n  i n t e r v a l s  of f i v e  
f e e t  o r  l e s s .  

P r e s s u r e - t e s t i n g  equipment - The a p p a r a t u s  commonly used f o r  
p r e s s u r e  t e s t i n g  founda t ions  i n  rock c o n s i s t s  of expansion 
p lugs  o r  packers  s e t  f i v e  f e e t  a p a r t ,  which may be  expanded t o  
s e a l  o f f  s e c t i o n s  of a d r i l l  h o l e .  See  F igure  2-10. Water 
l i n e s  a r e  so  a r ranged  t h a t  wa te r  may b e  admi t t ed  e i t h e r  below 
t h e  bottom expansion j o i n t  o r  from a p e r f o r a t e d  p i p e  between 
t h e  two expansion j o i n t s .  The wate r  l i n e s  a r e  connected through 
a p r e s s u r e  r e l i e f  v a l v e ,  p r e s s u r e  gage,  and water meter ,  t o  a 
p r e s s u r e  pump. 

Water pumps having a minimum c a p a c i t y  of 50 gpm a t  d i s c h a r g e  
p r e s s u r e s  of 100 p s i  a r e  needed. Addi t iona l  equipment i n c l u d e s  
accessory  v a l v e s ,  gages ,  s topcocks ,  p l u g s ,  and t o o l s  necessa ry  
f o r  main ta in ing  u n i n t e r r u p t e d  t e s t s .  

P r e s s u r e - t e s t i n g  procedure  - The fo l lowing  procedures  app ly  i n  
conduct ion a p r e s s u r e  t e s t :  

1. Lower t h e  packer  assembly i n  t h e  b o r e  h o l e  t o  t h e  p r e -  
determined dep th  of t e s t i n g .  

2. Expand t h e  packers  t o  s e a l  o f f  b o r e  h o l e  i n  s e c t i o n  t o  be 
t e s t e d .  

1/ Tolman, C .  F . ,  Ground Water, McGraw-Hill Book Co . ,  I n c . ,  - 
New York and London, 1937, p.  216. 
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Figure 2-9 Sample P l o t s  of Pressure-Test Data 
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Figure 2-10. Pressure-testing Tool 



3.  Water under  p r e s s u r e  i s  fo rced  i n t o  t h e  bore h o l e  between 
packers  by t h e  p r e s s u r e  pump. 

4. Adjust  wr, - p r e s s u r e .  Maximum water p r e s s u r e  a t  t h e  upper 
packer  f o r  t h e  ho ld ing  t e s t  should n o t  exceed one p s i  (pounds 
p e r  s q u a r e  i n c h )  pe r  f o o t  of h o l e  dep th .  

5. When t h e  i n i t i a l  t e s t  p r e s s u r e  i s  r eached ,  c l o s e  s topcocks  and 
c u t  o f f  p r e s s u r e  pump. 

6. Record t h e  p r e s s u r e  d rop  f o r  v a r i o u s  i n t e r v a l s  of t i m e  t o  
de te rmine  r a t e  of d rop .  

7 .  I f  p r e s s u r e  drop exceeds 10 p s i  pe r  minute,  c o n t i n u e  i n v e s t i -  
g a t i o n  w i t h  a  f low test .  A p r e s s u r e  d rop  o f  l e s s  t h a n  10 p s i  pe r  
minute i s  evidence t h a t  no a p p r e c i a b l e  leakage occurs  i n  t h e  zone 
t e s t e d .  

8. Where a d d i t i o n a l  t e s t i n g  i s  i n d i c a t e d  a  packer  t y p e  flow t e s t  
may be  used ( s e e  pumping-in t e s t s  below).  I n  some types  of m a t e r i a l  
i t  may be  d e s i r a b l e  t o  de te rmine  r a t e s  of f low at  s e v e r a l  d i f f e r e n f  
p r e s s u r e s  i n  ascending o r d e r  from t h e  lower t o  t h e  h i g h e r  
p r e s s u r e .  The maximum p r e s s u r e  should no t  exceed 0.43 t imes 
t h e  v e r t i c a l  d i s t a n c e  i n  f e e t  between t h e  test e l e v a t i o n  and 
t h e  e l e v a t i o n  of t h e  emergency s p i l l w a y .  Then recheck t h e s e  
r a t e s  i n  descending o r d e r  from t h e  h i g h e r  t o  t h e  lower p r e s s u r e .  
See F igure  2 - 9 ,  b ,  c ,  and d .  

9 .  Re lease  water p r e s s u r e  between packers ,  c o n t r a c t  expanders 
and move u n i t  t o  nex t  i n t e r v a l  t o  be t e s t e d .  

Pumping-in T e s t s  
Each of t h e  fo l lowing  t e s t s  a p p l i e s  t o  a c e r t a i n  s e t  of c o n d i t i o n s .  
I f  a l l  of t h e s e  c o n d i t i o n s  a r e  not  p r e s e n t ,  er roneous  p e r m e a b i l i t y  
c o e f f i c i e n t s  w i l l  r e s u l t .  

Open-end t e s t s  - Open-end t e s t s  can be  made i n  permeable forma- 
t i o n s  e i t h e r  above o r  below t h e  wa te r  t a b l e  and w i t h  t h e  u s e  
of g r a v i t y  f low o r  p r e s s u r e  f low. The s t r a t u m  be ing  t e s t e d  should 
have a t h i c k n e s s  a t  least t e n  times t h e  d iamete r  of t h e  t e s t  
w e l l .  The t e s t  i s  based on t h e  amount of wa te r  accepted a t  a 
g iven  head by t h e  fo rmat ion  through t h e  bottom o t  a p i p e  o r  
c a s i n g .  C l e a r  wa te r  must be  used i f  v a l i d  r e s u l t s  a r e  t o  be 
ob ta ined .  I t  i s  a l s o  d e s i r a b l e  t h a t  t h e  t empera tu re  of t h e  
wa te r  be ing  added be h i g h e r  than t h e  t empera tu re  of t h e  
groundwater t o  p reven t  t h e  fo rmat ion  3f a i r  bubbles  i n  t h e  
format ion.  

The c a s i n g  should be  sunk t o  t h e  d e s i r e d  d e p t h ,  l e a v i n g  a  f o o t  
o r  two p r o t r u d i n g  above ground. I t  i s  then  c a r e f u l l y  c leaned 
o u t  j u s t  t o  t h e  bottom of t h e  c a s i n g .  D r i l l i n g  muds should n o t  



L be  used i n  making h o l e s .  Cleaning should proceed,  u s i n g  c l e a r  water, 
u n t i l  c l e a r  water  i s  r e t u r n e d  t o  t h e  s u r f a c e .  A s t a n d a r d  c l e a n o u t  
auger  ( f i g u r e  2-24) o r  o t h e r  t o o l  w i t h  j e t  d e f l e c t o r  o r  low- 
p r e s s u r e  j e t  should be  used t o  avoid  d i s t u r b a n c e  of t h e  m a t e r i a l  
below t h e  cas ing .  Below t h e  wa te r  t a b l e  t h e  h o l e  should b e  k e p t  
f u l l  of water  a t  a l l  t imes d u r i n g  c l e a n i n g  t o  avoid  f o r c i n g  of 
t h e  m a t e r i a l s  up i n t o  t h e  c a s i n g  by wate r  p r e s s u r e  from below. 
Th is  makes i t  necessa ry  t o  determine t h e  normal water  l e v e l  i n  
t h e  h o l e  b e f o r e  c lean ing .  

The t e s t  i s  then  begun by adding c l e a r  water  i n t o  t h e  h o l e ,  
m a i n t a i n i n g  a c o n s t a n t  wa te r  l e v e l  i n  t h e  c a s i n g ,  u n t i l  a s t e a d y  
r a t e  of i n t a k e  i s  e s t a b l i s h e d .  I f  p r e s s u r e  i s  a p p l i e d ,  wa te r  
should  be  pumped u n t i l  r a t e  o f  in f low and p r e s s u r e  remain 
s t e a d y .  Above t h e  wa te r  t a b l e  a c o n s t a n t  l e v e l  and i n t a k e  rate 
a r e  r a r e l y  a t t a i n e d  and a s l i g h t  s u r g i n g  of t h e  water  l e v e l  o r  
p r e s s u r e  a t  c o n s t a n t  i n f l o w  may occur.  When t h e  o s c i l l a t i o n s  
become r e g u l a r  f o r  a few minutes  t h e  t e s t  can  proceed.  An 
a n t i - s u r g e  dev ice  c o n s i s t i n g  of a capped, a i r - f i l l e d ,  s t a n d  p i p e  
may be  placed i n  t h e  supply l i n e  n e a r  t h e  p r e s s u r e  gage. Th is  w i l l  
dampen t h e  s u r g e s  and make gage r e a d i n g s  e a s i e r  t o  t ake .  

The l e n g t h  of t h e  t e s t  should  be measured w i t h  a s t o p  watch. 
Normally, t e n  minutes should b e  long enough. The volume of water 
should b e  measured w i t h  a wate r  meter o r  o t h e r  method a c c u r a t e  
w i t h i n  1 o r  2  pe rcen t .  The r a t e  of f low (Q) i s  t h e n  computed by 

'L d i v i d i n g  t h e  volume by t ime. Q i s  u s u a l l y  recorded as g a l l o n s  
pe r  minute.  

Above t h e  water  t a b l e ,  head ( h )  i s  measured from t h e  bottom of t h e  
h o l e  t o  t h e  e l e v a t i o n  of t h e  mainta ined wate r  l e v e l .  Below t h e  
wa te r  t a b l e  i t  i s  measured from t h e  groundwater l e v e l  t o  t h e  
mainta ined l e v e l .  I f  p r e s s u r e  i s  a p p l i e d ,  head i s  measured from 
t h e  bottom of t h e  h o l e  o r  t h e  normal wa te r  l e v e l  t o  t h e  e l e v a t i o n  
of t h e  gage,  p l u s  t h e  a p p l i e d  p ressure .  I f  t h e  gage r e a d s  i n  
pounds p e r  square  i n c h ,  t h e  p r e s s u r e  r e a d i n g  i s  m u l t i p l i e d  by 
2.31 t o  conver t  i t  t o  f e e t  of head ( 1  p s i  = 2.31 f t . ) .  

The s i z e  o f  c a s i n g  i s  u s u a l l y  measured i n  inches .  For t h i s  t e s t ,  
t h e  r a d i u s  ( r )  i s  t h e  i n s i d e  r a d i u s  of t h e  bottom of t h e  c a s i n g .  

Figure  2-11 i l l u s t r a t e s  t h e  c o n d i t i o n s  and procedures  d i s c u s s e d  
above. 
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Figure 2-11 Open-end Permeability Test 

Electric analog experiments conducted by the U.S.B.R. gave the 
following relationship between the above data and permeability: 

k = Q 
5.5rh 

where, 

k = coefficient of permeability, 

Q = constant rate of flow into the hole, 

r = internal radius of the bottom of the casing, 
h = differential head of water 

Any consistent set of units can be used. As an example: 

Data obtained in Field 1 Conversion to Consistent Set of units] 

Q = 8.3 gallons per minute 

r = 1.5 inches 

h = 7.3 feet 

= 1598 cubic feet per day 

= 0.125 feet 

= 7.3 feet I 



For convenience, t he  formula can be w r i t t e n :  

where, 

k  i s  i n  cubic  f e e t  per square f o o t  per day, 

Q i s  i n  ga l lons  per  minute, 

r i s  i n  inches ,  and 

h i s  i n  f e e t .  

Using t h e  same d a t a  a s  i n  t h e  above example: 

It should be  remembered t h a t  t h i s  t e s t  i s  an approximation and 
I should not  be considered t o  g ive  a  p r e c i s e  va lue  f o r  permeabi l i ty .  
'L/ I t  has  t h e  advantage of being a  simple test  which can be  performed 

during normal d r i l l i n g  opera t ions .  I t  gives  a  good i n d i c a t i o n  of 
r e l a t i v e  pe rmeab i l i t i e s  a t  var ious  depths.  The t e s t  should not  be  
performed with t h e  bottom of t h e  h o l e  l e s s  than  a d i s t ance  of l o r  ' 

from e i t h e r  t h e  t op  o r  bottom of t h e  s t r a t a  being t e s t e d .  

Packer t e s t s  

Packer t e s t s  a r e  commonly used f o r  flow t e s t i n g  of bedrock forma- 
t i o n s  a f t e r  p ressure  holding t e s t s  have ind i ca t ed  a  need f o r  per-  
meabi l i ty  determinat ions.  I n  bedrock they a r e  u sua l ly  conducted 
with t h e  use of packers ,  i n  which ca se  d i f f e r e n t  s e c t i o n s  of a  
completed ho l e  can be t e s t e d  by moving the  packers.  They can be 
conducted i n  unconsol idated ma te r i a l s  between t h e  bottom of t h e  
h o l e  and t h e  end of t h e  ca s ing  o r  packer set i n  t h e  bottom of t h e  
casing.  I n  unconsol idated ma te r i a l ,  i t  must be  c e r t a i n  t h a t  t h e r e  
i s  no space between t h e  o u t s i d e  of t h e  ca s ing  and t h e  wal l  of t h e  
hole .  I f  t h e  ho l e  i s  too  l a rge ,  water w i l l  escape upward o u t s i d e  
t h e  cas ing ,  g iv ing  erroneous r e s u l t s .  Driving t h e  cas ing  a  few 
inches beyond t h e  bottom of t h e  bored ho le  and c lean ing  i t  out  w i l l  
a l l e v i a t e  t h i s .  

I f  unconsol idated m a t e r i a l s  cave i n t o  t h e  ho l e ,  t h e  t e s t  can be  
performed i n  t h e  fol lowing way: (1 )  Drive t h e  cas ing  t o  t h e  
bottom of t h e  h o l e  and c l e a n  i t  out .  ( 2 )  Accurately measure t h e  

'L depth of t h e  hole .  ( 3 )  Pour a measured volume (V) of coarse  sand 
o r  grave l  i n t o  t h e  cas ing ,  f i l l i n g  i t  t o  a  depth s l i g h t l y  i n  
excess  of t h e  length t o  be t e s t e d .  The permeabi l i ty  of t he  added 



grave l  must exceed t h e  permeabi l i ty  of t he  s t r a t a  being t e s t e d  
by a t  l e a s t  t h e  r a t i o  +ha t  t h e  c y l i n d r i c a l  and end a r e a  of t he  
t e s t  s e c t i o n  exceeds t h e  end a r e a  of t he  cas ing .  

Otherwise,  g ross ly  erroneous r a t e s  w i l l  r e s u l t .  This  de te rmina t ion  
must be based on judgment, obviously,  because t h e  permeabi l i ty  of 
t he  formation i s  unknown. I f  t h e  length of t h e  t e s t  s e c t i o n  i s  
kept  s h o r t ,  u s ing  3/8  t o  1 /4  inch grave l  w i l l  u sua l ly  be adequate 
f o r  t e s t i n g  unsorted sands and gravels .  ( 4 )  Withdraw the  ca s ing  
t o  t h e  t o p  of t h e  t e s t  s ec t i on .  Be c a r e f u l  no t  t o  p u l l  t h e  
ca s ing  above t h e  t o p  of t h e  grave l  i n s i d e  t h e  hole .  (5) Accurately 
measure t h e  depth t o  t h e  grave l  pack. Sub t r ac t i ng  t h i s  depth 
from t h e  depth of t h e  bottom of t h e  hole i s  t h e  f a c t o r  L ( s e e  
Figure 2-12),  needed i n  computations. (6 )  Determine t h e  mean 
r ad ius  ( r )  of t h e  t e s t  s e c t i o n  by t h e  fol lowing formula: - 
where, 

r = r ad ius  of t e s t  s ec t i on ,  ( f t . ) ,  

V = volume of grave l  added t o  ho l e ,  (cu.  f t . ) ,  

L = l ength  of t e s t  s e c t i o n ,  ( f t . ) .  

Af te r  completion of t h e  t e s t ,  i f  d e s i r a b l e ,  t h e  ho l e  can be deepened 
and a  t e s t  run a t  a  lower e l eva t ion .  J 
I n  tests between two packers ,  used i n  rock where t h e  ho l e  w i l l  s t and ,  
i t  i s  u sua l ly  d e s i r a b l e  t o  complete t h e  h o l e  t o  f i n a l  dep th ,  c l e a n  
i t  o u t ,  f i l l  i t  with water ,  and s t a r t  t e s t i n g  a t  t h e  des i r ed  
i n t e r v a l s  from t h e  bottom upward. I n  t h i s  way t h e  e n t i r e  ho l e  
can be t e s t e d  without removing t h e  apparatus  from t h e  hole .  

I n  t e s t s  below t h e  wa te r t ab l e ,  head (h )  i s  measured i n  t h e  same 
way a s  f o r  t h e  open-end t e s t .  That i s ,  t h e  v e r t i c a l  d i s t a n c e ,  i n  
f e e t ,  from t h e  wa te r t ab l e  t o  t h e  p re s su re  gage, p lus  2.31 t i m e s  
t h e  gage p re s su re  reading.  Above the  wa te r t ab l e  i t  i s  measured 
from t h e  mid-point of t h e  t e s t  s e c t i o n  t o  t h e  p re s su re  gage p lus  
t h e  app l i ed  p re s su re  i n  f e e t  of water.  See Figure 2-12. 



h (Pressure) 

t - 2 4  
G.W.L. 

Figure 2-12 Packer-type Permeability Test 

L Where the length of the test section (L) is equal to or more than 
5 times the diameter of the hole (L 2 lor), the formula used to 
compute permeability is: 

where , 

k = permeability, 

Q = constant rate of flow into the hole, 

L = length of the test section, 

h = differential head of water, 

r = radius of test section 

If the length of section being tested is less than five times 
the diameter, the relation is best described by changing the 
natural logarithm (loge) or in the above formula to the arc 

r 
hyperbolic sine 

(sinh'l) of .!L: 2 r 



Again, any c o n s i s t e n t  set of u n i t s  can be used. I f  however, k i s  
i n  cubic  f e e t  per square f o o t  per day, Q i n  ga l lons  per minute, and 

d 
L, h ,  and r i n  f e e t ,  t h e  formulas can be r ewr i t t en :  

Table  2-2 below gives  rounded values  f o r  t h e  a r c  hyperbol ic  s i n e s  
of numbers between 0.5 and 4 . 9 .  Table 2-3 gives  rounded n a t u r a l  
logarithms of numbers between 10 and 9 9 .  Other va lues  can be 
obtained by i n t e r p o l a t i o n .  

Table  2-2 Arc Hyperbolic Sines  of Numbers from 0 - 5  t o  4 . 9  

Table 2-3 Natural Logarithms of Numbers from 10 t o  99 



L Following is an example of the use of the above formulas and 
tables: 

Given: 

L =  2.1 ft L>lOr, use formula ( 6 )  

h = h (gravity) + h (pressure) 

h (gravity) = distance from ground water level or mid- 
point between packers to gage 

= 3.7 feet 

h (pressure)= 6 p.s.i. (gage reading) 

= 13.9 feet (gage reading X 2.31) 

= 3.7 + 13.9 = 17.6 feet 

2'1 ft - 16.8; log 16.8 = 2.81 (from table 2-31 L/r = - - 
,125 ft e 

Well permeameter method - The open-end test and packer test des- 
cribed above are most practical in fairly permeable materials. 
That is, where the coefficient of permeability is one foot per 
day or greater. The well permeameter is best suited for low 
permeability materials. It is often useful in resevoir bottoms 
and canals to determine leakage potentials. 

Since, in this test, the rate of inflow (Q) is usually very low, 
flow meters cannot be used and the volume of water used must be 
measured by some other method. An open-ended dmm, calibrated 
in 1-gallon increments, is a convenient device. Also, since the 
test is of long duration and inflow rates are low, the water 
level must be maintained by use of a float valve. An:7 standard 
bob-float stock-watering valve with sufficient capacity to 
maintain the mter level and with a counterbalanced operating 
arm can be used. The counter-balance allows the float to be 

L, suspended from the operating arm by means of a chain which can 
be lowered into the hole. The elevation of the water surface in 



t h e  h o l e  i s  c o n t r o l l e d  by t h e  l e n g t h  of t h e  cha in .  F igure  2-13 
i s  an  i l l u s t r a t i o n  of t h e  t e s t  a p p a r a t u s  a s  i t  should be  s e t  up. 

The h o l e  f o r  t h i s  t e s t  can  be  made by any convenient  method, t a k i n g  
c a r e  t h a t  a l l  compacted s o i l  i s  removed from t h e  s i d e  of t h e  h o l e  
and t h a t  t h e  bottom of t h e  h o l e  i s  c l e a n .  The h o l e  can be  of any 
d e s i r e d  dimensions a s  long a s  i t  conforms t o  t h e  g e n e r a l  r u l e  t h a t  
i t s  dep th  should be  between 10 and 150 t imes t h e  r a d i u s .  

A f t e r  t h e  h o l e  i s  completed and c leaned ,  i t  i s  b a c k f i l l e d  w i t h  a 
measured volume of c l e a n ,  uniform,  c o a r s e  sand o r  g r a v e l  t o  a 
l e v e l  about  6 inches  below t h e  water  l e v e l  t o  be mainta ined.  The 
sand s e r v e s  t h e  purpose of s u p p o r t i n g  t h e  h o l e  d u r i n g  s a t u r a t i o n  
and i s  a  means of de te rmin ing  t h e  mean r a d i u s  of t h e  h o l e .  The 
r a d i u s  i s  computed as d e s c r i b e d  under t h e  s e c t i o n  on packer t e s t s .  
A s h o r t  p i e c e  of ga lvan ized  c a s i n g  should b e  placed above t h e  
sand as p r o t e c t i o n  f o r  t h e  f l o a t .  Th i s  c a s i n g  should be  s m a l l e r  
t h a n  t h e  h o l e  t o  a l low wate r  t o  move f r e e l y  o u t s i d e  t h e  c a s i n g  t o  
t h e  e l e v a t i o n  of t h e  wa te r  l e v e l  i n  t h e  w e l l .  I t  can b e  he ld  
i n  p l a c e  by pour ing perv ious  sand between t h e  o u t s i d e  o f  t h e  
c a s i n g  and t h e  w e l l .  

The wate r  used i n  t h e  t e s t  should be  from t h e  same source  a s  t h e  
water which w i l l  permeate t h e  s t r a t a  a f t e r  c o n s t r u c t i o n ,  i f  p o s s i b l e .  
Th i s  i s  because  i n  some s o i l s  and w a t e r s ,  a b a s e  exchange r e a c t i o n  
t a k e s  p l a c e  which might i n c r e a s e  o r  d e c r e a s e  p e r m e a b i l i t y .  I f  
t h i s  does  occur ,  u s i n g  water from a common source  w i l l  a s s u r e  any 

d 
change w i l l  b e  i n  t h e  r i g h t  d i r e c t i o n .  The wate r  must be com- 
p l e t e l y  f r e e  from sediment.  I t s  t empera tu re  should be  s l i g h t l y  
h i g h e r  t h a n  t h e  t empera tu re  of t h e  s o i l  o r  ground water  t o  
p reven t  t h e  fo rmat ion  of a i r  bubbles .  Because of t h e  wide range  
of t empera tu res  at shal low d e p t h s ,  t h e  r e s u l t s  of t h i s  t e s t  must 
be c o r r e c t e d  t o  a s t a n d a r d  temperature .  Th i s  may be  e i t h e r  20° C 
o r  60° F. T h e r e f o r e ,  t h e  t empera tu re  of t h e  wa te r  i n  t h e  h o l e  
must be  t aken .  I f  t h e  t e s t  i s  of long d u r a t i o n ,  t h e  t empera tu re  
should be  t a k e n  s e v e r a l  t imes  and averaged t o  make t h e  c o r r e c t i o n .  
T a b l e  2-4 l i s t s  t h e  f a c t o r s  by which t h e  r e s u l t s  of t h e  t e s t  must 
be m u l t i p l i e d  t o  make t h e  t empera tu re  c o r r e c t i o n s  (Ct) .  The f a c t o r s  
a r e  d e r i v e d  by d i v i d i n g  t h e  v i s c o s i t y  of water a t  $he given tem- 
p e r a t u r e  by t h e  v i s c o s i t y  of wa te r  a t  s t a n d a r d  t empera tu re  (200 C 
and 60' F ) .  



r =  radius o f  well 

h should be 
between IOr 
and 150r 

cal ibrated 
d rum 

watertable l 1  

watertable or 
impervious stratum 

T, between h and 3 h  
Condit ion II 

Tu less than h 
Condi t ion IU 

More than 3h 
to  watertable or 
impervious s t ra tum 

Condition I 

T, =Unsaturated 
depth o f  strata below 
water level i n  well 

Figure 2-13 Well-permeameter Test 



Water C o r r e c t i o n  

Tab le  2-4 Temperature C o r r e c t i o n  Fac 

I T  
Fac tor  (Ct) 

: t o r s  

The t e s t  should  be  r u n  long enough t o  develop a s a t u r a t e d  envelope 
i n  t h e  s o i l  around t h e  w e l l ,  b u t  n o t  long enough t o  b u i l d  up t h e  
wa te r  t a b l e .  I n  t h e  more permeable m a t e r i a l s  t h e  t e s t  should be 
r u n  u n t i l  a graph of t ime p l o t t e d  a g a i n s t  accumulat ive  d i s c h a r g e  
f o r  s e v e r a l  hours  i s  a s t r a i g h t  l i n e ,  i n d i c a t i n g  t h a t  a s t e a d y  
r a t e  of d i s c h a r g e  has  been e s t a b l i s h e d .  The s t r a i g h t  p o r t i o n  of 
t h e  curve  should t h e n  b e  used f o r  de te rmin ing  Q t o  compute pe r -  
m e a b i l i t y .  

Water 

I f  a  s t e a d y  r a t e  of d i s c h a r g e  has  no t  been e s t a b l i s h e d  a f t e r  
approximately  8  hours ,  t h e  minimum volume t o  be  d i scharged  can  be  
determined from t h e  fo l lowing  formula:  

C o r r e c t i o n  
Temp. 

Degrees 
C F  

where, 

Vmin = minimum volume t o  b e  d i scharged  

Ys = s p e c i f i c  y i e l d  of s o i l  be ing  t e s t e d  

h  = h e i g h t  of water  i n  w e l l  

24 

25 

26 

27 

28 

29 

30 
- 

Fac tor  ( C t )  
t o  

20°C 60°F 

r = r a d i u s  of we l l .  

77.C 

80.6 

82.4 

86.0 

7 5 . 2 0 . 9 1  

0.89 

7 8 . 8 0 . 8 7  

0 .85 

0.83 

8 4 . 2 0 . 8 1  

0.80 

0 .82 

0.80 

0.78 

0.76 

0.75 

0.73 

0.71 



The formula r e q u i r e s  t h a t  t h e  s p e c i f i c  y i e l d  ( Y s )  of t h e  s t r a t a  
be ing  t e s t e d  be  known. S p e c i f i c  y i e l d  i s  t h e  amount of water 
which w i l l  d r a i n  from a  s o i l  by g r a v i t y  f low.  It i s  w r i t t e n  a s  
a  decimal f r a c t i o n  of t h e  s a t u r a t e d  volume of t h e  s o i l .  For 
common s o i l s ,  s p e c i f i c  y i e l d s  va ry  from 0.10 f o r  f i n e  g r a i n e d  
s o i l s  t o  0.35 f o r  c o a r s e  g ra ined  s o i l s .  When t h e  s p e c i f i c  y i e l d  
of t h e  s o i l  i s  n o t  known, 0.35 should be used t o  g i v e  a con- 
s e r v a t i v e  v a l u e  f o r  minimum volume. The t e s t  should be  d i s -  
cont inued when t h e  minimum volume has  been d i scharged .  Minimum 
volume can be  determined from t a b l e  2-5 ,  when h  and r a r e  known 
and s p e c i f i c  y i e l d  i s  assumed t o  be 0.35. I f  t h e  s p e c i f i c  
y i e l d  of t h e  s o i l  i s  known, t h e  minimum volume determined from 
t a b l e  2-5, should be  m u l t i p l i e d  by t h e  f r a c t i o n  *s- where Ys 
i s  t h e  known s p e c i f i c  y i e l d  of t h e  s o i l .  E 3 5  

The f i e l d  d a t a  needed t o  compute p e r m e a b i l i t y  a r e :  (1) The r a t e  
of f low i n t o  t h e  w e l l  i n  g a l l o n s  per  minute.  ( 2 )  The mean r a d i u s  
of t h e  w e l l ,  i n  f e e t .  ( 3 )  The h e i g h t  of t h e  column of wa te r  i n  
t h e  w e l l ,  measured from t h e  bottom of t h e  h o l e  t o  t h e  mainta ined 
wate r  l e v e l ,  i n  f e e t .  ( 4 )  The dep th  t o  t h e  wa te r  t a b l e ,  i f  i t  
i s  sha l low,  o r  t h e  dep th  t o  a n  impervious l a y e r  o r  t h e  wa te r  
t a b l e  (whichever i s  h i g h e r )  i f  t h e  water  t a b l e  i s  deep. ( 5 )  The 
t empera tu re  of t h e  wa te r  i n  t h e  w e l l .  The s o i l  t empera tu re  
should b e  determined a l s o ,  t o  be  s u r e  t h a t  t h e  wa te r  b e i n g  used 
i s  warmer t h a n  t h e  s o i l .  

A s  i l l u s t r a t e d  i n  F igure  2-13, t h e r e  a r e  t h r e e  d i f f e r e n t  c o n d i t i o n s  
which normally e x i s t  i n  t h e  f i e l d .  Each r e q u i r e s  a  s l i g h t l y  
d i f f e r e n t  formula f o r  computing p e r m e a b i l i t y .  



Table 2-5 Minimum Volume, i n  Gallons, t o  be Discharged i n  Well Permemeter 
Where Y, = 0.35 

Well 
:riches 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

4.25 

4.50 

4.75 

5.00 

1 
Feet 

.083 

,104 

. I25 

. I46  

,167 

. I87  

.208 

.229 

.250 

.271 

.292 

.312 

.333 

.354 

.375 

.396 

.417 

Height of Water i n  Well (h) 
Feet 

7 

620 

670 

720 

770 

820 

870 

910 

9 60 

1000 

1050 

1090 

1130 

1170 

1210 

1250 

1290 

1330 



Condi t ion  I e x i s t s  when t h e  d i s t a n c e  from t h e  water  s u r f a c e  i n  t h e  

L w e l l  t o  t h e  water  t a b l e  o r  a n  impervious l a y e r  i s  g r e a t e r  t h a n  
t h r e e  t imes  t h e  h e i g h t  of wa te r  i n  t h e  w e l l .  For t h i s  c o n d i t i o n ,  
e q u a t i o n  ( 9 )  below, i s  used.  

Condi t ion  I1 e x i s t s  when t h e  wa te r  t a b l e  i s  below t h e  bottom of t h e  
w e l l ,  b u t  t h e  dep th  t o  t h e  water t a b l e  o r  a n  impervious l a y e r  i s  
l e s s  t h a n  t h r e e  t imes  t h e  h e i g h t  of wa te r  i n  t h e  w e l l .  For t h i s  
c o n d i t i o n ,  equa t ion  (10)  below, i s  used.  

Condi t ion  111 e x i s t s  when t h e  water  t a b l e  i s  above t h e  bottom of 
t h e  w e l l .  Equat ion (11) i s  used i n  t h i s  case .  

Equat ion f o r  c o n d i t i o n  I: 

Equat ion f o r  c o n d i t i o n  I1 

u 
Equat ion f o r  c o n d i t i o n  111 

where, 

k  = c o e f f i c i e n t  of p e r m e a b i l i t y ,  cub ic  f e e t  p e r  square  f o o t  per  day,  

h  = h e i g h t  of wa te r  i n  w e l l ,  f e e t ,  measured from t h e  bottom of 
w e l l  t o  m a i n t a i n  wa te r  l e v e l ,  

r = r a d i u s  of w e l l ,  f e e t ,  

Q = c o n s t a n t  r a t e  of f low i n t o  h o l e ,  g a l l o n s  pe r  minute ,  

Tu = u n s a t u r a t e d  t h i c k n e s s  between wate r  l e v e l  i n  t h e  w e l l  and 
t h e  wa te r  t a b l e  o r  impervious l a y e r ,  

C t  = c o r r e c t i o n  t o  s t a n d a r d  t empera tu re .  



Following a r e  examples of each of t h e  t h r e e  c o n d i t i o n s  u s i n g  t h e  
a p p r o p r i a t e  equat ion:  

Condi t ion  I ,  where TU i s  g r e a t e r  t h a n  3h. 

Given: 
h =  5  f e e t  

r = 0.125 f e e t  

Q = 0.10 g a l l o n s  per  minute 

Tu = 30 f e e t  ( g r e a t e r  t h a n  3h; u s e  e q u a t i o n  9 )  

T = t empera tu re  of water  i n  w e l l  = 18O C 

h - 5 f t  - = 40; s i n h  - 1 40 = 4.37 
r 0 . 1 2 5 f t  

The a r c  hyperbo l ic  s i n e s  f o r  $ from 10 t o  200 can be ob ta ined  from 
t a b l e  2-6 .  

lyperb 

+5 

3 .41 

3.92 

4.25 

4.50 

4.71 

4.86 

5.01 

5.14 

5.24 



Example two: 

Condition 11, where T is greater than h but l e s s  than 3he 
u 

Given : 

h = 5 feet 

r = 0.125 feet  

Q = 0.10 galloas per minute 

Tu = 6 feet  (greater than h but l e s s  than 3h; use equation 10) 

T = 1.8' C. 

The natural logarithms of h/r are  obtained fram table 2-3. 

Example three: 

Condition 111, where Tu is l e s s  tban h: 

Given : 

h = 5 feet  

r = O.l25 feet  

Q = 0.10 g ~ l l o n s  per minute 

Tu = 3 feet  ( less  than h; use equation 11) 

T = 18' c 



Soil-sampling Tools 

General 
A wide variety of cutting and sampling tools are available on the 
market. Tables 2-7 and 2-8 may be used as a guide in selecting tools 
for drilling, logging, and sampling purposes in various soils. Only 
those logging and sampling tools recommended for SCS use are dis- 
cussed in this Handbook. 

Open-drive and Piston Samplers - 
Open-drive samplers are cylindrical samplers which are pushed or 
driven into the materials to be sampled. A drive sampler equipped 
with a piston is known as a piston sampler. A large number of drive 
and piston samplers are available on the market. They are manu- 
factured in a variety of diameters, tube thicknesses and tube lengths. 
They are generally known as thick wall, thin wall, and split barrel 
samplers. 

Thin-wall Open-drive Samplers 
Thin-wall open samplers consist of solid thin-wall barrels. These 
are manufactured in a variety of lengths, diameters, and wall 
thicknesses. They must be equipped with ball or other types of 
check valves for satisfactory performance. 

The simplest type of open drive sampler is the so-called thin- 
wall "Shelby Tube," Figure 2-14. It should be obtained in steel 
tubing lengths of 24 inches and from 3% to 5 inches in diameter. 
The tube is attached to a head assembly by means of set screws. 
This head assembly contains a ball check valve. After the 
sample is obtained, the tube is detached from the head, sealed, 
and shipped to the laboratory where the sample is removed for 
conducting tests. 

Thin-wall samplers do not have cutting shoes but rather a 
sharpened cutting edge. To provide clearance in certain mat- 
erials, the edge may be swaged to cut a sample smaller than the 
inside diameter. Table 2-9 lists recommended bit clearance 
for different types of material. 

Thin-wall d.rive-samplers provide good undisturbed samples of 
certain soil materials if proper methods of operation are used. 
The sampler must be advanced by a uniform and uninterrupted 
push without rotation. No additional drive should be made 
after the sampler stops. This requires that the drill rig be 
provided with a hydraulic pressure device capable of exerting 
a driving force of at least 8000 pounds. Since the drill rig 
serves as a reaction for driving the sampling tube, it may be 
necessary to anchor the rig to hold it down. 



Materials in Which Used Samp 1 er 

Continuous Helical 
Axgers 

Medium soft to stiff cohesive 
soils free of cobbles and 
boulders. Unsaturated but 

Minimum ~iameterll Required for: I 

Dry - barrel 13 O.D. 13 O.D. I 
I I I 

Iwan Hand Augers 
Closed Bucket 
Augers 
Slat - type Bucket 
Augers 

Split-barrel 

Direct 
Shear 

Triaxial 
Shear 

Hole ad- 
vancement 

3 O.D. 

2 O.D. 

3 O.D. 

3 O.D. 

Thin Wall 
Stationary Piston- 
Thin Wall 

Horizontal 
Pe-- 

Chopping-Jetting 
Double Tube Soil 

Logging 

221 

3 0.D.- 3 / 

3 0.D.- 3 / 

1-3/&/ 

3 

3 

2 O.D. 

Core Barrel 
(Denison) 

Consolidation 
~ests2/ 

wet sand and silt. 

All, includin gravel. Free 
of cobbles an2 boulders. 

Cohesive soils. 
All but hard and brittle soil~s 
free of coarse gravel, cobbles 
and boulders. 

3 3 

3 3 

4 O.D. 

5/ 3-5- 

1 I 

3-91 

soils, dense sand, partially 
cemented soils. All but 

2-15/16 2-15/16 

1/ Applies to inside diameter unless indicated otherwise. - 
21 Includes vertical permeability tests. - 
31 Recommended only for use in homogeneous materials. - 
4 /  Also standard penetration test. N - I 

5/ Three-inch samples are suitable when foundation materials are relatively homogeneous. Five-inch samples are 2 - 
required when stratification of the profile is significant. 

5 

2-15/16 

Roller Bit 

Double-Tube Rock 
Core Barrel 

Table 2-7 Recommended Logging and Sampling Tools, with Minimum Diameter 

Cohesive soils. 
Soft to stiff and loose 
to medium. 

5 

3-GI 

Same as above but includes very 
soft and very loose soils 
Stiff to hard clays, brittle 

3 O.D. 
2-15/16 
O.D. 

5 
very soft soils. 

2-118 2-118 2-1/8 2-118 

- 

2-118 

Hard to soft rock. 



Table 2-8 Soil Types and Sampling Tools 

I I 
Type of Soil Logging or Disturbed 

Samples 
Undisturbed Samples 

Common cohesive and 
plastic soils. 

Thin-wall open-drive sampler. 
Piston sampler. 
Double-tube core barrel 

Bucket-type augers ,L/ a1 1 
types of drive samplers, 
dry barrel. 

Slightly cohesive and 
brittle soils includ- 
ing silt, loose sand 
above the water table 

Same as above. 

Thin-wall open-drive samplers. 
Piston samplers below water table. 
Double-tube soil core barrel 
(with liner). 

Very soft and sticky 
soils. 

Closed bucket auger,lldry Thin-wall or piston samplers. 
barrel, piston sampler or I 

- -  -- 

Compact or stiff and 
brittle soils includ- 
ing dense sands, par- 
tially dried soils. 

Saturated silt and 
loose sand. 

Hard, highly compact- 
ed or partially 
cemented soils, no 
gravel or cobbles. 

Coarse, gravel ly and 
stony soils including 
compact and coarse 
till. 

Bucket-type auger .l/ 
Thick-wall drive sampler. 

open drive with core re- 
tainers. 

As above. Overdrive push- 
tubes to retain sample. 

Double-tube soil core barrel. 

Piston sampler with heavy mud. 

Bucket arlger .l/~hick wall 
drive sampler and hammer. 
Double-tube core barrel 

11 21 Bucket auger- 
Urge diameter thick wall 

. $rive sampler. 

Double-tube soil core barrel. d 

- - 

Not practical. ' (Advance freezing 
and core. 1 

Organic clay, silt 
or sand. 

As above according to basic 
soil type. 

Thin-wall piston. Measure length 
of drive and original volume of 
sample carefully. 

1/ Homogeneous soils only. - 

2/ Power equipment such as bulldozers and backhoes are more suitable in many cases. - 



HEAD, 

RETAINING PIN 
\ 

BALLCHECK, 

RUBBER SEAT\ 

SETSCREW, 

STEEL OR BRASS 
TUBE \ 

--. 
1 

'1 
Enlarged Detai l  

Figure 2-14 Thin-wall Open Drive Sampler 



Thin-wall d r i v e  sampling methods a r e  most p r a c t i c a l  i n  f ine-gra ined ,  "d 
p l a s t i c ,  o r  peaty s o i l s .  The method i s  not  s u i t e d  f o r  sampling 
b r i t t l e ,  cemented, o r  g r ave l ly  s o i l s .  The amount of d i s tu rbance  
i n  d r i v e  samples depends t o  a g r e a t  ex t en t  on t h e  dimensions of t h e  
sample tube. The th inne r  t h e  wal l  and t h e  l a r g e r  t h e  diameter ,  
t h e  l e s s  t h e  d i s turbance  w i l l  be. 

Extruded samples a r e  e x c e l l e n t  f o r  logging purposes. I f  de s i r ed  
f o r  t h i s  purpose, t h e  d r i l l  r i g  must be equipped wi th  a sample 
e j e c t o r .  The sample should be extruded through t h e  t op  of t h e  
sampler. 

Undisturbed samples f o r  l abo ra to ry  a n a l y s i s  should no t  be  removed 
from t h e  sampling tube  i n  t h e  f i e l d ,  but should be sea led  i n  t h e  
tube  and t h e  tube  s e n t  t o  t h e  labora tory .  E i t h e r  3-inch o r  5- inch 
diameter  undis turbed samples should be  taken depending upon t h e  type 
of l abo ra to ry  t e s t  des i red .  

Three-inch diameter tubes u sua l ly  have a wal l  th ickness  of 1/16 
inch and 5-inch diameter tubes about 1 /8  inch. These tubes have 
no c u t t i n g  shoe. Equipment i s  a v a i l a b l e  t o  swage thin-wal l  tubes  
t o  provide d e s i r a b l e  b i t  c learance .  B i t  c l ea rance  r e f e r s  t o  t h e  
d i f f e r e n c e  between t h e  diameter of t h e  c u t t i n g  edge and t h e  i n s i d e  
diameter  of t h e  sampling tube,  i n  percent.  For example, i f  t h e  
c u t t i n g  edge i s  2-15/16 inches and t h e  I . D .  of t h e  sampling tube  
i s  t h r e e  inches ,  then t h e  b i t  c learance  i s  3 minus 2-15/16 d iv ided  
by 3 (I.D.), o r  about 2 percent .  B i t  c l ea rance  may not  be  
necessary i f  u se  of t h e  sampler i s  l imi ted  t o  s o f t ,  loose,  non- 
cohesive ma te r i a l s .  Tubes wi th  t h e  proper b i t  c l ea rance  should 
be a v a i l a b l e  a t  t h e  s i t e  t o  o b t a i n  adequate undis turbed samples 
f o r  each type  of ma te r i a l  encountered. Cohesive s o i l s  and s o i l s  
which a r e  s l i g h t l y  expansive r e q u i r e  varying amounts of b i t  
c learance .  Sa tura ted  and s o f t ,  loose sands,  s i l t s  and some c l a y s  
may r e q u i r e  l i t t l e  o r  no c learance .  The c l ea rance  s e l ec t ed  i s  t h a t  
necessary t o  minimize drag  o r  s idewal l  f r i c t i o n  on t h e  sample and 
t o  a s s i s t  i n  r e t a i n i n g  t h e  sample i n  t h e  tube. 

Thin-wall  sampling procedure.--The bas i c  procedures f o r  th in-wal l  
tube sampling a r e  a s  fol lows:  

1. Advance ho l e  t o  s t r a t a  t o  be  sampled. 

2. Clean ho le  thoroughly t o  remove loose ma te r i a l  from t h e  bottom. 

3 .  Be s u r e  d r i l l i n g  r i g  i s  anchored o r  heavy enough t o  counterac t  
t h e  p re s su re  i t  i s  capable  of exer t ing .  This  should be a t  
l e a s t  8000 pounds. 

4. Sample t ube  must be smooth, thoroughly cleaned i n s i d e  and out -  
s i d e ,  be properly sharpened, and have c o r r e c t  b i t  c l ea rance  f o r  
t h e  type  of s o i l  being sampled. (See Table  2-91 .  Tubes should 
be  p l a s t i c  coated o r  greased t o  prevent  ru s t i ng .  d 



Soi l  type  

Gravel........... 

S n d  ............. 
Sand............. 

Sand............. 

Sand. ............ 

S i l t .  ............ 
S i l t .  ............ 

............ S i l t .  

Sil t . . . . . . . . . . . . .  

Clay and shale.. . 
Clay ............. 
Clay....... ...... 
Clay ............. 
Clay...... ....... 
Clay.. ........... 

Table 2-9 General recommendations for thin-wall drive sampling 

I I I (Thin-wall d r ive  samplers not s u i t a b l e  ) I I 
Moist...... ......... 
Moist............... 

Saturated........... 

Saturated. .......... 

Recommendations Por b e t t e r  
recovery 

Moist............... 

Moist............... 

Saturated........... 

Saturated........... 

I I I I 

Dry t o  sa tura ted. .  .. 
Moist............... 

Moist............... 

......... Saturated..  

Saturated.. ......... 
Wet t o  saturated.. . .  

Bit clearance, 
percent 

Length of  drive,  
inches 

Moisture condition 

Medium............ 

Loose............. 

Medium............ 

Loose............. 

Open-drive 
sampler recovery 

S o i l  consistency 

- -- 

Firm.............. 

Soft.............. 

Firm.............. 

soft.............. 

Hard.............. 

Firm.............. 

Soft.............. 

Firm.............. 

Soft.............. 

........ Expansive. 

................. 18 

12................. 

18 ................. 
12 t o  18 ........... 

................ 18. 

12 t o  18.. ......... 
........... I$...... 

........... 12 t o  1.8 

Hecornend pis ton sampler. 

Recommend pis ton sampler. 

Recommend double-tube 
sampler. 

........... 0 t o  $ 

k... . . . . . . . . . . . . .  
O................ 

O................ 

Recommend pis ton sampler. 

................. ('Thin-wall dr ive  sampler not su i t ab le ) .  

g................ 
- 2 ................ 
O................ 

........ o t o  $... 

Good. ............. 
...... a i r  t o  good 

Good.............. 

...... a i r  t o  poor 

............ Good.. 

18 ................. 
.......... 12 t o  18. 

18 ................. 
................. 18 

................. 18 

Adapted from U. S. E.R. EBrth b n u a l ,  1960. 

....... mir  t o  poor 

Poor............... 

Poor........... .... 
Foor ............... 

.... mir  t o  good.. 

m i r  .............. 
m i r  t o  poor. . . . . .  

............. poor. 

$ t o  1.. ......... 
I................ 

0 t o  l........... 

........... $ t o  1 

.......... 4 t o  12 

Recommend pis ton sampler. 

Recommend pis ton sampler. 

Recommend pis ton sampler. 



5. Attach tube to drill rod and lower into hole until it rests 
on the bottom. 

6. Drive must be made without rotation and with one continuous 
stroke. 

7 .  Length of drive must be carefully measured and should be a few 
inches short of the sampler length to prevent compaction of 
the sample in the tube by over driving. See Table 2-9. 

8. Rotate sampler slightly to break off sample before pull is 
started. 

9. Retrieve sampler from hole carefully and with a steady pull 
to avoid sample loss. 

10. Length of sample recovered must be accurately measured and 
recorded. 

11. Samples are sealed in tube for handling and shipping. 

Piston-drive Samplers 
Piston samplers are thin-wall samplers similar to "Shelby" thin- 
wall samplers but containing a piston to facilitate sampling. It 
is designed to obtain samples of soft or medium soils and for 
obtaining samples of sands, silts, and cohesive soils below the 
water table. See Tables 2-7 and 2-8. The stationary-piston 
sampler (Fig~re 2-15) is lowered to the bottom of the bore hole 
with the piston held in the lower end of the sampler. The piston 
is then locked into position by means of actuating rods which 
extend to the surface within the drill rods. The tube is then 
forced into the materials by steady pressure, while the piston 
remains stationary at constant elevation, to obtain.the sample. 
The sampler is equipped with a vented head to permit escape of 
air above the piston. The piston creates a vacuum which holds 
the sample in the tube while it is being brought to the surface. 

Stationary-piston samplers are available in sizes up to 30 inches 
in length with I.D. up to 4 - 3 / 8  inches. A modification of the 
abave sampler (Osterberg type) requires lowering of the sampler 
in the bore hole and forcing the sampling tube into materials by 
means of hydraulic pressure applied through the drill rods. This 
type of sampler is available in 3-inch and 5-inch diameters. This 
type of sampler is recommended for those soils requiring a piston 
sampler. 

Piston sampling procedure--The basic principles of operation for 
stationary-piston sampling are the same as for thin-wall sampling 
with the exception of techniques for locking the piston which vary 
with the type of sampler. Additional considerations are as follows: 
(1) The hydrostatic pressure of drilling fluids aids the suction 
effect of the piston. The consistency of the mud should be such 



DRIVE HEAD 

SLOTTED SECTION 

A - LOWERING B - S A M P L I N G  c - W I T H D R A W A L  

Figure 2-15 Stationary-Piston Sampler 



t h a t  about % inch  of t h e  sample i s  s a tu ra t ed  wi th  mud; and, ( 2 )  
tiibes have l i t t l e  o r  no b i t  c learance  and no sample r e t a i n e r s .  

The b a s i c  procedures f o r  sanpl ing  wi th  t h e  s t a t i o n a r y  p i s ton  
sampler a r s  a s  follows: 

1. Advance and c l ean  h o l e  t o  sampling hor izon  a s  i n  open t h i n -  
wal l  d r i v e  sampling. 

2. Attach sampler t o  d r i l l  rod. 

3.  I n s e r t  t h e  p i s t o n  and lock f l u s h  wi th  t h e  bottom of t h e  tube.  

4 .  Where a p i s t o n  rod i s  used, i t  i s  connected t o  t h e  p i s t o n  
e i t h e r  a f t e r  t h e  sampler has  been lowered t o  t h e  bottom of t h e  
ho l e  or, i t  may be  connected p i ece  by p i ece  i n s i d e  t h e  d r i l l  
rod while  t h e  sampler i s  being lowered, 

5. The sampler i s  placed a t  t h e  bottom of t h e  bore ho le  and t h e  
p i s t o n  unlocked by tu rn ing  t h e  p i s t o n  rod clockwise f i v e  
r evo lu t ions  ( t h i s  may vary w i th  d i f f e r e n t  samplers.)  

6. The p i s t o n  rod i s  then  secured t o  t h e  d r i l l  r i g ,  cas ing ,  o r  
p r e f e r ab ly  t o  an  independent frame and t h e  sampler i n j e c t e d  under 
s teady p re s su re  i n t o  t h e  ma te r i a l  t o  be sampled. Weight of 
equipment i s  normally used a s  t he  r e a c t i n g  force .  

7. Carefu l ly  measure length  of d r ive ,  

8. A t  t h e  end of t h e  d r i v e  t h e  p i s t o n  rod i s  disconnected by 
cont inu ing  t o  t u r n  it clockwise u n t i l  t h e  rod i s  f u l l y  
r e l ea sed ,  then t h e  sampler i s  r a i s ed .  The p i s t o n  i s  he ld  i n  
p l ace  a t  t h e  t op  of i t s  s t r o k e  by a s p l i t - c o n e  clamp. 

9.  Before removing t h e  sampler from t h e  d r i l l i n g  f l u i d  a t  t h e  
ground su r f ace ,  t h e  hand o r  a block should be  placed over 
t h e  end t o  prevent t h e  sample from dropping ou t .  

10. Remove sampling tube  from d r i l l  rod and measure and record 
length  of sample. 

11. Sea l  sample i n  tube  f o r  shipment t o  t h e  labora tory .  

S p l i t - b a r r e l  Sampler 
The s p l i t - b a r r e l  sampler (F igu re  2-7) c o n s i s t s  of a head, b a r r e l  
and c u t t i n g  shoe. The b a r r e l  i s  s p l i t  l ong i tud ina l ly  so  t h a t  i t  
can be taken  a p a r t ,  a f t e r  removal of t h e  head and t h e  shoe, and 
t h e  sample removed f o r  v i s u a l  i n spec t ion  o r  packing i n  j a r s  o r  
o the r  con ta ine r s  f o r  shipment t o  t h e  labora tory .  The s p l i t - t u b e  
sampler can withstand hard d r iv ing  i n t o  s o i l  ma te r i a l s .  S ince  



c u t t i n g  shoes  o f t e n  become damaged by d r i v i n g ,  a supply of 
C a d d i t i o n a l  c u t t i n g  shoes  should always be a v a i l a b l e  i n  t h e  

f i e l d .  

S p l i t - t u b e  samplers may be  ob ta ined  i n  l e n g t h s  up t o  24 inches .  
The 2-inch O.D. sampler i s  recommended f o r  logging purposes  and 
i s  r e q u i r e d  f o r  t h e  s t a n d a r d  p e n e t r a t i o n  t e s t .  It i s  no t  s u i t a b l e  
f o r  t a k i n g  a n  und is tu rbed  sample because  o f  sample d i s t u r b a n c e  due 
t o  t h e  t h i c k  c u t t i n g  shoe and d r i v i n g  a c t i o n  of t h e  hammer. S p l i t -  
b a r r e l  samplers  a r e  adapted f o r  a c c u r a t e  logging of thin-bedded 
m a t e r i a l s .  

S p l i t - b a r r e l  sampling procedures--Sanpl ing and s tandard  p e n e t r a t i o n  
t e s t s  a r e  normally r u n  i n  con junc t ion  w i t h  each o t h e r .  Procedures  
f o r  sampling and running s t a n d a r d  p e n e t r a t i o n  t e s t s  a r e  as f o l l o w s :  

Advance and c l e a n  o u t  h o l e  t o  h o r i z o n  t o  be  logged. 

At tach  s p l i t - b a r r e l  sampler t o  d r i l l  rod  and lower t o  
bottom of hole .  Sampler must be  2  inch  O.D. and 1 3/8  
inches  I . D .  of  t h e  c u t t i n g  edge f o r  s t a n d a r d  p e n e t r a t i o n  
t e s t .  

Dr ive  sampler 6 inches  i n t o  s trata and mark d r i l l  stem w i t h  
cha lk  t o  p rov ide  f o r  1 - foo t  d r i v e .  

With 140-pound d r i v e  hammer, f a l l i n g  30 i n c h e s ,  d r i v e  
s m p l e r  f o r  d i s t a n c e  of 12 inches .  Count and record  
number of blows r e q u i r e d  f o r  each 6 inches  of t h i s  12- 
inch  t e s t .  

R o t a t e  sampler s l i g h t l y  t o  break o f f  b e f o r e  p u l l  i s  s t a r t e d  
and r e t r i e v e  sampler.  

Remove sampler from rod and d i sassemble  by removal of 
c u t t i n g  shoe,  head,  and s e p a r a t i n g  t h e  two h a l v e s  of t h e  
b a r r e l .  

C a r e f u l l y  log sample and record  l eng th .  

P l a c e  samples needed f o r  l a b o r a t o r y  a n a l y s e s  i n  s e a l e d  
j a r s  t o  r e t a i n  n a t u r a l  mois tu re .  

Clean,  i n s p e c t ,  and reassemble  sampler f o r  nex t  d r i v e ,  I f  
c u t t i n g  shoe has  been damaged by t h e  p rev ious  d r i v e  t o  t h e  
e x t e n t  t h a t  t h e  i n s i d e  d iamete r  i s  a p p r e c i a b l y  a l t e r e d ,  i t  
must be  rep laced  w i t h  a proper  c u t t i n g  shoe. 

Double-Tube S o i l  Core Barrel Sanple r  (Denison Type) 
The most s a t i s f a c t o r y  sampler f o r  o b t a i n i n g  n e a r l y  und is tu rbed  
s o i l  samples of h i g h l y  compacted, h a r d ,  s t i f f ,  uncemented o r  
s l i g h t l y  cemented m a t e r i a l s  i s  t h e  double - tube  s o i l  core b a r r e l  

L 



w i t h  l i n e r  ( F i g u r e  2-16). Samples of cohes ive  s o i l s  a r e  o b t a i n e d  
w i t h  a double - tube  s o i l  c o r e  b a r r e l  w i t h  t h e  l e a s t  amount of 

d 
d i s t u r b a n c e .  Double-tube samplers  can b e  used t o  sample a wide 
v a r i e t y  of materials i n c l u d i n g  some rock  such as s o f t  s h a l e s  and 
s o f t  and f r i a b l e  sandstones .  The method i s  no t  s a t i s f a c t o r y  f o r  
o b t a i n i n g  und is tu rbed  samples o f  s o f t ,  loose ,  c o h e s i o n l e s s  s i l t s  
and sands  below t h e  wa te r  t a b l e ,  o r  v e r y  s o f t  and p l a s t i c  cohes ive  
m a t e r i a l s  where t h e  s t r u c t u r e  i s  des t royed  by b a r r e l  whip. It i s  
no t  s u i t a b l e  f o r  o b t a i n i n g  und is tu rbed  samples of g r a v e l s  and 
cobb 1 e s  . 
The double- tube c o r e  b a r r e l  i s  advanced by r o t a t i n g  t h e  o u t e r  
b a r r e l  which c u t s  a  c i r c u l a r  groove and loosens  t h e  s o i l  m a t e r i a l  
t o  b e  d i s p l a c e d  by t h e  two b a r r e l s .  D r i l l i n g  f l u i d  i s  f o r c e d  
downward through t h e  d r i l l  stem between t h e  b a r r e l s  and c a r r i e s  
t h e  c u t t i n g s  t o  t h e  s u r f a c e  o u t s i d e  t h e  t u b e s  and d r i l l  stem. 
The i n n e r  b a r r e l  which does  no t  r o t a t e ,  moves downward over  t h e  
und is tu rbed  sample be ing  c u t  by t h e  r o t a t i n g  o u t e r  b a r r e l .  A 
l i n e r  i s  i n s e r t e d  i n  t h e  i n n e r  b a r r e l  b e f o r e  t h e  b a r r e l  i s  
assembled. A f t e r  d r i l l i n g  t h e  r e q u i r e d  l e n g t h ,  t h e  sampler i s  
withdrawn and t h e  l i n e r  removed and prepared f o r  sh ipp ing .  

The o u t e r  c u t t i n g  b i t  o r  t h e  i n n e r  c u t t i n g  shoe o f  double- tube 
s o i l  c o r e  b a r r e l s  a r e  made i n  s e v e r a l  l e n g t h s  s o  t h a t  t h e  
r e l a t i o n  of t h e  c u t t i n g  edge of t h e  i n n e r  b a r r e l  t o  t h e  b i t  c a n  
be v a r i e d ,  A r e t r a c t e d  i n n e r  shoe  o r  long o u t e r  b i t  i s  used f o r  
ve ry  hard  s o i l s  which are n o t  s u b j e c t  t o  e r o s i o n .  I n  dense  o r  
b r i t t l e  s o i l s ,  a s h o r t  b i t  i s  used s o  t h a t  t h e  i n n e r  b a r r e l  i s  
n e a r l y  f l u s h  w i t h  t h e  c u t t i n g  t e e t h .  S o f t ,  l o o s e ,  o r  s l i g h t l y  
cohes ive  s o i l s  r e q u i r e  t h e  s h o r t e s t  b i t  and t h e  maximum p r o t r u s i o n  
of t h e  i n n e r  b a r r e l  s o  t h a t  t h e  d r i l l i n g  mud does  n o t  wash o u t ,  
p e n e t r a t e ,  o r  undercut  t h e  sample, The sample should e n t e r  t h e  
b a r r e l  s o  t h a t  i t  f i l l s  t h e  l i n e r  but  t h e  o u t e r  b a r r e l  should 
c u t  t h e  c o r e  s o  t h a t  a minimum of  downward p r e s s u r e  i s  r e q u i r e d .  
The number of t e e t h  of c u t t i n g  b i t s  v a r i e s  from 6 t o  24, t h e i r  
h e i g h t  from 1 / 8  t o  two i n c h e s ,  and t h e  outward p r o j e c t i o n  from 
1 /16  t o  1 / 2  inch.  Sys temat ic  exper imenta t ion  t o  determine t h e  
optimum number, shape,  and dimension of t h e  t e e t h  f o r  v a r i o u s  
t y p e s  of s o i l s  i s  needed, and c o n s i d e r a t i o n  may b e  g iven  t o  
t e e t h  w i t h  t h e  c u t t i n g  edge o r  f a c e  a t  a n  a n g l e  w i t h  t h e  r a d i u s ,  
so  t h a t  t h e  t e e t h  w i l l  t end  t o  c a r r y  t h e  c u t t i n g s  toward t h e  
o u t e r  r i m  of t h e  b i t .  O f t e n  blank b i t s  a r e  f u r n i s h e d  by t h e  
manufacturer .  These a r e  c u t ,  shaped, and b u i l t  up w i t h  a hard  
a l l o y  as d e s i r e d .  

Basket o r  s p r i n g - t y p e  c o r e  r e t a i n e r s  may be  used.  Severa l  t y p e s ,  
u s i n g  a d i f f e r e n t  number and f l e x i b i l i t y  of s p r i n g s ,  a r e  a v a i l -  
a b l e  f o r  u s e  i n  d i f f e r e n t  m a t e r i a l s .  The t a p e r e d ,  s p l i t - r i n g  
c o r e  r e t a i n e r  used i n  rock core b a r r e l s  i s  not s a t i s f a c t o r y  f o r  use 
i n  s o i l .  A check v a l v e  i s  provided t o  r e l i e v e  p r e s s u r e  over  t h e  
c o r e .  The c o r i n g  b i t s  used u s u a l l y  have hard s u r f a c e d  s teel  
t e e t h .  
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Figure 2-16 Double-tube S o i l  Core Ba r r e l  (Denison) 



Double-tube s o i l  co re  b a r r e l s  with l i n e r s  come i n  var ious  s i z e s  
which o b t a i n  untrimmed s o i l  samples ranging from 2-3/4 inches t o  

d 
6 inches i n  diameter.  The diameter of undis turbed core  needed 
depends upon t h e  kind of l abora tory  t e s t  required.  Core b a r r e l s  
which o b t a i n  undis turbed samples of about two f e e t  i n  length  a r e  
recommended. 

Sec t iona l  l i n e r s  a r e  recommended f o r  use  i n  denison-type c o r e  
b a r r e l s  when tak ing  undis turbed samples f o r  l abo ra to ry  ana lys i s .  
They should be made of s t a i n l e s s  s t e e l ,  p re fe rab ly  seamless,  of 
c y l i n d r i c a l  shape. Sec t iona l  l i n e r s ,  8  inches long and 1 /32  inch 
th i ck ,  a r e  a v a i l a b l e  from equipment manufacturers.  A welded 
s i d e  j o i n t  i s  s a t i s f a c t o r y  i f  seamless cons t ruc t ion  i s  not a v a i l -  
ab le .  Samples may be  extruded a t  t h e  labora tory  from such l i n e r s  
wi th  a  minimum degree of d i s turbance  and t h e  l i n e r s  re turned  t o  
t h e  f i e l d  f o r  reuse.  

When s e c t i o n a l  l i n e r s  a r e  used, t h r ee  s e c t i o n s  are taped toge the r  
and placed i n  t h e  b a r r e l .  The t ape  f a c i l i t a t e s  removing t h e  
s e c t i o n s  from t h e  b a r r e l  a f t e r  sampling and a l s o  prevents  water 
from en te r ing  between t h e  s ec t i ons  and washing away t h e  sample. 
The I . D .  of t h e  l i n e r s  must be 1 /8  inch smal le r  than  t h e  I . D .  
of t h e  i nne r  b a r r e l  on t h e  sampler t o  be  used, t o  a l low c l ea rance  
f o r  t h e  tape .  A s t rong  t a p e  i s  needed t o  t ape  t h e  s ec t i ons  
toge ther .  GSA No. 8135-582-4772 i s  recommended. This  type  has  
l ong i tud ina l ly  a l igned  f i l aments  i n  t h e  adhesive and has a  t e n s i l e  
s t r e n g t h  of 300 pounds per  inch of width. d 
Two-foot, 20-gage galvanized metal l i n e r s  may a l s o  be used t o  
t ake  samples f o r  l abora tory  ana lys i s .  They should have welded 
and soldered seams. S p l i t - t i n  l i n e r s  o r  l i n e r s  wi th  loose ly  
crimped seams a r e  s a t i s f a c t o r y  f o r  f i e l d  logging purposes. The 
I . D .  of t h e  shoe on t h e  i nne r  should be machined o r  swaged down 
t o  1/16 inch less than t h e  I . D .  of t h e  l i n e r ,  so t h a t  t h e  sample 
w i l l  e a s i l y  e n t e r  t h e  l i n e r .  

B i t  speed--Operational procedure i n  s o i l  co r ing  must be de t e r -  
mined by t r i a l  f o r  each s o i l  condi t ion .  The r a t e  of pene t r a t i on ,  
t h e  speed of r o t a t i o n ,  t h e  length of c u t t i n g  b i t ,  t h e  cons is tency  
of t h e  d r i l l i n g  mud, and t h e  pump p re s su re  a r e  a l l  dependent upon 
s o i l  condi t ions .  The speed of r o t a t i o n  f o r  s o i l s  and s o f t  rock 
may vary from 40 t o  125 rpm. 

B i t  pressure--The p re s su re  on t h e  cor ing  b i t  and i t s  r a t e  of 
advance o r  feed must be c a r e f u l l y  ad jus ted  i n  accordance wi th  t h e  
cha rac t e r  of t h e  ma te r i a l  encountered, type  of b i t ,  and b i t  speed. 
Too high a  b i t  p ressure  and r a t e  of feed may damage t h e  b i t  and 
cause plugging of t he  b i t  and f l u i d  passages and f a i l u r e  of t h e  
sample before  i t  e n t e r s  t h e  b a r r e l .  Too low a b i t  p r e s su re  and 
slow o r  i n t e r m i t t e n t  feed may expose t h e  c o r e  t o  excess ive  
e ros ion  and t o r s i o n a l  s t r e s s e s .  A s  t h e  sample e n t e r s  t h e  inner  
b a r r e l ,  wal l  f r i c t i o n  i nc reases ,  and b i t  p r e s su re  must be increased& 



t o  main ta in  a cons tan t  r a t e  of advance. Generally,  t h e  r a t e  
of pene t r a t i on  should be no g r e a t e r  t han  t h e  speed a t  which t h e  
o u t e r  b a r r e l  i s  a b l e  t o  c u t .  

A technique which a s s i s t s  i n  recovering a double-tube sample i n  
ma te r i a l s  of low cohesion i s  t o  shut  o f f  t h e  c i r c u l a t i n g  pump 
about two inches before  t h e  end of t h e  d r ive .  With t h e  c i r c u -  
l a t i o n  shut  o f f ,  t h e  co r ing  opera t ion  i s  completed. The s o i l  
w i l l  be forced up between t h e  i nne r  and o u t e r  b a r r e l s .  This  
causes  t h e  inner  b a r r e l  t o  t u r n  with t h e  ou t e r  b a r r e l  and 
shea r s  o f f  t h e  core .  Consequently, t h e r e  i s  no tendency f o r  
t h e  sample t o  be pu l led  ou t  of t h e  b a r r e l  by ma te r i a l  t o  which 
i t  i s  a t tached  a t  t h e  base when t h e  sampler i s  removed from 
t h e  hole .  This  procedure w i l l  a l s o  r e s u l t  i n  compaction i n  t h e  
inner  b a r r e l  shoes and form a plug which w i l l  a s s i s t  i n  sample 
recovery. The co re  ca t che r  normally i s  not  requi red  when t h i s  
technique i s  used. 

Double-tube s o i l  co re  b a r r e l  sampling procedures-- The b a s i c  
r u l e s  of opera t ion  f o r  double-tube s o i l  c o r e  b a r r e l s  a r e  as 
fol lows:  

1. Assemble b a r r e l ,  a t t a c h  t o  d r i l l  rod ,  and lower t o  bottom of 
hole .  

2. I n i t i a t e  d r i l l i n g  mud c i r c u l a t i o n  and r o t a t i o n  of b a r r e l .  
Both b i t  speed and r a t e  of d r i l l i n g  mud c i r c u l a t i o n  should be  
increased slowly t o  t h e i r  optimum r a t e s .  

3. Length of d r i v e  must be  c a r e f u l l y  measured. To ta l  d r i v e  length  
should be a few inches s h o r t e r  than  t h e  sample con ta ine r  length  
t o  prevent  overdrive.  

4. Downward f o r c e  should be  a minimum and regula ted  t o  t h a t  speed 
a t  which t h e  o u t e r  b a r r e l  i s  a b l e  t o  c u t .  

5. The r o t a t i o n  of t h e  b i t  should be l im i t ed  t o  a speed which 
w i l l  no t  t e a r  o r  break t h e  sample. 

6. The consis tency of t h e  d r i l l i n g  mud should be  t h i c k  enough t o  
prevent  caving of t h e  hole .  

7 .  Pump pressures  should be t h e  minimum requi red  t o  c a r r y  t h e  
c u t t i n g s  from t h e  hole .  

8. The sampler should be  withdrawn from t h e  h o l e  c a r e f u l l y  so  a s  
no t  t o  d i s t u r b  t h e  c o r e  during withdrawal. 

9. Disassemble b a r r e l  and remove sample l i n e r  with sample. 

10, Carefu l ly  remove a l l  d i s turbed  m a t e r i a l s  from both ends of 
t h e  l i n e r .  

11. Sea l  ends f o r  shipment t o  t h e  labora tory .  



Rock-sampling Tools 

Double-Tube Rock Core Barre l  Sampler 
General--Rock core  b a r r e l s  a r e  of two types,  s i n g l e  tube and double 
tube. The s i n g l e  tube i s  designed primari ly  f o r  boring i n  sound 
rock o r  f o r  tak ing  l a r g e  cores  i n  a l l  types of rock. Double-tube 
rock co re  b a r r e l s  a r e  p a r t i c u l a r l y  u se fu l  f o r  d r i l l i n g  small  ho les  
i n  sound rock, f o r  d r i l l i n g  f i s su red  rock,  and f o r  d r i l l i n g  s o f t  
rock where t h e  core  needs t o  be  protected from t h e  e ros ive  a c t i o n  
of d r i l l i n g  water. The f l u i d  passes  between t h e  inner  and o u t e r  
b a r r e l s  e l imina t ing  i t s  e ros ive  ac t ion .  There a r e  two types of 
double-tube co re  b a r r e l s ,  " r ig id"  and l'swivel." I n  t h e  r i g i d  type  
t h e  inner  tube and ou te r  tube  r o t a t e  toge ther  while  i n  t h e  swivel- 
type  double-tube core  b a r r e l ,  t h e  inner  tube  does not r o t a t e .  
The double-tube rock b a r r e l  (Figures  2-17, 2-18) d i f f e r s  from t h e  
so i l - co r ing  b a r r e l  i n  t h a t  i t  does not have a removable l i n e r  t o  
hold t h e  sample, and i n  t h e  r e l a t i o n s h i p  of t h e  c u t t i n g  shoe t o  
t h e  inner  shoe. The c u t t i n g  shoe t r i m s  t h e  co re  a t  s l i g h t l y  
l e s s  than  t h a t  of t h e  inner  b a r r e l  and t h e  sample i s  r e t a ined  i n  
t h e  inner  b a r r e l  by means of a core  ca tcher .  The rock core  
b a r r e l  ob ta ins  a sample of rock i n  t he  shape of a c y l i n d r i c a l  
core.  The c i r c u l a r  b i t  c u t s  t h e  core  and t h e  b a r r e l  s l i d e s  down 
over i t .  A ball-check va lve  t o  r e l i e v e  water pressure ,  and a 
core ca tcher  a s s i s t  i n  r e t a i n i n g  t h e  c o r e  i n  t h e  b a r r e l .  Table 
2-$0 l i s t s  t h e  var ious  s i z e s  of cor ing  b i t s  and b a r r e l s  used i n  
SCS work. A double-tube swivel-type core  b a r r e l  i n  NX s i z e  i s  
recommended f o r  t h e  types of rock boring genera l ly  requi red  i n  
SCS work. With some types of d r i l l i n g  r i g s  a sho r t  b a r r e l ,  
taking a one-foot core ,  i s  u se fu l  f o r  s t a r t i n g  a bore ho le  where 
rock outcrops at t h e  su r f ace  and cores  a r e  des i r ed  from t h e  
su r f ace  down. (F igure  2-18) 

Rock core  b a r r e l s  may have e i t h e r  t he  " r e t r a c t e d . i n n e r  ba r r e l "  o r  
t h e  "bottom discharge b i t . "  I n  t h e  r e t r a c t e d  inner  b a r r e l  t h e  
d r i l l i n g  water passes down between t h e  inne r  and ou te r  b a r r e l s ,  
across  t h e  c u t t i n g  t e e t h  of t h e  metal b i t  o r  t h e  waterways of * 

t h e  diamond b i t  and up ou t s ide  t h e  outer  b a r r e l .  I t  i s  used i n  
non-erodible rock. I n  t h e  bottom discharge b i t  t h e  d r i l l i n g  
f l u i d  passes out  through holes  i n  t he  bottom of t h e  b i t  proper,  
and thence up ou t s ide  the  ou te r  ba r r e l .  It i s  used mainly 
i n  s o f t  o r  broken rock. 

Rock core bi ts - - In  general ,  a s m a l l  number of r e l a t i v e l y  long 
t e e t h  a r e  p re fe rab le  f o r  cor ing  s o f t  rack formations such as 
those conta in ing  c l ay  s t r e a k s  o r  sha l e  layers .  On t h e  o the r  
hand, a l a r g e  number of small  t e e t h  provides a g r e a t e r  r a t e  of 
progress  and causes l e s s  d i s turbance  of t h e  ma te r i a l  when 
cor ing  i n  medium-hard formations. 

S t e e l  saw-tooth coring b i t s  a r e  u sua l ly  provided with t e e t h  o r  
i n s e r t s  made of very hard and ab ras ion - re s i s t an t  tungsten car -  
b ide  a l l o y s  which a r e  so ld  under var ious t r a d e  names. Blank 
b i t s  a r e  a l s o  a v a i l a b l e  f o r  customers who d e s i r e  t o  s e t  t h e i r  
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Table 2-10 Standard Sizes of Coring Bits and Barrels, 
Casing and Drill RQd. 

L, ROCK ANI) SOIL CORING BITS AND BARRELS 

Size 
Inches 

Hole 
Inches 

Core 
Inches 

FLUSH COUPLED W I N G  AND COUPLING 

CASING COUPLING 
- -- 

0. DI 1 .D.  Wgt* Ib5. 0.D. 1.D. 
Size Inches Inches per ft. Size Inches Inches Wgt. 

li 
DRLU ROD DRILL ROD COUPLING 

- - 

0. D. I .D.  W&. l b ~ .  0. Do 1 . D .  
Size Inches Inches per ft. Size Inches Inches Wgt. 

( F T O ~  The Diamond Core Dril l  Msnufacturerrs ~ s s s c i a t i o n )  



own b i t s .  S t e e l  b i t s  a r e  much l e s s  expensive than  diamond b i t s ,  
but  a r e  recommended f o r  use  only i n  s o f t  o r  moderately s o f t  rock. 
The r a t e  of progress  i n  hard rock i s  slow wi th  s t e e l  b i t s  and t h e  
b i t s  wear r ap id ly .  

Diamond b i t s  a r e  used f o r  cor ing  a l l  but  t h e  s o f t  and moderately 
s o f t  rock. They a r e  of two kinds - s e t  and impregnated. I n  s e t  
b i t s ,  i n d u s t r i a l  diamonds, u sua l ly  West Afr ican Bor tz ,  a r e  s e t  
by hand o r  machine i n  a tungs ten  carb ide  mat r ix  metal.  Reaming 
s h e l l s  s e rve  t o  s t a b i l i z e  t h e  b i t  and prevent i t  from whipping 
from s i d e  t o  s i d e .  Diamond b i t s  and reaming s h e l l s  may be  used 
interchangeably with s t e e l  b i t s  on t h e  double-tube rock c o r e  
b a r r e l s .  When s e t  diamond b i t s  and reaming s h e l l s  become worn, 
they a r e  re turned  t o  t h e  manufacturer f o r  r e s e t t i n g .  The 
remaining s tones  a r e  salvaged i n  t h i s  process .  

Normally i t  i s  advantageous t o  have a t  l e a s t  t h r e e  types of 
diamond ( s e t )  b i t s  a v a i l a b l e :  One f o r  very hard formations 
( c h e r t  o r  ' q u a r t z i t e ) ,  one f o r  hard formations (sandstone o r  
do lomi te ) ,  and one f o r  medium hard formations (cemented s h a l e ) .  
B i t s  f o r  harder  formations u se  smaller  s tones ,  g r e a t e r  t o t a l  
weight of s t ones ,  and less water  courses .  Using each b i t  only 
i n  t h e  formations f o r  which i t  i s  designed r e s u l t s  i n  much 
longer l i f e  f o r  t h e  b i t s .  Typical diamond b i t s  and reaming 
s h e l l s  are shown i n  Figure 2-19. 

I n  impregnated b i t s  t h e  e n t i r e  c u t t i n g  edge of t h e  b i t  i s  
impregnated with small  i n d u s t r i a l  diamond fragments. They 
a r e  e s p e c i a l l y  recommended f o r  very hard,  broken formations,  
which might r e s u l t  i n  " she l l i ngn  of diamonds from a s e t  b i t .  
Sand-blast ing i s  sometimes requi red  t o  expose new c u t t i n g  po in t s  
on t h e s e  b i t s .  They cannot be r e s e t  and have no sa lvage  value.  
They a r e  used u n t i l  completely worn out  and then  discarded.  

Boring i n  loose,  unconsol idated m a t e r i a l s  w i l l  s&ious ly  damage 
diamond b i t s .  Where unconsol idated m a t e r i a l s  must be  pene t ra ted  
t o  reach rock,  cas ing  should be used and t h e  h o l e  thoroughly 
cleaned before  boring wi th  a diamond b i t .  Flush-coupled ca s ing  
i s  u sua l ly  used f o r  t h i s  purpose. 

A s p l i t - r i n g  c o r e  ca t che r  i s  u sua l ly  employed t o  s e i z e  t h e  c o r e  
when t h e  b a r r e l  i s  l i f t e d ;  a f t e r  t h e  co re  i s  broken o f f  t h e  
ca t che r  holds  it i n  t h e  b a r r e l .  

The inne r  b a r r e l  may o r  may not have vents  t o  permit escape of  
t h e  water d i sp laced  by t h e  core .  Omission of t h e  vents  t h e o r e t i -  
c a l l y  reduces f r i c t i o n  because water i n  t h e  i nne r  b a r r e l  above 
t h e  c o r e  must be forced ou t  between t h e  c o r e  and t h e  bar re l ,  
l u b r i c a t i n g  it,  On t h e  o t h e r  hand, t h e  escaping f l u i d  may 
cause e ros ion  of s o f t  rock co re s  i f  t h e  ven t s  are omit ted.  



F i g u r e  2-19 Diamond B i t s  and Reaming S h e l l s  



Rock c o r e  b i t  speed--Excessive b i t  speed w i l l  r e s u l t  i n  c h a t t e r i n g  
and r ap id  wear of t h e  b i t  and w i l l  break t h e  core .  A low b i t  
speed r e s u l t s  i n  a slow r a t e  of progress  and h ighe r  wear on 
diamonds. A s  t h e  equipment becomes worn and t h e  d r i l l  rods 
p ~ o r l y  a l i gned ,  i t  may be necessary t o  decrease  t h e  b i t  speed 
i n  o rde r  t o  avoid excess ive  v i b r a t i o n ,  whip, and c h a t t e r i n g  of t h e  
b i t  with consequent danger of breaking t h e  c o r e  and damagine 
t h e  b i t .  Higher speeds should be  used i n  hard rock and lower 
i n  s o f t  o r  broken rock. Diamond b i t  d r i l l i n g  speeds vary from 
300 t o  1500 rpm, while  those  f o r  metal b i t s  vary from 100 t o  
500 rpm. 

Rock co re  b i t  pressure--The r a t e  a t  which t h e  co r ing  b i t  i s  advanced 
depends upon t h e  amount of b i t  p r e s su re  used. This  p re s su re  
must be  c a r e f u l l y  ad jus ted  t o  t h e  cha rac t e r  of t h e  rock ,  t h e  type  
of b i t ,  and t h e  b i t  speed. Excessive b i t  p r e s su re s ,  expec i a l l y  i n  
s o f t  rock,  w i l l  cause t h e  b i t  t o  plug and may poss ib ly  shear  t h e  
c o r e  from i t s  base. The b i t  p r e s su re  i s  con t ro l l ed  by a hydraul ic  
feed on t h e  d r i l l i n g  machine. For shallow d r i l l i n g ,  t h e  weight 
of t h e  d r i l l i n g  column w i l l  never exceed t h e  optimum b i t  p r e s su re  
except i n  very s o f t  rock. 

I n  hard rock a high feed p re s su re  on diamond b i t s  not  only 
i nc reases  t h e  r a t e  of advance but  a l s o  keeps t h e  b i t  sharp  and 
f r e e  c u t t i n g .  A low feed p re s su re  i n  t h e  same rock tends t o  
p o l i s h  t h e  diamonds. I n  s o f t e r  rock t h e  b e s t  r e s u l t s  may be  
obtained wi th  r e l a t i v e l y  low feed pressures .  

D r i l l i n g  f lu ids - -Clear  water i s  genera l ly  p re fe r r ed  t o  d r i l l i n g  
mud i n  rock coring.  Water r equ i r e s  smal le r  f l u i d  passages and 
pump pressures ,  and t h e  rock c u t t i n g s  a r e  gene ra l l y  f i n e  and 
e a s i l y  c a r r i e d  t o  t h e  sur face .  I n  some cases  air  c i r c u l a t i o n  
i s  used wi th  cor ing .  

Where water i s  used, t h e  flow of t h e  r e t u r n  water should be 
r egu la t ed  s o  t h a t  t h e  c u t t i n g s  a r e  j u s t  c a r r i e d  ou t  of t h e  ho le .  
I f  too  much i s  used, t h e  v e l o c i t y  ac ros s  t h e  b i t  f a c e  i s  increased 
which r e s u l t s  i n  b i t  erosion.  The metal holding t h e  diamonds 
i n  a b i t  may be scoured away, l eav ing  t h e  diamonds exposed and 
e a s i l y  pu l led  ou t .  The flow should be  increased when s o f t e r  
rock i s  being cored and l a r g e r  s i zed  c u t t i n g s  are formed. 
However, i t  must not  be g r e a t  enough t o  wash away t h e  core .  

I f  water  p r e s su re  begins t o  bu i ld  up, t h e r e  i s  gene ra l l y  some 
r e s t r i c t i o n  a t  t h e  b i t  f a c e  o r  i n  t h e  co re  b a r r e l .  "Plugging" 
may occur  where t h e  rock i s  f r ac tu red  o r  con ta in s  many seams. 
I n  t h i s  event a p i ece  of rock wedges i n  t h e  bottom of t h e  c o r e  
b a r r e l ,  bu t  a l s o  restricts water flow. The b a r r e l  may sometimes 
be c l ea red  by l i f t i n g  o f f  t h e  bottom a few inches and l e t t i n g  
t h e  h o l e  wash. Sometimes i t  i s  b e s t ,  i f  plugging i s  a problem, 
t o  d r i l l  through seams of broken rock wi th  a r o l l e r  b i t .  This  
method has t h e  disadvantage,  however, t h a t  no c o r e  i s  obtained.  



If a diamond b i t  i s  run without s u f f i c i e n t  cool ing water ( o r  a i r  
c i r c u l a t i o n ) ,  i t  w i l l  r ap id ly  burn and s t i c k  f a s t  and may be  

I 

L ruined.  

A se r ious  condi t ion  f r equen t ly  encountered i s  t h e  l o s s  o r  "running 
o f f "  of r e t u r n  water i n t o  c a v i t i e s  i n  t h e  rock, causing what i s  
known a s  a "bl ind hole ."  This  condi t ion  can o f t e n  be  co r r ec t ed  
by adding leaves,  g r a s s ,  o r  co t ton  h c l l s  t o  t h e  water.  Such 
m a t e r i a l s  w i l l  o f t e n  s e a l  seams and c a v i t i e s  i n  t h e  s i d e s  of t h e  
hole .  

Hole cleaning--The h o l e  should always be  washed be fo re  s t a r t i n g  
t o  d r i l l ,  a s  w e l l  a s  be fo re  pu l l i ng  ou t  t h e  rods and too l s .  It  
should be kept  i n  mind t h a t  a t  t h e  end of a run  t h e r e  i s  a column 
of water extending t h e  f u l l  length of t h e  ho l e  ca r ry ing  t h e  c u t t i n g s  
i n  suspension. I f  t h e  pump i s  stopped immediately, t he se  c u t t i n g s  
w i l l  s e t t l e  t o  t h e  bottom and when t h e  b i t  i s  lowered i t  w i l l  r e s t  
upon a t h i c k  l aye r  of mud in s t ead  of c l e a n  rock. The pump should 
be kept  running u n t i l  t h e  r e t u r n  water i s  c l e a r .  When d r i l l i n g  
through s o f t  rock where t h e r e  i s  a chance of washing t h e  co re  
away, t h e  c o r e  b a r r e l  should be r a i s e d  a t  least s i x  inches 
be fo re  washing. 

Core recovery--Percentage c o r e  recovery i s  an  important f a c t o r  
i n  rock cor ing  opera t ions .  The rock below t h e  core  b a r r e l  and 
i n  t h e  lower p a r t  of t h e  co re  i s  sub jec t  t o  t o r s i o n  and v e r t i c a l  
fo r ce s .  The co re  i s  c u t  t o  a s l i g h t l y  smal le r  diameter t han  t h e  

L i n s i d e  diameter of t h e  c o r e  b a r r e l  inner  tube  and, except ing co re s  
of c e r t a i n  s o f t  and swel l ing  rocks,  t h e r e  i s  very l i t t l e  i n s i d e  
wal l  f r i c t i o n  a s  long a s  t h e  core  i s  unbroken. However, i n s i d e  
f r i c t i o n  develops when t h e  co re  i s  broken and rock fragments 
become wedged between t h e  co re  and inner  b a r r e l .  A g r e a t e r  p a r t  
of t h e  feed pressure  may then be  t ransmi t ted  t o  t h e  co re  and t o  
t h e  rock d i r e c t l y  below t h e  core.  The r 'esul t  i s  t h a t  weak 
sec t ions  of t h e  rock, and p o s s i b l e  a l l  of i t ,  i s  broken up and 
removed by t h e  c i r c u l a t i n g  water i n s t ead  of en t e r ing  t h e  co re  
b a r r e l .  

S ince  t h e  t o r s i o n a l  moment of r e s i s t a n c e  of t h e  c o r e  i nc reases  
wi th  t h e  cube of i t s  diameter ,  an  i nc rease  i n  diameter i s  very 
e f f e c t i v e  i n  reducing breakage and inc reas ing  t h e  recovery r a t i o  
and t h e  length  of c o r e  ob ta inable .  Normally t h e  "NX" b a r r e l  
(2-1/8-inch diameter co re )  i s  t h e  smallest c o r e  b a r r e l  which 
should be  used, mainly because of co re  recovery problems. 

Other f a c t o r s  may a l s o  i n f luence  co re  recovery. Faul ty  co re  
ca t che r s  may cause t h e  l o s s  of much core.  Excessive water 
use  may wash s o f t  m a t e r i a l s  away. Warped d r i l l  rods o r  worn 
guides  may r e s u l t  i n  undepsize o r  broken and ground up core .  
The proper s e l e c t i o n  of b i t s ,  although pr imar i ly  i n f luenc ing  t h e  
r a t e  of d r i l l i n g ,  has  some a p p l i c a t i o n  t o  c o r e  recovery, par-  
t i c u l a r l y  i n  s o f t  formations.  For example, a s t e e l  b i t  i s  
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u s u a l l y  more e f f e c t i v e  i n  s h a l e  than  a diamond b i t ,  both i n  r a t e  of 



d r i l l i n g  and amount of recovery. Diamond b i t s  genera l ly  have 
b e t t e r  recovery r a t i o s  than  s t e e l  b i t s  i n  harder  rock. 

Obviously, no core  can be recovered when openings such a s  caverns,  
s o l u t i o n  channels,  o r  l a rge  open j o i n t s  a r e  encountered. The 
presence of such c a v i t i e s  can o f t e n  be recognized by t h e  d r i l l i n g  
t o o l s  dropping severa l  inches,  suddenly, accompanied by a l o s s  of 
water c i r c u l a t i o n .  

I n  removing t h e  core  from t h e  b a r r e l  i t  may be necessary t o  t a p  
t h e  b a r r e l  l i g h t l y  with a hammer. The core  should be l a i d  out  
exac t ly  a s  i t  comes out  of t h e  b a r r e l ,  and allowances made f o r  seams 
o r  f i s s u r e s  run  through. The c o r e  b a r r e l  should be thoroughly 
washed and t h e  j o i n t s  l ub r i ca t ed  before  reassembling, 

General cons idera t ions  f o r  rock coring--The fol lowing general 
cons idera t ions  should be observed i n  rock cor ing  work: 

Always lower rods and t o o l s  ca re fu l ly .  Dropping an  expensive 
diamond b i t  on t h e  bottom of t h e  ho le  can cause se r ious  
damage. 

Don't l e t  t h e  d r i l l  b i t  bounce o r  v i b r a t e  on t h e  formation. 

Don't s t a r t  t h e  b i t  while  i t  i s  r e s t i n g  on rock. Spin it 
i n t o  t h e  formation slowly and caut ious ly  a t  f i r s t .  Increase  
t h e  feed  a f t e r  pene t r a t ing  four  t o  s i x  f e e t .  The top  rock 
i s  u sua l ly  weathered, f r ac tu red ,  and seamy. Remember t h e  
o ld  axiom among d r i l l e r s  t h a t  "more damage i s  done t o  t h e  
b i t  i n  t h e  f i r s t  f i v e  f e e t  than  i n  t h e  next hundred." Also, 
t h e  " so l id  rock" being d r i l l e d  could be  a boulder o r  pro- 
j e c t i n g  ledge, a f t e r  which t h e  b i t  could be ruined running 
through gravel  and cobbles,  

Don't s l i d e  a diamdnd b i t  over o ld  core  - s p i n  over i t .  This  
w i l l  r e s u l t  i n  l e s s  diamond lo s s .  A r o l l e r  b i t  should be 
used i f  much co re  o r  caved ma te r i a l  i s  l e f t  i n  t h e  d r i l l  ho le .  

Don't throw a diamond b i t  i n t o  t h e  t o o l  box. Wash i t  of f  a t  
t h e  end of a run, disconnect i t  from t h e  b a r r e l ,  and put it 
away ca re fu l ly .  Never use  a wrench on t h e  diamond area.  It 
i s  a diamond too l  - t r e a t  it a s  such. 

DonJ t f o r c e  a diamond b i t .  The diamonds a r e  set f o r  maximum 
performance. I f  pene t r a t ion  r a t e  i n  a uniform formation 
decreases ,  with b i t  speed and feed r a t e  remaining t h e  same, 
t a k e  o f f  t h e  b i t .  More damage i s  done t o  diamond b i t s  through 
press ing  t o  ob ta in  another  b a r r e l  of c o r e  than  i n  any o t h e r  
way. I f  t h e  b i t  i s  continued i n  s e r v i c e  too  long, t h e  exposed 
diamonds a r e  pul led  ou t ,  and t h e  loose  s tones r i d i n g  around 
t h e  bottom of t h e  ho le  can quickly des t roy  t h e  e n t i r e  bi , t .  



'L, 7. Check t h e  rods and j o i n t s  f o r  leaks.  S p l i t  o r  improperly 

connected rods can se r ious ly  reduce t h e  c i r c u l a t i o n  
and cause overheat ing of b i t s .  

8. Check t h e  c o r e  b a r r e l s  t o  make c e r t a i n  they a r e  s t r a i g h t .  
Pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  c o r e  b a r r e l  head. 

9.  Feed t h e  d r i l l  wi th  a s teady pressure .  Increas ing  o r  
decreas ing  p re s su re  and b i t  speed i n  a given formation 
normally w i l l  no t  i nc rease  rate of pene t r a t i on  but  i t  w i l l  
i nc rease  opera t ing  c o s t s .  

10. Keep an accu ra t e  record of t h e  lengths  of d r i l l  rods and 
t o o l s  i n  use.  T rus t i ng  t o  memory can be  expensive. I n  
t r y i n g  t o  remember odd lengths  of d r i l l  rod ,  many a 
d r i l l e r  has become confused and dropped a s t r i n g  of t o o l s  
10 t o  15 f e e t  because h e  thought they were a l ready  on t h e  
bottom. 

T o ~ l s  f o r  Advancing Bore Holes 

Auger B i t s  
Many types of auger b i t s  a r e  a v a i l a b l e  on t h e  market. He l i ca l  
o r  worm-type b i t s ,  sometimes c a l l e d  f l i g h t  augers ,  a r e  t h e  most 
common. These a r e  u sua l ly  made i n  s ec t i ons  which may be  added 

\ u j u s t  a s  d r i l l  p ipe  i s  added. The augered ma te r i a l  i s  brought 
t o  t h e  su r f ace  by t h e  h e l i c a l  a c t i o n  of t h e  auger.  A f l i g h t  
auger i s  u se fu l  f o r  r ap id  advancement of ho les .  S ince  con- 
t inuous f l i g h t  augers  mix m a t e r i a l s  throughout t h e  ho le ,  i t  i s  
impossible  t o  ob t a in  a sample r ep re sen t a t i ve  of one horizon.  
Where it i s  necessary t o  o b t a i n  a sample f o r  logging o r  o t h e r  
purposes,  augering should be  stopped and a s p l i t - t u b e  o r  o t h e r  
sampler s u b s t i t u t e d .  

Other types of augers  may have open o r  semi-closed s i d e s ,  These 
have t h e  advantage of less mixing of ma te r i a l  than h e l i c a l  augers .  
The SCS has  developed a set of auger b i t s ,  termed bucket auger 
b i t s ,  which a r e  e s p e c i a l l y  adapted f o r  u se  wi th  power augers  
f o r  logging homogeneous ma te r i a l s  and obta in ing  r e p r e s e n t a t i v e  
d i s tu rbed  samples. These b i t s  a r e  shown i n  Figure 2-20. The 
open s l a t - t y p e  i s  adapted f o r  use  i n  cohesive ma te r i a l s ,  t h e  
c losed  c y l i n d r i c a l  type  i n  non-cohesive ma te r i a l s ,  and t h e  
semi-closed c y l i n d r i c a l  type  i n  in te rmedia te  ma te r i a l s .  

The diameter of auger b i t  t o  use  depends upon t h e  purpose of t h e  
bore hole .  The minimum diameter should not  be l e s s  than  t h r e e  
inches.  Larger b i t s  a r e  requi red  f o r  r e l i e f  wells. Auger b i t s  
may be used with e i t h e r  a r o t a r y  d r i l l i n g  r i g  o r  power auger.  
A d i f f e r e n t  t o o l  j o i n t  a t  t h e  t op  of t h e  auger  b i t ,  o r  a sub, 
may be requi red  f o r  u se  on d i f f e r e n t  r i g s .  
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Bar re l  Auger 
The so -ca l l ed  "dry b a r r e l  sampler" (F igure  2-21) may be  used wi th  
a c o r e  d r i l l  a s  a s u b s t i t u t e  f o r  t h e  auger b i t .  It i s  a completely 
c losed  c y l i n d r i c a l  auger wi th  no cu touts  on t h e  s i d e s  of t h e  b a r r e l .  
The c u t t i n g  b i t  should have a s l i g h t l y  smal le r  i n s i d e  diameter  than 
t h e  i n s i d e  diameter of t h e  b a r r e l ,  t o  a s s i s t  i n  removing t h e  sample. 

The sampler can be  used a s  a s u b s t i t u t e  f o r  an auger b i t  i n  cohesive 
s o i l s .  Water c i r c u l a t i o n  i s  requi red  f o r  i t s  use. The b a r r e l  i s  
pushed i n t o  t h e  s o i l  with a r o t a r y  motion a s  with an  auger b i t .  
Af te r  t h e  b a r r e l  has been removed from t h e  ho le ,  t h e  sample i s  
forced ou t  and onto t h e  sample ca t ch  pan by water p ressure .  This  
method of boring i s  much f a s t e r  than  dry augering wi th  bucket 
augers  i n  most s o i l s ,  s i n c e  it e l imina tes  t h e  time-consuming 
removal of materials from t h e  auger b i t  by hand. A s  may be  seen  
i n  Figure 2-21, t h e  b a r r e l  i s  of  very s imple cons t ruc t ion  and can 
be made i n  any machine shop from casing,  a modified cas ing  shoe, 
and and adapter .  

Choppinh F i s h t a i l .  and J e t t i n g  B i t s  
Chopping, f i s h t a i l ,  and j e t t i n g  b i t s  are used t o  de tach  and 
c l ean  ou t  ma te r i a l  accumulated i n s i d e  t h e  d r i v e  p ipe  o r  casing.  
Water i s  pumped through t h e  s t r i n g  of d r i l l  rods and discharged 
through p o r t s  a t  t h e  f a c e  of t h e  b i t .  B i t s  have d i f f e r e n t  types 
of chopping edges designed f o r  c u t t i n g  i n t o  d i f f e r e n t  types of 
m a t e r i a l s .  Hard s t e e l  a l l o y s  a r e  commonly used t o  prevent  
excess ive  wear. Chopping, f i s h t a i l ,  and j e t t i n g  b i t s  come i n  
a v a r i e t y  of shapes and s i z e s ,  t h e  shape depending upon t h e  
type  of material and s i z e  on t h e  diameter of ca s ing  used. 
Normally a c h i s e l  o r  wedge-shaped b i t  i s  s a t i s f a c t o r y  f o r  
cohesive ma te r i a l s .  Cross-chopping b i t s  a r e  designed f o r  use  
i n  coa r se  grave l  and boulders .  F i s h t a i l  b i t s  (F igure  2-22) a r e  
used f o r  s o f t  rock. A 2-51'8 b i t  i s  gene ra l l y  used i n  3-inch 
cas ing .  Large f i s h t a i l  b i t s ,  20 inches i n  diameter ,  o f t e n  
prove use fu l  f o r  i n s t a l l i n g  r e l i e f  wells. 

Ro l l e r  B i t s  
Ro l l e r  b i t s  u sua l ly  have t h r e e  s e t s  of r o l l e r s  wi th  meshing, 
s e l f - c l ean ing ,  hard-surfaced t e e t h ,  They are used f o r  advancing 
holes  i n  overburden and rock when no co re s  a r e  requi red .  This  
type  of rock b i t  i s  commonly used i n  conjunct ion with augering 
t o  c u t  through rock a f t e r  which augering i s  continued with a 
s l i g h t l y  smal le r  b i t .  The t e e t h  a r e  f lushed  by d r i l l i n g  f l u i d  
flowing ou t  of ven ts  i n  t h e  base  of t h e  b i t ,  and t h e  c u t t i n g s  
a r e  c a r r i e d  up through t h e  hole .  

Ro l l e r  b i t s  a r e  manufactured i n  var ious  s i z e s  ranging from 2-3/8 
inches t o  more than a foo t .  A t r i - cone  r o l l e r  b i t  i s  shown i n  
Figure 2-22 



Semi-closed Closed cylindrical Open slat type 
cylindrical 

Figure 2-20 Various Types of Bucket-Auger B i t s  



15 teeth  with r ight h a n d  twist ,  
bui l t  up to i" width ,  cut $" 
deep, hard  surfaced wi th  Tube 
Borium 8 -10 mesh. 

/ 

- Lla 3 1  
4 8 Reamers bui l t  up 

wi th  Stoody No. 21, 6 to 8 used.  

N o t e :  All measurements are  in inches. 

5.1667" Major 
( From Texas Highway Department ) 

F i g u r e  2-21 Dry B a r r e l  Samples 



3-WING PILOT 
TYPE 

2-WING PILOT 
TYPE 

3 -CONE ROLLER BIT 

Figure 2-22 Various Types of Fishtail and Roller Bits 



Other D r i l l i n g  Equipment 
General 
I n  a d d i t i o n  t o  t h e  c u t t i n g  and sampling t o o l s  ou t l i ned  on t h e  fo re -  
going pages, c e r t a i n  a d d i t i o n a l  equipment i s  needed t o  c a r r y  out  
boring and sampling opera t ions .  Needed and op t iona l  miscel laneous 
equipment i s  descr ibed on t h e  fol lowing pages. 

Drive Hammers 
Drive hammers (F igure  2-23) are requi red  f o r  d r i v i n g  ca s ing  and 
f o r  conducting s tandard  pene t r a t i on  t e s t s .  A 140-pound hammer 
i s  requi red  f o r  t h e  s tandard pene t r a t i on  t e s t  and heavier  hammers 
a r e  used f o r  d r i v i n g  and removing casing.  They may be operated 
manually o r  au tomat ica l ly .  A l l  d r i l l  r i g s  should be equipped, a t  
l e a s t ,  wi th  t h e  140-pound hammer. Where i t  i s  a n t i c i p a t e d  t h a t  
cons iderab le  d r iv ing  of ca s ing  might be  necessary,  an  a d d i t i o n a l  
heavier  d r i v e  hammer w i l l  r e s u l t  i n  more e f f i c i e n t  opera t ions .  

D r i l l  Rod and Couplings 
Table 2-10 l i s t s  t h e  var ious  s i z e s  of d r i l l  rods  and couplings 
which a r e  normally recommended f o r  SCS work. 

Many types  of t o o l  j o i n t s  and d r i l l  rod couplings a r e  ava i l ab l e .  
Some types ,  such as those  wi th  tapered thread  j o i n t s ,  a r e  more 
sub jec t  t o  wear and t o  s p l i t t i n g  of t h e  female j o i n t  o r  box than  
o the r s .  The non-tapered f l u s h  j o i n t ,  t h r e e  t h r eads  per  inch, i s  
s a t i s f a c t o r y .  

D r i l l  rod i s  normally manufactured wi th  a box on each end. It 
i s  good p r a c t i c e  t o  u se  a d r i l l  rod adap te r  o r  sub on each end. 
The female connect ion i s  made by means of a p i n  t o  box sub screwed 
i n t o  one end of t h e  pipe.  The male connect ion i s  made by means 
of a  p i n  t o  p i n  sub screwed i n t o  t h e  o the r  end. When t h e  subs 
become worn o r  damaged, they can be replaced a t  less c o s t  t han  
r ep l ac ing  t h e  e n t i r e  s e c t i o n  of d r i l l  rod. 

D r i l l  rod no t  exceeding ten- foot  l ength  ( t e n  f e e t ,  s i x  inches wi th  
subs on both ends) i s  b e s t  adapted f o r  s i t e  inves t i ga t ions .  Twenty- 
f o o t  l engths  of d r i l l  rod a r e  cumbersome t o  handle  and t r a n s p o r t .  
I t  i s  d e s i r a b l e  f o r  t h e  mast of a r o t a r y  d r i l l  t o  be  of s u f f i c i e n t  
he ight  t o  handle  a t  l e a s t  two ten- foot  l engths  wi th  subs (21  f e e t ) .  
This  g r e a t l y  expedi tes  p lac ing  and removing t o o l s  from deep bore  
ho les .  The number of s e c t i o n s  needed f o r  a p a r t i c u l a r  d r i l l i n g  
r i g  w i l l  depend on t h e  maximum number of f e e t  which might be 
bored with t h e  r i g  (seldom more than  100 f e e t ) ,  p lu s  s eve ra l  
spa re  rods  f o r  replacement i n  event  of damage. 

S o l i d  d r i l l  rods  a r e  used wi th  power augers  where water c i r c u l a -  
t i o n  i s  not  used. Flush j o i n t  d r i l l  rod of s tandard  "AWV s i z e ,  
1-3/4 inch o u t s i d e  diameter ,  o r  "BW" s i z e  i s  s a t i s f a c t o r y  f o r  most 
power auger  operat ions.  

S ince  t h e  j o i n t s  need not be wa te r t i gh t ,  a s imple j o i n t  such a s  
a  square p i n  and box, connected by a d r i v e  p in ,  i s  s a t i s f a c t o r y .  



IMPACT BLOCK 

tandard 5 '  Length 

HAMMER 

AD 

Figure 2.-23 Safety and Casing Dtive Hammers 



Normally t h r e e  10-foot ,  two 5- foot ,  and two 2-foot lengths  of d r i l l  
rod w i l l  be  ample f o r  augering. \d 
C lean-Out Tools 
Clean-out t o o l s  a r e  necessary f o r  c lean ing  ou t  bore  ho les  pre- 
para tory  t o  sampling. Ma te r i a l s  which contaminate t h e  sample 
o r  which may damage t h e  sample must be  removed. The type  of  t o o l  
and method requi red  depends upon t h e  na ture  of ma te r i a l  t o  be 
removed. Ce r t a in  types of c u t t i n g  t o o l s  used f o r  advancing ho le s  
such as b a r r e l  and bucket augers ,  l eave  r e l a t i v e l y  c l e a n  dry 
holes .  Other types may leave  g rave l ,  s l u r r y ,  water,  d r i l l i n g  
mud and o t h e r  material i n  t h e  ho le ,  When t h e  d r i l l i n g  h o l e  
con ta in s  s l u r r y  and d r i l l i n g  mud only,  t h e s e  materials may 
be removed by washing and f lush ing .  Other types of ma te r i a l s  
r e q u i r e  s p e c i a l  t oo l s .  Some of t he se  are descr ibed  a s  fol lows:  

Hole b a i l e r  - A ho le  b a i l e r  i s  u se fu l  f o r  removing water and f i n e  
s l u r r y .  I t s  p r inc ipa l  use  i s  t o  remove water i n  t h e  measurements 
of groundwater l eve l .  The o u t s i d e  diameter of t h e  b a i l e r  should 
be  one inch smaller than  t h e  h o l e  diameter and preferab ly  f i v e  
f e e t  long. It should have a d a r t  bottom valve. A b a i l e r  of t h i s  
type i s  shown i n  Figure 2-24.  

Clean-out t o o l s  - Hole-cleaning t o o l s  perform t h e  func t ion  of 
removing loose  s o i l  and rock p a r t i c l e s  from t h e  bottom of a ho le  
be fo re  samples a r e  taken. Various types  of c lean ing  t o o l s  have 
been designed t o  ope ra t e  i n  var ious  s o i l  condi t ions .  These 
t o o l s  i nc lude  j e t t i n g  wash p ipe  wi th  s c r ape r s ,  c l e a n  ou t  j e t  
augers ,  and s ludge b a r r e l s .  Some of t he se  a r e  i l l u s t r a t e d  i n  
Figure 2-24 .  

Sample Catch Pan 
A sample ca t ch  pan i s  needed when augering wi th  e i t h e r  a r o t a r y  
d r i l l i n g  r i g  o r  power auger.  When t h e  auger  b i t  i s  r a i s e d ,  t h e  
pan i s  placed under it and t h e  s o i l  knocked i n t o  it. The 
ma te r i a l  from t h e  pan i s  then  dumped i n  p i l e s  r ep re sen t ing  1 , O  
t o  2.0 f o o t  increments f o r  v i s u a l  inspec t ion .  Normally t h i s  
pan should measure about two f e e t  by two f e e t .  I t  may be 
f ab r i ca t ed  l oca l ly .  

Bar re l  Rack 
A b a r r e l  rack  w i l l  a l s o  b e  h e l p f u l  t o  remove co re s  from double- 
tube  s o i l  and rock co re  b a r r e l s .  A t y p i c a l  rack  of t h i s  type  i s  
shown i n  Figure 2-25. It should be  designed t o  f i t  t h e  s i z e s  of 
b a r r e l s  being used. It i s  not  a v a i l a b l e  on t h e  market and must 
be s p e c i a l l y  f ab r i ca t ed .  

Slush P i t s  
Po r t ab l e ,  o r  tank-type, s l u sh  p i t s  are so ld  by some d r i l l i n g  
equipment companies f o r  u s e  with r o t a r y  d r i l l  r i g s .  They may 
be  needed where hard rock o r  grave l  beds p r o h i b i t  digging of 
adequate s lu sh  p i t s .  Each time t h e  d r i l l i n g  r i g  i s  moved, t h e  
mud and wate i  -must be removed from t h e  tank t o  make i t  l i g h t  



i enough to move. When possible, it is easier and faster to 
ii dig a small pit or sump for the drilling fluid at each hole. 

This is particularly true for shallow drilling and frequent 
moving from hole to hole. 

Miscellaneous Equipment 

There are many additional tools and pieces of equipment which 
facilitate drilling operations. Some are optional while others 
are necessary to carry out certain cutting and sampling procedures. 
The uses of some tools such as boulder busters, fishing and 
recovery tools, water swivels, foot clamps, and pulling plates 
are quite obvious and need no further description. (See Figure 
2-26.) Some additional equipment which may be useful in 
expediting site investigations is described briefly in the 
following section. 

Water And Tool Trucks 
If the souqce of water is remote from the site, considerable 
drilling time may be lost by continual interruptions for replace- 
ment of water. Where it is anticipated that such conditions 
may be encountered repeatedly, it may be advantageous to have a 
separate water and tool truck. 

Mobile Trailer 
Drilling parties may be equipped with a mobile trailer or field 

'L office. These trailers should be equipped with desk, filing 
cabinet, butane heating stove, butane hot plate for melting wax 
and drying samples, and cabinets in which diamond bits and other 
equipment may be kept. 

Miscellaneous Items 
Other items which may be useful include testing kits for gypsum, 
calcium carbonate, montmorillonite, or other minerals, a hand 
level; sieves; a Brunton compass; and geologic maps and literature 
on the area. A dumpy level, level rod, and aneroid barometer 
may also be useful. A mirror is useful in reflecting sunlight 
into drill holes. Oxyacetylene welding equipment is very useful 
for periodic rebuilding of bits with the borium or other hard 
alloys, and for general field repairs to the drilling equipment 
and vehicles. 

Drill Rips 

The term "drill rig" implies all of the equipment necessary to 
operate cutting and sampling tools. In general, it embodies 
such items as the power unit, derrick, drillhead, draw works, 
transmission, controls, and other appurtenances. Drill rigs 
may be truck, trailer, or skid-mounted. (See Figure 2-27. 



S T A N D A R D  CLEANOUT A U G E R  

,THROAT OF AUGER .SLUDGE DEFLECTORS SLUDGE BARREL 

/ MUD DISCHARGE PORTS 

CLEANOUT A U G E R  
WITH S L U D G E  B A R R E L  

VALVE SEAT ,TUBE CYLINDER 

D A R T  V A L V E  B A I L E R  

F igu re  2-24 Hole B a i l e r  and Clean-Out Augers 



RACK ASSEMBLED 

Figu re  2-25 B a r r e l  Rack w i t h  Barrel i n  P l a c e  



Safety foot clamp 

Drill rod taps 

Marsh funnel and 
graduated cup 

Core catcher 
(spring type) 

Holding irons 

Figure 2-26 Miscellaneous Equipment 



4 TOWER MAST 

SWIVEL HOSE 

STANDPIPE HOSE 

HOISTING DRUM 

RETURN FLOW DITCH 

( from Subsurface Exploration and Sampling of So i l s  
for  Civi l  Engineering Purposes, ASCE, Nov. 1949) 

Figure 2-27 Rotary Dri l l ing  Rig 



There a r e  many types of d r i l l  r i g s  a v a i l a b l e  on t h e  open market. 
Each i s  capable  of performing c e r t a i n  kinds of work. Most can be 
augmented i n  r e spec t  t o  component p a r t s  and mounting. The 
s e l e c t i o n  of t h e  proper d r i l l  r i g  t o  c a r r y  ou t  a p a r t i c u l a r  work 
load depends on numerous condi t ions .  These inc lude  t h e  a n t i c i p a t e d  
work load i n  r e spec t  t o  s i z e  and purpose of proposed s t r u c t u r e s ;  
t h e  n a t u r e  of s i t e  condi t ions  i n  r e spec t  t o  c h a r a c t e r  of 
m a t e r i a l s  t o  be bored, depth of boring, and sample requirements;  
t e r r a i n ;  and o the r  condi t ions .  

Guidance i n  t h e  s e l e c t i o n  of adequate d r i l l  r i g s  t o  meet cond i t i ons  
t o  be  encountered i n  t h e  work load of a p a r t i c u l a r  s t a t e  may be 
obtained from t h e  E&WP u n i t  se rv ing  t h a t  s t a t e .  

S t a b i l i z i n ~  Bore Holes 

Casing , 

Temporary ca s ing  o r  l i n i n g  of t h e  bore ho l e  wi th  s t e e l  p ipe  i s  
t h e  most p o s i t i v e  method of s t a b i l i z i n g  a bore hole .  It i s  
normally requi red  f o r  c e r t a i n  methods of advancing holes  such 
a s  percuss ion  d r i l l i n g .  

Many types of s tandard and s p e c i a l  p ipe  a r e  used as casing.  Recessed 
o u t s i d e  coupl ings provide t h e  s t ronges t  j o i n t  and a r e  commonly 
used i n  s o i l s  explora t ion .  An open j o i n t  i s  used under normal 
cond i t i ons ,  bu t  a b u t t  j o i n t  i s  o f t e n  p re fe r r ed  when t h e  ca s ing  
i s  t o  be d r iven  through hard ground o r  ahead of  t h e  boring. 
Repeated use  w i l l  damage t h e  th reads  of open j o i n t s  and cause 
beading and u p s e t t i n g  of b u t t  j o in t s .  Flush jo in t ed  cas ing  has  
a  smal le r  r e s i s t a n c e  t o  d r i v i n g  and withdrawal than cas ing  wi th  
o u t s i d e  coupling. 

The lower end of t h e  ca s ing  i s  genera l ly  pro tec ted  by a cas ing  shoe 
of hardened steel,  with an  i n s i d e  bevel so  t h a t  d i sp laced  m a t e r i a l s  
w i l l  be  forced i n t o  t h e  pipe.  

Because of t h e  expense and t i m e  consumed i n  ca s ing  r o t a r y  co re  
d r i l l  ho l e s ,  it normally i s  not used where ho les  can be 
s t a b i l i z e d  wi th  d r i l l i n g  mud. Casing i s  requi red  f o r  t h e  
i n s t a l l a t i o n  of r e l i e f  wells. I n  t h i s  r e s p e c t  t h e  purpose i s  t o  
hold back wet, loose  formations while  t h e  f i l t e r  pack ma te r i a l  
i s  being placed around t h e  w e l l  screen,  

D r i  1  l i n g  F lu ids  
An uncased shallow bore h o l e  of t h e  type  u sua l ly  d r i l l e d  by 
r o t a r y  c o r e  d r i l l i n g  methods can o r d i n a r i l y  be  s t a b i l i z e d  with 
a proper ly  proportioned d r i l l i n g  f l u i d  o r  "mud" (Table  2-11). 
D r i l l i n g  muds c o n s i s t  of h igh ly  c o l l o i d a l  gel-forming c l ays .  
Native c l a y s  may a l s o  be  added t o  t h e  d r i l l i n g  f l u i d .  The 
d r i l l i n g  f l u i d  forms a r e l a t i v e l y  impervious l i n i n g  o r  "mud- 
cake" on t h e  s i d e  wa l l s  of t h e  bore hole .  Weighting materials 
such a s  ground b a r i t e  may be  added t o  t h e  d r i l l i n g  f l u i d  t o  



LL i n c r e a s e  i t s  s p e c i f i c  g r a v i t y  and prevent  caving of t h e  hole i n  
troublesome s o i l s  o r  when t h e  f l u i d  must c a r r y  very coarse-grained 
m a t e r i a l s  i n  suspension. Two s lu sh  p i t s  should u sua l ly  be dug down- 
s lope  from t h e  d r i l l  ho le ,  wi th  a small  channel connect ing them 
and t h e  d r i l l  hole .  The d r i l l i n g  f l u i d  w i l l  then flow from t h e  
ho l e  t o  t h e  f i r s t  p i t ,  where t h e  coa r se  m a t e r i a l  w i l l  s e t t l e  o u t ,  
and then t o  t h e  second p i t ,  where t h e  mud can be  picked up f o r  
r e c i r c u l a t i o n  ( s e e  Figure 2-27).  Sand should be  removed from 
t h e  p i t s  as i t  accumulates. I f  t h i s  i s  no t  done, t h e  pump and 
t h e  sampler may become clogged with sand. I f  coa r se  ma te r i a l  i s  
no t  p r e sen t ,  one s l u s h  p i t  may s u f f i c e .  

When us ing  d r i l l i n g  f l u i d s ,  t h e  pump p re s su re  and d ischarge  should 
be hand con t ro l l ed  f o r  s o i l s  and s o f t  e rod ib l e  rock s o  t h a t  t h e  
r a t e  of c i r c u l a t i o n  of d r i l l i n g  f l u i d  can be  con t ro l l ed  independently 
of b i t  speed. I f  t h e  r a t e  of c i r c u l a t i o n  i s  t oo  slow, o r  t h e  
b i t  p r e s su re  t oo  g r e a t ,  t h e  b i t  and f l u i d  passages w i l l  plug. I f  
t h e  flow i s  too  g r e a t  ( t h i s  i s  o f t e n  t h e  c a s e ) ,  e ros ion  of t h e  
co re  and s o i l  below t h e  b i t  w i l l  r e s u l t .  I n  t h e  l a t t e r  ca se ,  
t h e  d r i l l i n g  f l u i d  may be  forced t o  seek a pa th  i n s i d e  t h e  
c u t t i n g  shoe, a longs ide  t h e  s o i l  co re ,  and through t h e  ven t s ,  
thereby eroding o r  removing p a r t  of t h e  core .  General ly ,  t h e  
pump p re s su re  should be  t h e  minimum amount necessary t o  c i r c u l a t e  
t h e  mud f r e e l y  and c a r r y  t h e  c u t t i n g s  from t h e  hole.  

L Pumps should have a c o n t r o l  f o r  r egu la t i ng  water p ressure .  I f  t h e  
pump has  a s e p a r a t e  power p l an t ,  pump p re s su re  can be ad jus t ed  
independently of b i t  speed. 

Rigs which have a common power p l an t  t o  t u r n  t h e  b i t  and run  t h e  
pump, should be equipped t o  bypass p a r t  of t h e  f l u i d ,  and reduce 
flow t o  t h e  sampler. 



2-76 

Table 2-11 Approximate Propor t ions  of Mud Mixtures L/ 

Purpose of  
d r i l l i n g  mud 

4s s i s t i ng  c u t t i n g  
~ p e r a t i o n s  by t h e  
sampler 

?or l i f t i n g  
x t t i n g s  from 
10 1 e 

?or support ing 
:he d r i l l  h o l e  

?or a s s i s t i n g  t o  
iold t h e  sample 
:n t h e  sampler 

of ma te r i a l  per  b a r r e l  cons is tenc  

10 t o  30 pounds of 
ben ton i t e  

Var iab le  as Var iab le  a 
needed needed 

10 t o  15 pounds of S l i g h t l y  Thin cream 
ben ton i t e  f o r  f i n e -  h igher  than  
grained s o i l s  water  

30 pounds of  ben ton i t e  About 1.3 Very t h i c k  
f o r  coarse-grained t i m e s  t h e  cream 
ma te r i a l  v i s c o s i t y  

of water 

30 pounds of ben ton i t e  About 1.3 Very t h i c k  
and 5 pounds of b a r i t e  t i m e s  t h e  cream 

v i s c o s i t y  
of  water  

- 
10 t o  30 pounds of S l i g h t l y  Thin cream 
ben ton i t e  and 0 t o  10 h igher  than  t o  very 
pounds of b a r i t e  water t o  1.3 t h i c k  mean 

t i m e s  t h e  
v i s c o s i t y  of 

I water  

1/ (U.S.B.R. Ear th  Manual, Ten ta t i ve  Edi t ion  wi th  Revisions,  1951, 1958). - 

21 One b a r r e l  equal t o  50 ga l lons .  - 

3/ Viscos i ty  i s  measured by a Marsh funnel  (see Figure 2-26) which i s  - 
c a l i b r a t e d  wi th  water a t  720 F. The t i m e  requi red  f o r  a  given amount 
of water t o  flow through t h e  funnel  i s  considered a s  1.0. The va lue  
l i s t e d  above i s  t h e  r e l a t i v e  t ime f o r  t h e  same aaount of mud mixture  
t o  flow through t h e  funnel.  
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