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PREFACE 

The p o r t i o n  of t h e  Handbook con ta ined  h e r e i n  p r e s e n t s  c r i t e r i a ,  
methods, and equipment f o r  making g e o l o g i c  i n v e s t i g a t i o n s  of  
dams i tes  and t a k i n g  samples f o r  l a b o r a t o r y  a n a l y s e s .  It i s  f o r  
t h e  u s e  of g e o l o g i s t s  and e n g i n e e r s  i n  t h e  S o i l  Conserva t ion  
S e r v i c e .  

Numerous i n d i v i d u a l s ,  bo th  g e o l o g i s t s  and e n g i n e e r s ,  have 
c o n t r i b u t e d  generous ly  t o  t h e  p r e p a r a t i o n  of t h i s  s e c t i o n  of 
t h e  handbook. T h e i r  c o n t r i b u t i o n s  a r e  h e r e w i t h  g r a t e f u l l y  
acknowledged. 

Note: T h i s  i s s u e  i s  f o r  i n - S e r v i c e  u s e  and m a t e r i a l  con ta ined  
h e r e  i s  no t  r e l e a s e d  f o r  p u b l i c a t i o n .  

Washington, D.  C .  1961 

Reprinted with minor r ev i s ions  and co r rec t ions ,  May, 1978. 
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S a f e t y  and P r e c a u t i o n s  

A l l  s a f e t y  p r a c t i c e s  and procedures  c u r r e n t l y  e s t a b l i s h e d  by 
s a f e t y  handbooks and gu ides  of t h e  S o i l  Conservat ion S e r v i c e  
must be adhered t o  i n  f i e l d  o p e r a t i o n s .  

Emphasis on s a f e t y  measures as r e g a r d s  d r i l l  crews should be  
placed on t h e  u s e  of s a f e t y  helmets  and o t h e r  p r o t e c t i v e  dev ices  
such as g loves  and hard- toed  shoes.  Personnel  o p e r a t i n g  d r i l l  
r i g s  o r  o t h e r  persons  whose d u t i e s  r e q u i r e  c l o s e  proximity  t o  
machinery i n  o p e r a t i o n  o r  t r a n s i t ,  should  r i d  themselves of 
ragged o r  t o r n  c l o t h i n g .  Machinery i n  o p e r a t i o n  should be  
equipped w i t h  guards on any moving p a r t s  i n s o f a r  as p r a c t i c a b l e .  

Equipment o p e r a t o r s  should n o t  run  t h e  equipment i n  excess  of 
t h e  l i m i t s  of c a p a b i l i t y  and s a f e t y  as e s t a b l i s h e d  and d e s i g -  
nated by t h e  manufacturer .  

Equipment should no t  be presumed t o  be  i n  s a f e  o p e r a t i n g  con- 
d i t i o n  u n l e s s  i t  has  been adequa te ly  checked by a competent,  
r e s p o n s i b l e  person.  

Regular  c o n d i t i o n  checks should be  made on a l l  equipment and 
t h e  r e s u l t s  r epor ted .  

Cau t ion  must b e  used when o p e r a t i n g  equipment i n  t h e  v i c i n i t y  
of power t r a n s m i s s i o n  l i n e s .  Cons idera t ion  should be  g iven  t o  
t h y  p o s s i b l e  p resence  of underground u t i l i t y  l i n e s .  

Wire ropes  o r  c a b l e s  used w i t h  t r u c k  winches f r e q u e n t l y  a r e  
broken. D r i l l i n g  p a r t y  pe rsonne l  should s t a y  w e l l  c l e a r  o f  
t h e  r e a c h  of t h e  c a b l e  d u r i n g  o p e r a t i o n s  of t h e  winch. 

Crews u s i n g  geophysical  ins t ruments  o r  making o t h e r  inves -  
t i g a t i o n s  i n v o l v i n g  e x p l o s i v e  charges  should b e  w e l l  acqua in ted  
w i t h  t h e  p r e c a u t i o n s  necessa ry  t o  avo id  a c c i d e n t s .  Only 
p roper ly  l i c e n s e d  b l a s t e r s  may hand le ,  load and f i r e  
e x p l o s i v e  charges .  U n t i l  such t i m e  as t h i s  method of explo-  
r a t i o n  i s  approved f o r  f u l l  SCS u s e ,  and SCS r e g u l a t i o n s  
i s s u e d ,  it i s  recommended t h a t  l o c a l l y  employed, l i c e n s e d  
b l a s t e r s  b e  used.  



Where t r e n c h  o r  p i t  excava t ions  r e q u i r e  s i d e  s u p p o r t s  of  c r i b b i n g ,  
de te rmine  t h a t  t h e  m a t e r i a l  f o r  t h e  c r i b b i n g  i s  of adequa te  
s t r e n g t h  and i s  s o  i n s t a l l e d  t h a t  slumping,  cav ing  and s l i d i n g  
cannot  occur .  

T e s t  h o l e s  should  be  covered each evening and plugged l e v e l  w i t h  
t h e  s u r f a c e  upon complet ion of e x p l o r a t i o n ,  t o  p reven t  a c c i d e n t s .  
An open h o l e  i s  a p o t e n t i a l  danger  t o  humans and l i v e s t o c k ;  i t  
could  c a u s e  a broken l e g  o r  even more s e r i o u s  a c c i d e n t s .  T e s t  
p i t s  and t r e n c h e s  should  b e  l e v e l e d  a l s o  upon complet ion of s i t e  
i n v e s t i g a t i o n s .  

Caut ion shou ld  b e  e x e r c i s e d  i n  t h e  hand l ing  of r a d i o a c t i v e  
m a t e r i a l s  and c a u s t i c ,  t o x i c ,  o r  flammable chemicals ;  f o r  example, 
t h e  n i t robenzene  used i n  clay minera l  tests i s  poisonous no t  only 
if t a k e n  i n t e r n a l l y ,  b u t  a l so  by  absorp t ion  through the skin o r  by 
i n h a l a t i o n  of the vapor.  

Avoid p e r s o n a l  a c c i d e n t s !  Be s u r e  t o  make r e p o r t s  on a c c i d e n t s  
w i t h i n  24 hours .  (See  A d m i n i s t r a t i v e  Procedures  Handbook.) Get 
medical  a s s i s t a n c e  i f  r e q u i r e d ,  even i f  i t  i s  necessa ry  t o  s h u t  
down o p e r a t i o n s .  

A l l  crews should  have c o p i e s  of t h e  F i r s t  Aid Guide and should  
have f i r s t  a i d  k i t s  a s  p r e s c r i b e d  i n  t h e  Guide. S n a k e b i t e  k i t s  
a r e  r e q u i r e d  i n  poisonous s n a k e - i n f e s t e d  a r e a s .  

Caut ion should  b e  e x e r c i s e d  when moving d r i l l i n g  equipment on 
r o a d s ,  s t r e e t s ,  and highways. 

Bran o r  o t h e r  g r a i n  d e r i v a t i v e s  never  should  be  added t o  d r i l l i n g  
mud s i n c e  t h i s  mix tu re  i s  d e t r i m e n t a l  t o  l i v e s t o c k .  

Dye t r a c e r s  t o  be used i n  ground wa te r  must b e  non tox ic  t o  bo th  
humans and l i v e s t o c k .  De te rmina t ion  of t h i s  f a c t o r  must b e  made 
p r i o r  t o  u s e .  
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CHAPTER 1 - DESCRIPTION OF MATERIALS 

INTRODUCTION 

General 
The adequacy of a geologic investigation of a structure site 
depends upon accuracy in the description and classification of 
materials at the site and proper interpretation in respect to 
engineering requirements. Materials at a particular site are to 
be described and classified according to their geologic and 
physical properties and their engineering or behavior properties. 
These are necessary to establish correlation and stratigraphy 
of the site and to develop the design of the structure and con- 
struction methods to fit the particular site condition. This 
chapter outlines some of the more important properties of 
soil and rock materials which need to be considered in describing 
and classifying such materials. 

Two systems of describing materials are employed in the engineering 
phases of damsite investigations: a geologic system, and the 
Unified Soil Classification System. The geologist must be 
familiar with both systems. The geologic system is based on 
the geologic and physical properties of materials. The Unified 
Soil Classification System is based on a combination of physical 
and behavior properties. To some extent the two systems over- 
lap and descriptions developed for geologic interpretations 
also are used for engineering interpretations. 

The successful engineering geologist must have a working 
knowledge of engineering design and construction methods in 
order to adequately describe and classify materials for engineering 
purposes. He must understand the terminology used by engineers 
and be able to present his interpretation in terms readily 
understood by them. It must be remembered that investigations 
of damsites are made to obtain information specifically for 
engineering purposes. Therefore, the terminology used in this 
handbook departs somewhat from standard terms normally found in 
geologic texts. The following is a list of some of the more 
important terms and their meanings as used in this handbook 
to describe materials: 

Rock - A compact, semi-hard to hard, semi-indurated to indurated, 
consolidated mass of natural materials composed of a single 
mineral or combination of minerals. 



Soils - Unconsolidated, unindurated, or slightly indurated, 
loosely compacted products of disintegration and decomposition. 

Grain - A rock or mineral particle. 

Gradation - Relative size distribution of particles. 

Well graded - No sizes lacking or no excess of any size 
range, poorly sorted. 

Poorly graded - Skip grades or excess of certain size ranges, 
may be well sorted. 

Silt and Clay - Particles smaller than No. 200 mesh, identified 
by behavior characteristics rather than specific grain sizes. 

Physical and Mineralogical Characteristics of Materials 

Particle Characteristics - 
Particle characteristics, including size, shape, mineral com- 
position, and hardness, are important considerations in establishing 
the origin of materials and geologic processes involved; and for 
determining the stratigraphy of the site. Lithologic similarity 
is one of the bases for establishing correlation and continuity 
of strata and equivalency in age. Particle characteristics 
also are important considerations in establishing the engineering 
properties and behavior characteristics of materials. The 
following briefly outlines some of the properties of particles 
and methods of classification for damsite investigations: 

Size - The important classifications of size are: boulders, 
cobbles, gravel, sand, silt, and clay. Numerous grade scales 
have been developed to establish the limits of size for each 
of these classifications. The grade sizes used in the Unified 
Soil Classification System are to be used in the engineering 
geology phases of SCS work. Table 1-1 shows some of the 
commonly used grade scales for comparison. 

Shape - Geologists express the degree of roundness of particles 
on the basis of the average radius of the corners divided by the 
radius of the maximum inscribed circle. Although particle 
shapes can be expressed numerically by this method, such a 
degree of accuracy is not required for geologic investigation of 
damsites. Visual estimation is sufficient for classification of 
equidimensional particles. Figure 1-1 shows a comparison of 
degrees of roundness and angularity which will serve as a guide 
to visual estimation and classification of roundness. 
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Introduction 

Purpose and Scope 
The purpose of this part of the National Engineering Handbook is 
to present, in brief and usable form, information on equipment, 
tools, exploration and sampling techniques, and criteria for con- 
ducting adequate investigations of damsites. The material is 
compiled to assist technicians in planning site investigations, 
carrying out field investigations, and preparing reports within 
the framework of established SCS standards. The guide also 
will serve as a useful tool for training purposes and to promote 
extablishment of uniform standards and procedures for geologic 
investigations of damsites. 

The choice of design and construction methods for a particular 
dam is contingent upon the characteristics of materials of which, 
and upon which, the structure is to be built. Knowledge of these 
materials, sufficient in scope and quality to satisfy design and 
construction requirements, is necessary for each site if con- 
sistent development of economically sound and practical structures 
is to be achieved. Such knowledge is acquired by thorough 
geologic examination of sites, by accurate foundation and borrow 
exploration, by soil mechanics laboratory tests, and thorough 
practical experience in a particular area. 

This handbook is not intended to be a complete technical treatise 
on the subject of site investigations. Nor is it intended to 
establish a stereotyped pattern for site investigations. Each 
structure site has its own particular characteristics. The 
geologist and engineer must establish a pattern of investigations 
and application of exploration and sampling methods dependent on 
the site conditions, to obtain the information needed for design 
and construction. This requires sound judgment and a knowledge 
of requirements for design and construction as well as a know- 
ledge of exploration and sampling techniques. The geologist 
must become thoroughly familiar with basic principles and 
techniques in the fields of engineering geology, soil mechanics, 
design, and construction, to achieve technical competence. He 
must work closely with the project, design, and construction en- 
gineers on each site in order to determine the requirements for 
that particular site and to establish investigational procedures. 



Use of Earth Materials 

The use of earth materials is stressed because they have three 
aspects of major importance: (1) The materials are usually 
present in abundance in the immediate area of the structure; 
( 2 )  the materials have properties which permit their use for 
structural purposes; and ( 3 )  their availability allows a 
greater economy than manmade, imported materials. 

Embankments - 
The use of natural materials in embankments is related to their 
inherent capacity to be remolded with, in some types, an 
accompanying modification in their engineering properties. 
Earth embankments may be homogeneous or zoned with the materials 
selected and remolded to form an essentially water-impervious 
barrier as well as a structurally strong unit. 

Foundat ions --- 
Materials composing foundations must support, without danger 
of failure, rupture, or displacement, the loads to be super- 
imposed. The types of foundations range from bedrock to 
unconsolidated sediments and, as the types vary, so must the 
method and intensity of investigation vary. 

Spi 1 lway s 
The spillway controls the rate of discharge through the structure. 
By virtue of its stability and resistance to erosion, the 
spillway insures the life of the entire structure. Earth 
spillways are susceptible to erosion. When they are to be 
constructed of, or in, erodible materials, great care should be 
given to the identification and classification of the materials. 

Other Uses - 
Coarse-grained materials may be used for foundation and embank- 
ment drains and for erosion protection. 

Riprap may be placed on the embankment so as to afford pro- 
tection from the impact of water and weather. 
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T a b l e  1-1. Comparison of Grade S c a l e s  
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Figure 1-1 Particle Shapes 

The above c l a s s i f i c a t i o n  i s  adopted p r imar i ly  t o  equidimensional 
p a r t i c l e s  o f  ma te r i a l s  coa r se r  than si l t  p a r t i c l e s .  

Normally it i s  not adequate f o r  expression of  non-equidimensional 
c o n s t i t u e n t s  e i t h e r  i n  coarse  o r  f ine-grained f r a c t i o n s  of mater ia l s .  
Where f l a k y  minerals  a r e  present  t hese  should be descr ibed on t h e  
b a s i s  of t h e  mineral name in s t ead  of  t h e  shape, v i z , ,  b i o t i t e ,  
muscovite, c h l o r i t e ,  e tc .  Where p l a t y  o r  pr i smat ic  rock fragments 
a r e  present  t h e  rock type  o r  s t r u c t u r e  c o n t r o l l i n g  t h e  shape such 
a s  bedding, cleavage, s c h i s t o s i t y ,  e t c . ,  should be given a s  well  a s  
degree of  rounding. 



This classification is adopted primarily for equidimensional 
particles coarser than silt sizes. Normally, it is not adequate 
for expression of nonequidimensional constituents either in 
coarse or fine-grained fractions of materials. Where non- 
equidimensional minerals are present they should be described 
in such terms as platy, tabular, or prismatic. Where platy 
or prismatic rock fragments are present, the rock type or 
structure controlling the shape; such as bedding, cleavage, or 
schistosity; should be given as well as degree of roundness. 

Mineral composition - The mineral composition of site materials 
varies greatly from place to place, depending upon the genesis of 
the materials and the geologic processes involved. The mineral 
composition may vary also with particle size at a particular 
site. The proportion of platy minerals usually increases over 
equidimensional minerals as the particle size decreases. 

The coarse-grained materials are normally dominated by those 
rock-forming minerals, which are more resistant to chemical 
weathering, such as quartz and the heavy minerals. Rock 
fragments and unaltered rock-forming minerals, such as feldspar, 
calcite, and mica also may be present. The less complex minerals 
in the coarse-grained fractions can be identified readily by 
megascopic methods. Wherever this is possible, the predominant 
rock or mineral constituents and those rocks and minerals having a 
deleterious effect on engineering properties should be noted, 
using standard geologic terms. 

The fine-grained materials represent the products of chemical 
and mechanical weathering. The mineral composition, together 
with weathering processes, controls the ultimate size and shape 
of the fine-grained particles. Quartz, feldspar, and many other 
minerals may, under mechanical weathering, be reduced to fine- 
grained equidimensional particles, such as in rock flour. Some 
types of minerals are broken down mechanically into platy particles. 
Micas are of this type. Alteration products of other types of 
minerals may result in the formation of platy particles. 

Clay minerals - A group of minerals, known as clay minerals, 
requires special attention because of the influence of indi- 
vidual minerals on the engineering properties of soils. This is 
brought about by their inherently fine-grained nature, platy 
shape, and molecular structure. Clay minerals are predominantly 
hydrous aluminum silicates or more rarely, hydrous magnesium or 
iron silicates. Clay minerals are composed of layers of two 
types: (1) silicon and oxygen (silica layer) and ( 2 )  aluminum 
and oxygen or aluminum and hydroxyl ions (alumina or aluminum 
hydroxide layer). 

There are three principal groups of clay minerals: kaolinites, 
montmorillonites, and illites. Because of variable influence of 
each type on the engineering property of soils, it is imporrant 



that the predominant clay mineral be properly identified whenever 
possible. 

The kaolinite clays consist of two layer molecular sheets, one of 
silica and one of alumina. The sheets are firmly bonded together 
with no variation in distance between them. Consequently the sheets 
do not take up water. The kaolinite particle sizes are larger 
than those of either montmorillonite or illite and are more 
stable. 

The montmorillonite clays consist of three layer molecular 
sheets consisting of two layers of silica to one of alumina. The 
molecular sheets are weakly bonded, permitting water and associated 
chemicals to enter between the sheets. As a result, they are 
subject to considerable expansion upon saturation and shrinkage 
upon drying. Particles of montmorillonite clay are extremely 
fine, appearing as fog under the high magnification of the 
electron microscope. Montmorillonite clays are very sticky 
and plastic when wet, and are of considerable concern in 
respect to problems of shear and consolidation. 

Illite has the same molecular structure as montmorillonite 
but has better molecular bonding, resulting in less expansion 
and shrinkage properties. Illite particles are larger than 
montmorillonite and adhere to each other in aggregates, 

Hardness - The hardness of individual minerals is normally expressed 
by geologists by means of the Mohs scale. Hardness, along with 
color, luster, transparency, streak, crystal form, cleavage or 
fracture, and specific gravity is an important property for identi- 
fication of minerals. Hardness of individual particles is an 
important engineering consideration in respect to resistance to 
crushing when loaded. 
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Figure 1-2. Representation of the Structure 
of Clay Mineral Particles 

(From J. G. Cady, "Characteristics and Behavior of Soil Clay, 
SCS, 1954) 



Mass Characteristics 

Although individual particle characteristics are important for 
identification purposes and have an influence on engineering 
properties, associations of different particles impart mass 
characteristics and properties to both rock and soil materiale, 
which are entirely different from those of the individual 
particles. This section briefly outlines mass characteristics 
which need to be described to develop adequate interpretations 
for geologic engineering purposes. 

Soil materials - The term "soil materials" is here defined as 
the unconsolidated products of erosion and decomposition of 
rocks. It may include organic material. "Soil material" or 
"soil" consists of a heterogeneous accumulation of mineral 
grains, including most every type of uncemented or partially 
cemented inorganic and organic material to be found on the 
earth's surface. Soil materials may be referred to as cohesive 
or noncohesive, depending upon the tendency of the particles 
to adhere to one another. 

Consistency - With increasing water content a solid clay mass 
changes consistency and passes from a solid state through a 
semisolid and plastic to a liquid state. The moisture contents, 
expressed in percent of dry weight, at which the mass passes 
from one of these stages of consistency to another are known 
as the Atterberg limits or limits of consistency. 

The term consistency also is used to describe the relative ease 
with which a saturated cohesive soil can be deformed. In this 
sense, the consistency is described as very soft, soft, medium, 
stiff, very stiff, and hard. 

The Atterberg limits or limits of consistency are determined 
on soil materials passing the 40-mesh sieve. The shrinkage 
limit or the limit between the solid and semisolid states is 
the maximum water content at which a reduction in water content 
will not cause a decrease in volume of the soil mass. 

The plastic limit is the water content corresponding to an 
arbitrary limit, fixed by a standard testing procedure, between the 
semisolid and plastic states of consistency. 

The liquid limit is the water content corresponding to the 
arbitrary limit, fCxed by a standard testing procedure, between 
the plastic and liquid states of consistency. 

The plasticity index is a measure of the plastic state or the 
range of consistency within which a soil exhibits plastic 
properties and is numerically equal to the difEerence between 
the liquid limit and the plastic limit. 



Density - The dens i ty  o r  u n i t  weight of a  s o i l  i s  def ined as t h e  
weight per  u n i t  volume. The dry  dens i ty  i s  t h e  weight of t h e  
u n i t  mass excluding t h e  weight of t h e  conta'ined water .  The wet 
dens i ty  inc ludes  t h e  weight of t h e  contained water .  

Moisture  content  - The moisture  conten t  i s  t h e  r a t i o  of t h e  
weight of water  contained i n  t h e  s o i l  t o  t h e  dry  weight of t h e  
s o i l  s o l i d s .  This  va lue  i s  expressed as a percent .  

Densi ty ,  o r  u n i t  weight ,  and moisture  values  a r e  h igh ly  
s i g n i f i c a n t  i n  embankment cons t ruc t ion .  A c e r t a i n  dens i ty  may 
be  s p e c i f i e d  t o  which t h e  s o i l  i s  t o  be  compacted, and t h e  
moisture  conten t  a t  t h e  t i m e  of compaction i s  very important f o r  
many s o i l s .  

Permeabi l i ty  - The permeabi l i ty  of a s o i l  i s  i t s  capac i ty  t o  
t ransmi t  f l u i d s  under pressure .  It  may vary i n  d i f f e r e n t  
d i r e c t i o n s .  The water flows through t h e  voids  between t h e  s o i l  
g r a in s .  Therefore ,  t h e  l a r g e r  t h e  s i z e  of t h e  pores and t h e i r  
in te rconnec t ions ,  t h e  g r e a t e r  t h e  flow of water .  It may be  seen  
t h a t  coarse-grained s o i l s  a r e  more permeable than  f ine-gra ined  
s o i l s .  A well-graded s o i l ,  having a good d i s t r i b u t i o n  of 
p a r t i c l e  s i z e  from l a r g e  t o  very f i n e ,  i s  r e l a t i v e l y  less 
permeable than a  poorly-graded s o i l  of a  comparable s i z e  because 
t h e  f i n e r  g r a in s  f i l l  t h e  space between t h e  l a r g e r  p a r t i c l e s .  

Coe f f i c i en t  of permeabi l i ty  - The c o e f f i c i e n t  of permeabi l i ty  of 
a  given s o i l  i s  t h e  volume of flow of water  through a  u n i t  a r e a ,  
i n  u n i t  t i m e ,  under u n i t  hydrau l ic  g rad i en t  and a t  a s tandard  
temperature.  Area i s  measured a t  r i g h t  angles  t o  t h e  d i r e c t i o n  of 
flow. There a r e  many permeabi l i ty  u n i t s  i n  use.  The more common 
ones a r e :  

Meinzers Un i t s  = ga l lons / f t 2 /day  under u n i t  hyd rau l i c  g rad i en t .  

Feet/day = f t 3 / f t 2 / d a y  under u n i t  hydrau l ic  g rad i en t .  

3  Cm/ second = cm /cm2/ sec .  under u n i t  hydrau l ic  g rad i en t .  

2  Fee t /year  = f t 3 / f t  / yea r  under u n i t  hydrau l ic  g rad i en t .  

3  2  Inches/hour = inch  / i nch  /hour under unitf hydrau l ic  g rad i en t .  

A l l  u n i t s  a r e  f o r  a  s tandard  water  temperature ,  For p r e c i s e  
measurements, c o r r e c t i o n  t o  t h i s  temperature must be  made. Unit  
head o r  u n i t  hydrau l ic  g rad i en t  i s  a grad ien t  of l : l , o r  100 percent .  

These u n i t s  a r e  r e a d i l y  in te rchangeable  by mul t ip ly ing  by t h e  
proper f a c t o r  as ind i ca t ed  i n  t a b l e  1-2. 



Table 1-2.  Conversion f a c t o r s  f o r  permeabi l i ty  u n i t s  

Meinzers 
Un i t s  

Feet  / day 

Cm/ sec.  

Fee t /  yea r  

Meinzers 
Un i t s  

Inches/  hour 



i, Consolidation - Consolidation refers to the volume change of a 
soil under load. Normally fine-grained soils consolidate more 
than coarse-grained soils and poorly-graded soils consolidate 
more than well-graded soils. Density, plasticity, porosity, 
permeability, and organic content are important factors in 
determining the degree of compressibility. 

Shearing strength - Shearing strength is the resistance of soil 
particles to sliding upon one another. 

Gradation - The term gradation is used here to describe the 
grain size distribution of unconsolidated or soil materials in 
keeping with engineering terminology. For engineering purposes 
the fine fraction (200 mesh) is classified as silt or clay an the 
basis of plasticity rather than on grain-size diameter. 

This system is not entirely adequate to define all of the physical 
characteristics needed for identification and correlation purposes. 
The system to be used for geologic purposes consists of class- 
ification based primarily on the relative proportions of gravel, 
sand, silt, and clay. These classifications are outlined in 
figure 1-3. 

Texture - Texture is defined as the geometrical aspects of the 
component particles of a rock, including size, shape, and spatial 

L arrangement. Texture is important for field identification 
purposes and for predicting behavior of rock under load. Although 
specific geologic terms such as "phaneri tic" and "aphani tic" imply 
specific descriptions of igneous rock, simpler terms such as 
"coarse-grained" and "fine-grained" should be employed to be 
more understandable. It is often more important to describe the 
presence of mineral constituents, degree of cementation, conditions 
of weathering, fracture system, and other properties having an 
influence on engineering properties, than to identify the type of 
rock. The symbols contained in figure 1-3, "Standard SCS 
Geologic Symbols" constitute a coverage normally adequate for 
classifying and describing rocks. 

Rock structure - The structure of rocks can usually be given in a 
few simple terms describing holes, cavities, joints, bedding planes, 
fractures, cleavage, schistosity and similar features. Use of 
terms such as "vesicular" or "vugs" should be avoided where 
possible and always defined when used. Rock structure is an 
important consideration in respect to the amount and direction of 
water movement. 

Strength of rock - The strength of rock is influenced by the 
mineralogical composition, shape of grains, texture, crystallinity, 
stratification, lamination, and other factors. Secondary 
processes such as cementation and weathering have a profound 

L 
influence on the strength of rock. The following classifications, 



UNCONSOLIDATED MATERIALS 

gravel sand silt clay cobbles, boulders 
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Figure 1-3. Standard SCS Geologic Symbols 
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based on f i e l d  t e s t s ,  a r e  t o  be used f o r  d e s c r i b i n g  rock 
s t r e n g t h :  

Very S o f t  - Permits  d e n t i n g  by moderate p r e s s u r e  of t h e  
f i n g e r s .  

S o f t  - Resists d e n t i n g  by t h e  f i n g e r s ,  b u t  c a n  b e  abraded 
and p i e r c e d  t o  a sha l low dep th  by a p e n c i l  p o i n t .  

Moderately S o f t  - R e s i s t s  a p e n c i l  p o i n t ,  b u t  can be  
s c r a t c h e d  and c u t  w i t h  a k n i f e  b lade .  

Moderately Hard - R e s i s t a n t  t o  a b r a s i o n  o r  c u t t i n g  by a 
k n i f e  b l a d e  bu t  can be  e a s i l y  dented o r  broken by l i g h t  blows of 
a hammer. 

Hard - Can be  deformed o r  broken by repea ted  moderate 
hammer blows. 

Very Hard - Can be  broken on ly  by heavy, and i n  some r u c k s ,  
r epea ted  hammer blows. 

Cementation of rock i s  a n  important  secondary p rocess  i n f l u e n c i n g  
t h e  s t r e n g t h  of rock.  The p r i n c i p a l  cementing m a t e r i a l s  a r e  
s i l i c a ,  calcium carbona te ,  i r o n  ox ide ,  and c l a y s ,  Most d u r a b l e  
a r e  bonds of s i l i c a ,  whereas c l a y  bonds a r e  weakest ,  p a r t i c u l a r l y  
when s a t u r a t e d .  It i s  impor tan t ,  t h e r e f o r e ,  t o  n o t e  t h e  n a t u r e  
of cementing m a t e r i a l  when d e s c r i b i n g  rock.  

Chemical weather ing occurs  p r i m a r i l y  through processes  of h y d r a t i o n ,  
L/ o x i d a t i o n ,  and ca rbona t ion .  Chemical wea ther ing  n o t  only  i n f l u e n c e s  

s t r e n g t h  of rocks  but  a l s o  t h e  c h a r a c t e r i s t i c s  of s o i l  m a t e r i a l s  
de r ived  therefrom.  A s  a r e s u l t  of chemical  weather ing c e r t a i n  
rocks  break down i n t o  equidimensional  g r a i n s  whereas o t h e r s  
break down i n t o  p l a t y  g r a i n s  such as t h e  c l a y  minera l s .  Rocks, 
which c o n t a i n  minera l s  of v a r i a b l e  r e s i s t a n c e  t o  chemical  
wea ther ing ,  may become h i g h l y  permeable through t h e  a l t e r a t i o n  
and removal of e a s i l y  weathered m a t e r i a l s  and l e a v i n g  t h e  more 
r e s i s t a n t  m a t e r i a l s .  The c i r c u l a t i o n  of meteor ic  wa te r s  through 
f r a c t u r e d  l imestone and similar m a t e r i a l s  may develop s o l u t i o n  
channels  of such l a r g e  dimensions t h a t  c o l l a p s e  of founda t ions  
may be  of concern.  The products  of chemical  rock wea ther ing  have 
e n t i r e l y  d i f f e r e n t  e n g i n e e r i n g  p r o p e r t i e s  t h a n  t h e  rock frcm 
which they a r e  de r ived .  It  i s  impor tan t ,  t h e r e f o r e ,  t h a t  t h e  
e x t e n t  and c h a r a c t e r  of t h e s e  p roduc t s  b e  adequa te ly  d e s c r i b e d .  

The s t r e n g t h  of rock  masses i s  g r e a t l y  in f luenced  by t h e  p resence  
of bedding,  c leavage ,  s c h i s t o s i t y ,  and s i m i l a r  f e a t u r e s  as w e l l  
a s  by t h e  presence of b reaks  such as j o i n t s  and f r a c t u r e s .   he' 
spac ing ,  p a t t e r n ,  a t t i t u d e ,  and o t h e r  c h a r a c t e r i s t i c s  of t h e s e  
f e a t u r e s  must be  considered i n  e v a l u a t i n g  s t r e n g t h  of a rock  mass. 
I t  i s  important  t h a t  t h e s e  c h a r a c t e r i s t i c s  be adequa te ly  d e s c r i b e d  
i n  d e s c r i b i n g  rock masses. 



Rock characteristics related to engineering properties - The 
character of rock is important from the standpoint of permeability, 
consolidation, shearing resistance, durability, and workability. 
The cost of structures may be greatly influenced by expensive 
rock excavation and by need for treatment of foundations, 
abutments, and reservoir basins. It is important, therefor$, 
that where such problems exist, they be recognized and adequately 
described. 

Foundations, abutments, and reservoir basins which are highly 
fractured, which contain solution channels, or are the products 
of differential weathering may be highly permeable. Practically 
all rocks have fractures. A rock mass, having extremely low 
porosity, might be highly permeable due to fractures and joints. 
Jointing is not restricted to any particular type of rock, 
but certain types of rocks in a particular area may possess a 
tendency toward larger and more closely spaced fractures than 
other types. Differential weathering may be found in many 
types of igneous and metamorphic rocks and certain sedimentary 
rocks. Differential weathering of cherty limestones, for 
example, may result in highly permeable rock foundations. It 
is important that the rate of permeability and the depth and 
direction of water movement be determined as closely as possible 
in order to determine requirements for foundation treatment. 
Field investigation may require angular boring, pressure testing, 
use of dyes or other tracer compounds, or other methods to 

i 
properly determine permeability of rock. 

The bearing strength of rock is normally adequate to support 
dams designed by the SCS. However, consolidation may be a 
problem in certain types of rock such as weakly cemented shales 
and siltstones, and rocks which have been altered to clay 
minerals. In each instance, samples of questionable materials 
are to be obtained for laboratory analysis, following the same 
procedures used for soil materials. Caverns or mines may 
present a problem of bearing or stability depending on the 
size and location of openings. 

Problems of shear may result from poorly cemented shales 
and siltstones or highly weathered rock of Q3w shear strength. 
Particular attention must be given to materials which dip in 
an adverse direction and which are subject to saturation or 
to unloading of their toe supports by excavation. This includes 
strata dipping downstream in foundations or strata dipping 
toward the centerline (parallel to the slope of the abutment) 
of proposed emergency spillway excavations. Rock strata of low 
shear strength must be thoroughly delineated and evaluated for 
design and construction purposes. 

Cost of rock excavation may be greatly influenced by the nature of 
rock and secondary a1 teration. "Common excavation" and "rock 
excavation" are separate bid items for construction 
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contracting. The geologist must describe rock proposed for 
excavation in terms translatable into workability by construction 
equipment so that the amounts of common and rock excavation can 
be determined in developing invitation for bids. For further 
details on classification of common and rock excavation, see 
SCS Standard Specifications, Construction and Construction 
Materials, Section 4-58, Item 4.2. 

The following general descriptions of rock in terms of work- 
ability will prove helpful to geologists in describing rock 
proposed to be excavated and to contracting officers in inter- 
preting descriptions for developing specific bid items. Very 
soft and soft rocks (See p. 1-13) can be excavated by power 
shovels or bulldozers in practically all cases, if the entire 
excavation is in the formation. Power shovels can excavate 
moderately soft formations and hea,Vy power shovels can excavate 
moderately hard rocks. Moderately soft and moderately hard rocks 
have some degree of cementation and include partly cemented 
sandstones and rnarls and fairly compact shales. Most formations 
of hard rocks and those of very hard rocks must be removed by 
blasting if they have considerable bulk or thickness. Strati- 
graphy, attitude, and jointing are important factors in developing 
construction methods. Thus, thin beds of hard and very hard 
rocks may be removed by ripper, rock plow, or power shovel if 
they occur in beds of not more than 6 or 8 inches in thickness 

L or are highly jointed. Hence, a series of soft shales inter- 
bedded with 6-inch layers of hard or very hard limestones usually 
can be removed with a power shovel. On the other hand, a 
massive bed of shale or crystalline gypsum 6 feet or more thick 
may require blasting, although neither would be rated highAr 
than moderately soft. 

Color - Color varies widely in materials but often provides a 
useful means of identification for geologic and engineering 
purposes. Thus, the presence of organic matter, certain 
minerals, and some types of weathering can often be readily 
detected by color. In classifying color of materials, care 
should be used to determine whether the coloring is due to 
inherent color of constituents, superficial stain or tarnish, 
or a weathering product. There may be a marked difference of 
color, depending on whether the material is dry or wet. 

Geologic Properties of Materials 

Stratigraphy - 
Stratigraphy deals with the formation, composition, thickness, 
sequence, and correlation of materials. Knowledge of the 
stratigraphy such as the continuity or discontinuity of certain 
beds or the distribution of critical horizons may be very 
important in interpreting site conditions. 

'L 



Stratigraphy of the site is established from the study of 
particle and mass characteristics and the interpretation and 
extrapolation of the boring and test hole data. The determin- 
ation of stratigraphy involves consideration of particle 
characteristics, their origin, mode of transportation (wind, 
water, ice, gravity) and the processes of deposition and 
consolidation. Guiding factors are the petrographic characteristics 
of the materials; e.g., mineral composition, size, shape, and 
spatial arrangement of the particles; and the type age, depth, 
thickness, sequence and continuity of the deposits. 

Type of deposit - Type of deposit involves the mode, agent, and 
processes of formation of the deposit. It furnishes infor- 
mation on the continuity of strata and the uniformity of 
physical characteristics which may be encountered. For example, 
deposits of loess and glacial lake deposits (varved clays) 
may be remarkably consistent in thickness of strata and 
physical characteristics of materials. Other types, such 
as stream bar deposits, may pinch out in a matter of a few 
feet and the particle characteristics vary widely over short 
distances. It is important, therefore, that the type of deposit 
be accurately described in order to properly extrapolate 
continuity and physical characteristics of materials. 

Standard geologic terms, simplified to the extent possible for 
adequate interpretations, should be used to describe the 
type of deposit. Such terms as granite, volcanic ash, marl, 
limestone, and gneiss, along with the formation name or age, 
are commonly used to describe rock materials. Because of the 
highly variable characteristics of sediments, however, a greater 
breakdown of terms which imply mode of origin should be employed. 
Such deposits should be described as fan, dune, colluvium, 
stream channel and other types denoting origin, in order to 
properly interpret physical characteristics. 

Age - The age of a stratum establishes its vertical position in 
the geologic column and its relationship to other strata. 
Age should always be indicated using accepted geologic eras, 
periods, epochs, and ages when identifiable. 

Depth, thickness, and continuity - The depth and thickness of 
materials at specific points at a site are determined from 
exposure and subsurface boring or test holes. Continuity 
must be interpreted on the basis of depth, thickness, type, 
and similarity of deposits and particle and bulk characteristics 
measured and described at different observation points, To 
facilitate interpretation of continuity, all measurements of 
depth should be referenced to a common elevation based either 
on mean sea level or an assumed datum plane. It is important 
that the vertical and areal continuity be determined for those 
materials which may have an effect on the design and construction 1 

of a dam. Continuity is best established on a graphic basis. 'd 



Depth and thickness of identified strata are to be plotted on 
graph paper at their proper elevations. Continuity lines are to 
be drawn in (dashed) where correlation of similar strata from 
different bore holes is possible. Forms SCS - 35A, 35B, 35C, 
and 35D, "Plan and Profiles for Geologic Investigation," are 
provided for this purpose. For examples, see chapter 4, 
figure 4-1. If a stratum in the vertical column of one obser- 
vation cannot be correlated with any stratum in the next column, 
continuity has not been established. If correct interpretations 
have been made, the particular stratum is considered to be 
discontinuous. This should be shown by correlation lines which 
pinch out between bore holes. Discontinous strata are a common 
occurrence in types of materials having lenticular beds or where 
faults or other structural movements have resulted in shifting of 
beds to positions where they are not concordant. Whenever the 
limits of continuity cannot be established, and the discontinuity 
cannot be accounted for in the interpretations, additional 
observations are needed until sufficient 
done to confirm lateral and longitudinal 
continuity. 

exploration has been 
continuity or dis- 

primary consideration in 
applied to the geology of 
structural features 
site. These features 

Structure 
The geologic structure of the site is of 
site selection. The term "structure" as 
a damsite, refers to all of the geologic 
either at the damsite or influencing the 

L include faults, folds, unconformities, joints, fractures, rock 
cleavage, etc. Structure has an important influence on the 
geologic conditions of a site and the ultimate stability and 
safety of an engineering structure. Problems of leakage, sliding 
of embankments, uplift pressure in foundations, and differential 
settlement are often traced back to inadequate delineation and 
consideration of the geologic structure at the site. 

Attitude - Attitude implies the geometric alinement of strata, 
faults, fractures, and other features, and is usually expressed 
in terms of dip and strike. In some instances, such as in plunging 
anticlines, for example, special conditions require more 
elaborate descriptions than dip and strike. In describing 
attitude, standard geologic terms should be used. 

Folds - Folding is a common type of deformation in the earth's 
surface. Many folds extend over large areas so that deformation 
results in a more or less uniform dip and strike at a particular 
site. Smaller, local folds, however, are usually of more 
concern than those of a regional character. Minor folds which 
create channels with capacity for substantial subterranean water 
movement may escape detection in a geologic investigation of a 
damsite. Where such folds are suspected and anomalies of con- 
tinuity in respect to apparent inclination of strata in bore 
holes are encountered, additional borings may be required to 



determine t h e  l o c a t i o n  and s i z e  of t h e  f o l d s  f o r  d e s i g n  cons ider -  
a t i o n s .  D e s c r i p t i o n s  of f o l d s  should i n d i c a t e  t h e i r  s i z e ,  
l o c a t i o n ,  t y p e  ( a n t i c l i n a l ,  s y n c l i n a l ,  d rag)  and t h e  a t t i t u d e  
of t h e  limbs and a x i a l  p lane.  

F a u l t s  - A f a u l t  i s  d e f i n e d  a s  a break i n  t h e  e a r t h ' s  c r u s t  
a long  which movement has  t aken  p lace .  Displacement may b e  
b u t  a few inches  o r  many m i l e s .  F a u l t s  may be  d e t e c t e d  by 
d i s c o n t i n u i t y  of s t r a t a  and by s u r f a c e  f e a t u r e s .  A e r i a l  
photographs o f t e n  provide evidence of t h e  p resence  of f a u l t s  
i n  a n  a r e a .  F a u l t s  may p r e s e n t  a s e r i o u s  problem when they 
occur  a t  a s t r u c t u r a l  s i t e .  One t h a t  i s  a c t i v e  obviously  
p r e s e n t s  a s e r i o u s  hazard.  I n  a d d i t i o n ,  t h o s e  t h a t  a r e  now 
i n a c t i v e  may have s o  modif ied t h e  geology t h a t  t h e  s i t e  
p r e s e n t s  s p e c i a l  problems i n  des ign ,  c o n s t r u c t i o n ,  o r  func-  
t i o n i n g  of t h e  proposed s t r u c t u r e .  F a u l t s  encountered a t  
s i t e s  should  be  desc r ibed  i n  d e t a i l ,  i n c l u d i n g  t y p e ,  such as 
normal o r  r e v e r s e ,  a t t i t u d e  of t h e  f a u l t  p lane  and t h e  
d i r e c t i o n  and amount of d isplacement .  J u x t a p o s i t i o n  of ma- 
t e r i a l s  w i t h  q u i t e  d i f f e r e n t  eng ineer ing  p r o p e r t i e s  and mod- 
i f i c a t i o n  of ground wate r  c o n d i t i o n s  a r e  examples of t h e  e f f e c t s  
of f a u l t i n g  t h a t  may b e  impor tan t .  Furthermore,  t h e  f a u l t  
zone i s  of s p e c i a l  importance i f  a p p r e c i a b l e  rock s h a t t e r i n g  
o r  a l t e r a t i o n  of minera l s  has  occur red ,  o r  i f  a p p r e c i a b l e  
gouge has  formed. I n  t h e s e  i n s t a n c e s ,  t h e  approximate dimen- 
s i o n s  of t h e  f a u l t  zone should be  determined and changes i n  
c h a r a c t e r  of m a t e r i a l s  desc r ibed .  

J o i n t s  - J o i n t s  a r e  de f ined  as breaks  i n  t h e  rocks  of t h e  e a r t h ' s  
c r u s t  a long  which no movement has  occurred.  J o i n t s  u s u a l l y  
occur i n  s y s t e m a t i c  p a t t e r n s .  They may a l low movement of 
ground wate r  through o therwise  impermeable m a t e r i a l  and t h i s  
i n  t u r n  may c r e a t e  problems i n  des ign ,  c o n s t r u c t i o n ,  o r  
f u n c t i o n i n g  of t h e  s t r u c t u r e .  The number and o r i e n t a t i o n  of 
j o i n t  systems and t h e i r  spac ing  a l s o  i n f l u e n c e s  t h e  e a s e  of 
rock excava t ion .  D e s c r i p t i o n  of j o i n t s  should i n c l u d e ,  
b e s i d e s  t h e i r  a t t i t u d e ,  t h e  spac ing  and t h e  es t imated  dep th  
of j o i n t i n g ,  t y p e  of j o i n t s  ( s t r i k e ,  d i p ,  o r  o b l i q u e , )  and 
kind of j o i n t  system. 

Paleontology 
Evidences of l i f e  i n  t h e  p a s t  a r e  important  f o r  c o r r e l a t i o n  
purposes  t o  e s t a b l i s h  c o n t i n u i t y .  F o s s i l s  a r e  keys  t o  
c o r r e l a t i o n  of rock strata. The presence of a r t i f a c t s  may be  
a means of d i s t i n g u i s h i n g  between Recent and Modern sediments.  
P l a n t  and animal remains may have a  very marked i n f l u e n c e  
( u s u a l l y  adverse )  on e n g i n e e r i n g  p r o p e r t i e s .  Thus, p e a t ,  
muck, and carbonized p l a n t  remains have l i t t l e  v a l u e  as 
c o n s t r u c t i o n  m a t e r i a l s .  T e s t s  o r  s h e l l s  of f o r a m i n i f e r a ,  
a l g a e ,  c o r a l ,  and o t h e r  components impar t  s p e c i f i c  behav ior  
c h a r a c t e r i s t i c s  t o  eng ineer ing  m a t e r i a l s .  D e s c r i p t i o n s  of 



a r t i f a c t s  and f o s s i l s ,  where they have l i t t l e  o r  no i n f l u e n c e  
on t h e  e n g i n e e r i n g  p r o p e r t i e s  of m a t e r i a l s ,  should be l i m i t e d  t o  
b r i e f  n o t e s  needed f o r  c o r r e l a t i o n  purposes.  More d e t a i l e d  
d e s c r i p t i o n s  a r e  needed where such materials have a n  i n f l u e n c e  on 
t h e  eng ineer ing  p r o p e r t i e s .  These should i n c l u d e  d e s c r i p t i o n  
of t h e  n a t u r e  of m a t e r i a l s ,  i n c l u d i n g  name, t h e i r  e x t e n t  and 
d i s t r i b u t i o n  i n  t h e  format ion.  

F i e l d  T e s t s  
The g e o l o g i s t  may need t o  make f i e l d  t e s t s  t o  f u r t h e r  d e l i n e a t e  
geo log ic  p r o p e r t i e s  and t o  c l a s s i f y  m a t e r i a l s  more a c c u r a t e l y .  
The c l a s s i f i c a t i o n  of unconso l ida ted  materials f o r  e n g i n e e r i n g  
purposes i s  done accord ing  t o  t h e  Uni f i ed  S o i l  C l a s s i f i c a t i o n  
System, u s i n g  s tandard  t e s t s  developed f o r  t h i s  purpose.  These 
s t andard  t e s t s  a r e  d e s c r i b e d  i n  t h e  s e c t i o n  on t h e  Uni f i ed  
S o i l  C l a s s i f i c a t i o n  System. I n  a d d i t i o n  t o  t h e s e  s t a n d a r d  
t e s t s ,  a d d i t i o n a l  t e s t s  may b e  employed t o  a i d  i n  c l a s s i f y i n g  
m a t e r i a l s  and i d e n t i f y i n g  s p e c i a l  p r o p e r t i e s .  Some of t h e  
t e s t s  a r e  d e s c r i b e d  below. 

Acid t e s t  - Effe rvescence  when a drop  of d i l u t e  h y d r o c h l o r i c  
a c i d  ( o n e - t e n t h  normal) i s  placed on a s o i l  o r  rock i n d i c a t e s  t h e  
p resence  of ca lc ium carbona te .  

T r a i l i n g  f i n e s  - When a small sample o f  pu lver ized  d r y  s o i l  i s  
shaken i n  t h e  palm of t h e  hand a t  a s l i g h t  a n g l e ,  t h e  fiine 
p o r t i o n  w i l l  t r a i l  behind.  Th is  i s  a n  a i d  i n  de te rmin ing  t h e  
r e l a t i v e  p r o p o r t i o n  of t h e  v a r i o u s  g r a i n  s i z e s .  

Shine  t e s t  - When a dry  o r  mois t  lump of s o i l  i s  c u t  w i t h  a k n i f e ,  
a  sh iny  s u r f a c e  i n d i c a t e s  t h e  p resence  of p l a s t i c  c l a y .  

T a s t e  t e s t  - A d r y  lump of s o i l  w i t h  a h i g h  c l a y  c o n t e n t  w i l l  
a d h e r e  t o  t h e  tongue. 

Ribbon t e s t  - P l a s t i c  c l a y s ,  when squeezed between t h e  f i n g e r  and 
thumb w i t h  a s l i d i n g  motion,  form a r ibbon.  The s t r e n g t h  of t h e  
r i b b o n  i s  a n  i n d i c a t i o n  of t h e  p l a s t i c i t y  of t h e  s o i l .  

Odor - Organic s o i l s  have a pronounced and d i s t i n c t i v e  odor.  
Hea t ing  may i n t e n s i f y  o r g a n i c  odors .  

Acetone t e s t  - I f  gyps i fe rous  s o i l s  a r e  s u s p e c t e d ,  i t  may b e  
necessa ry  t o  conduct t h e  fo l lowing  s imple  t e s t :  

1. P l a c e  0.20 pound of a i r  d r y  s o i l  i n  a one-quar t  b o t t l e  and 
f i l l  t h e  b o t t l e  w i t h  d i s t i l l e d  wa te r .  

2. Shake t h e  s o i l - w a t e r  mix ture  f o r  about  20 minutes and t h e n  
a l l o w  i t  t o  s e t t l e  f o r  10 o r  more hours .  



3. After this settling period, the solution above the sol1 
will be clear if the soil contains significant amounts of 
gypsum. If the solution is cloudy, significant amounts of 
gypsum probably are not present. 

4 .  Carefully pour about 1/2 ounce of the clear solution into 
a glass container without disturbing the settled soil in the 
bottom of the bottle. 

5. Test this 1/2 ounce of solution for gypsum by adding 1/2 
ounce of acetone to the solution. The presence of a milky, 
cloudy precipitate in the test solution indicates gypsum. 

Crystal-violet test - The crystal-violet staining solution 
causes montmorillonite to appear green at first and then 
change to a greenish yellow or orange yellow. The sample 
must be treated with hydrochloric acid prior to applying the 
stain. With this test illite attains a dark green color. 
Kaolinite merely absorbs the violet dye. The test solution 
consists of 25 cc of nitrobenzene and 0.1 gram of crystal 
violet. 

Malachite-green test - Clay minerals of the kaolinite group 
(when treated with hydrochloric acid) show a bright apple- 
green color after application of malachite green solution. 
The solution consists of 25 cc of nitrobenzene and 0.1 
gram malachite green. Montmorillonite and illite clays usually 
show greenish yellow or pale yellow. 

Unified Soil Classification System 

The Unified Soil Classification System provides a method of 
grouping unconsolidated earth materials according to their 
engineering properties. It is based on soil behavior, which 
is a reflection of the physical properties of the soil and 
its constituents. This system has been accepted as a tentative 
standard by the ASTM and given designation D2487 (laboratory 
method) and D2488 (field methods). 



i, For t h e  purpose of c l a s s i f i c a t i o n ,  t h e  system e s t a b l i s h e d  15 
s o i l  groups,  each having d i s t i n c t i v e  eng ineer ing  p r o p e r t i e s .  
Boundary c l a s s i f i c a t i o n s  a r e  provided f o r  s o i l s  which have 
c h a r a c t e r i s t i c s  of two groups.  

L e t t e r  symbols have been der ived  from terms which a r e  des -  
c r i p t i v e  of t h e  s o i l  components, g r a d a t i o n ,  and l i q u i d  l i m i t .  
These a r e  combined t o  i d e n t i f y  each of t h e  15 s o i l  groups.  
Tab le  1-3 l i s ts  t h e s e  l e t t e r  symbols. 

Tabl,e 1-3. L e t t e r  Symbol 

Component M3di f ie r  
L e t t e r  L e t t e r  
Symbol Name Symbol Name 

None Boulders  
o r  W 

Cobbles 
' de l l  graded 

Grave 1 P  Poor ly  graded 

Sand M S i l t y  

S i l t  C Clayey 

Clay H High l i q u i d  
l i m i t  

Organic L  Low l i q u i d  
l i m i t  

So i  1 Components 
The term " s o i l  components" has  been given t o  t h e  s o l i d  minera l  
g r a i n s  of which e a r t h  m a t e r i a l s  a r e  composed. They range  i n  s i z e  
from over 12 inches  average dia-e ter  t o  c o l l o i d a l  s i z e .  The 
p a r t i c l e  s i z e ,  g r a d a t i o n ,  shape,  and mineral  composit ion a f f e c t  
t h e  behavior  of t h e  s o i l ,  as do t h e  mois tu re  con ten t  and t h e  
i n c l u s i o n  of o t h e r  m a t e r i a l s  such as organ ic  m a t t e r ,  g a s e s ,  and 
c o a t i n g s  of cementing minera l s .  Table  1-4 l i s t s  v a r i o u s  s o i l  
components w i t h  t h e i r  a s s o c i a t e d  g r a i n  s i z e s  and d e s c r i p t i o n s  
and enumerates some of t h e i r  s i g n i f i c a n t  p r o p e r t i e s .  Comparison 
of g r a i n  s i z e  boundar ies  of t h e  Uni f i ed  System wi th  t h o s e  of 
o t h e r  commonly used grade s c a l e s  i s  shown i n  t a b l e  1-1. 



Soi l  
Corcponent 

Boulder 

Cobble 

Gravel 

Coarse 
Fine 

Sand 

Coarse 
Medium 
Fine 

S i l t  

Clay 

Organic 
Matter 

Symbol 

None 

None 

Table 1-4 

So i l  Components and Significant Properties 

Grain s ize  range and description 

Rounded t o  angular, bulky, hard, 
rock part icle,  average diameter 
more than 12 in. 
Rounded t o  angular, bulky, hard, 
rock part icle,  average diameter 
smaller than 12 in. but larger than 
3 in. 
Rounded t o  angular, bulky, hard, 
rock part icle,  passing 3-in. sieve 
(76.2 uun) retained on No. 4 sieve, 
(b.76 mm). 
3 - 3 / l  in.  
3/4 in. t o  NO. 4 sieve (4.76 mm). 
Rounded t o  angular, bulky, hard, 
rock part icle,  passing No. 4 sieve 
(L.76 mm) retained on No. 200isieve . . 
(0.074 *). 
No. 4 t o  10 sieves: ~ . 7 6  t o  2.0 mr 
No. 10 t o  LO sieves: 2.0 t o  0.42 mm 
No. 40 t o  200 sieves: 0.42 t o  
0.074 mm. 

Par t ic les  smaller than No. 200 
sieve (0.074 mm) identif ied by be- 
havior; t ha t  is, s l ight ly  or non- 
p l a s t i c  regardless of moisture and 
exhibits  l i t t l e  or no strength when 
a i r  dried. 

Par t ic les  smaller than No. 200 
sieve (0.074 mm) identif ied by be- 
havior; tha t  is, it can be made t o  
exhibit p las t ic  properties within 
a certain range of moisture and 
exhibits  considerable strength 
when a i r  dried. 

Organic matter i n  various s izes  
and stages of decomposition. 

Significant properties 

Boulders and cobbles are  very stable com- 
ponents, used f o r  f i l l s ,  ballast ,  and t o  
s tabi l ize  slopes (r iprap).  Because of s ize  
and weight, t he i r  occurrence i n  natural  
deposits tends t o  improve the s t a b i l i t y  of 
foundations. Angularity of par t ic les  
increases s t a b i l i t  . 
Gravel and Mnd haze essentntl ly same engi= 
neering properties d i f fer ing  mainly i n  
degree. The No. 4 sieve i s  arbi t rary  di- 
vision, and does not correspond t o  signifi-  
cant change i n  properties. They are  easy 
t o  compact, l i t t l e  affected by moisture, 
not subject t o  f r o s t  action. Gravels are  
generally more pervious, stable, and re- 
s i s t an t  t o  erosion and piping than a re  
sands. The well-graded sands and gravels 
a r e  generally l e s s  pervious and more stable 
than those which a re  poorly graded. Irreg- 
u l a r i t y  of par t ic les  increases the stabil-  

i t y  slightly. Finer, uniforn sand ap- 
proaches the charac ter i s t ics  of silt; i.e., 
decrease i n  permeability and reduction i n  
s t a b i l i t y  with increase- i n  moisture. 
S i l t  is inherently unstable. ~ a r t i c u l a r l y  
when moisture is  increased,-with a tendency 
t o  become quick when saturated. It i s  
re la t ive ly  impervious, d i f f i c u l t  t o  com 
highly susceptible t o  f r o s t  heave, e a s i d  
erodible and subject t o  piping and boiling. 
Bulky grains reduce compressibility; f laky 
grains, i.e., mica, diatoms, increase 
compressibility, produce an I1elastic" silt. 
The distingcdshing characterist ic  of clay 
i s  cohesion or cohesive strength, which in- 
creases with decrease i n  moisture. The 
permeability of clay i s  very low. It i s  
d i f f i c u l t  t o  compact when wet and impos- 
s ib l e  t o  drain by ordinary mean8,when com- 
pacted is res is tant  t o  erosion and piping, .., i s  sub- 
ject  t o  expansion and shrinkage with 
changes i n  moisture. The properties are  
influenced not only by the s ize  and shape, 
( f l a t ,  p l a t e l i k e  par t ic les) ,  but a l so  by 
t h e i r  mineral composition; i.e., the type 
of clay-mineral, and chemical environment 
or base exchange capacity. In general, the 
montmorillonite clay minerals have great- 
es t ,  and kaolinite the l ea s t  adverse 
af fec t  on the properties of soils .  
Organic matter present i n  even moderate 
amounts increases the compressibility and 
reduces the s t a b i l i t y  of the fine-grained 
components. It a l so  may decay, causing 
voids, or by chemical a l te ra t ion  change the 
properties of a so i l .  Hence organic s o i l s  
a re  not desirable f o r  engineering uses. 

L/ Adopted from Use of the Unified Soi l  Classification System by the Bureau of Reclamation, 
A. A. Wagner, Fourth International Conference on Soi l  Mechanics and Foundations, 
London, England, xugust 1957. 



'ii A 1/4-inch is approximately equivalent to the No. 4 U. S. Standard 
sieve. The No. 200 U. S. Standard sieve size is about the 
smallest particle visible to the naked eye. The No. 40 sieve 
size is the limit between medium and fine sand and "Atterberg 
limit" tests are performed on the fraction finer than the No. 40 
sieve size in the laboratory. 

Gradation 
Well graded - Soils which have a wide range of particle sizes 
and a good representation of all particle sizes between the 
largest and the smallest present are said to be well graded. 

Poorly graded - Soils in which most particles are about the 
same size or have a range of sizes with intermediate sizes 
missing (skip grades) are said to be poorly graded. 

The gradation or grain-size distribution of soils consisting 
mainly of coarse grains is diagnostic of the physical properties 
of the soil. However, gradation is much less significant for 
predominantly fine-grained soils. 

In the soil mechanics laboratory, the amounts of the various 
sized grains are determined by sieving and mechanical analysis 
and the results plotted on form SCS-353. The type of gradation 
is readily apparent from the shape of the grain-size curve. 
Figure 1-4 illustrates the grain-size distribution graphs of 

\L ' some typical soils. Poorly graded soils have steeply sloping 
curves, very flat curves, or abrupt changes in the slope of the 
curves, when plotted on semi-log graph paper. Well graded soils 
plot as smooth curves. To qualify as well-graded, the gradation 
must meet certain requirements in respect to coefficient of 
uniformity and coefficient of curvature of the plotted graph. 
The coefficient of uniformity (CU), which is a measure of size 
range of a given sample, is the ratio of that size, of which 
60 percent of the sample is finer (D6()); to that size, of which 
10 percent of the sample is finer (D1O). The coefficient of 
the curvature (Cc), which defines the shape of the grain-size 
curve, is the ratio of the square of that size, of which 30 
percent of the sample is finer (D30), to the product of the 
DbO and DI0 sizes. These ratios can be simply written: 

See table 1-5 for explanation of the use of these coefficients and 
other criteria for laboratory identification procedures. 

Consistency 
The most conspicuous physical property of the fine-grained soils 
is their consistency which relates to plasticity or lack thereof. 

L 
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The various stages of consistency have been described under 
Mass Characteristics. Atterberg tests are used to determine 
the liquid and plastic limits of soils in the laboratory. 
Field tests for dilatancy (reaction to shaking), dry strength 
(crushing characteristics), and toughness (consistency near the 
plastic limit) have been devised for field determinations. 
Tables 1-6 and 1-7 contain the procedures for making these 
field determinations and the methods of field classifications. 
The tests are illustrated in figure 1-5. 

Field Classification Procedures 
An adequate description of the soil material encountered in a 
geologic investigation is very important. Such characteristics 
as approximate percentage of the sizes, maximum size, shape, 
and hardness of coarse grains; mode of origin, and type of 
deposit; structure; cementation; dispersion; moisture and 
drainage conditions; organic content; color; plasticity; and 
degree of compaction; in addition to typical name and 
group symbol, should be recorded in accurate and precise but 
simple terms. Local or geologic names should be included 
also where possible. 

The field procedure does not require specialized equipment. 
A supply of clear water in a syringe or oil can and small 
bottles of dilute hydrochloric acid, acetone, 
and other reagents will facilitate the work. The geologist 
who lacks experience in classifying materials in the Unified 
Soil Classification System will find it expedient to use 
No. 4, No. 40, and No. 200 U. S. Standard Sieves in the field 
in the initial stages of training to aid in identifying 
relative quantities of coarse and fine-grained samples. 
Identification without the aid of sieves becomes relatively 
easy with practice and experience. 

A representative sample is required for classification. 
The average size of the largest particle is estimated. The 
boulders and cobbles are removed and the percentage by weight 
in the total sample is recorded, The amount of over-sized 
material may be of importance in the selection of sources 
for embankment material. The distribution of boulders and 
cobbles and an estimate of their percentage in foundation 
materials should be noted so that their effect on the physical 
properties of the materials and possible construction problems 
can be evaluated. The rest of the procedure is, in effect, 
a process of simple elimination. 

The following step-by-step procedure should be used: 

1. Spread the sample on a flat surface or in the palm of the 
hand to aid in observing the relative amounts of coarse and 
fine-grained components. Classify the soil as coarse-grained 



Table 1-5. --The Unified So i l  Classification, Laboratory Cri ter ia  

WELL GRADED GRADATION REQUIREMENTS ARE: 

Meets gradation 
D60 

c,=- > 4  
requirements D1O 

CLEAN GRAVELS 
m .  
u m 

Less than 5% - i d  

passlng t he  
NO. 200 s i eve  g i  
s i z e .  

m 4 
Yl m m 5 u iii 

POORLY GRADED 
(~30) ( b;t&we;n 

Does not  meet gra- C, = ---- 
da t lon  requ~rements  D l ~  '60 

"A" l i n e  and P.I. l e s s  than 4. l i n e  with P.I. 
between 4 and 7 
a r e  border-line 

"A" l i n e  or P.I. more than 7 .  

mu 
GRAVELS WITH FINES .: O 

A 0 ,  

More than 12% a ' ' 5 
PaSSing the N o .  
200 s i eve  s i ze .  g 

CLEAN SANDS 
D . 

L e s s t h a n s *  2 :  
passing the " 'a 
No. 200 sieve 
slze. 

POORLY GRADED 
(D~o!' <between 

Does not  meet g ra -  
dat ion requirements 7 and' = D10 X D60 1 & 3 

l i n e  with P.I. 
between 4 and 7 
are border- l ine 

m u  
SAND5 WITH FINES 5 0 

3 a 
More than 12% $ 
passing the N o .  V 
200 sieve slre. b %  

mu 

Below "A" l i n e  
and 

P.I. less than 4 

A b o v e  "A" l i n e  
or 

P.I. more than 7 

eiow "A" l m e  and P.I. 

Above "A" l i n e  with 
P.I. between 4 and 
7 are border- l ine 
cases r e q u ~ r i n g  use 
of dual  symbols 

SILTS 
AND 

CLRYS 

Liquid l l m i t  
lees than 50 
A PLASTICITY CHART 

e s s  than 4 and 
.L.(oven d r y  s o i l )  < O.. 
.L.(alr dry s o i l )  

Below "A" l i n e  SILTS 
AND 

CLAYS 

Above "A" l i n e  
Liquld limit 
greater than 
50 

elow "A" l m e  and 
.L.  oven d r  s o i l )  
.L. : a i r  d ryYsa i l )  < 

LIOIJID LIMIT (L.L.) 

L.L. oven d r  s o i l  
L.L. ! a i r  dr; soi l !  '.' HIGHLY ORGANIC SOILS 



Table l-6.--Unified Soil Classification, Field Identification 

Wide range in grain sires and substantial aliiuunC 

u a m .  CLEAN GRAVELS of all intermediate particle slzes. 

~ r l o  Will not leave 
m N a dirt stain on 

Predominantly one size or a range of sizes with 
Some intermediate sizes missing. 

Nonplastlc flnes or fines with low plasticity 
m C U  . (for identification of fines see characteristic: 
5 5 u 2 DIRTY GRAVELS of ML below) . 

$ '$ r 0 will leave a 
ic m u " dirt stain on 

3% a wet palm. Plastic fines (for identification of fines see 
u characteristics of CL below). 

- 
u D 

COARSE 2 
3 .  

GRRINED h$ 
a 0, - 

SOILS g 
m x 
4 m ii C 

u m m s E U 

SAND 
AND 

SANDY 
SOILS 

Wide range in gram slme and substantial amount: 
of all intermediate partrcle sizes. 

m i l  
U c  
3 -' CLEAN SANDS 

Will not leave z.! a d ~ r t  stain on 
% a wet palm. 

u m I Predominantly one size or a range of sizes wlth some intermediate sizes missing. 

Will leave a 
dirt stain on 
a w e t  palm. 

fines or fines with low plasticity 
(for identification of fines see characteristic 
of ML below). 

I plastic fines (for identification of fines see characteristics of CL below). 

SILTS 
RND " 
CLAYS 
(LOW ' 
plastic) 1 

0 

a 

B 

Sllght 
to Shin 

.- 
Dull t 

5 --- 
I 

strong Shin: 

Medium 
to None 

.L?.vecy slow 

c to None 

2 

Medium 

V1 ; tow 
0 m- 
S 
* Medim 

4. 

SILTS $ 
AND . .. - 

CLAYS OJ 

(Highly 
Plastic1 

I Very Iligh ( High 

pro- Low to 
nounced High None Medium 

Readily identified by color, odor, spongy 
HIGHLY ORGANIC SOILS feel and frequently by fibrous texture. 

".~.,~.....",,, .,, ... 



Table 1-?.--Unified Soil Classification, Field Identification Procedures 
v' 

FIELD IDENTIFICATION PROCEDURES 

FOR r I lUE4FLRINED SOILS OR rRACTIONS i INFORMATION REQUIRED DURING LOGGING 

m y  Strengih (Crushing characterlstlcs) 

rernovmg particles l a r g e r  than N o .  40 sreve srze, mold 
a p a r  <,f 9011 io the c c . , e i s t e n c y  Of p u t t y ,  addlng water i f  
n e c e s s a r y .  a l l o w  t h e  pat  tu d r y  c o m p l e ~ e ~ y  by oven 
01 arr d r y r n g ,  and then test liq s t r e n g t h  by breakibgs'% 
crumbling betbeen t h e  f i nge r s .   his s t r e n g t h  1 s  a measure 
01 t h e  charactar and q u a n t x t y  of rile colloidal f rac t ion  
c o n t a m e d  I" t h e  s o i l .  The  d r y  s t r e n g t h  ~ncreases w i t h  
1ncreasmg p l a s l l c l t y .  

Hlgh d r y  s t r e n g t h  1% c h a r a c t e r i s t i c  fo r  c l a y s  of t h e  CH group.  
A t y p r c a l  I n o r g a n i c  s i l t  pu5sesses  o n l y  v e r y  s l r i j h t  dry 
'tiiength. silty f m o  ..and$ and silts have about  t h e  same 
s l l g h t  d r y  strength, but can be d ~ s t l n g u l ~ h e d  Dy t h e  f e e l  
when powderrng t he  clrrrd s p e c m e n .  F l n r  sand f e e l s  g r i ~ t y  
whereas a t y p r c a l  i r l t  has  the smooth f e e l  of f l o u r .  

Calcium carbonate or iron o x i d e s  may cause hlgher  dry s t r e n g t h  
~n drled material. i f  a n d  causes a ilrring reaction. 
calcrum c a r b o n a t e  r s  p r e sen t .  

aftor removing p a r t l c l r i  l a r g e r  than NO. 40 sreve size 
pars a pat of molsr >or1  w i t h  a volume of about  one-ha:?- 
cuhrc inch.  Add enough water ri necessary t o  maxe t h e  s o i l  
soft b l l L  not  < + i r * . r  - 

P l a c e  t h e  pat  r n  tho opon palm of one hand and shake h o r i z o n -  
t a l l y ,  s t r r k l n g  v i g o r o u s l y  aqainst t h e  o t h e r  hand s e v e r a l  
Limes. A p o s r t l i l e  reactran c o n s i s t s  of t h e  appearance o f  
N'aber on t h e  s u r f a c e  of t h e  p a r  which changes  t o  a l i v e r y  
conszstency and becomes g 1 0 s ~ y .  when t h e  sample rs squeezed 
between t h e  f ~ n g e r s ,  tho w a t e r  and g l a s s  d i s a p p e a r  from the  
surface,  the pat strffens. and f i n a l l y  it cracks or  cru&les. 
The r a p l d i t y  of appearance of water d u r l n g  shaking and of 
~ t s  d r s a w e a r a n c e  durrng squeezmg a j s l s t  i n  i d e n t i f y l n g  tile 
cha rac t e r  of t h e  I m e s  i n  a 5011. 

v e r y  irne c l e a n  sand, g l v o  t h e  q u i c k e s t  and m s t  a s t i n c t  
reactron whereas a p l a s t l c  c l a y  h a s  no r e a c ~ l o n .  inorganic 
b i l L s ,  such as a typical  roc^ f l o u r ,  show moderate ly  
r ,u1 Ck reaction 

~ f t , . r  rrmovmg p a r t i c l e s  l a r g e r  than N O .  4 0  sieve s ~ z e ,  a 
~ p c c i m e n  of w i l  about one-half  m c h  cube I" s i re ,  i s  molded 
LO the consistency of p u t t y .  IL too d r y ,  water be 
added  and I f  s t l c k y ,  tho speclmen should be spread out i n  a 
t h m  l a y e r  and allowed t o  l o s e  some m o i s t u r e  b y  evaporation. 
Then  the specmen Is rolled out by hand on a smooth surface 
or  be tween t h e  palms,  i n t o  a t h r e a d  about one-eighth i n c h  in 
d l a n l e t e r .  Thc thread is then f o l d e d  and r e r o l l e d  r e p e a t e d l y .  
~ u r l n g  this m a n ~ p u l a t l o n  tho moljture c o n t e n t  1s g r a d u a l l y  
reduced and  the specrmon i t l f t e n s ,  frnally loses >ts p l a s t i c -  
i t y .  and crumbles  when t h e  p l a j t i c  l i m t  ~s reached. 

A f t e r  t h e  t h r e a d  c r m h l e i .  the p e c e s  should be lwnped t a g e t h e r  
and  a s l i g h t  kneading action c o n t i n u e d  u n t i l  the lump 
crumbles. 

The  tougner  t h e  t h r e a d  near the  p l a s t i c  l i m i t  and t h e  s t i f f e r  
t h e  I m p  when ~t f l n i l l y  crumbles ,  the more p o t e n t  2s  the 
c o l l o r d a l  c l a y  tracrron i n  t h e  s o i l .  Weakness of t h e  thread 
a t   he p l a . , t l c  l i m i t  and qurcx l o s s  of coherence of the lump 
below tha  p l a s k ~ c  l m l t  I n d i c a t e  e i ther  l n o i g a n ~ c  c l a y  of 
l o w  plastrcrry, ur mate r i a l s  such as kaol in- type clays and 
oiganlc class which occur  below the a - l i n r  - 

Highly u r g a n i c  c l a y s  have a v e r y  wrax and spongy feel at t he  
p i a b i i c  1lrniL. 

 on-pla-.tri s o i l s  c a n n o t  be r o l l e d  i n t o  i thread a t  any 
W,"l',tllTC c n l l t r n r .  

For u n d r s t u r b e d  s o l i s  add i n f o r m a t i o n  
on stratlflcation, d e g r e e  oE com- 
p a c t n e s s ,  cementa t lo" ,  m o l s t u r e  con- 
d l t l o n s  and d r a r n a g e  c h a r a c t e r i s t l c s .  

: lve  t y p l c a l  name: I n d i c a t e  a p p r o x l -  
mate p e r c e n t a y e s  of sand and g r a v e l ,  
maxlrnum s i z e :  angularity, surface 
c o n d r t l o n ,  and h a r d n e s s  of t h e  
c o a r s e  g r a i n s :  l o c a l  o r  g e o l o y l c  
name and o t h e r  pertinent d e s c r l p -  
t l v e  l n fo rma t lon ;  and symbol i n  
p a r e n t h e s e s .  

Example : 
S l l t v  sand,  g r a v e l l y ;  about 2 P i  

h a r d ,  a n g u l a r  g r a v e l  p a r t i c l e s  
% i n .  maximum size: rounded and 
subangular  sand y r a l n s  coarse t o  
f l n e :  a b o u t  15% n o n p l a s t l c  fines 
w i t h  low d r y  s t r e n g t h ;  w e l l  com- 
p a c t e d  and mors t  i n  p l a c e ;  a l l u -  
vial s a n d ;  (SM). 

Give t y p l c a l  name, i n d r c a t e  d e g r e e  
and character of p l a s t l c ~ t y ,  amount 
and maxrmum s i z e  of  c o a r s e  g r a l n s ,  
Color  i n  wet c o n d l t ~ o n ,  odor i f  any. 
local o r  y e o l o g l c  name, and o t h e r  
p e r t m e n t  d e s c r i p t i v e  i n f o r r n a t ~ o n ;  
and symbol i n  p a r e n t h e s e s .  

F o r  Undisturbed s o l l s  add mforma-  
t l o n  on s t r u c t u r e ,  s t r a t i f ~ c a t i o n ,  
c o n s i s t e n c y  i n  undisturbed and re- 
molded s t a t e s ,  m o i s r u r e  and d r a i n -  
age c o n d i t i o n s .  

Example : 
Clayey s l l t .  brown, s l r g h t l y  p l a s -  

t i c ,  s m a l l  p e r c e n t a g e  of f i n e  
sand,  numerous v e r t i c a l  r o o t  
ho le s ,  f i r m  and d r y  i n  p l a c e ,  
l o e s s .  (Mr.). 



Dilatanc y t e s t  D r y  s t r eng th  t e s t  

Shaking wet so i l  Crumbling d r y  sample  between f ingers .  

-Toughness t e s t  
above the 
p las t i c  l i m i t  

L below the 
Rolling s o i l  in to  t h r e a d s  p las t i c  l i m i t  Remolding tough t h r e a c  a t  

p las t i c  l i m i t  in to  l u m p  ana  
deforming. 

Ff gure 1-5. --Field Tests 



o r  f i n e - g r a i n e d .  The d i v i s i o n  between c o a r s e  and f i n e  g r a i n  
i s  t h e  200 mesh s ieve .  

2. I f  f i n e - g r a i n e d ,  s e e  s t e p  6 below. I f  coarse -gra ined ,  
c l a s s i f y  as g r a v e l  o r  sand,  i . e . ,  c l a s s i f y  as g r a v e l  i f  more than  
50 p e r c e n t  of c o a r s e  f r a c t i o n  i s  l a r g e r  t h a n  No. 4 s i e v e  (abou t  
1 / 4  i n c h )  and sand,  i f  more t h a n  50 p e r c e n t  of c o a r s e  f r a c t i o n  
i s  s m a l l e r  t h a n  No. 4 s i e v e .  

3 .  I f  g r a v e l  o r  sand,  determine whether i t  i s  "clean" having 
l e s s  t h a n  5 p e r c e n t  f i n e s ;  b o r d e r l i n e ,  having 5 t o  12 p e r c e n t  
f i n e s ;  o r  " d i r t y "  having more t h a n  12 p e r c e n t  f i n e s .  F ines  
a r e  d e f i n e d  a s  t h e  f r a c t i o n  s m a l l e r  t h a n  t h e  200 mesh s i e v e  s i z e .  
Less t h a n  5 p e r c e n t  f i n e s  w i l l  n o t  s t a i n  t h e  hands when w e t .  

4 .  I f  t h e  g r a v e l  o r  sand i s  c l e a n ,  d e c i d e  i f  i t  i s  w e l l  graded 
( W )  o r  poor ly  graded (PI and a s s i g n  a n  a p p r o p r i a t e  group name 
and symbol: GW, GP, SW, o r  SP. Well graded m a t e r i a l s  have a 
good r e p r e s e n t a t i o n  of a l l  p a r t i c l e  s i z e s .  Poor ly  graded 
materials have a n  excess  o r  absence of i n t e r m e d i a t e  p a r t i c l e  
s i z e s .  

5. I f  t h e  g r a v e l  o r  sand c o n t a i n s  more t h a n  12 percen t  f i n e s ,  
i t  i s  c l a s s i f i e d  as GM, GC, SM, o r  SC, depending upon t h e  t y p e  of 
f i n e s .  The procedure  f o r  i d e n t i f y i n g  t y p e  of f i n e s  i s  given i n  
t h e  fo l lowing  s t e p s :  B o r d e r l i n e  c a s e s ,  where f i n e s  range from 
5 t o  12 p e r c e n t ,  are c l a s s i f i e d  i n  t h e  l a b o r a t o r y  w i t h  d u a l  
symbols, i . e . ,  GP-GC, SP-SC. C l a s s i f i c a t i o n  of b o r d e r l i n e  
c a s e s ,  a s  w e l l  a s  boundary c a s e s  between v a r i o u s  groups ,  
r e q u i r e  p r e c i s e  l a b o r a t o r y  a n a l y s i s  f o r  proper  c l a s s i f i c a t i o n .  
Such a n a l y s e s  cannot b e  made I n  t h e  f i e l d .  When f i e l d  c l a s s -  
i f i c a t i o n  i n d i c a t e s  t h a t  m a t e r i a l  might f a l l  i n t o  one of two 
c l a s s i f i c a t i o n s ,  bo th  symbols should b e  i n d i c a t e d ,  such as 
(GP o r  GC)  o r  (SW o r  SP) . 
6. For f i n e - g r a i n e d  s o i l s  o r  t h e  f i n e - g r a i n e d  f r a c t i o n  of a 
coarse -gra ined  s o i l ,  t h e  " d i l a t a n c y , ~  "dry s t r e n g t h , "  and 
" t o ~ g h n e s s ~ ~  tests a r e  performed i n  accordance w i t h  t h e  i n s t r u c -  
t i o n s  g iven  on t h e  l e f t - h a n d  s i d e  of t a b l e  1-7. The group name 
and symbol a r e  a r r i v e d  a t  by s e l e c t i o n  of t h a t  group,  t h e  c h a r a c t e r -  
i s t i c s  of which most n e a r l y  compare t o  t h a t  of t h e  sample. These 
c h a r a c t e r i s t i c s  a r e  shown i n  t h e  lower p a r t  of t a b l e  1-6. 

7. Highly o r g a n i c  s o i l s  a r e  c l a s s i f i e d  a s  p e a t  ( P t ) .  These a r e  
i d e n t i f i e d  by c o l o r ,  odor ,  spongy f e e l  and f i b r o u s  t e x t u r e .  

8. Fine-grained s o i l s  which have c h a r a c t e r i s t i c s  of two groups ,  
e i t h e r  because  of pe rcen tage  of t h e  coarse -gra ined  components o r  
p l a s t i c i t y  c h a r a c t e r i s t i c s ,  a r e  g iven boundary c l a s s i f i c a t i o n s  
i n  t h e  same way as coarse -gra ined  s o i l s .  Boundary c l a s s i f i c a t i o n s  

which a r e  common f o r  f ine -gra ined  s o i l s  a r e  (ML o r  M H ) ,  (CL o r  C H I ,  



'L/ (OL or OH), (CL or ML), (MH or CHI. Common boundary classifications 
between coarse and fine grained soils are (SM or ML) and (SC or CL). 

9. Miscellaneous tests and criteria may be used to identify the 
occurrence of other substances and constituents. Some of these 
are outlined under Field Tests, pages 1-20 to 1-21. 

Table 1-6, Field Identification Criteria, lists in tabular form 
the classification characteristics of the soil groups. The 
engineering geologist can only estimate the primary constituents 
of unconsolidated material in the Unified Soil Classification 
System. More exact mechanical analyses must be made in the 
laboratory. However, when the laboratory analyses become avail- 
able, they should be compared with the original field estimates. 
In this way the geologist can improve the accuracy of his 
estimates. 

Tables 1-8, 1-9, and 1-10, Engineering Properties of Unified 
Soil Classes, presents a general evaluation of the 
engineering properties of the various classes. They provide 
guidance in determining the suitability of a given soil for 
various engineering purposes. 



Table 1-8.--Engineering Properties of Unified Soil Classes 

I IMPORTANT PROPERTIES 

Well graded g rave l s ,  gravel-  
sand mixtures ,  l i t t l e  o r  no 
f ines .  I Excel lent  1 1 1 1  Negligible  Excel lent  Pervious K ) lo-* 

~ 

Poorly graded g rave l s ,  gravel-  
sand mixtures ,  l i t t l e  or  no 
f lnes .  

- - -- 

S i l t y  g rave l s ,  gravel-sand- Semi-pervious K = 
s i l t  mixtures. / Good t o  Fair1 Negligible1 G o  l o  I m p r v i o u  t o  10-6 

Clayey g rave l s ,  gravel-sand- 
clay mixtures. / G O O  1 very L 1 G o d  / ~mpervious 1 :o= :8: 

I I I I I 

Well graded sands, g rave l ly  
sands. l i t t l e  o r  no f ines .  Excel lent  Negligible  Excel lent  Pervious K > 10-3 

Poorly graded sands, g rave l ly  
sands, l i t t l e  o r  no f i n e r  I Good I Very L a  I F a i r  I Prrvious 1 K > 10-3 

bemi-perviouf K = 10-3 
S L Y  a ,  a d - i t  i t  G o d  t o  F i r  Low 1 n i r  t o  Impervious LO 104 

Inorganic s i l t s  and very f i n e  
sands, rock f l o u r ,  s ~ l t y  or Medium Semi-Pervious K = 

clayey f i n e  sands o r  clayey I F a i r  1 t o  H q h  I F a i r  It. Imperviou/ t o  l o +  
slits with s l i ~ i h t  ~ l a ~ t l c i t v .  

Inorganic c lays  of low t o  med- 
ium p l a s t i c i t y ,  g rave l ly  c l ays ,  K = 
sandy c lays ,  s l l t y  clays,  lean F a i r  Medium Good t o  Fair  Impervious t o  
clays.  

Organic s ~ l t s  and organrc 
s i l t y  clays of low p l a s t i c i t y .  / P o  I Medium / F a i r  

Inorganic s l l t s ,  rnlcaceous o r  Semi-Pervious K = 
d~atomaceous f ~ n e  sandy or  F a i r  t o  Poor High Poor t o  Impervious t o  l o +  
s l l t y  s o i l s ,  elastic s ~ l t s .  

Inorganic c l ays  of hlgh plas-  High t o  K = 10-6 
t l c l t y ,  f a t  c lays.  Poor Very High Poor Impervious t o  

Organlc clays of med~um t o  K = 
high p l a s t i c r t y ,  organic s i l t s .  poor High POOX ~mpervious t o  10-8 

Peat  and other  hlghly organlc 
~ 0 x 1 s .  NOT SUITABLE FOR CONSTRUCTION 

K 
FT. PER DAY 



Table l-9.--Engineering Properties of Unified Soil Classes for Embankments 

EMBANKMENTS 

ABILITY TO 
TAKE STANDARD 

PROCTER 
UNIT 

DENSlTY 
LBS. PER 

CU. FT. 

125-135 

RELATIVE 
CHARACTERISTICS 

PLASTIC 

WITHOUT 
TYPE OF 
ROLLER 

COMPACTION 
CHARACTER- 

lSTICS 

Good 

COMPRESS - 
IBILITY 

e r y  s t a b l e ,  pervious 
Good 1 None Fhells of dikes a d  dams. 

crawler t r a c t o r  
o r  s t e e l  wheeled High 
& v ib ra to ry  

Very S l igh t  

Crawler t r a c t o r  Reasonably s t a b l e ,  pervlou 
Good 1 None l ihe l l s  of dikes and d a m .  Good 

Good with 
c lose  contra  

Very S l igh t  

Reasonably s t a b l e ,  no t  we1 
sui ted t o  s h e l l s  h u t  may b 
used f o r  impervious cores 

F a i r l y  s t a b l e ,  may he used 

rubber- t i red or  
sheepsfoot Medium S l i g h t  

Sheepsfoot or  
rubber- t i red S l i g h t  Good 

crawler t r a c t o r  
& v ib ra to ry  o r  
s t e e l  wheeled 

Very s t a b l e ,  pervious 
sec t ions ,  s lope p ro tec t ion  

F a i r  Good High Very Sl ight  

:rawler t r a c t o r  
& v ib ra to ry  o r  
s t e e l  wheeled 

Fa i r  Reasonably s t ab le ,  may be 
t o  Poor I N o  Iused i n  dike with f l a t  

s lopes.  
Good High Very Sl ight  

F a i r l y  s t a b l e ,  not  well  
Poor t o  sui ted t o  s h e l l s ,  bu t  may 

Very Poor Poor be used fo r  imperv~aus  
cores  or  d lkes .  

Good with 
close contro 

rubber- t i red 
o r  sheepsfoot Medium S l i g h t  

sheepsfoot o r  
rubber- t i red 

F a i r l y  s t ab le ,  use fo r  Lm- 
pervious core for  flood 
con t ro l  s t ruc tu res .  

Good S l i g h t  

Medium 

Medium 

Good t o  Poor 
c lose  contrc  
e s s e n t i a l  

Poor s t a b i l i t y ,  may be 

*varies with water content  

sheepsfoot  Medium 

1 LOW sheepsfoot 
Good S tab le ,  impervious cores  

t o  F a i r  1 t2;Z:r land blankets .  

Medium 
t o  High 

Good 
t o  Poor ] F a ~ r  lNOt  suitable f o r  embank- 

ments. 

Medium 
sheepsfoot 

Medium 
~ h e e p s f o o t  

shecpsfoot 

Med~um 
sheepsf oot  t o  LOW 

I I 
Poor s t a b i l i t y ,  core of 

Good hvdraul ic  f i l l  dam. not  Poor t o  
very Poor Very High to-poor 1 ~ o o d  1dgsi;able i n  r o l l e i  f i l l  

construct ion.  

F a i r  stability with f l a t  
Excel lent  Excel lent  s lopes,  t h i n  cores ,  blankt 

& dike sect ions.  

Good 
t o  poor ~ o o d  Not s u i t a h l e  for embank- 

ments. 

Falr t o  Poor High 

Poor t o  
Very Poor Very High 

DO NOT USE FOR EMBANKMENT CONSTRUCTION 



Table 1-10.--Engineering Properties of Unified Soil Classes 
for Foundations and Channels 

I CHANNELS 1 LONG DURATION TO CONSTANT 
FLOWS. 

RELATIVE D E S I R A B I L I T Y  
I 

COMPACTED 
RESISTANCE EARTH LINING I/ 

L N o .  1 1 s  b e s t  n u m e r ~ c a l  r a t l r  

FOUNDATION 

FOUNDATION S O I L S ,  BEING UNDISTURBED, ARE INFLUENCED TO A GREAT DEGREE BY 
T H E I R  GEOLOGIC ORIGIN.  JUDGEMENT AND TESTING MUST BE USED I N  ADDITION TO 
THESE GENERALIZATIONS. 

I RELATIVE D E S I R A B I L I T Y  1 
SEEPAGE 

SEEPAGE NOT 
REQUIREMENTS FOR SEEPAGE CONTROL 

3EARING VALUE IMPORTANT IMPORTANT PERMRNENT RESERVOIR FLOODWATER RETARDIN, 

C o n t r o l  o n l y  w l t h l n  
P o s ~ t i v e  c u t o f f  v o l u m e  a c c e p t a b l e  

1 or b l a n k e t  p l u s  p r e s s u r e  r e l l e  
i f  r e q u i r e d .  

C o n t r o l  o n l y  w l t h i n  
P o s i t i v e  c u t o f f  v o l u m e  a c c e p t a b l e  

G o o d  1 - 1 3 1 or b l a n k e t  p l u s  p r e s s u r e  r e l ~ e  
r f  r e w i r e d .  

G o o d  1 2 1 4  I c o r e  t r e n c h  t o  n o n e  

C o n t r o l  o n l y  w l t h l n  
P o s i t i v e  c u t o f f  o r  v o l u m e  a c c e p t a b l e  

G o o d  2 u p s t r e a m  b l a n k e t  & p l u s  p r e s s u r e  re l ie  
t o e  d r a i n s  o r  w e l l s .  i f  r e q u r r e d .  

C o n t r o l  o n l y  w r t h m  
; n o d  t o  p o o r  P o s i t i v e  c u t o f f  or v o l - e  a c c e p t a b l e  
3 e p e n d l n g  5 u p s t r e a m  b l a n k e t  & p l u s  p r e s s u r e  r e l i e  
u p o n  d e n s i l t y  t o e  d r a ~ n s  o r  w e l l s .  I£ r e q u i r e d  

0 t o  P O  1 ) , 
) U p  b l a n k e t  & S u f f i c i e n t  c o n t r o l  

3 e p e n d l n g  t o e  d r a i n s  o r  w e l l s  t o  p r e v e n t  d a n g e r -  
w o n  d e n s i t y  ous s e e p a g e  p i p l n q .  

N o n e  I * m e  

l e r y  P o o r ,  
s u s c e p t i b l e  6 ,  i f  s a t u -  P o s i t i v e  c u t o f f  01 Sufficient c o n t r o l  
t o  l i q u e f i -  r a t e d  o r  9 u p s t r e a m  b l a n k e t  & t o  p r e v e n t  d a n g e r -  
z a t ~ o n  p r e - w e t t e d  t o e  dralns o r  w e l l s .  o u s  s e e p a g e  p l p i n g .  

:ood t o  P o o r  5 1 0  N o n e  N o n e  

? a i r  t o  P o o r ,  
nay have e x -  
z e s s i v e  7 11 N o n e  N o n e  
s e t t l e m e n t  

P o o r  1 8 1 1 2  1 N o n e  I 
?air t o  P o o r  l 9  1 1 3  I N o n e  I N o n e  

REMOVE FROM FOUNDATION 
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NATIONAL ENGINEERING HANDBOOK 

SECTION 8 

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 
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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. 



/-Thread for 
drill rod 

/ Water ports 

F l a t ,  for 
/wrench 

I 
I 
I Center section 
I split lengthwise 

Tool steel 
drive shoe 

- Flat, for 
wrench 

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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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. 
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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 ) .  
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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 .  



DENISON 
LINER TIN 7 

BASKET TYPE 
SAMPLE CATCH 

INNER BARREL 

SAWTOOTH BIT 

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  

'L 
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 .  

'L 



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 .  
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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. 
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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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CHAPTER 3 .  SAMPLES 
i L, Samples a r e  3btained f o r  s3il mechanics t e s t i n g  tc: determine t h e  physi- 

c a l  p r o p e r 5 e s  of mai,erials and how they  behave under s p e c i f i c  condi- 
t i o n s .  The r e s u l t s  of t hese  t e s h  provide a  b a s i s  f o r  p red ic t ing  t h e  
bebavicr  of t h e  m a t e r i a l s  during cons t ruc t ion  and opera t ion  of a  s t r u c -  
m r e .  Such d a t a  f u r n i s h  a  b a s i s  f o r  developing c e r t a i n  a spec t s  of t he  
design t o  provide a  s a fe ,  esonomiaal, and p r a c t i c a l  s t r u c t u r e .  

Tc serve the  intended Furpose adequately,  s a q l e s  must be r ep re sen ta t ive  
of t he  horizon sampled. ?key must be of s u i t a b l e  s i z e  and cha rac t e r  s o  
tha-k ;he des i r ed  :es-,s can be perfcrmed. The kind of samples t o  be taken 
a t  a  p a r t i c u l a r  s i t e  depends on the  na tu re  of t h e  m a t e r i a l s  and on t h e  
s i z e  and purpose af t he  s t r u c t u r e .  The number of samples needed depends 
on the  v a r i a b i l i t y  of t he  ma;erials. The minimum requirements f o r  s a p -  
l i n g  a r e  cu t l i ned  by group d s s s i f i a a t i o n  i n  c h a ~ i e r  5. 

Determining Sampling Needs 

After  completing ~ h a s e  1 cf a  d e t a i l e d  s i t e  i n v e s ~ i g a t i o n  (chapter  6 ) ,  
?he g e o l c g i r t  and engineer  must dek rmine  what m a t e r i a l s  should be 
s m p l e d  and what t e s t s  a r e  needed. The cha rac t e r  of t he  m a t e r i a l  and the  
t e s t s  t o  be performed govern t h e  s i z e  and kind of sample requi red .  The 
s e l e c t i o n  of equipmer,-C, and xhe method of ~ b t a i n i n g  samples a r e  con- 
t r o l l e d  by s i t e  x n d i t i o n s ,  cha rac t e r  of t h e  mater ia l ,  depth  of sampling, 
and the  s i z e  and kind of s a m l e s  needed. The kinds of samples t o  be 
taken f 3 r  d i f f e r e n 5  loca t ions  and t e s t s  a r e  out l ined  i n  t h e  fol lowing 
,ages. 

L 
Foundation 
Take undisturbed samples of ques t ionable  m a t e r i a l s  a t  t h e  i n t e r s e c t i o n  
of t he  center l ine  of t he  dam wi th  the  c e n t e r l i n e  of t he  p r i p c i p a l  s p i l l -  
way. Take undisturbed samples a t  o the r  p o i n t s  along t h e  c e n t e r l i n e  of 
t h e  dam i f  m a t e r i a l s  of ques t ionable  bearing s t rength ,  compress ib i l i ty ,  
o r  permeabi l i ty  a r e  encountered t h a t  cannot be co r r e l a t ed  with s t r a t a  
a t  t h e  i n t e r s e c t i o n  of t he  c e n t e r l i n e s  of t h e  dam and p r i n c i p a l  s p i l l -  
way. Always consider  faking a d d i t i o n a l  undisturbed samples i f  t h e  pro- 
posed dam i s  t o  be mcre than 35 f e e t  high. 

Take 25-pound d is turbed  s a q l e s  from each d i s t i n c t  horizon i n  a  proposed 
zu tof f - t rench  a r e a  f o r  compaction a n a l y s i s  i f  t h e  m a t e r i a l  t h a t  might 
be excavated i s  s u i t a b l e  f o r  use i n  t h e  embanbent.  Take 4-pound d i s -  
turbed samples of a l l  o the r  s o i l  horizons and of t he  same horizons from 
d i f f e r e n t  ho les  i f  they  a r e  needed t o  v e r i f y  co r r e l a t ion .  

Take cores  of compaction-type sha l e s  f o r  s lak ing  (wett ing-drying)  and 
freezing-thawing t e s t s .  Foundations of t hese  m a t e r i a l s  may r e q u i r e  spe- 
c i a l  t reatment ,  such a s  spraying wi th  a s p h a l t  o r  immediate b a c k f i l l i n g  
of t he  cutoff t rench  on exposure. Rebound fol lowing unloading may a l s o  



be a problem i n  s m e  tries cf shale. The geglcgis t  and engineer shculd 
j c i n t l y  decide what laboratcry t e s t s  a r e  needed f o r  bcih s o i l  and rcck 'a 
samples. 

Principal  Spillway 
In addit ion -50 samples from the in%ersection of $he center l ines  of the 
clam and p i n c i p a l  +illway, take addi t ional  undisturbed s a m ~ l e s  of any 
other materials  of q ~ e s ~ i o n a b l e  bearing capacity t h a t  a re  benea5k the  
cen5erline of the ~ r o p s e d  p r icc ipa l  spillway. 

If rock i s  ti: be exckvated, take undiszurbed zcres of rozk materials .  To 
~ r o t e c ' ,  then from wea~hering, zhe samples ~f some rozk cores must be 
d i ~ ~ e d  in  paraff in  and stcred indocrs. 

Bnergency *illway 
Take large  distur'oed samples of any material  ~ rop0sed  f o r  use in  the 
emkanknent. If rock i s  i,o be excavated, take cores of +he rc-k material .  

Altliougii sofz shales may be c lass i f i ed  a s  ccmon excavation, it  i s  de- 
s i r ab l e  t o  obtain ccres f o r  l a t e r  inspection by prospective contractors.  
If there  i s  any ques5ion a-bcut the s u i t a b i l i t y  of the rcck mater ia ls  f o r  
use i n  the dam, send zores or  sampies t c  the laboratory f o r  freezing- 
thawing, wetting-drying, r a t%le r ,  and other tes:s 5ha5 w i l l  help t o  de- 
termine t h e i r  physicai c h a r a c ~ e r i s t i c s -  

Bcrrow Areas 
Take large  disturbed sanples cf each kind of unconsolidated mater ia l  
t h a t  can be worked a s  a separate zone o r  hcrizon. For c lass i f i ca t ion ,  
collez?, small samples zf materials  t ha t  a re  of such l imited extent  o r  so 
d i s t r ibu ted  t h a t  they cannot be worked separately o r  placed se lec t ive ly  
i n  the f i l l .  Although these l e s s  abundant materials  generally a re  mixed 
with adjoining materials  during borrowing operations, t h e i r  inclusion 
i n  samples from the more abundant materials  o r  more extensive borrow 
zones may r e s u l t  i n  er rmeous evaluation. Laboratcry iden t i f i ca t ion  of 
the index propert ies of these l e s s  abundant mater ia ls  r e s u l t s  i n  b e t t e r  
evaluation of the e f f ec t  and use of various mixtures. 

Illaterials with the same Unified s o i l  c l a s s i f i c a t i on  and from the same 
horizon and zone can be comp~sited by taking approximately equal amounts 
cf material  from each hole t h a t  i s  t o  be included i n  the composite. But 
l i k e  mater ia ls  from s i g n i f i ~ a n t l y  d i f f e r en t  topographic elevations or 
from d i f f e r en t  s t ra t ig raph ic  elevations should not  be composited. 

Do not take composite samples i n  areas where high s a l t  content, mont- 
mori l loni t ic  clay, o r  dispersion a r e  suspected. In these areas, co l l ec t  
small individual  samples from each hole. Samples with l i k e  characteris-  
t i c s  a re  composited i n  the laboratory o r  t e s t i ng  section a f t e r  the index 
prcper t ies  have been evaluated. The geologist  and engineer should fu r -  
n ish  guidance on laboratory com~osit ing,  based on f i e l d  d i s t r ibu t ion  of 
the materials .  



On the s o i l  sample l ist ,  f c m  SCS-534, shcw from what hcles  and a t  what 
dey;th i n  each hole the  maf,erials i n  a com~osi te  sample were taken. Give 
estimates of the quanti ty of borrow material  represented by each sample 
on form SCS-35 or  in  the geologic report .  

I t  i s  not  necessary t o  sample surface s o i l  t ha t  i s  t c  be s t r i ~ p e d  from 
the s i t e ,  stockpiled, and l a t e r   laced on the com~lefed embankment. 
Since t h i s  surface s o i l  i s  not t o  be compacted t c  a required density, 
ccmpaction t e s t s  a re  not needed. 

Fcr s i t e s  a t  which the borrow mater ia l  i s  we5 and i z  expec5ed t o  remain 
wet during ccnss ru~t ion ,  place several  samples i n  sealed Fin? j a r s  o r  
p l a s t i c  bags. These s z q l e s  a re  needed tc determine the f i e l d  mc-isture 
cmten t .  

In borrow areas where the water table  i s  ~ermanent ly  high, the collec-  
t ion  of borrow samples of c h e s i v e  materials  belzw %he water  able 
serves nc useful  Furpose uEless the area can be drained. 

In the geologic report  and on form SCS-350, specify what t e e t s  other 
than comFa2tion are  needed. 

&ow the locat ion cf a l l  s a m ~ l e s  cn both the r l a n  and the c r x s  sections 
of the borrow area on the gezlogic investAga5ion sheets. 

R e s e r v ~ i r   basin^ 
Take large disturbed samples t ha t  are  represenza~ive  of the bottoms and 
s ides  of farm -ponds and s icrsge  reservoirs  f o r  s i t e s  where moderate o r  
e x 2 e ~ s i v e  leakage i s  s u s ~ e ? t e d .  If l oca l  materials  a re  t o  be used f c r  
blanketing 3r sealing, obtain 25-pound samples of each kind. To deter-  
mine she ~ e r m e a b i l i t y  of reservoirs  o r  pond basins, co l l e c t  samples 
from the surface 12 inches of the present o r  proposed bottom and sides.  
Where borrow i s  t o  be renoved from the pond area, take samples frcm 
below the proposed borrcw depth f o r  permeability t e s t s .  

Relief Well and Foundation Drain Locations 
If there a re  permeable s t r a t a  t h a t  may require drainage, take undis- 
turbed samples, i f  possible, f o r  permeability determinations. If the 
geolcgist  and the engineer conclude t ha t  r e l i e f  wells o r  foundation 
dra ins  a re  needed, the aquifer  must be f u l l y  delineated and representa- 
t i v e  s a q l e s  taken. Take undisturbed samples of a l l  s t r a t a  TFom the sur-  
face of the ground to 2 f e e t  below the bottom of the permeable stratum. 

It i s  impossible t c  obtain an undisturbed s q l e  of some kinds of per- 
meable material.  It may therefcre  be necessary tc determine the perme- 
a b i l i t y  or  t r ansmiss ib i l i ty  (permeability times thickness ) of an aquifer  
o r  aquifers  i n  the f i e l d  by f i e l d  permeability t e s t s .  If f i e l d  perme- 
a b i l i t y  t e s t s  a re  made, take representat ive samples f o r  use in  the de- 
sign of the well and f i l t e r .  



Wnere corrosion cr incrustaticn of the relief-well screen is a prcblem 
take a sample (1 quart) of the ground water. Send it to the laboratory 
for such tests as alkalinity, chlorides, iron, total hardness, and pH 
value. 

If investigations of the centerline of the dam indicate that foundation 
drains may be needed, take 4-pound disturbed samples for mechanical 
analysis of each horizon in whizh a drain may be placed. ,These samples 
usually are of permeable material, but where it is necessary to pass 
the drain through impermeable horizons, collezt samples of this material 
also. 

Stream 3annel and Other Areas 
If gravels and sands from channels or other nearby areas seem to be 
suitable for drains or filters, take samples for mechanical analysis. 

For Soil Stabilization 
Any samples needed for soil-stabilization measures should be representa- 
tive of the area where the measures are to be installed. The number cf 
samples to be taken depends on the areal extent of the treatment and on 
the kind or kinds of material. Tests for soil cement or other chemical 
soil-s tabilization measures require very large (75 pund ) samples. 

Undisturbed Samples 

Undisturbed samples are those taken in such a manner that the structure u and moisture content of the original material are preserved to the maxi- 
mum extent possible. Undisturbed samples are used to determine shear 
strength, consolidation, and permeability. Rcck cores are used to deter- 
mine strength, permeability, and weathering characteristics. Undisturbed 
samples are generally collected from foundation materials beneath em- 
bankments and appurtenant concrete structures when information on nat- 
ural strength, consolidation, or permeability is needed. 

The important considerations for undisturbed samples are that they be 
representative and that any disturbance of struc5ure and moisture con- 
ditions of the sample be reduced to an absolute minimum. This requires 
close attention to sampling procedures, tools, packaging methods, and 
transportation. 

Undisturbed samples from a depth of more than 15 feet usually must be 
obtained with drilling equipment. In the absence of drilling equipment, 
their collection involves the excavation of test pits from which cubes 
or cylinders of soil can be taken. Cubes, cylinders, or clods of soil 
can also be cut from the sides of open pits and cut banks, both natural 
and artificial. See chapter 2 for sampling equipment and methods. 

Minimum Size Requirements 
The Soil Mechanics Laboratory requirements for trimmed sample sizes and 
for trimming allowance vary with the homogeneity of the material, the 
maximum grain size, and the kind of test required. 

ij 



i 
L To meet these requirements, the minimum diameter of undisturbed samples 

i s  5 inches f o r  t r i a x i a l  shear and horizontal  permeability t e s t s  and 3 
inches f o r  a l l  other t e s t s .  In homogeneous material,  however, where 
r e l i ab l e  t e s t  r e s u l t s  can be obtained f r ~ m  specimens cut from succeeding 
v e r t i c a l  depths, the minimum diameter f o r  t r i a x i a l  shear t e s t s  i s  3 
inches . 
These minimum diameters a ~ p l y  t o  mater ia l  i n  which the maximum grain  
s i z e  i s  no more than 2 mm. In materials  containing fragments l a rger  
than 2 mm., the minimum diameter f o r  undisturbed samples may need t o  be 
larger .  

The recommended minimum s ize  f a r  rock core s a m ~ l e s  is  NX (2-1/8 inches), 
but t o  complete some holes, a smaller diameter may be nececsary. 

Field Notes 
Take deta i led  f i e l d  notes f o r  each undisturbed sample. They should in-  
clude the following items a s  appropriate. 

1. Hole No. and location.  
2. Complete log of hole above and below samples. 
3. Method of d r i l l i n g  and s ize  of hole. 
4. Type and s i z e  of t e s t  p i t .  
5. Casing (type and s i z e )  o r  d r i l l i n g  mud mixture used. 
6. Grcund-water elevation and date and time measured. 
7. Length of drive and length of sample recovered, o r  percent recovery. 

'--.J 8. Size of sample (diameter).  
9. Elevations o r  desths between which sample was taken. 
13. Method of cleaning hole before sampling. 
11. Other items, such a s  d i f f i c u l t i e s  i n  obtaining sample. 

With a permanent marking device, l abe l  the sample container. Record the 
following information on the label .  

1. Watershed, s i t e  No., and location.  
2. Date. 
3. Hole No. and sample No. 
4. Elevations or depths between which sample was taken. 
5. Top c lea r ly  ident i f ied .  
6. Name of person who took the sample. 

Packaging 
Samples collected i n  a double-tube core b a r r e l  a r e  encased i n  metal 
l i n e r s  when they a re  removed from the bar re l .  Plug both ends of these 
containers w i t h  expanding packers o r  metal caps. Wooden plugs can a l so  
be used. If n a i l s  a re  used t o  fas ten  the plugs, be careful  not t o  d i s -  
turb  the sample while nai l ing.  



Expanding packers ( f ig .  3-1) a r e  preferred f o r  sealing the ends of thin- 
wall  tubes, but  metal c a p ,  tape, and wax can a l s o  be used. Be careful  
t h a t  there i s  no a i r  space between the sample and the sea l ,  Place l abe l s  
and a l l  iden t i f i ca t ion  on the tube or the l i ne r ,  not on the ends. 

1. Brass wingnut. 
2. Aluminum bar  stock. 
3. G u n  rubber gasket. 
4. Flathead brass machine 

screw. 
5. Washer. 
6. Head sealed with water- 

proof cement. 
7. D r i l l .  

0 - -  
Figure 3-1.--Expanding packer f o r  sample tube. 

If they are  t i g h t l y  confined, samples collected by hand excavation can 
be placed i n  t i n  cans, Denison t ins ,  o r  s imi lar  containers. 

Seal a l l  undisturbed s a q l e s  thoroughly with a high-melting-point wax. 
Beeswax or a mixture of beeswax and paraff in  i s  recommended. These waxes 
do not ~ h r i n k  away from the container so much a s  paraff in  alone, usually 
have a higher melting point,  and thus deform l e s s  i n  hot  weather. The 
wax sea l  should f i l l  a l l  spaces between the sample and the container, 
a s  well  a s  cover both ends of the sample. Pa& a l l  undisturbed samples 
i n  excelsior ,  sawdust, o r  other shock-absorbent mater ia l  and c ra te  them. 
Two or  more samples can be boxed together f o r  shipment, but they should 
not  touch each other. 

Use reusable boxes. They a r e  t o  be returned by $he laboratory along with 
sample bags, thin-wall tubes, Denison l ine rs ,  expanding packers, and 
the caps f o r  tubes and l i ne r s .  k r k  the boxes with precautionary infor-  
mation, such a s  "Handle with Care, Y"is Side Up, "Do Not Drop, and 
Vro t ec t  from Freezing. " 

Disposition of Rock Cores 
Store samples of e a s i l y  weathered rock cores, such a s  shale, a t  the 
nearest  SCS off ice .  If they a re  l e f t  outdoors and allowed t o  weather, 
they may give prospective contractors an erroneous impression of t h e i r  
o r ig ina l  hardness. 

Handle rock cores careful ly  and s to re  them i n  boxes of dressed lumber o r  
other su i t ab le  materials.  The storage boxes should be adequate f o r  cores 
about 4 f e e t  long. Usually no more than four cores should be stored i n  
each box. The cores should be separated by longitudinal  pa r t i t ions .  Use 
separation blocks wherever core i s  l o s t .  Ehbossed metal tape o r  other 



acceptable materials can be securely fastened in the box to indicate by 
i 

'L elevation the beginning and end of each reach of core in proper sequence 
as taken from boring. Plaee cores first in the top compartment next to 
the hinged cover and ~roceed toward the front of the box in $he order 
cores are taken from the drill hole, filling each compartment from left 
to right in turn (as one reads a book). Note the elevations on separa- 
tion blocks for those sections in which a core could not be obtained. 
It is desirable to photograph the cores after they are boxed. 

Storage boxes can be fitted with hinged or telesco~ic covers. On the in- 
side of the cover stencil the box No., project name, site No., and hole 
No. Stencil the same information on the outside of one end of the box. 

Disturbed Sun-ples 

To be adequate, disturbed samples mus? be representative of the stratum, 
material, or area being sampled. They are used to make qualitative esti- 
mates of the probable behavior of materials. This kind of sample is the 
easiest to obtain and is important for the classification of materials 
and for many soil mechanics tests. But if quantitative information on 
in-place smength, consolidation, or permeability is needed, disturbed 
saqles are of little value. The important consideration for disturbed 
samples is that they be repesentative of the s-cratum from which they 
are taken. 

The amount of material needed for laboratary testing depends on two 
\ 

L factors: (1) Number, kind, and purpose of tests to be performed and 
(2) particle-size characteristics of the material tc be sampled. 

The Soil Mechanics Laboratxy has established three general size groups 
for disturbed samples that are to be sent to 4;he laboratory for testing. 

Y3" (small) samples are used only for index and classif ization'tests, 
such as particle-size distribution (mechanical analysis ), dispersion, 
soluble salts, liquid limit, and plastic limit. TSTf samples usually con- 
sist of 4 to 10 pounds of material collected for purposes of comparison 
and correlation of stratigraphy and other general soil zharacteristics 
of foundations or borrow areas. 

I1L" (large) saqles are used for more comprehensive analyses including 
index and classification, moisture-density relationships (compaction), 
permeability, shear, consolidation, and filter-design tests. "L" samples 
usually consist of 25 to 50 pounds of borrow and spillway material pro- 
posed for use in embankments, of reservoir bottom material proposed for 
sealing, and of aquifer material to be relieved by wells or drains. 

VL" (extra-large ) samples are used for special compaction tests, soil- 
cement tests, and tests for durability as riprap or drain materials. 



"XL" s a q l e s  c o n s i s t  of 75  t o  150 pounds of sand c r  f ine-grained mate- 
r i a l s  proposed f o r  soil-cement s t a b i l i z a t i o n  o r  of 49 ~ o u n d s  of rock 
m a t e r i a l s  proposed f o r  use a s  r iprap ,  r ~ c k  t o e s  o r  berms, and drainage 
b lankets .  

Table 3-1 shows t h e  amount of m a t e r i a l  t h a t  i s  needed t o  perform t h e  
var ious  s o i l  mechanics t e s t s .  These amounts form t h e  b a s i s  f o r  t h e  rec-  
ommended minimum s i z e s  of f i e l d  samples ( t a b l e  3-2).  

Table 3-1.--Amount of m a t e r i a l  needed f o r  var ious  s o i l  mechanics t e s t s  

Test  

Index and c l a s s i f i c a t i o n  t e s t s :  
Sieve a n a l y s i s  (gravel)-------- 

Hydrometer ana lys is ,  d i spers ion ,  
s a l t s ,  and Atterberg l i m i t s .  

Comprehensive t e s t s :  
Compaction--------------------- 
Permeability------------------- 
Reservoir sealing-------------- 
Shear : 

For ma te r i a l s  i n  which 90 
percent  passes  No. 4 s ieve ,  
specimen s i z e  i s  1 .4  inches 
by 3 inches.  

For m a t e r i a l s  i n  which l e s s  
than 90 percent  passes  No. 4 
s ieve ,  specimen s i z e  i s  2.8 
inches by 6 inches.  

Consolidation------------------ 
Spec i f i c  g r a v i t y  (coarse  f r a c -  
t i o n  ). 

Specia l  f i l t e r - d e s i g n  tes t s - - - -  
Soil-cement tests-------------- 

P a r t i c l e  s i z e  used i n  % e s t  

Passing 3-inch s ieve,  re -  
ta ined  on No. 4 s ieve .  

Passing No. 10 sieve---- 

Passing No. 4 sieve----- 
Passing 3/4-inch s ieve--  
Fassing 3/4-inch s ieve--  

Passing No. 4 sieve----- 

Passing 1/2-inch s ieve--  

Passing No. 4 sieve----- 
Passing 3- inch s ieve ,  
r e t a ined  on No. 4 s i eve .  

Passing 3-inch sieve---- 
Passing 3/4-inch s ieve--  

Amount of 
n a t e r i a l  
needed 

Pounds 

3 
3 

8 
7 

25 

5 

18  

2 
2 

2 0 
79 

To f u l f i l l  i nd iv idua l  t e s t  requirements,  the  s i z e  of t he  sample t o  be 
s e n t  t o  t he  labora tory  v a r i e s  wi th  the  grada t ion  of t h e  n a t u r a l  m a t e r i a l .  
Most l abo ra to ry  t e s t s  a r e  performed on m a t e r i a l s  pass ing  a No. 4 s ieve .  
Larger samples a r e  t he re fo re  needed of ma te r i a l s  t h a t  conta in  s i g n i f i -  
can t  amounts of l a r g e r  p a r t i c l e s .  The minimum s i z e s  of f i e l d  samples f o r  
var ious  grada t ions  of ma te r i a l s  a r e  shown i n  t a b l e  3-2. 
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Table 3-2.--NInimm field-sample s i z e  f o r  var ious  grada t ions  of mater ial1 

L 
Grcidatim of m a t e r i a l  and 

s a m ~ l e  s i z e  group 

Gradation No. 1, n a t u r a l  m a t e r i a l s  with 
9C percent  passing Nc. 4 s i e v e :  

"St1 s m p l e  ............................ 
I l L U  sample---------------------------- 
f ' a u  s a ~ p l e  ........................... 

Gradation Nc. 2, n a t u r a l  m a t e r i a l s  with 
5 C  tc 90 percent  pass ing  No. 4 s ieve :  

Max imm 
p a r t i c l e  s i z e  

3 inzhes---- 
No. 4 s ieve-  
3 inches---- 
6 inches---- 

finimum f i e l d  
sample s i z e  

Found s 

N ~ t e  t h a t  the maximum p a r t i c l e  s i z e  t o  be included i n  f i e l d  s a q l e s  
ranges from 3 inches f o r  USu and "Lfl samples t o  6 inches f o r  "XI," sam- 
p l e s .  Estimate the  percentage of over-s ize ma te r i a l s  excluded from the  
f i e l d  samples and record i t  along wi th  desc r ip t ions  GS the  sanples  on 
forms SCS-533 ( ~ o g  of Test Holes) and SCS-534 (Soil Sample ~ i s t  ). It i s  
not  ~ lecessary  t o  s c ree  i s a m ~ l e s  t o  determine the  exac t  amounts of t h e  
var ious  p a r t i c l e  s i z e s .  Visual  es t imates  of t he  p a r t i c l e  s i z e s  and the  
quantities irivolved a r e  adequate. 

Fut d i s turbed  sani-ples t h a t  a r e  t o  be s e n t  t o  t h e  l abo ra to ry  f o r  moisture 
determinat ion i n  wide-mouth j a r s  or  evacuated p l a s t i c  bags and s e a l  i m -  
mediately.  

Methcds of Obtaining 
Representat ive d is turbed  sarrqles a r e  obtained by hand excavat ion or ,  a t  
a g r e a t e r  depth, by bucket-type augers  o r  d r ive  samplers ( t a b l e  2-8). 
Be c a r e f u l  no t  t o  contaminate the  sample with m a t e r i a l s  from o t h e r  
s t r a t a .  Continuous-flight augers and wash borings a r e  u n s a t i s f a c t o r y .  
Take propor t iona te  volumes of a l l  m a t e r i a l  between the  s e l e c t e d  eleva-  
tions i n  the sxmple hole .  I f  the sample s o  obtained i s  too  l a rge ,  it can 
be reduced by qua r t e r ing  a f t e r  i t  i s  thoroughly mixed. 



Sample Containers 
Place d is turbed  samples i n  heavy canvas bags. Each S t a t e  should maintain 
a supply of these  bags. 

Table 3-3 r e l a t e s  t3he s i z e  of sample bags t o  capaci ty.  I f  it  i s  neces- 
s a r y  t o  r e t a i n  t h e  f i e l d  moisture content  f o r  l abo ra to ry  determinat ion,  
such a s  i n  borrow ma te r i a l  t h a t  i s  wet and is  expected t o  remain wet, 
use polyethylene p l a s t i c  l i n e r s  i n s i d e  t h e  canvas sample bags. Su i t ab l e  
l i n e r  s i z e s  a r e  given i n  t a b l e  3-3. 

Table 3-3.--Capacity of var ious  sample bags 

Sample -bag 
measurements 

Inches 

9 x 15  

16 x 24 

16 x 32 

P l a s t i c  l i n e r  

Thickness 

Inches 

0.0015 

C .O32 

C .OO2 

Size 
Capacity 

Pound s 

10 

53 

7 5 

Labeling, Numbering, and Shipping 
Tag bag samples cf d i s turbed  m a t e r i a l  wi th  c l o t h  ( l i n e n )  shipping t a g s  
t h a t  show the  fol lowing information:  ( 1 )  Lo7ation of p r o j e c t  ( s t a t e  and 
town o r  community), ( 2 )  s i t e  o r  p r o j e c t  name and No., ( 3 )  fund c l a s s i f i -  
c a t i o n  of p r o j e c t  (FP-2, WF-1, WP-2, C O - l ) ,  ( 4 )  l o c a t i o n  of sample on 
t h e  s i t e  ( c e n t e r l i n e  s t a t i o n ,  borrow grid,'  e t c .  ), ( 5 )  t e s t  h c l e  No., 
( 6 )  f i e l d  No. of sample, (7) depth of sample, and (8 )  d a t e  and name of 
c o l l e c t o r .  Number composite samples and show t h i s  number on the  tag .  
Record the  Nos. of t h e  ind iv idua l  ho les  from which the  composite sample 
was taken and the  f i e l d  Nos. of t he  samples on fcrm SCS-534. 

Since t a g s  a r e  o f t en  pul led  of f  i n  t r a n s i t ,  p l ace  a dup l i ca t e  t ag  i n s i d e  
t h e  bag. 

To expedi te  the  so r t i ng ,  numbering, and handling of samples i n  t h e  lab-  
ora tory ,  the  f i e l d  No. of a sample should s t a r t  wi th  t h e  t e s t -ho le  No., 
followed by a decimal t h a t  i n d i c a t e s  the  No. of t h e  sample from t h a t  
hole .  Examples a r e  sample Nos. 1.1, 1.2, 1.3, which a r e  t h r e e  samples 
from t e s t  ho le  No. 1 ( i n  the  c e n t e r l i n e  of t h e  dam), and sample Nos. 
101.1 and 101.2, which a r e  two samples from hole No. 101 (borrow a r e a ) .  

Under s epa ra t e  cover send t h e  s tandard forms containing the  d e s c r i p t i o n s  
of the  samples and logs  of t h e  t e s t  ho les  t o  t he  l abo ra to ry  along wi th  
copies  of p l ans  and p r o f i l e s  a t  t he  same time the  samples a r e  shipped. 



Send a copy of t he  gea lag ic  r e p o r t  t o  t he  l a b m a t o r y  a s  socn a s  poss ib le .  

iy A summary of the  m a t e r i a l  t o  be s e n t  t o  t he  l abo r s to ry  fol lows.  

1. Form SCS-533, Log of Test Holes. 
2.  Form SSS-534, Soil Sample Lis t - -Soi l  and Foundation I n v e s t i g a t i m s .  

On t h i s  sample l i s t  show the ind iv idua l  holes ,  o r  t he  zamples, i n -  
cluded i n  zomposited s a m ~ l e s  i f  such mixtures a r e  prepared i n  t he  
f i e l d .  Record the method of t r s n s ~ o r t a t i o n  and information ccncerning 
Gcvernment b i l l s  of lading.  L i s t  t he  samples on form SCS-534 i n  ?h i s  
o rde r :  Foundation area,  p r i n c i p a l  spillway, drainage and r e l i e f  
we l l s ,  diannel ,  emergency s ~ i l l w a y ,  and barrow area .  

3.  Forms STS-3511, -355, and -35C, Plan anxLDof i l e s  f o r  Gezlogi- 1nves:i- 
g3tii7nsa 

4. Copy of !>he geologic  repar;, inc luding  <he s u ~ p l e m e n t  on interprets- 
t i m s  and conclusicns.  

Ai, t he  time the  samples a r e  senr  t o  t he  labcra tory ,  send copies  of t he  
var ious  f w m s  and 3f t he  geolag ic  report, inz luding  the  s u p ~ l e m e n t  t o  t h e  
S t a t e  o f f i c e .  This information i s  needed t o  Frepare form SCS-356, Re- 
ques t  f o r  S o i l  Mechanics Laboratcry Test.  Fcrm SCS-356 i~ an sdminis t ra -  
t i v e  form used t c  commit funds t o  reimburse the  l abo ra t a ry  Tcr t h e  c o s t  
of sample analyses .  An a l t e r n a t e  pronedure is t3 supply the  S t a t e  o f f i c e  
a copy of form SCS-356 t h a t  a l r eady  conta ins  t he  infcrmation t h a t  t h e  
geo log i s s  needs t o  supply. 

Large bag samples a r e  u sua l ly  shipped by f r e i g h t  o r  express .  Be su re  
t h a r  each bag is c o r r e c t l y  labe led  and addressed. Small bag samples can 

j-/ be packaged Lcgether and s h i ~ p e d  by f r e i g h t  G r  express .  S ingle  small  bag 
samples no t  exceeding 4 pounds i n  weight can be sen t  by franked mail .  
Get a Government b i l l  of lad ing  from t h e  Slate o f f i c e  i f  samples ?re  
shipped by f r e i g h ?  o r  express .  
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I CHAPTER 4. LOGGING TEST HOLES 

Loggiw is the recording of data concerning -the materials and conditions 
in individual test holes. It is imperative that logging be accurate so 
that the results can be properly evaluated to provide a true concept of 
subsurface conditions. It is equally imperative that recorded data be 
concise and complete and presented in descriptive terms that are readily 
understood and evaluated in the field, laboratory, and design office. 

The basic element of logging is a geologic description of the material 
between specified depths or eleva3ions. This description includes such 
items as name, texture, structure, col~r, mineral ccntent, moisture con- 
tent, relative permeability, age, and origin. To this must be added any 
information that indicates the engineering properties of the material. 
Examples are grada~ion, plasticity, and she Unified soil classification 
symb~lcl based zn field identificaticn. In addition, the results sf any 
field test such as the blow count of the standard penetration test must 
be recsrded almg with the specific vertical interval that was tested. 

After a hole is logged, it should be plotted graphically to scale and 
prcperly located both vertically and horizontally on the applicable cross 
section or profile on fcrm SCS-35. Correlation and interpretation of 
these graphic logs indicate the need for any additional test holes and 
their locatim and permit the plotting of stratigraphy and structure and 
the development of complete geologic profiles. Analysis of the geologic 
profile frequently gives more information on the genesis of deposits. 

Field Notes - 

Data from test holes can be logged directly 3n the standard form or in 
a separate notebsok. Field notes should contain all the data for both 
graphic and written logs and also any information t h ~ t  is helpful to a 
geologist in making interpretations but that is not entered in the log. 

Items to be considered in logging a test hole follow. , 

1. Hole No., location, and surface elevation.--Number holes in the se- 
quence in which they are drilled within each area of investigation. 
These areas have been assigned standard Nos. (chapter 7). Show loca- 
tion by station No. or by reference to some base. Show elevation 
above mean sea level if it is known, otherwise elevation from an as- 
sumed datum. 

2. Depth.--Record the depth to the upper and lower limits of the layer 
being described. 

3. Name.--In unconsolidated materials, record the name of the primary 
constituent first, then as a modifier, the name of the second most 
prominent constituent, for example, sand, silty. Usually two constit- 
uents are enough. If it is desirable to call attention to a third, use 
the abbreviation w/ after the name, for example, sand, silty 
w/cbls (with cobbles ) . 



4. Texture.--Record size, shape, and arrangement of individual minerals 
or grains. In consolidated rock, descriptive adjectives are usually 
enough. In unconsolidated material, use descriptive adjectives for 
size and give an average maximum size in inches or millimeters. Re- 
cord shape by such terms as equidimensional, tabular, and prismatic 
and by the degree of roundness (chapter 1). Record arrangement by 
estimated relative amounts. Record the gradation for coarse-grained 
unconsclidated materials and the sorting for poorly graded materials. 

5. Structure.--Describe any features of rock structure that you ok- 
served, such as bedding, laminations, cleavage, jointing, ccncretions, 
or cavities. Where applicable, include information on size, shape, 
color, composif,ion, and spacing of structural features. 

6. Color.--Record color for purposes of identification and correlaticn. 
Color may change with water content. 

7. Moisture content.--Note whether the material is dry, mcist, or wet. 
8. Mineral content,--Record identifiable minerals and the approximate 

percentage of the more abundant minerals. Describe aqy mineral that 
is characteristic of a specific horizon and record its approximate 
percentage even though it occurs in very minor amcunts. Record the 
kind of cement in cemented materials. 

9. Permeability.--Estimate the relative permeability and record it as 
impermeable, slowly permeable, moderately permeable, or rapidly 
permeable. If a field permeability test is run, describe the test 
and record the results. 

10. Age, name, and origin.--Record geologic age, name, and origin, for 
example, Jordan member, Trempeleau formation, Cambrian age; ILlinoian 
till; Recent alluvium. Use the term "modern" for sediments resulting 
frcm culturally accelerated erosion, as established by Happ, Ritten- 
house, and Dobson in 1940. Distinguish between Recent and modern de- 
posits. For valley sediments, identify the genetic type of the de- 
posit and the association to which it belongs. Such identification 
helps in correlation and in interpreting data from test holes. Sim- 
ilarly, knowing that a material is of lacustrine or eolian origin 
or that it is a part of a slump or other form of mass movement helps 
in evaluating a proposed dam site. 

11. Strength and condition of rock.--Record rock condition by strength 
(chapter l), degree of weathering, and degree of cementation. 

12. Consistency and degree of compactness.--Describe consistency of fine 
materials as very soft, soft, medium, stiff, very stiff, and hard. 
Describe degree of compactness of coarse-grained soils as very loose, 
loose, medium, dense, and very dense (tables 2-1 and 7-2). 

13. Unified soil classification symbol.--For all unconsolidated materials 
give the Unified soil classification symbol. In this classification, 
borderline materials are given hyphenated symbols, such as CL-ML and 
SW-SM. Ordinarily, this borderline classification cannot be determined 
in the field. If there is any doubt about the proper classification 
of material, record it as "CL cr MI," and "SW or SM" and not by the 
borderline symbols. Record the results of field-identification tests, 
such as dilatance, dry strength, toughness, ribbon, shine, and odor 
(chapter 1). 



17. 

For 

Blow count. --\Were the standard penetrat ion t e s t  (chapter  2 )  is  made, 
record the r e su l t s  and the t e s t  elevation o r  depth. This t e s t  shows 
the number of blows under standard cmdi t ions  t h a t  a r e  required t o  
penetrate 12 inches or, with refusal ,  the number of inches pene- 
t r a t ed  by 100 blows. The l a t t e r  is  commonly recorded as 100/d, where 
d equals the number of inches penetrated i n  100 blows. 
Cfher f i e l d  t e s t s . - - I f  other f i e l d  t e s t s  a re  made, record the r e su l t s  
and describe each t e s t  well enough so t ha t  there  i s  no doubt as  t o  
what was done. Examples a r e  vane-shear t e s t ,  pressure t e s t ,  f i e l d -  
density -5est, f i e l d  t e s t s  f o r  moisture content, acetone t e s t ,  and 
the use of an indica3cr such as sodium f luorescein  t o  t r ace  the flow 
of ground water. 
Miscellaneous information.--Record any d r i l l i n g  d i f f i c u l t i e s ,  core 
and sample recovery and reasons f a r  losses,  type and mixture of d r i l l -  
ing mud used t o  preven+, caving o r  sample loss ,  loss  of d r i l l i n g  
f l u id ,  and any other information t ha t  may help i n  in terpre t ing the 
subsurface condition. 
Water levels.--Record the st37;ic water l eve l  and the date on which 
the l eve l  was measured. Wait a t  l e a s t  1 day a f t e r  the hole has been 
d r i l l e d  t o  measure the water l eve l  t o  allow time f o r  s t ab i l i za t ion .  

Graphic Logs 

corre la t ion,  show individual  graphic columns a t  t h e i r  correct  loca- - - 
t i o n  and elevation on forms SCS-35A, -35B, and -35C, Plan and P m f i l e s  
f o r  Geologic Inves t iga t im.  Use the geologic symbal pat+,erns shewn i n  the  
legend on form SCS-35A. It i s  impcrtant t h a t  graphic logs be p lo t t ed  t o  
scale  and properly referenced t c  elevation. Use mean sea l e v e l  ( m . s . 1 .  ) 
f o r  the reference plane i f  p ~ s s i b l e  o r  an assumed datum i f  m . s . 1 .  i s  not 
known. G r a ~ h i c  columns t ha t  a r e  off  the  center l ine  p ro f i l e  may show as  
being absve o r  below the ground l e v e l  of the p ro f i l e ,  depending on the 
ground elevation of the boring. I n  th i s  event, make a notat ion a t  the  top 
of the  column t h a t  shows the locat ion i n  respect t o  the center l ine  of the  
p rof i l e .  

Indicate t,he locat ion of the s t a t i c  water table  by a kick mark a t  the 
correct  elevation and record the  date of measurement. Show the Unified 
s o i l  c l a s s i f i c a t i on  system symbol next t o  each stratum on the graphic 
column as a fu r the r  guide t o  in te rpre ta t ion  and sample requirements. To 
the  l e f t  of the graphic log, record the blow count opposite the  spec i f i c  
horizon tes ted .  Use adjectives and t h e i r  abbreviations given i n  the  legend 
on form SCS-35A f o r  other s a l i e n t  fea tures  of the material ,  f o r  example, 
wet, hard, mas. (massive). On both plans and p ro f i l e s  number the holes 
according t o  t h e i r  location.  On plans show the  locat ion of holes by the 
proper symbol and indicate  whether the hole was sampled. 

Plot  the graphic log as  soon as a pa r t i cu l a r  hole has been d r i l l ed .  Where 
the space provided on SCS-35A, -35B, and -35C i s  too small t o  permit p lo t -  
t ing  a t  a sca le  t ha t  shows the  information legibly ,  use form SCS-315. An 
HB penci l  i s  recommended f o r  p lot t ing.  Keep the  penci l  point  f a i r l y  sharp 
o r  use a thin-lead mechanical pencil.  Use enough pressure t o  make the  
l i ne s  and l e t t e r i n g  dense and opaque. Keep the work neat and accurate. 



Recsmmended Scales -- 
The horizontal  scale  used shauld be such t ha t  the  graphic legs  are  spaced 
f a r  enough apar t  f o r  the necessary information t c  be shown legikly.  Tine 
v e r t i c a l  sca le  used should be such t ha t  the v e r t i c a l  sequence can be de- 

d 
pitted adequately. The following scales  a re  recommended f o r  the d i f f e r -  
ent  features 3f a s i t e .  

A. Vertical--1 inch equals 10 fee t .  Increase i t  t o  1 inch equals 5 f e e t  
f o r  spec ia l  s i tua t ions ,  such as complex logs i n  which many t h in  hori-  
zons need t o  be delineated accurately. 

B. Hcrizontal. 
1. Flar, cf s i t e  ( a l l  cmpments)- -1  inch ecylals 100 fee t .  
2. Frof i les .  

a. Cen~er l ine  of dam, emergency spillway, and b o r r ~ w  grids--1 inch 
equsls 100 fee t .  

b. Celterl ine cf p r i m i p a l  spillway and the stream channel below 
the ;utlek end of the pr incipal  spillway--l inch equals 50 fee t .  

c. Centerline of foundatizn drains,  re l ief -wel l  co l l ec to r  l i ne s ,  
and sediment-pool dra in  l ines--1 inch equals 50 fee t .  

I f  necessary because of the s i z e  of the s t ructures ,  the scales  f o r  
items 1 and 2a can be reduced $9 1 inch equals 200 f e e t ,  provided 
there i s  adequate space f 3 r  the graphic logs. 

3. Cross sect ion of stream channel--a sca le  tha-t requires ns more 
than 2 inches f c r  the p l ~ t t e d  bottom width nor more than-6 inches 
f c r  the  e n t i r e  cross secticn.  Us-ually, a scale  of 1 inch equals 
20 f e e t  i s  p rac t i ca l .  

4 .  Crcss s e c t i m  of emergency spillway--a scale  t ha t  r e su l t s  i n  a 
p lot ted  bct-tom width of a t  l e a s t  2 inches. Usually, a sca le  of be- 
tween 1 inch equals 20 f s e t  and 1 inch equals 100 f e e t  i s  s a t i s -  
fac tcry  . 

d 

Geclogic Prof i l e  
Develop t en ta t ive  corre la t ion l i ne s  as  s9on as p ~ s s i b l e .  This helps t o  
determine where addi t icnal  t e s t  hcles a re  needed. As more graphic-logs 
a r e  p lot ted ,  the s t r a t i g r a ~ h i c  re la t ionships  become more def in i te .  In ter-  
p re ta t ion  of data i n  terms of the genetic c l a s s i f i c a t i on  of the deposits 
helps t o  es tab l i sh  correlat ion.  Conversely, development of the  geologic 
p ro f i l e  o f t e c  helps t o  i n t e rp r e t  the o r ig in  of the depmits.  When the 
geologic p ro f i l e  i s  complete, it provides an in te rpre ta t ion  of the fac- 
t u a l  information from the logs i n  terms of the  s t ra t ig raph ic  and s t ruc-  
t u r a l  re la t ionships  alarig the  plot ted  p rof i l e .  Tc t h i s  p ro f i l e  add nota- 
t ions  on any important condition o r  charac te r i s t i c ,  such as  ground-water 
l eve l ,  permeability, density, genesis, sort ing,  degree of weathering o r  
cementation, upstream and downstr~am c o n t i n u i t x  mineralogy, and rock 
s t ructure .  Figure 4-1 shows pa r t  of the  geologic p r o f i l e  along the  cen- 
t e r l i n e  of a proposed s t ruc tu re  and i l l u s t r a t e s  some of these points. 

Plot p o f i l e s  o r  sections drawn normal t o  the  direct.ion of streamflow as 
though the observer is looking dcwnstream. Plot  those drawn p a r a l l e l  t o  
the d i rec t ion  of streamflow s o  t ha t  streamflow i s  from l e f t  t o  r igh t .  





Dist r ibut ion of Graphic Logs and Prof i les  
When a penciled d r a f t  of a f i e l d  sheet  i s  completed and checked, copies 
must be reproduced f o r  various purposes. This can be done by bluel ine  
pr in t ing o r  photostating l a ca l l y  i n  the f i e l d  o r  i n  the Cartographic Unit. 
Copies a re  needed f o r  the geologic report ,  a capy cf which i s  t o  go t o  
the Engineering and Watershed Planning (EWP) U n i t  geologist  and other 
copies a re  t o  accompany the design data t o  EWP Unit and S ta te  Design 
Sections. Additional copies may be needed f o r  the geo log i s t ' s  f i l e s  and 
f o r  d i s t r i bu t i on  t o  personnel within a Sta te .  

When samples a r e  sent  t o  the So i l  Mechanics Laboratory o r  t o  the EWP U n i t  
h t e r i a l s  Testing Section f o r  analysis ,  the laboratory needs one t rans-  
parency and one wcrking copy, e i t he r  b luel ine  p r i n t  o r  pho tmta t ,  of the  
f i e l d  sheet.  These must be submitted as soon as  the  samples a re  sen t  t o  
avoid delay i n  s o i l  mechanics analysis  and in terpre ta t ions .  I f  these 
copies cannot be obtained local ly ,  send the  f i e l d  sheets  t o  the Carto- 
graphic Unit and ask them t o  prepare the required copies and t o  forward 
them immediately t o  the So i l  Mechanics Laboratory o r  the EWP Unit Ivhteri- 
a l s  Testing Section, o r  both. Send a copy of the t r ansmi t t a l  l e t t e r  t o  
the head of the EWP Unit and a copy t o  the So i l  Mechanics Laboratory. 
A t  t h i s  time, indicate  the number of copies needed by the geologist.  

The f i n a l  draf t ing of plans and p rof i l e s ,  i f  they a re  t o  accompaqq f i n a l  
construction plans and speci f ica t ions ,  usually is  done by the  Design Sec- 
t i o n  serving a Sta te .  The copy of plans and p ro f i l e s  attached t o  the  geo- 
logic  report  accompawing the design data can be used f o r  t h i s  purpose. 
Lumarith stickups 3f standard geologic symbols a re  stocked i n  the  various 
Cartographic Units t o  f a c i l i t a t e  f i n a l  draf t ing of plans and p rof i l e s .  

Written Logs - 

Form SCS-533 
For wr i t t en  logs f o r  engineering purposes, use form SCS-533, Log of Test 
Holes, and form SCS-533A, Continuation Sheet. These logs a r e  prepared 
from f i e l d  notes and a r e  l imited t o  f a c tua l  items. These de ta i l ed  logs 
include common narra t ive  descript ions of the  material .  Use terms t h a t  can 
be eas i ly  understood. 

Form SCS-533 provides space f o r  the t e s t  hole No., location,  and surface 
elevation. Several logs may be shown on each sheet  of form SCS-533. Where 
na tu ra l  outcrops, streambanks, and gu l l i e s  a re  used f o r  logging and sam- 
pling,  determine the  e levat ion of the top of the  outcrop and the locat ion 
of the outcrop. 

For "Hole Depth1' show the depth i n  f e e t  from the  surface (0.0) t o  the  
bottom of the f i r s t  stratum, o r  the depth from top t o  bottom of any un- 
derlying stratum. 

The descr ip t ion of materials  should be complete, c lear ,  and concise. Give 
the geologic designation t ha t  corresponds t o  the standard pa t t e rn  used 
on the  graphic log f i r s t  and underline it, f o r  example, Gravel, s i l t y .  



I f  they can be iden t i f i ed  by eye, describe individual  p a r t i n l e s  by 
s ize ,  shape, and composition. Include the approximate diameter of the 
average maximum-size pa r t i c l e .  I f  possible, indicate  the r e l a t i ve  

'L proportion of gravel ,  sand, s i l t ,  and clay. Describe p a r t i c l e  shape by 
such terms as angular, subangular, and rounded. b t e  the  p r inc ipa l  con- 
s t i t u e n t s  of +he l a rger  p s r t i c l e s ,  such as  gneiss, l imestme, grani te ,  
sandstme, and quartz. Indicate the presence of diatoms, gypsum, i ron  
oxides, organic matter, p la ty  minerals such as micas, and other ma5erials 
t h a t  have an influence on engineering propert ies.  Record cclor,  c m s i s t -  
ency, and hardness. For fine-grained s o i l s ,  note r e l a t i ve  p l a s t i c i t y ,  
dry strength,  and tmghness. Indicate the  relaxionships shown by s3ra t -  
i f i c a t i on ,  f o r  example, I1varvnd clay, I f  "inrerbedded sand and gravel. I t  

Indicate the presence of jo ints  and t h e i r  kind, spacing, and a t t i t u d e  
if %hey can be determined. Indicate cansistency o r  degree of ccmpactness 
of the materials.  Record the standard blow cmnt .  Were  pcssible,  note 
the genesis, such as alluvium, lake deposits ,  and till. 

For consolidated rock, include kind cf rock, degree of weathering, cemen- 
t a t ion ,  and st,ructural and s t he r  fea tures  i n  the descript ion.  Include the 
geologic name and age of the  formation i f  it i s  known. Use xhe sca le  zf 
rock s t rength  (chapter  1) t o  describe the ease of excavaticn. 

Show the Unified s o i l  c l a ~ s i f i c a t ~ i o n  symbol as  determined by f i e l d  ' tests.  

A column i s  provided f o r  a descr ip t ion ~f .he type and s i z e  of -091 used 
f o r  sampling o r  advancing a h d e .  Examples a re  bucket aager, Shelby tube, 
s ta t ionary-pis  ton sampler, double-tube mi l - co re  ba r r e l  ( ~ e n i s c n  type) ,  
o r  double-tube rock-core barre l .  The abbrevia t imsl  that  should be used 

'L f o r  the d i f fe ren t  types of samplers a re  given i n  The fallowing l i s t .  

Bucket auger................................. BA 
i- ................ 'Thin-wall open-drive (Shelby) 

Spli t- tube sampling spoon.................... SPT ............................ Stationary p i s ton  Ps .................. Piston (Osterberg type).  ... Pf 
Dry barrel................................... DB 
Double-tube soi l -core  ba r r e l  (Denison). ...... D 
Single-tube rock-core barrel. . . . . . . . . . . . . . . . .  RCs 
Double-tube rock-core barrel. . . . . . . . . . . . . . . . .  RCd 
Hand cut..................................... HC 

Columns a re  provided f o r  sample data. It  is  important t o  show the Sam- 
pling horizon and whether the  sample i s  ffdisturbedff  ( D )  , ' fundisturbedff 
( u ) ,  o r  "rock coref1 ( R ) .  Show the sample recovery r a t i o  (s) ,  which is 
equal t o  L/H where L is  the length of sample recovered and H i s  the  length 
of penetration, as a percentage. Thus, i f  the sampler penetrates a d is-  
tance of 18 inches and the  sample contained there in  mounts t o  16 inches, 

Show OD s i z e  a f t e r  the  abbreviation, a s  D-5 f o r  5-inch Denison. 



16 
(S)= - x 100 = 89 percent. This may be an important 

18 
mination of fissures, cavities, or soft interbedded 
dated rock. 

Distribution 
Distribution of completed written logs is to be the 

factor in the deter- 

materials in consoli- d 

same as that for 
graphic logs. In copying written logs, make enough carbon copies to sup- 
ply distribution needs. 
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L CHAPTER 5. REQUIREMENTS FOR GEOLOGIC INVESTIGATIONS 
AND SAMPLING 

Requirements for design and construction vary widely depending on such 
conditions as size and purpose of the structure, kinds of construction 
materials, site conditions, and economic and safety considerations. 
Geologic site investigations and soil mechanics tests are geared to re- 
quirements for design and construction. Hence the procedures and inten- 
sity of investigation and the kinds of samples taken vary from site to 
site. This chapter outlines the requirements for preliminary and de- 
tailed site investigations and sampling and also the minimum require- 
ments for intensity of study and for sampling for soil mechanics tests. 

Intensity of Site Investigations 

Before beginning specific site studies, the geologist should make a 
reconnaissance survey of the watershed or general area to become famil- 
iar with the general geologic situation. He should then make a prelim- 
inary geologic investigation of all structure sites to determine geo- 
logic conditions and characteristics of materials (both consolidated and 
unconsolidated) pertinent to design. This should be done regardless of 
purpose of the structure, source of funds, or contractor. Detailed sub- 
surface exploration or the collection and testing of samples may not be 
necessary for small, no-hazard structures, such as farm ponds, drop 
structures, or chutes, to be built in areas of generally homogeneous 
materials. For these structures, the engineering characteristics of the 
material at the site need only to be recognized and evaluated on the 
basis of experience in the area. 

Geologic Reconnaissance 
Before starting specific site studies, the geologist should become 
familiar with the general geologic conditions of the area. This can be 
done by reviewing available data, by examining topographic and geologic 
maps, and by making a reconnaissance survey. Data gathered during the 
reconnaissance are primarily descriptive and should include the items 
in the following list. 

1. General geology of possible dam sites. 
2. Geologic conditions that may affect channel stability and improve- 

ment. 
3. Geologic conditions that may influence ground-water movement and re- 

charge. 
4. Ground-water conditions. 
5. General character of streams and valleys, including steepness of 

grade and side slopes, bed material, and whether the stream is ag- 
grading or degrading. 

6. General availability of suitable construction materials. 

Preliminary Site Investigation 
The geologist should make a preliminary or surface examination of 
every site where a structure is planned. This investigation should 
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include a thorough inspection of outcrops, cut  banks, and other surface 
exposures and an examination of erosion conditions, landslides,  seeps, j 
springs, and other pe r t inen t  conditions i n  and adjacent t o  the  watershed 
t o  obtain the basic information needed t o  evaluate the geologic condi- 
t i ons  and -the character  of materials  a t  the s i t e .  

The purpose of the preliminary invest igat ion i s  t o  determine the geo- 
logic  f e a s i b i l i t y  of the s i t e  and the extent  of deta i led  subsurface in-  
vest igation t ha t  w i l l  be required and t o  furnish  the engineer with 
enough information t o  make sound cost  estimates. A t  some s i t e s ,  the pre- 
liminary invest igat ion may furnish  enough data  on geologic conditions 
and engineering charac te r i s t i c s  of mater ia ls  f o r  design purposes. 

Detailed S i t e  Investigation 
A deta i led  s i t e  invest igat ion i s  made t o  determine the geologic condi- 
t ions  and t o  provide the engineer with information f o r  use i n  design 
and construction. Usually, deta i led  subsurface invest igat ions  require 
separate scheduling of equipment such as  backhoes, dozers, power augers, 
and core d r i l l s .  

Detailed subsurface invest igat ions  must be of su f f i c i en t  i n t ens i t y  t o  
determine a l l  the conditions t h a t  may influence the design, construction, - 
and functioning of the s t ructure .  The extent  of geologic invest igat ion 
required f o r  a pa r t i cu l a r  dam s i t e  depends on (1) complexity of s i t e  
conditions, ( 2 )  s i ze  of the s t ructure ,  ( 3  ) po t en t i a l  damage i f  there  i s  
s t r uc tu r a l  f a i lu re ,  and (4 )  purpose of the s t ructure .  

Detailed exploration consis ts  of two phases: (1) Determining and i n t e r -  
pre t ing subsurf ace conditions and ( 2  ) taking samples f o r  s o i l  mechanics 

d 
t e s t s .  

During phase 1, t e s t  holes must be put down and logged i n  the foundation, 
emergency spillway? and borrow areas. These t e s t  holes must be deep 
enough t o  insure penetrat ion of a l l  per t inent  materials .  The number and 
spacing of t e s t  holes must be adequate f o r  corre la t ion i n  both longi- 
tudinal  and transverse d i rec t ions  and t o  the distance needed f o r  complete 
in te rpre ta t ion  of any condition t h a t  may influence the design of the 
s t ruc tu re .  Geologic s t r uc tu r a l  features,  such a s  f au l t s ,  folds,  and 
joints ,  must be iden t i f i ed  and located. Enough information must be ob- 
tained on unconsolidated deposits  t o  c l a s s i f y  them genet ica l ly  and t o  
determine t h e i r  location, t h i c h e s s ,  and extent .  Test holes can be put  
down by d r i l l i n g  o r  by excavating open p i t s  o r  trenches. Where d r i l l i n g  
methods a re  used, the standard drop-penetration t e s t  (blow count) i s  t o  
be made i n  cohesive foundation materials  below the water t ab le  and i n  
noncohesive materials  where p rac t i ca l .  This t e s t  provides a measure of 
the  res is tance  of the material  t o  penetrat ion by the sampler and a l s o  
furnishes samples of the mater ia l  penetrated f o r  iden t i f i ca t ion ,  c lass i -  
f i ca t ion ,  and logging. The t e s t  i s  used t o  evaluate in-place densi ty  of 
the materials .  Additional in-place f i e l d  t e s t s  a r e  t o  be made where 
needed. 
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I n  phase 2 of t he  d e t a i l e d  s i t e  i n v e s t i g a t i o n ,  t h e  d a t a  gathered i n  

, phase 1 a r e  analyzed on s i t e  and the  behavior c h a r a c t e r i s t i c s  and 
engineering s i g n i f i c a n c e  of t h e  ma te r i a l s  and condi t ions  logged a r e  
evaluated.  From t h i s  a n a l y s i s  and eva lua t ion  t h e  geo log i s t  and engineer  
determine what ma te r i a l s  a r e  t o  be sampled and what l abo ra to ry  ana lyses  
a r e  needed. This  determines t h e  kind,  number, and s i z e  of samples 
needed. The necessary samples a r e  obtained by using appropr i a t e  sampling 
procedures.  Any a d d i t i o n a l  o r  s p e c i a l  in-place f i e l d  t e s t s  t h a t  a r e  
needed should be made. 

C l a s s i f i c a t i o n  of S t r u c t u r e  S i t e s  f o r  Geologic I n v e s t i g a t i o n  

Engineering Memorandum SCS-33 (Rev. 1960) e s t a b l i s h e s  t h e  fol lowing 
broad groups of s t r u c t u r e  s i t e s  t o  permit t h e  a s s o c i a t i o n  of minimum 
requirements f o r  geologic  i n v e s t i g a t i o n s  w i t h  maximum f i l l  he igh t  of 
t he  proposed dam, cons t ruc t ion  ma te r i a l s ,  purpose of t h e  s t r u c t u r e ,  and 
the  damage t h a t  might r e s u l t  from a sudden major breach of  t h e  ear th-  
dam embankment (Engineering Memorandum SCS-27). 

Group I Dam S i t e s  
This  group inc ludes  proposed s i t e s  for-- 

a .  A l l  c l a s s  ( c )  dams. 
b. A l l  c l a s s  (b) dams. 
c. A l l  dams w i t h  maximum f i l l  he ight  of 35 f e e t  o r  more no t  included i n  

c l a s s  (b) and c l a s s  ( c )  . 
'L d. A l l  s t r u c t u r e s  of t h e  fol lowing types more than  20 f e e t  high: 

Concrete o r  masonry a rch  o r  g rav i ty  dams, drop sp i l lways ,  box-inlet  
drop sp i l lways ,  and chutes .  

e .  A l l  dams with maximum f i l l  he igh t  of more than  20 f e e t  where t h e  
p r i n c i p a l  purpose i s  forming s to rage  r e s e r v o i r s  f o r  r e c r e a t i o n ,  
municipal water supply, o r  i r r i g a t i o n  and where the  product of the  
s to rage  times the  he igh t  of t h e  dam is  more than 3,000. 

Group I1 Dam S i t e s  
This group inc ludes  proposed sites for-- 

a .  A l l  dams not  included i n  c l a s s  (c) o r  c l a s s  (b) with maximum f i l l  
he ight  of 25 t o  35 f e e t .  

b. A l l  s t r u c t u r e s  of t h e  fol lowing types wi th  maximum height  of 10 t o  
20 f e e t :  Concrete o r  masonry a rch  o r  g rav i ty  dams, drop sp i l lways ,  
box-inlet drop sp i l lways ,  and chutes .  

c .  A l l  dams l e s s  than 20 f e e t  high where t h e  p r i n c i p a l  purpose i s  
c r e a t i n g  s t o r a g e  r e s e r v o i r s  f o r  r e c r e a t i o n ,  municipal water supply, 
and i r r i g a t i o n  and where t h e  product of t h e  s t o r a g e  times t h e  he igh t  
of the  dam is between 1,000 and 3,000. 

Group I11 Dam S i t e s  
This  group inc ludes  proposed s i t e s  for-- 

a .  A l l  o t h e r  types of dams no t  included i n  groups I and 11. 
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Minimum Requirements f o r  Geologic Inves t i ga t ions  

The fo l lowing  c r i t e r i a  e s t a b l i s h  t he  minimum s i te  i n v e s t i g a t i o n s  t h a t  
w i l l  provide an accep tab l e  b a s i s  f o r  design and cons t ruc t ion .  The 
i n v e s t i g a t i o n s  needed above t h i s  minimum w i l l  vary somewhat based on 
the  complexity of t he  s i t e  and the  c l a s s  of the  s t r u c t u r e .  

Group I Dam S i t e s  
A l l  s i t e s  i n  t h i s  group must be  i n v e s t i g a t e d  under t h e  supe rv i s ion  of a  
q u a l i f i e d  geo log i s t .  This a p p l i e s  t o  t he  pre l iminary  i n v e s t i g a t i o n  a s  
w e l l  a s  t h e  d e t a i l e d  and subsurface exp lo ra t i on .  Subsurface exp lo ra t i on  
must be of s u f f i c i e n t  i n t e n s i t y  t o :  

1. Del inea te  and determine engineer ing  c h a r a c t e r i s t i c s ,  c o n t i n u i t y ,  
r e l a t i v e  permeabi l i ty  and o t h e r  p e r t i n e n t  c h a r a c t e r i s t i c s  of  a l l  
m a t e r i a l s  t o  t h e  s p e c i f i e d  depth beneath t h e  e n t i r e  base and abutment 
a r ea ,  o r  a r e a  of i n f luence ,  of the dam and o u t l e t  s t r u c t u r e .  The 
s t r u c t u r a l  a r e a  af i n f luence  may be f a r  i n t o  t h e  abutments o r  may 
be the  e n t i r e  r e s e r v o i r  b a s i n  under some geologic  condi t ions  o r  
s t r u c t u r e  purposes.  

2.  Determine t h e  a t t i t u d e ,  l o c a t i o n ,  e x t e n t ,  and cha rac t e r  of such 
geologic f e a t u r e s  a s  f o l d s ,  f a u l t s ,  j o i n t s ,  s o l u t i o n  c a v i t i e s ,  
unconformit ies ,  s c h i s t o s i t y ,  s l a t y  cleavage, and bedding. I n  some 
cases ,  ang le  ho l e s  may be necessary t o  he lp  de f ine  t he se  f a c t o r s .  

3. Del inea te  t he  incompressible  rock s u r f a c e  where w i t h i n  the  depth of  
i n f luence .  

4 .  Determine the  ex t en t  and cha rac t e r  of  m a t e r i a l s  t o  be excavated f o r  
open sp i l lways  and the  c h a r a c t e r  and s l o p e  s t a b i l i t y  of t h e  m a t e r i a l  
i n  the  sp i l lway  c u t  s l o p e s .  

5. ~ e t e r m i n k  the  depth,  th ickness ,  c o n t i n u i t y ,  d i s t r i b u t i o n ,  and engineer ing  
p r o p e r t i e s  of  t he  ma te r i a l  proposed f o r  use a s  f i l l .  

6 .  Determine t h e  depth t o  ground water and the  e x t e n t  and c h a r a c t e r  of 
a q u i f e r s  . 

7. Ver i fy  t h e  presence o r  absence of economic minera l  d e p o s i t s  w i t h i n  
the  area of i n £  h e n c e .  

The depth t o  which t h e  above information must be obtained w i l l  i n  no ca se  
be l e s s  than equiva len t  t o  t h e  proposed he igh t  of  f i l l  un less  hard,  
massive, unweathered o r  o therwise  una l t e r ed  rock is  encountered a t  a  
shal lower depth. Extend bor ings  f a r  enough i n t o  rock t o  determine i t s  
c h a r a c t e r  and cond i t i on  and whether i t  i s  i n  p lace .  

The minimum depth of borings i n  weak o r  compressible ma te r i a l s ,  where 
t h e  i n f luence  of load ing  by the  f i l l  may be s i g n i f i c a n t  t o  depths  
g r e a t e r  than the  h e i g h t  of t h e  dam, w i l l  be determined i n  c o n s u l t a t i o n  
with the  r e spons ib l e  des ign  engineer .  
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For a l l  c o n c r e t e  dams, t h e  d e p t h  of b o r i n g s  w i l l  be  no l e s s  than  1 . 5  
t i m e s  t h e  h e i g h t  of t h e  c o n t r o l l e d  - head of t h e  dam. 

A l l  b o r i n g s  a r e  t o  be s u f f i c i e n t l y  deep and c l o s e l y  spaced t o  e s t a b l i s h  
r e l i a b l e  c o r r e l a t i o n  of s t r a t a  under t h e  e n t i r e  b a s e  of t h e  s t r u c t u r e .  
The number, depth  and t h e  s p a c i n g  of h o l e s  needed depend on such  
g e o l o g i c  f e a t u r e s  a s  r e g u l a r i t y ,  c o n t i n u i t y  , and a t t i t u d e  of s t r a t a  
and c h a r a c t e r  of geo log ic  s t r u c t u r e s .  

S u f f i c i e n t  b o r i n g s  must b e  made a l o n g  t h e  c e n t e r l i n e  of drop i n l e t s  o r  
o t h e r  c o n d u i t s  t o  p r o v i d e  r e l i a b l e  c o r r e l a t i o n  of a l l  s t r a t a  from t h e  
riser t o  t h e  o u t l e t  and t o  a  depth  e q u a l  t o  t h e  zone of i n f l u e n c e  of 
t h e  s t r u c t u r e .  Where rock o c c u r s  w i t h i n  t h e  zone of i n f l u e n c e ,  t h e  
i n v e s t i g a t i o n  must a c c u r a t e l y  d e l i n e a t e  t h e  rock s u r f a c e  below t h e  
c e n t e r l i n e  of t h e  c o n d u i t .  Normally, b o r e  h o l e s  a r e  p laced  a t  t h e  r i s e r ,  
a t  t h e  i n t e r s e c t i o n  of t h e  c e n t e r l i n e s  o f  t h e  dam and c o n d u i t ,  and a t  
t h e  o u t l e t ,  w i t h  s u f f i c i e n t  h o l e s  i n  between t o  f u r n i s h  r e l i a b l e  c o r r e -  
l a t i o n .  

Where an  excavated emergency s p i l l w a y  i s  planned,  i n v e s t i g a t i o n s  must 
be  o f  s u f f i c i e n t  i n t e n s i t y  t o  determine q u a n t i t y  and c h a r a c t e r  o f  t h e  
m a t e r i a l s  t o  be excava ted ,  limits of common and rock excava t ion ,  s u i t -  
a b i l i t y  of t h e  excava ted  material f o r  use  i n  c o n s t r u c t i o n ,  and e r o d i b i l i t y  
of t h e  r e s u l t i n g  s p i l l w a y  channel .  Each b o r i n g  f o r  emergency-sp'llway 
i n v e s t i g a t i o n s  must ex tend  t o  a  depth  of n o t  less t h a n  2 f e e t  below t h e  
bottom of t h e  proposed emergency s p i l l w a y .  A s u f f i c i e n t  number of 
emergency-spillway h o l e s  must ex tend  a  minimum of  20 f e e t  below t h e  
bottom t o  determine t h e  e r o d i b i l i t y  of t h e  b u l k  of t h e  m a t e r i a l  i n  t h e  
s p i l l w a y .  

Enough bor ings  must b e  made i n  t h e  borrow areas t o  i d e n t i f y  and e s t a b l i s h  
t h e  d i s t r i b u t i o a  and t h i c k n e s s  o f  a l l  m a t e r i a l s  t o  be used f o r  f i l l .  
A l l  borrow-area bor ings  shou ld  extend a t  l e a s t  2 f e e t  below t h e  
expected depth  t o  which material i s  t o  b e  removed u n l e s s  c o n s o l i d a t e d  
m a t e r i a l  t h a t  i s  n o t  s u i t a b l e  f o r  f i l l  i s  found. Determine t h e  d e p t h  
t o  ground w a t e r  a t  t h e  t ime of b o r i n g  f o r  a l l  borrow-area b o r i n g s .  

Hydraul ic-pressure  t e s t s  a r e  t o  be  made i n  r o c k  founda t ions  and 
abutments of proposed dams forming s - to rage  r e s e r v o i r s .  T h i s  test 
c o n s i s t s  of a  h o l d i n g  t e s t  o f  n o t  more t h a n  1 p.s  .i. p e r  f o o t  of dep th  
below ground s u r f a c e ,  fo l lowed by a  pumping t e s t  i f  t h e  p r e s s u r e  drop i n  
t h e  h o l d i n g  t e s t  exceeds 1 0  p . s . i .  p e r  minute  ( c h a p t e r  2 ) .  
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Group I1 Dam S i t e s  
A g e o l o g i s t  i s  t o  make t h e  p r e l i m i n a r y  s i t e  i n v e s t i g a t i o n  and t o  de te rmine  
what i s  needed i n  t h e  way of a d e t a i l e d  s i t e  s t u d y .  d 
The i n t e n s i t y  o f  s u b s u r f a c e  e x p l o r a t i o n  and sampling needed f o r  s i t e s  
of t h e  l a r g e r  s t r u c t u r e s  i n  group I1 is s i m i l a r  t o  t h a t  f o r  group I 
s i t e s .  General exper ience  i n  t h e  a r e a ,  p r e s e n t  geo log ic  i n f o r m a t i o n ,  
and t h e  p r e l i m i n a r y  geo log ic  examinat ion,  however, may prov ide  enough 
in format ion  so t h a t  a  l e s s  i n t e n s i v e  program o f  s u b s u r f a c e  e x p l o r a t i o n  
and sampling w i l l  s u f f i c e  f o r  the  sites of s m a l l e r  s t r u c t u r e s  i n  t h i s  
group . 
Croup I11 Dam S i t e s  
The i n t e n s i t y  of i n v e s t i g a t i o n  needed f o r  group I11 s t r u c t u r e  s i t e s  can 
u s u a l l y  be determined by persons  ho ld ing  p o s i t i o n s  t o  which job-approval 
a u t h o r i t y  f o r  t h e  c l a s s  of s t r u c t u r e  under c o n s i d e r a t i o n  has  been de le -  
ga ted  by S t a t e  memorandum. I n  a r e a s  where t h e r e  is  l i t t l e  o r  no  exper i -  
ence on which t o  b a s e  conc lus ions  and i n  a r e a s  where geo log ic  c o n d i t i o n s  
a r e  complex, a  g e o l o g i s t  shou ld  be  c o n s u l t e d .  A g e o l o g i s t  i s  t o  
i n v e s t i g a t e  t h o s e  s t r u c t u r e  s i t e s  i n  group 111 t h a t  r e q u i r e  t h e  t e c h n i c a l  
approva l  of t h e  head of t h e  EWP U n i t .  

For ve ry  small s t r u c t u r e s ,  t h e  economic f e a s i b i l i t y  of s i t e  s t u d i e s  
must be cons idered .  Weigh t h e  c o s t  of such s t u d i e s  a g a i n s t  t h e  c o s t  
of t h e  s t r u c t u r e  and t h e  p o s s i b l e  a d v e r s e  e f f e c t s  of s t r u c t u r a l  o r  
f u n c t i o n a l  f a i l u r e .  

Minimum Requirements f o r  Sampling of Dam S i t e s  

The i n t e n s i t y  of sampling needed, l i k e  t h e  i n t e n s i t y  of s i t e  i n v e s t i g a t i o n s ,  
v a r i e s  w i t h  d e s i g n  requ i rements .  Thus t h e  minimum sampling requ i rements  
can  be  c o o r d i n a t e d  w i t h  t h e  v a r i o u s  dam-s i t e  groups e s t a b l i s h e d  t o  
determine t h e  i n t e n s i t y  of geo log ic  i n v e s t i g a t i o n  needed. 

Group I Dam S i t e s  
It i s  e s s e n t i a l  t h a t  adequate  samples be o b t a i n e d  both  f o r  f i e l d  
examinat ion and f o r  t e s t i n g  and a n a l y s i s  by a  s o i l  mechanics l a b o r a t o r y .  
Th is  u s u a l l y  means t a k i n g  b o t h  und is tu rbed  and d i s t u r b e d  samples of 
unconso l ida ted  m a t e r i a l s  and i n  some p l a c e s  o b t a i n i n g  rock  c o r e  samples.  

For a l l  s i t e s  i n  group I, r e p r e s e n t a t i v e  samples f o r  c l a s s i f i c a t i o n  purposes  
should be t aken  o f  a l l  types  o f  m a t e r i a l s  i n  t h e  borrow, founda t ion ,  
r e l i e f - w e l l ,  and s p i l l w a y  s e c t i o n s .  

For a l l  s i t e s  i n  groups I a ,  I b ,  and I c ,  samples f o r  compaction and s h e a r  
tests shou ld  be  t a k e n  from t h e  borraw and emergency-spillway a r e a s .  
For s i t e s  i n  groups  I d  and I e ,  samples f o r  compaction t e s t s  shou ld  be  
t a k e n  from t h e  borrow and emergency-spillway a r e a s  i f  t h e r e  is n o t  
enough i n f o r m a t i o n  o r  exper ience  i n  t h e  a r e a  t o  d e f i n i t e l y  de te rmine  the  
behav ior  of m a t e r i a l s .  
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For all sites i n  groups Ia, Ib,  and I c  and f o r  t h e  s i t e s  of a l l  dams 
more than 25 f e e t  h igh  i n  groups I d  and I e ,  undisturbed samples f o r  

i shear  t e s t s  should be taken from a l l  s t r a t a  of fine-grained s o i l s  of 
ques t ionable  s t a b i l i t y  i n  t h e  foundat ion wi th in  a depth equiva len t  t o  
one-half the  he igh t  of t h e  dam. 

For a l l  s i t e s  i n  groups I a ,  Ib ,  and I c ,  undisturbed samples f o r  consol- 
i d a t i o n  t e s t s  should be  taken of a l l  f ine-grained ma te r i a l s  of ques t ionable  
s t a b i l i t y  w i t h i n  a depth equiva len t  t o  t he  maximum height  of t h e  dam. 
Where compressible ma te r i a l s  extend t o  depths g r e a t e r  than t h e  he ight  
of t he  dam, t h e  depth from which such samples should be taken must be 
increased.  For s i t e s  i n  groups I d  and I e ,  such samples a r e  a l s o  t o  be 
taken of ques t ionable  ma te r i a l s  of low shear  s t r eng th ,  such a s  s o f t  
c lays  and s o f t  s i l ts ,  i n  the  foundations of dams more than 25 f e e t  
high. 

For s i t e s  i n  group I, samples f o r  chemical a n a l y s i s  should be taken of 
a l l  water s u p p l i e s  t o  be used f o r  cons t ruc t ion  of t he  embankment o r  of 
concrete  appurtenances i f  i t  is suspected t h a t  t h e  water conta ins  a high 
concent ra t ion  of s a l t s  ( p a r t i c u l a r l y  s u l f a t e s  and a l k a l i e s )  o r  of humic 
and o the r  a c i d s  t h a t  have a d e l e t e r i o u s  e f f e c t  on cons t ruc t ion 'ma te r i a l s .  

For a11 s i t e s  i n  group I, samples should be taken of a l l  ma te r i a l s  
proposed f o r  s t a b i l i z a t i o n  by s o i l  cement o r  chemical methods. 

For a l l  sites i n  group I, samples should be taken of r e s e r v o i r  and 
abutment m a t e r i a l s  t o  determine reservoi r - sea l ing  requirements i f  
s to rage  (o ther  than sediment-pool s torage)  i s  t o  be incorpora ted  i n  t h e  

L design and i f  moderate o r  s e r i o u s  leakage i s  suspected. 

Group I1 Dam S i t e s  
For a l l  dam sites i n  group 11, r ep re sen ta t ive  samples f o r  c l a s s i f i c a t i o n  
purposes should be taken of a l l  types of ma te r i a l s  i n  the  borrow, 
emergency-spillway, foundation, and r e l i e f -we l l  s e c t i o n s .  

For a l l  s ' t e s  i n  group I I a ,  samples f o r  compaction t e s t s  should be 
taken from t h e  borrow and emergency-spillway a reas .  

For a l l  s i t e s  i n  group 11, undisturbed samples f o r  shear  t e s t s  a r e  
r equ i r ed  i f  ques t ionable  materials of low shear  s t r e n g t h  are encountered. 
Sof t  c l ays  and s i l t s  t h a t  develop l o w  shear  r e s i s t a n c e  because of t h e  
na ture  of p a r t i c l e s  a r e  included.  Usually undisturbed samples a r e  not  
requi red  f o r  shear  tests of foundat ion ma te r i a l s  of dams less than  25 
f e e t  high. 
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Samples f o r  consol ida t ion  tests are requi red  under t h e  same condi t ions  
a s  those ou t l i ned  f o r  shea r  t e s t s .  I f  compressible ma te r i a l s  a r e  
encountered, samples may be needed from depths g r e a t e r  than the  
equiva len t  he ight  of t h e  dam. .d 
The sampling requirements f o r  permeabil i ty  t e s t s ,  water ana lyses ,  s o i l -  
cement t e s t s ,  and reservoi r - sea l ing  t e s t s  f o r  dam s i t e s  i n  group I1 a r e  
t h e  same a s  f o r  dam s i t e s  i n  group I. 

Group 111 Dam S i t e s  
For dam s i t e s  i n  group 111, samples f o r  labora tory  a n a l y s i s  a r e  no t  
u sua l ly  necessary i f  adequate information and experience i s  a v a i l a b l e  
i n  t h e  a r e a  on which t o  base  conclusions.  Where such information is  
n o t  a v a i l a b l e  o r  i f  h ighly  ques t ionable  condi t ions  a r e  found, sampling 
may be necessary. 
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CHAPTER 6. PRELIMINARY SITE INVESTIGATION 

'L Soon after a dam site has been tentatively selected, the geologist makes 
a preliminary investigation of the site. This consists of a field study 
and a review of available literature and maps relating to regional geol- 
ogy and physiography. For watershed protection projects (public Law 566), 
this preliminary investigation is usually made in the work-plan stage to 
obtain information needed to determine both physical and economic feasi- 
bility. 

The geologist and the engineer must work together closely during the pre- 
liminary site investigation. They should discuss geologic conditions that 
may influence the design, construction, cost, and functioning of the pro- 
posed structure. :./here these conditions appear adverse, a more intensive 
investigation may be required to determine site feasibility. 

Purpose 

The purpose of a preliminary site investigation is to establish the 
geologic feasibility of the site and to determine the extent and preci- 
sion of detailed subsurface investigation required to obtain the infor- 
mation needed for design and construction. For some sites the preliminary 
investigation, together with experience in the area, may be adequate to 
determine the geologic conditions and the engineering characteristics of 
materials. At other sites enough information on subsurface materials can 
be readily obtained during the preliminary examination from test pits, 
hand-auger borings, trenching, or other methods so that a detailed sub- L surface investigation is not required. But a detailed subsurface investi- 
gation must be scheduled where enough information for design cannot be 
obtained with the tools available during the preliminary examination. 
Then the results of the preliminary examination provide a basis for 
planning the detailed investigation. This planning requires considera- 
tion of such items as depth, number, and location of borings; kinds and 
locations of samples to be taken; equipment required; requirements for 
clearing, staking, and mapping the site; and need for access roads. 

Assembly of Data 

Before beginning a field study of a site, review the available geologic, 
physiographic, and engineering-experience data. The usual sources of ref- 
erence data are publications of the U.S. Geological Survey; State geo- 
logical surveys; U.S. Department of Agriculture soil survey reports; spe- 
cial reports and papers in scientific publications; and Federal, State, 
or local engineering-experience information where available. A base map 
on a usable scale, topographic sheets, aerial photographs, and geologic 
and soil maps are also helpful. Preliminary information on the location 
of the proposed dams is essential. The following site information is 
needed. 

1. Purpose of dam and reservoir. 
2. Estimates of height of dam and cubic yards of compacted fill required. 



u10ns. 3 .  Estimated maximum and normal pa01 eleva+'  
4. Class of s t ruc tu re  (see  Engineering Memorandum SCS-27). 
5. Approximate area i n  reservoir  basin. 
6. Approximate locat ion cf emergency spillway. 
7. Approximate locat ion of cuxlet  s t ructure .  

Ge3logic and topographic maps are  use fu l  f o r  determining the general 
geology, and s o i l  maps a r e  helpful  f o r  the general del ineat ion of bound- 
a r i e s  of pa r t i cu l a r  kinds of surface materials .  

Wherever possjble, the geolsgis t  should make use of the  general design 
and construction experience and the  performance of s t ruc tu res  i n  the  
area.  Interviews with engineers c r  other technicians famil iar  with the  
design and operation of these s t ruc tu res  and v i s i t s  t o  struczures under 
cms t ruc t i on  a re  ~ a r t i z u l a r l y  helpful  i n  areas where the  geologist  has 
had l i t t l e  2r no experience. Available repcr ts  cn laboratory analyses of 
l oca l  materials  shsuld be reviewed t o  determine physical  and engineering 
proper t ies  f o r  possible a ~ p l i c a t i o n  t o  the  s i t e  i n  question. 

Use of Aerial  Phctographs 
A study of a e r i a l  photographs of the  general area of the  s i t e  i s  help- 
f u l .  3olor tone, vegetation, landforms, and drainage pa t t e rns  o f ten  a r e  
indicators  of geologic features,  including kinds of rcck, f rac tures ,  
sinks, and landslides,  and of moisture and s o i l  cmd i t i cn s .  Stere3scopic 
p r i n t s  provide three-dimensional impressions t h a t  help i n  es tabl ishing 
the  general geology during subsequent f i e l d  s tudies .  

Tones i n  a photograph and vegetarive pa t t e rn  can indicate  moisture con- 4 
dit ions  o r  differences i n  the  kind af s o i l  o r  rock. Very dark tones may, 
indicate  water close t o  the  surface and very l i g h t  tones, low surface 
moisture. Sands and gravels tend t o  produce l i g h t  tones, whereas f ine -  
grained s o i l s  produce darker tones. A change i n  vegetat ive pa t t e rn  may 
indica-be a change i n  kind c r  text,ure of s o i l  o r  rock. 

Since landforms a r e  the  r e s u l t  of geologic processes, t h e i r  iden t i f i ca -  
t i o n  may give some indicat ion of geologic s t ruc tu re  as  well  a s  of s o i l  
and rock materials .  Drumlins, eskers, outwash and a l l u v i a l  fans, t a l u s  
cones, landslides,  slumps, sinkholes, and abrupt charges i n  slope a r e  
sDme of the landforms t h a t  can be recognized. 

Drainage pat terns  may be indicat ive  of surface materials ,  topography, 
and geologic s t ruc tu re .  A r ad i a l  pa t t e rn  i n  which streams flow outward 
from a center  indicates  an up l i f t ed  dome or  a volcanic cone. A dendr i t ic  
c r  t r e e l i ke  pa t t e rn  typ ica l ly  develops on hor izonta l ly  bedded rock. A 
p a r a l l e l  pa t t e rn  implies a uniform slope such as  a c o a s t a l p l a i n .  A 
rectangular o r  l a t t i c e  pa t t e rn  characterized by right-angle bends i n  
both the main stream and i t s  t r i bu t a r i e s  indicates  s t r uc tu r a l  control  
from Jo in t s  o r  f a u l t s .  A t r e l l i s  pat tern ,  a l so  characterized by r igh t -  
angle bends and junctions but more regular  than a rectangular  pa t t e rn  
and having main streams and t h e i r  l a rger  t r i bu t a r i e s  pa r a l l e l ,  i s  a l so  
due t o  s t r uc tu r a l  control  and i s  typ ica l  of s teeply  dipping o r  t i g h t l y  



folded sediments. An annular o r  r ing l ike  pa t t e rn  i s  due t o  rock s t ruc-  

L t u r e  and i s  usually associated with maturely dissezted dome 3r basin  
s t ructures .  

In addition, ioca l  in ter rupt ion o r  modification s f  drainage, such as  a 
stream pushed t o  cne s ide  of the  valley, overfa l ls ,  swampy ~ m d i t i o n s ,  
incised meanders, braided streams, and oxbow lakes and abandoned o r  
buried channels, may be helpful  i n  in te rpre t ing  the  conditions a t  %he 
s i t e .  

Delineate any features  of tone, vegetatign, landform, and drainage 3n 
the  a e r i a l  photographs x on overlays f a r  subsequent checking i n  the  
f i e l d .  

Field Study 

A f i e l d  study of the  s i t e  and the  surrounding area should include a t r a -  
verse of the  val ley  f a r  about a mile above and a mile below the  s i t e .  It 
should include a study of slopes, t r ibu ta ry  valleys, landslides,  springs 
and seeps, sinkholes, exposed rock sections, and the  nature of uncon- 
solidated overburden t o  obtain information on the  general geology of the  
area.  An inspection of upland and val ley  slopes may provide clues t o  the  
thickness and sequence of formations and t o  rock s t ruc tu re .  The f i e l d  
study should a l so  include inspections of the shape and character  of chan- 
nels  and the  nature of residual ,  col luvia l ,  a l luv ia l ,  fan, s l ide ,  and 
other kinds of deposits.  Any observat ims of ground-water occurrence, 
especial ly i n  a l l u v i a l  deposits,  should be recorded. Possible sources 

L and approximate amounts of borrow material  should be noted. A few hand- 
auger borings o r  t e s t  p i t s  may be needed. 

The geologist  should make a thcrough inspection of the  dam and reservoir  
area.  He should iden t i fy  and describe a l l  geologic formations v i s i b l e  a t  
the surface and note t h e i r  tc~pographic posi t ions .  He should determine 
the  l oca l  dip and s t r i k e  of the  formations and note any s t ra t ig raph ic  
re la t ionships  o r  s t r uc tu r a l  fea tures  t h a t  may lead t o  problems of seep- 
age, excessive water loss,  and s l id ing  of the  embankment. 

He should locate  and del ineate  any f a u l t s .  I f  they a r e  numerous, act ive,  
o r  of l a rge  displacement, it may be necessary t o  re locate  the  dam o r  the  
pr incipal  spillway. I n  addit ion t o  other problems, f a u l t s  and f a u l t  zones 
may cause serious leakage. 

Hand-auger borings o r  t e s t  p i t s  may be needed f o r  some preliminary ex- 
p lora t ion a t  the dam s i t e .  If  power t oo l s  a r e  available,  they should be 
used i f  conditions warrant. I f  there  a r e  geologic conditions t h a t  indi-  
ca te  t h a t  the s i t e  may not be feas ible ,  they should be thoroughly inves- 
t igated immediately. 

Depth t o  ground water, depth t o  bedrock, thickness of recent alluvium and 
colluvium, and ava i l ab i l i t y  of su i t ab le  borrow mater ia l  a r e  conditions 
t ha t  may require fu r the r  de f in i t ion .  



6 -4 Mapping 

It is always advisable to prepare a ge~lcgic map of the site. Use the 
best available base map or aerial photograph. Plane-table surveys may be 
needed. Features to be shown cn the map include -- 

1. Areal geology of all surface formations, including delineation of un- 
consolidated deposits. 

2. Texture of surficial deposits. 
3. Structure of bedrock, including dip and strike, faults 2r fractures, 

stratification, porosity and permeability, schistosity, and weathered 
zones. 

4. Ground-water features, including seeps, springs, observable water 
tables, and drainage. 

5. Areas of modern deposits (result of accelerated ercsicn) . 
6. Unstable slopes, slips, and landslides. 

Report cf Preliminary Investigation 

Prepare a report of the preliminary geologic investigation and make 
recommendations on the need for further investigation. 

Form SCS-375, Preliminary Geologic Examination of Dam Sites, may be used. 
Use form SCS-533, Log of Test Holes, to record information obtained from 
any power drilling, test pits, or hand augering. Send one copy of both 
forms to the EWP Unit engineering geologist. This information is useful 
in planning a detailed subsurface investigation if one is necessary. 
Since form SCS-375 is for in-Service use only, its distribution should 
be restricted to SCS personnel. 

In some situations the preliminary site investigation and knowledge and 
ij 

experience in the area provide enough information for design purposes 
without further detailed investigation. Thus for small structures in 
areas where site conditions are not complex and where there is little 
variation in conditions or materials from one site to the next, previous 
investigations in the general area may be applicable. For these sites 
prepare forms SCS-35A, - 35B, and -35C from the hand-auger data and 
submit them with the report. If samples from other sites with similar 
conditions have been analyzed and the data are used as criteria in pre- 
paring the recommendations, include in the report a reference to these 
samples and note the availability of the data. 

For those sites where previous information permits a preliminary investi- 
gation to be used for design, it is necessary to locate and delineate 
borrow areas. This can be done only by subsurface exploration. A detailed 
investigation must be made of all borrow areas. 
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CHAPTER 7. DETAILED SITE INVESTIGATION 

A detailed site investigation provides information on subsurface condi- 
tions that cannot be obtained by surface examination or by shallow sub- 
surface investigation in which readily portable tools such as hand shov- 
els and hand augers are used. Usually, detailed subsurface investiga- 
ti~ns require equipment such as backhces, dozers, power augers, or core 
drills. 

Detailed site investigations are required if information about the geol- 
ogy of the area is not adequate or if the results of the preliminary 
geologic examination are not sufficiently conclusive to positively estab- 
lish that: 

Knowledge of the foundation materials and conditions to a depth at 
least equal to the height of the proposed structure is of sufficient 
scope and quality to serve as a basis for geologic interpretation and 
structural design. 
Fill materials cf suitable quality are available in sufficient quan- 
tity. 
The reservoir basin of storage reservoirs is free from sinks, perme- 
able strata, and fractures or fissures that might lead to moderate or 
rapid water loss. 
Subsurface water conditions that might materially affect the design 
of the structure or the construction operations are known. 
Stability characteristics of material in the emergency or other open 
spillways and channels under anticipated flow conditions during oper- 
ation of the structure are known. 
The probable rate of sedimentation of the reservoir will not encroach 
upon the usable storage capacity in a period of years less than the 
designed life expectancy of the structure. 

Detailed subsurface investigations must be of sufficient intensity to 
determine all the conditions or factors that may influence the design, 
construction, or functioning of the structure. 

Subsurface investigations of dam sites are made after the surface geology 
has been studied. The nature and intensity of underground exploratory 
work for a particular type and purpose of structure are conditioned by 
this earlier examination of the area. As subsurface work progresses, the 
findings may further modify the intensity of investigation needed. Other 
conditions being equal, the intensity of investigation depends on the 
complexity of the site. 

It is desirable for the operations geologist to inspect dam sites during 
construction to get a better understanding of construction procedures, 
to observe subsurface conditions that are exposed, and to confer with the 
engineer cn any problems involving geology that develop. 

Detailed subsurface investigations can be carried out under contract 
with local companies or by SCS personnel using SCS-owned equipment. 



Contracting f o r  Geologic Investigatiens cf  Dam S i t e s  

I n  those Sta tes  where the  annual workload i s  n ~ t  large enough t o  j u s t i f y  
the  purchase of d r i l l i n g  equipment, d r i l l i n g  services m s x  be obtained 
f o r  subsurface investigations by arrangement with c the r  Sta tes  3r by con- 
traczing with pr ivate  companies. These services may be obtained by (1) 
equipment-rental contract  o r  ( 2 )  inclusion i n  a negotiated engineering 
contract  f a r  prcfessional  services ( see  Engineering Memorandum SCS-36). 
I f  an equipment-rental contract  is  l e t ,  logging and c lass i fying materials ,  
develcping in terpre ta t ions ,  and preparing the reports  a re  the responsi- 
b i l i t y  of SCS personnel. I n  a negotiated engineering contract  f 3 r  geo- 
logic  investigations,  the  c ~ n t r a c t o r  i s  required t o  provide and operate 
exp lo r a t im  equipment, t o  log and c l a s s i fy  the  materials ,  and t o  prepare 
the  geologic report .  A negotiated engineering c ~ n t r a c t  can be l e t  so le ly  
f c r  geologic investigations including analysis  and reports ,  3r these in-  
v e s t i g a t i m s  can be included i n  an overal l  contract  t h a t  a l so  includes 
laboratory analys is  and development of the  f i n a l  design. 

Mhimum requirements and technical  standards f o r  SCS w x k  a re  the  same 
f m  cmtrac ted  work as  f o r  work done with SCS owned and operated equip- 
ment. 

Preparation f o r  Subsurface a p l o r a t i o n  

Assembling Maps, Reports, and Basic Data 
Available geologic information may indicate  the in tens i ty  of investiga- 
t i o n  needed. Review the data collected during the preliminary geologic 
examination and the  report  of t ha t  examination i n  de t a i l .  This study may 
indicate  the extent  t o  which addi t ional  information and data  a r e  needed. 
The sources of information suggested under Assembly of Data i n  chapter 
6 may furnish  more data on problems t h a t  may be present. 

Before the f i e l d  work is s ta r t ed ,  the engineering-survey information and 
any available preliminary design data should be plot ted  on forms SCS- 
35A, -35B, and -35C so  t ha t  the geologist  can locate  and log the t e s t  
holes and cor re la te  between them. 

The preliminary plan of the proposed s t ructure ,  including the center l ine  
of the dam and the proposed center l ine  of the p r inc ipa l  ou t l e t  s t ruc tu re  
and emergency spillway, the present  stream channel, and a map of the 
proposed borrow a r ea ( s )  containing g r ids  o r  t raverse  reference a re  pre- 
pared on form SCS-35A, Cross sections of the borrow area a r e  t o  be drawn 
on t h i s  sheet  a s  the invest igat ion proceeds. 

The p rof i l e s  of the proposed center l ine  of the  dam and the p r inc ipa l  
spillway a re  prepared on form SCS-35B. I f  cross sections of the  stream 
channel a r e  needed, they a re  t o  be p lo t t ed  on t h i s  sheet  a s  the  invest i -  
gat ion proceeds. 

Form SCS-35C includes the proposed center l ine  of the  emergency spillway 
and provides space f o r  the  cross sections of the  emergency spillway t h a t  



a r e  developed during the  course ~f the  investigation.  I f  needed, f ~ r m  

L SCS-315 may be used f a r  a d d i t i m a l  p rof i l e s  and cross sections,  such as 
the  p r o f i l e  i n  the downstream pa r t  of the dam i f  borings a r e  needed f o r  
toe drains o r  r e l i e f  wells.  

Necessary Authorizations 
I t  is  e s sen t i a l  always t o  obtain the landowner's permission $0 enter ,  
cross, and e x i t  from h i s  land o r  property. Permission i s  a l so  required 
i f  property is  t o  be removed (temporarily o r  permanently), displaced, o r  
rearranged. Permission i s  required f o r  construction of roads, sumps, 
di tches,  o r  ramps; f o r  use and discharge of water belanging t o  the prop- 
e r t y  owner; f o r  construction of exploratory trenches, auger holes, d r i l l  
holes, and t e s t  p i t s ;  and f o r  stream displacement o r  obstruction. The 
necessary clearance i s  t o  be obtained by the  Work Unit Conservationist. 

Preparation of S i t e  
If the a c t i v i t i e s  of the survey crew and the invest igat ion par ty  a r e  
well  coordinated, the dam and reservoir  areas shsuld be mapped, staked, 
and adequately cleared before equipment f o r  subsurface invest igat ion 
arr ives .  

Staking and Clearing 
Locations of the  center l ine  of the dam, center l ine  of the p r inc ipa l  
spillway, and cross sections of the emergency spillway should be staked. 
I n  many cases it is  des i rable  t o  survey and stake an a l t e rna t e  locat ion 
f o r  the p r inc ipa l  spillway. I n  areas of t a l l  grass o r  weeds, l a t h  and 
flagging should be used t o  locate  the stakes. 

\ u 
All gr id  l i ne s  i n  the  borrow area, emergency-spillway cross sections,  
center l ine  of the p r inc ipa l  spillway, and center l ine  of the  dam should 
be cleared t o  a width su f f i c i en t  t o  provide easy access f o r  the d r i l l i n g  
equipment. I f  a stream crossing must be provided, it may have t o  be lo-  
cated upstream from the reservoir  t o  avoid modif'ying the  ground-water 
conditions a t  the s i t e ,  

Subsurface lhplora t ion 
Phase 1: Geologic Correlation and In te rpre ta t ion  

Purpose and Objectives 
The purpose of phase 1 of the deta i led  subsurface invest igat ion is  t o  
iden t i fy ,  delineate,  and cor re la te  the underlying materials;  t o  locate,  
ident i fy ,  and i n t e rp r e t  geologic fea tures ;  t o  determine ground-water con- 
d i t ions;  t o  in te rpre t ,  t o  the extent  possible by f i e l d  t e s t s ,  the  engi- 
neering propert ies of the materials;  and t o  determine what materials  
need t o  be sampled fo r  s o i l  mechanics t e s t s .  

Spli t- tube o r  thin-wall drive samplers a re  recommended f o r  exploratory 
boring. For accurate logging of unconsolidated thin-bedded and highly 
var iable  materials ,  thin-wall o r  sp l i t - tube  drive samplers must be used. 
Thin-wall drive samplers can be used f o r  t h i s  purpose only i f  the  d r i l l -  
ing r i g  i s  equipped with a su i t ab le  device f o r  extruding samples. 



The number, distvribution, and size sf test holes and the number of Sam- 
ples needed tc establish subsurface conditions vary widely from one in- 
vestigation tc another, depending cn the variety and csmplexity 3f the 

LJ 
condilions. Encugh test holes of adequate depth must be bcred for the 
geologis5 tc identify, delineate, and correlate the underlying strata 
and for the engineer and the ge3bgist to determine the kinds and lo- 
caticns of samples needed. %'here experience or previms examinaticn indi - 
cates that only shallow tes-c holes are needed, the excavatim 3f 3pen 
pits with hand t~ols or dozers and backhoes may be adequate. Where there 
are numersus ccbbles and boulders, backhoe cr dozer pits may be the most 
practical rne5had 3f explorati~n. Where pits and trenches in the fmnda- 
tion area cannot be left open, record their location and extent accu- 
rately and show them on the plan so that, if necessary, they can be re- 
opened and properly sloped and backfilled during construction. 

Numbering Test Zcles 
Use the following standard system of numbering test holes. 

Locat ion - 

Centerline of d m  
B O ~ ~ G W  area 
Emergency spillway 
Centerline of principal spillway 
Stream channel 
Relief wells 
Other 
Other 

1-99 
101- 199 
201-299 
301-399 
401-499 
501-599 
601-699 
701-799, etc. 

Principal-spillway, channel, and emergency-spillway holes that are on 
the centerline of the d m  should be given principal-spillway, channel, 
and emergency-spillway Nos. rather than centerline-of-dam Nos. Number 
foundation holes in the area of the base of the dam but not in the im- 
mediate vicinity of the centerline of the dam or appurtenances as "other." 

Determining Location and Depth sf Proposed Test Holes 
Make exploratcry b~rings along the centerline of the dam, along the cen- 
terline sf the outlet structure, in the spillway area, and in the borrow 
area sr areas. Additional exploratcry borings will be needed if relief 
wells or fcundation drains are required or if special information is 
needed became of site cxnditicns. 

Foundation test holes.--Centerline investigations must determine whether 
there is stable suppxt for the dam; whether all strata have enough 
strength to prevent crushing, excessive ccnsolidation, 3r plastic flow; 
and whether water movement through the foundation or abutments will 
cause pipiw, detrimental uplift pressure, ar excessive water loss. 

Ccnditions that must be recognized and located include nature, extent, 
and sequence of strata.; highly dispersed soils; soluble salts; aquifers; 
and any weak bedding planes, jaints, faults, or other structural weak- 
nesses in the underlying formations. 



The spacing and number of test holes needed along the centerline of the 
dam or beneath the proposed base depend principally Dn the complexity 

L of the geology. Some of the mcre important factors are character and 
continuity of the beds, attitude of the strata, and presence or absence 
of joints or faults. Depth, thickness, sequence, extent, and continuity 
of the different materials must be determined. 

A convenient system of boring to determine site conditions is to locate 
one test hole on the flood plain near each abutment and one on the cen- 
terline of the outlet structure. Between these holes additional holes 
may then be located as needed to establish good correlation of strata. 
At least one hole should be put in each abandcned stream channel that 
crosses the centerline. At least one hole is usually required in each 
abutment unless a good surface exposure is available. It is highly im- 
portant that enough investigation be carried out to establish continuity 
of strata, 3r the lack thereof, thrmghout the area underlying the base 
of the proposed dam. 

In addition to the minimum requirements for depth of exploration set 
forth in chapter 5, the following criteria apply to foundation investi- 
gations. 

Investigations must proceed to a depth of not less than the height of 
the dam unless unweathered rock is encountered. For this purpose rock is 
interpreted as indurated, virtually incompressible material that is not 
underlain at least for a depth equal to the height of the darn by unstable, 
compressible materials, Usually rock includes shale and siltstone. 
Experience and knowledge of the general stratigraphy of the area may 
provide information on the thickness of these rock formations. The lack 
of positive information about the formations makes it necessary to drill 
an exploratory hole to the 'lminimumlf depth specified, as if the forma- 
tion were unconsolidated material. 

mere compressible material extends to a depth equal to the maximum 
height of the dam, it may be necessary to extend exploration to a much 
greater depth. Depth of exploration depends on the character of material 
and on the combined pressure exerted by overburden and embanlanent. Tables 
7-1 and 7-2 will help the engineering geologist to make this decision. 
Table 7-1 shows the approximate loading values of earthfill structures 
3f various heights of fill at various depths. For example, a dam 50 feet 
high exerts a downward pressure of about 1.9 tons per square foot at a 
depth of 50 feet directly below the centerline of the dam. This is only 
an approximate value because load varies with density of the fill mate- 
rial, shape and rigidity of the dam, and strength 9f the foundation 
material above the point of measurement. 

Table 7-2 shows the presumptive bearing values of various unconfined 
materials for different consistencies and relative densities. These values 
are the approximate loads to which these various soil materials can 
safely be subjected without excessive settlement. This is somewhat am- 
biguous because a given amount of settlement per unit thichess may be 
of minor significance for a thin layer but excessive for a thick stratum. 



The estimate of consistency and relative density must be made from exam- 
ination of representative samples, blow count, drilling characteristics, 
or an estimate of the dry density and void ratio of the material. 

An example of how to use tables 7-1 and 7-2 follows. The foundation for 
a dam 50 feet high has been drilled to the minimum depth of 50 feet, and 
the bottom of the bore hole is still in compressible materials. The ap- 
proximate vertical stress at this depth from a 50-foot dam is 1.9 tons 
per square foot (table 7-1). The material at the bottom of the hole is a 
stiff inorganic plastic clay ( CH). Table 7-2 shows that stiff CH has a 
presumptive bearing value of 1.5 tons per square foot. This indicates 
that the formation is subject to deformation under the proposed load and 
that exploration must continue to a greater depth until the vertical 
stress is equal to or less than the safe load value (in this example at 
a depth of 85 feet). 

Since these are approximate values, use them only as guides for increas- 
ing the minimum depth of exploration. Do not use them for design. Never 
use the tables as justification for terminating exploration at a depth 
of less than the minimum set forth in chapter 5. 

Principal-spillway test holes.--Complete information on the strata under- 
lying the outlet structure is needed to design the outlet structure. It 
is necessary to determine if there is likely to be appreciable differen- 
tial settlement that may result in cracking. If the outlet conduit is to 
be located on or near rock with an irregular surface, the profile of the 
rock surface must be accurately defined. The number of test holes needed 
for this purpose depends on the configuration cf the rock. If the rock 
surface is undulating, numerous test holes may be required so that the 
needed depth of cradle and the treatment of the foundation can be deter- 
mined. In addition to the test hole at the intersection of the centerline 
of the dam and other holes needed to determine the configuration of rock, 
test holes are needed at the proposed riser location, at the downstream 
toe of the dam, and at the downstream end of the outlet conduit. For 
other types of outlets exploration requirements vary widely from site to 
site, but boring must be adequate to permit the design of structures that 
are safe insofar as bearing and sliding are concerned. 

The minimum depth of holes along the centerline of the outlet is to be 
equal to the height of the proposed fill over the outlet conduit at the 
location of boring or 12 feet, whichever is greater, unless unweathered 
rock is encountered. The minimum depth of holes below the riser is to be 
equal to the difference in elevation between the top of the riser and 
the natural ground line or 12 feet, whichever is greater. 

Emergency-spillway test holes.--It is necessary to determine the stabil- 
ity and erodibility of spillway material and to provide adequate infor- 
mation on the extent and volume of the various types of material to be 
excavated and on the suitability ~f the excavated material for use in 
construction. A series of geologic cross sections at right angles to the 
centerline of the spillway should be developed if conditions are highly 
variable or if long spillway sections are planned. 



Height 
of dam 
(feet) 

5 
10 
15 
20 

25 
30 
3 5 
40 

45 
50 
5 5 
60 

65 
70 
75 
80 

85 
90 
95 
100 

- 

Table '7-1.--Approximate vertical-stress values of earthfill structures weighing 100 pounds per cubic foot1 

Dept? (feet) 

5 10 15 20 25 30 35 40 45 L -5 IJL f 5 70 75 80 85 90 95 100 110 120 130 140 150 

'1'0-3 per square f3ot 

Do not use for design purposes. 



Table 7-2.--Presumptive bearing values (approximate maximum safe-load 
values) of soils as related to the Unified soil classification system 

Noncohesive materials 
-i 

Tons Der sauare foot 

Relative 
density1 

Very loose. 

Loose.. .... 
Medium 
or firm. 

Dense or 
compact. 

Very dense 
or very 
compact. 

G'JI GP SVJ SP GM GC SM ML 

Tons per square foot 

Very soft.. 0.25 0.25 - - 0.25 - - - - - - - - 

Cohesive materials 

Soft....... .50 .50 0.25 .50 - - 0.25 0.25 - - 

Consist- 
1 enc y 

Medium..... .75 1.00 .75 1.00 0.25 1.00 1.00 0.25 

SM SC Ma CL u A> MH CH OH ,, - 

Stiff...... 

Verystiff. 2.00 2.75 2.00 2.75 1.50 2.75 1.75 1.25 

Hard.. . . . . . 2.50 3.25 2.50 3.25 2.00 3.25 2.25 1.50 

Relative density and consistency as related to standard penetration 
test (table 2-1). 



'L 
Initially, one cross section should be located approximately at the con- 
trol section, one in the outlet section, and one in the inlet section of 
the spillway. Additional cross sections can then be located as needed 
for correlation, to locate contacts, or to obtain additimal needed data. 
On each cross section, test holes should be located at the centerline 
and at the sides of the spillway. Where deep spillway cuts are planned, 
additional test holes may be needed to deternine the character of the 
material in the sides of the cut. Where there is consolidated rock, it is 
important to carefully delineate the rock surface. The number of addi- 
tional cross sections or test holes that may be needed for this purpose 
depends on the configuration of the rock. Each boring for emergency- 
spillway investigations must extend to a depth of not less than 2 feet 
below the bottom of the proposed emergency spillway. 

Investigations for rock excavation must be of sufficient detail that the 
estimate of quantity is no more than 25 percent in error. Boring must 
extend to a depth of at least 2 feet below the level to which excavation 
is planned. This usually requires drilling equipment even where delinea- 
tion of the rock surface has been accomplished by using a bulldozer or 
backhoe. Carefully log and describe the material to be excavated. Give 
special attention to such structural features as thickness of beds; atti- 
tude, character, and condition of bedding planes; joint systems and atti- 
tude and condition of joint planes; schistosity; cleavage; flow banding; 
and cavities and solution channels as well as to strength (chapter 1) 
and degree and kind of cementation. These factors influence the method 
and hence the cost of excavation. Under some combinations of these con- 

j_i ditions rock can be ripped and removed, other combinations may require 
special equipment, and still others blasting. 

Borrow-area test holes.--The proposed borrow area is investigated to 
identify and classify the materials according to their availability and 
suitability for use in constructing the dam. From these investigations 
the location and quantities of desirable materials and the areas in which 
borrow pits may be most conveniently developed can be determined. The 
location and approximate extent of any undesirable materials must be 
determined. Depth to ground water, if reached, must be recorded. 

The initial location of test holes in the borrow area should be accord- 
ing to some systematic plan, such as intersections of a grid system, so 
that the area is adequately covered by a minimum number of holes. Addi- 
tional holes can then be located where they are needed to establish sub- 
surface conditions. All borings should extend at least 2 feet below the 
expected depth of removal of material unless consolidated material that 
is not suitable for use is encountered. 

Usually about 12 borrow-area test holes will suffice for all but the 
larger structures, but local topography, geology, and ground-water con- 
ditions may require great variation in the intensity of this study. 

Reservoir-basin test holes.--local geologic conditions may require sub- 
surface exploratory work in the general area of the site and reservoir. 



The location, number, and depth of these test holes depends on the spe- 
cific problem tc be solved. If the presence of cavernous or permeable 
strata that may adversely influence the functioning or stability of the 
structure is suspected, it is necessary to put down enough test holes to 
determine these conditions in order to develop appropriate safeguards. 

Foundation-drain and relief-well test holes.--If exploration along the 
centerline of the proposed dam shows the presence of permeable materials, 
consideration should be given to the possible need for foundation drains, 
relief wells, or both. 

Relief wells are usually located at or near the downstream toe of a dam. 
Foundation drains may be located anywhere between the centerline and the 
downstream toe, depending on the specific problems and conditions. Either 
foundation-drainage method, or both, may be necessary to control uplift 
pressure, to facilitate consolidation, or to prevent piping. In many 
cases deep foundation drains, consisting of trenches backfilled with 
properly designed filter materials can be used as an economical alter- 
nate for relief wells. This method is suited to many stratified or len- 
ticular materials and to those situations where confined aquifers can 
be tapped feasibly by excavation. 

The design engineer is responsible for determining the kind and location 
of drainage system to be used. The geologist must recognize the problem, 
however, and anticipate possible solutions in order to get sufficient 
information for design. 

Exploration must be carried downstream from the centerline to determine 
the extent and continuity of permeable substrata where foundation drains 
may be needed. A series of accurately logged borings in the vicinity of 
the d~wnstream toe, together with centerline information, usually provides 
enough data for design of the drainage system. Where fcundation condi- 
tions are highly variable, additional test holes may be needed between 
the centerline and the downstream toe. 

Stream-channel test holes.--If the stream channel contains boulders, roots, 
debris, and srganic matter that cause poor foundation conditions, it may 
be necessary to remove these materials from beneath the dam as I1special 
stream-channel excavation." Usually, excavation is required from the up- 
stream toe of the dam to a point two-thirds of the distance from the 
centerline to the downstream toe to prevent leakage through the founda- 
tion. Channel investigations provide information on the depth, nature, 
quantity, and location of the deposits that are to be removed- Sufficient 
exploration should be made to determine this. If possible, one test hole 
should be located in the bottom of the channel. Space test holes in 
stream channels so that the volume of material to be excavated can be 
estimated closely. 

The stream channel may be the best local source of sand or gravel for use 
in foundation drains, filter blankets, and roadways. The geologist should 
carefully log and sample these materials, and if they seem to be suitable 
for these purposes, indicate the need for washing and screening. i 



Other investigations.--Test holes may be needed a t  other locations i n  
the  general s i t e  area. It  may be necessary t o  determine the  continuity 
of materials upstream and downstream throughcut the  foundation and reser-  
vo i r  area. Information on the depth, nature, quantity, location, and ex- 
t en t  of undesirable deposits such as  organic s o i l s ,  very s o f t  s i l t s  and 
clays, and boulders within the foundation area may be needed. S t ruc tura l  
features such as f au l t s  and contacts may have t o  be accurately located 
and t h e i r  a t t i t ude  determined through the s i t e  area, There may be geo- 
logic conditions t ha t  require addit ional  subsurface exploration i n  order 
t o  adequately evaluate t h e i r  e f fec t  on the design, construction, and 
operation of the proposed s t ructure .  

Subsurface Exploration. Phase 2:  Obtaining Samples 

Purpose and Objectives 
Some types of samplers used fo r  logging i n  phase 1 furnish small d i s -  
turbed samples t ha t  a re  adequate f o r  laboratory tes t ing;  others do not. 
The purpose of phase 2 of the deta i led subsurface invest igat ion is  t o  
obtain the  necessary undisturbed samples and the  l a rger  o r  addit ional  
small disturbed samples of unconsolidated materials  t ha t  are  required 
f o r  s o i l  mechanics t es t ing  and analysis. 

I n  phase 1 t e s t  holes were bored and logged and various f i e l d  t e s t s  
carried out. These data were analyzed and interpreted geologically, and 
geologic p rof i l es  and cross sections were prepared. From a study of these 
p rof i l es  and cross sections and the  r e su l t s  of f i e l d  t e s t s  the  engineer 
and the  geologist  determined what horizons should be sampled and the  ty-pe, 
s ize ,  and number of samples needed. 

The minimum requirements f o r  sampling a re  outlined by group c lass i f i ca -  
t i o n  i n  chapter 5. Sample requirements based on the  character of materials  
and on the t e s t s  desired a re  given i n  chapter 3. Sampling methods and 
equipment depend on the  character and condition of the  material  and on 
the ty-pe and s i ze  of sample needed (chapter 2 ) .  

Holes bored t o  ge t  undisturbed samples of unconsolidated materials  a re  
usually of a l a rge r  diameter than those bored f o r  logging. For some sit- 
uations a d i f fe ren t  d r i l l i n g  r i g  from tha t  used i n  phase 1 must be used 
o r  t h i s  phase of the invest igat ion must be done by contract,  even though 
SCS-owned equipment was used f o r  logging. The objective i s  t o  s e l ec t  lo-  
cations f o r  these holes so t ha t  the required number, s i ze ,  and type of 
samples can be obtained with a minimum amount of boring. 

Numbering and Locating Sample Holes 
Locate sample holes adjacent t o  the  t e s t  holes t ha t  were bored and logged 
i n  phase 1. In  t h i s  way the  depth a t  which the  sample i s  t o  be taken can 
be determined accurately t o  insure tha t  it  represents the se lected hori-  
zon. 

These holes a r e  not logged, and they are  given the  same Nos. as  the  
logged holes t o  which they are  adjacent. They a r e  not p lot ted separately 



on the plans and profiles, but the symbol for the like-numbered logged 
holes on the plan is changed from a dot to a circled dot and the sampled 
segment is delineated on the graphic log. 

Investigation of Ground Water 

Ground-water conditions may influence the design, construction, and op- 
eration of a dam. Where the surface of the underground water (water 
table) is at or near the ground surface, special design features may be 
needed to insure stability. In addition special construction procedures 
may be needed. This condition may eliminate some areas from consideration 
as a source of borr3w material. Where the water table is very low, get- 
ting adequate supplies of water to use in construction may be a problem. 
Artesian water (ground. water under enough pressure to rise above the 
level at which it is reached in a well) may alsocreate special problems. 

Impounding water, even temporarily, may modify ground-water conditions. 
New springs may be created, the flow of springs within the reservoir 
area may be reversed and they may emerge at a new location, and unsatu- 
ra-ted rock cr soil materials may become saturated. Other changes in the 
location and movement of underground water may occur. Frequently, such 
effects of the structure must be considered before its construction. 

Purpose and Objective 
The purpose of ground-water studies in dam-site investigations is twofold: 
(1) To determine present ground-water conditions that may affect the 
design, construction, and operation of the proposed structure; (2) to 
determine and evaluate the geologic conditions that may influence the 
effect of impoundage on ground water. 

The objective is to furnish the engineer (1) an analysis of ground-water 
conditions and (2) an interpretation of the geologic conditions that may 
influence the effect of impoundage on the location and movement of under- 
ground water. This enables him to give due consideration to these prob- 
lems in planning and in the design and construction of the structure. 

Procedure 
Examine springs and seeps in the vicinity of the structural site and 
reservoir area and record their elevation. Where necessary for analysis, 
prepare a map that shows the location and elevation of springs and seeps. 
Record any information on source of the water, volume of flow, whether 
flow is perennial or seasonal, and location of the recharge area. For all 
test holes that extend below the water table record the elevation of the 
water table and plot it on the geologic cross sections and profiles. If 
necessary, prepare a water-table contour map. Record a v  information on 
seasonal fluctuation of the water table and note the source of this in- 
formation. Wait 1 day or longer after drilling to measure the water level 
in test holes to allow time for stabilization of the water level. Log all 
artesian aquifers and record any information on the hydrostatic-pressure 
level and volume of flow. Draw a contour map of the piezometric surface 
if it is needed. 



Locate any permeable materials  i n  the foundation, abutment, and reser-  
vo i r  areas and determine t h e i r  thickness, Glen t ion ,  and continuity . 
,/here permeability i s  a c r i t i c a l  f ac to r ,  obtain values f o r  the coeff i -  
c ien t  of permeability e i t h e r  by f i e l d  i e s t s  o r  by laboratory t e s t s  on 
undisturbed samples. 

The follcwing f i e l d  t e s t s  a re  helpful  i n  grcund-water inves+,igaxi~ns.  

1. Use of indicators  t o  t r ace  ground-water flow. Water-soluble organic 
dyes such as  sodium f l u ~ r e s c e i n  have been used successfully i n  many 
instances. 

2. Pressure t e s t s  t c  locate  permeable hor izms.  
3. Pumping-in t e s t s  t c  determine the  value of the coeff ic ient  3f perme- 

ab i l i t y .  
4. Use of piezometers. 
5 .  Pumping-cut t e s t s .  

I f  l oca l  sources of water a re  adequate f o r  cons t ruc t im purpcses but 
there i s  mme questicn about the qual i ty  of the  wa-ber, take samples f c r  
chemical analysis .  

Report of Detailed Geclogic Investigation 

Narrative Report 
I n  repgrting the  geolagic conditions of a s t r uc tu r a l  s i t e ,  be as  b r ie f  
and concise as  possible but  describe a l l  geologic problems thoroughly. 
Prepare the report  i n  narra t ive  form 3r use the standard reporting forms, 

L SCS-376A and SCS-376B. 

The repor t  must s e t  f o r t h  c lea r ly  the  methods cf invest igat ion and the  
infcrmaxion obtained. Include copies 3f a l l  f i e l d  logs i n  the report .  

Prepare a supplement t c  the  report  t h a t  contains in te rpre ta t ions  and cm-  
clusions and l abe l  it "For In-Service Use Only." This supplement can be 
prepared on form SCS-376C. Copies of completed plan and p ro f i l e  sheets  
f o r  g e d c g i c  investigations must accompaq the report  supplement. 

The follcwirg cu t l ine  can be used i n  preparing the narra t ive  report .  

I. Introduction. 
A. General. 

1. Date of exploration. 
2. Personnel engaged i n  exploration. 
3. Watershed (name and loca t i sn )  . 
4. S i t e  No. 
5 .  S i t e  group and s t ruc tu re  c lass .  
6. Location. 
7. Equipment used (type, s i ze ,  makes, models, e t c . ) .  
8. S i t e  data. 

a. Size of drainage area above s i t e  (square miles and acres) .  
b. Maximum pool depth. 



(1) Sediment pool. 
( 2 ) Flood pool. 
(3) Other pools. 

c. Dam. 
(1) Maximum height. 
(2) Length. 
(3) Location of spillway. 
(4) Volume of fill. 

9. Special methods used. 
B. Surface geology and physiography. 

1. Physiographic area. 
2. TopcgrapQy . 

a. Steepness of valley slopes. 
b. Width of flood plain. 

3. Geologic formations and surficial deposits. 
a. Names and ages ( e . g . ,  Jordan member, Trempealeau formation, 

Cambrian age; Illinoian till; Recent alluvium). 
b. Description. 
c .  Topographic position. 

4. Structure. 
a. Regional and local dip and strike. 
b. Faults, joints, unconformities, etc. 

5. Evidence of landslides, seepage, springs, etc. 
6. Sediment and erosion. 

a. Gross erosion, present and future, by source. 
b. Delivery rates. 
c. Sediment yield. 
d. Storage requirements and distribution. 

7. Downstream-channel stability. 
a. Present channel conditions. 
b. Anticipated effect of the proposed stmc2;slre. 

11. Subsurface geology. 
A. Embankment foundation. 

1. Location and types of test holes and number of samples of each 
type collected. 

2. Depth, thickness, and description of pervious or low-volume- 
weight strata. Give detailed data on aquifers or water-bearing 
zones. 

3. Depth and description of firm foundation materials. 
4. Location, depth, thickness, and description of any questionable 

materials. 
5. Description of abutment materials, including depth and thickness 

of pervious layers or aquifers. 
6. Location, attitude, pattern, and other pertinent data on any 

geologic structural features such as joints, bedding planes, 
faults, and schistosity. 

7. Location of water table and estimated rate of recharge (high, 
medium, low). 

8. Permeability of abutments. 
B. Centerline of outlet structure. 

1. Location and type of test holes and number of samples of each 
type collected. 



2. Depth, thickness, and description of pervious or low-volume- 
weight strata. 

3. Depth and description of firm foundation materials. 
4. Location, depth, thickness, and description of any questimable 

ma+,erials. 
5. Location, attitude, pattern, and other pertinent data on any 

geologic structural features such as joints, bedding planes, 
faults, and schistosity. 

6. Location of water table and estimated rate of recharge (high, 
medium, low). 

C. Rnergency ar other open spillway. 
1. Locaticn and types of test holes and number of samples of each 

type collected. 
2. Location, depth, thickness, and description of materials encoun- 

tered, including 
a. Hard rock 3r unconsolidated material to be removed and esti- 

mated volume of each. 
b. Material at base of excavation. 
c. l q y  questionable material. 

D. Borrow area(s) . 
1. Location of test holes and number and type of samples collected. 
2. Location, depth, thickness, description, and estimated quantities 

of various types of material. 
E. Relief-well and foundation-drain explorations. 

1. Location of test holes and number and type of samples collected. 
2. Description of materials, includi-ng location, depth, thickness, 

'L and description of pervious strata. 
F. Other explorations. 

1. Purpose. 
2. Location of test holes and number and types of samples collected. 
3. Description of materials. 

G. Water supply. 
1. Available sources (farm ponds, rivers, wells, municipal, etc. ) 

and quantity. 
2. Quality of available water. If questionable, what samples were 

taken for analysis. 
H. Construction materials (other than earthfill). 

1. Sources of materials for concrete aggregate, riprap, impervious 
blanket, wells, and drains. 

2. Description, location, and estimated quantities of materials 
available. 

111. Logs. 
Attach completed copies of form SCS-533. 

IV. Interpretations and conclusions (for in-Service use). 
A. Interpretations. 

1. Interpretations of geologic conditions at the site. 
2. Possible relation of conditions to design, construction, and 

operation of structure. 
B. Conclusions. 

Geologic conditions that require special consideration in design 
and construction. 

C. Attach completed copies of forms SCS-35A, -35B, and -35C. L 



Report Supplement for In-Service Use O n l y  
Record only basic data and facts in the geologic report. On request, this 
report is made available for inspection by non-SCS interests. Report 
separately interpretations, conclusions, and suggestions and label this 
supplementary report "For in-Service use onlyv to restrict its use. 

From the surface geology and the facts obtained by underground explora- 
tion the geologist should interpret geologic conditions at the site and 
their possible relation to the suitability of the site and to the design, 
construction, and operation of the proposed structure. Specifically, he 
should point out any problems likely to result from the geologic condi- 
tions, such as foundation weakness, seepage problems, excess ground 
water during construction, difficulties of excavation, spillway problems, 
or problems concerning available borrow materials. 

The geologist should make recommendations on possible means and methods 
of overcoming problems that result from the geologic conditions. He 
should indicate the most efficient use of available materials and of the 
geologic features of the site. His recommendations might include sugges- 
tions to the design engineer on such items as location of the principal 
spillway, location of the emergency spillway, depth of core trench, and 
depth of keyways into abutments. He should indicate the need for an im- 
pervious blanket, grouting, or other control of excessive water loss. He 
should point out any special problems that may arise during construction 
of the dam such as problems of excavation and suitability of the exca- 
vated rock for use as riprap, sources of concrete aggregate, and recom- 
mendations on sources of water for construction. 

Distribution of Geologic Report 
Send copies of the geologic report and supplement, including the field 
logs and completed "Plan and Profiles for Geologic Investigation," to: 

1. The EWF Unit geologist for all sites for structures requiring EWP Unit 
review or approval of the engineering plans. 
2. The soil mechanics laboratory to which samples are sent. 
3. A copy must accompaqy the design data, and additional copies are to 
be distributed as directed by the State Conservationist. 



SELECTED REFERENCES 

Eaxdley, A. J . , 1942, Aerial Photographs : Their Use and Interpretation, 
New York, Harper and Brothers. 

Emmons, W. H., et al, 1953, Geology: Principles and Processes, 4th ed., 
New York, McGraw-Hill Book Co., Inc. 

Glossary of Geology and Related Sciences, 1960, 2nd ed., Washington, D. C., 
Am. Geol. Inst. 

Grim, R. E., 1953, Clay Mineralogy, New York, McGraw-Hill Book Co., Inc. 

Lahee, F. H., 1961, Field Geology, 6th ed., New York, McGraw-Hill Book Co., 
Inc . 

Leet, L. D. and Sheldon Judson, 1958, Physical Geology, 2nd ed., Englewood 
Cliffs, N. J., Prentice-Hall, Inc. 

Miller, V. C., 1961, Photogeology, New York, McGraw-Hill Book Co., Inc. 

Pettijohn, F. J., 1957, Sedimentary Rocks, 2nd ed., New York, Harper& Bros. 

Ray, R. G., 1960, Aerial Photographs in Geologic Interpretation and 
Mapping, U. S. Geol. Survey Prof. Paper 373. 

Strahler, A. N., 1963, The Earth Sciences, New York, Harper & Row. 

Wentworth, C. K., 1952, A Scale of Grade and Class Terms for Clastic 
Sediments, Jour. Geology, v. 30. 

Engineering Geology 

Howell, B. I?., Jr., 1959, Introduction to Geophysics, New York, McGraw- 
Hill Book Co., Inc. 

Hvorslev, M. J., 1949, Subsurface Exploratjon and Sampling of Soils for 
Civil Engineering Purposes, Am. Soc. Civil Engrs., Vicksburg, Miss., 
Waterways Experiment Station. 



Krumbein, W. C. and L. L. Sloss, 1963, Stratigraphy and Sedimentation, 
2nd ed., San Francisco, W. H. Freeman & Co. 

Krynine, D. P. and W. R. Judd, 1957, Principles of Eagineering Geology 
and Gtotechnics, New York, McGraw-Hill Book Co., Inc. 

Leggett, R. F., 1962, Geology and Engineering, New York, McGraw-Hill Book 
CO., Inc. 

LeRoy, L. W., 1951, Subsurface Geologic Methods, Golden, Colo., Colorado 
School of Mines 

Paige , Sidney, et a1 . , 1950, Application of Geology to Engineering Prac - 
tice, Geol. Soc. America, Berkey Vdume, Baltimore, Md., Waverly 
Press, Inc. 

Ries, H. and T. L. Watson, 1949, Elements of Engineering Geology, New 
York, John Wiley & Sons, Inc. 

SchuLtz, J. R. and A. B. Cleaves, 1955, Geology in Engineering, New York, 
John Wiley & Sons, Inc. 

Trask, Parker D., Ed., 1950, Applied Sedimentation, New York, John Wiley 
& Sons, Inc. 

U. S. Burea.1~ of Reclamation, 1963, Earth Manual, 1st ed., rev., Washington, 
D. C., U. S. Gov't. Print. Office 

ii 
U. S. Bureau of Reclamstion, 1960, Design of Small Dams, Washington, D. C., 

U. S. Gov't. Print. Office. 

Geomorphology -- 

Fenneman, N. M., 1931, Physiography of Western United States, New York, 
McGraw -Hill Book Co . , Inc . 

- , , 1938, Physiography of Eastern United States, New York, 
McGraw-Hill Book Co., Inc. 

Highway Research Board, 1958, Landslides and Engineering Practice, Special 
Report 29, Washington, D. C . , NAS-NRC Publ. 544 



i 
L 

Leopold, L. B., M. G. Wolman and 5 .  P. lvliller, 1964, 
Geomorphology, San Francisco, W. H. Freeman and 

Thornbury, Td. D., 1954, Principles of Geomorphology, 
& Sons, Inc. 

, 1965, Regional Geomorphology of the 
York, John Wiley & Sons, Inc. 

Fluvial Processes in 
Co. 

New York, John Wiley 

United States, New 

Von Engeln, 0. D., 1942, Geomorphology, Systematic and Regional, New York, 
kcmillan Co. 

Ground Water 

Meinxer, O* E . ,  1923, The Occurrence of Ground Water in the United States, 
U. S. Geol. Survey Water-Supply Paper 489. 

Soil Conservation Service, USDA, (1n preparation), Section 18, Ground 
Water, National Engineering Handbook, 7 chapters 

L 
Tolman, C. F., 1937, Ground Water, New York, McGraw-Hill Book Co., Inc. 

Bennison, E. W., 1947, Ground Water, Its Development, Uses and Conser- 
vation, St. Paul, Minn., Edward E. Johnson, Inc. 

Todd, D. K., 1959, Ground Water Hydrology, New York, John Wiley & Sons, 
Inc . 

Soil Mechanics 

Casagrande, A., 1948, Classification and Identification of Soils, Trans. 
Am. Soc. Civil Engrs., v. 113 

Holeman, J. N., 1965, Clay Minerals, U. S. Dept. Agr., Soil Conservation 
Service, Tech. Release 28, Washington, D. C. 

Hough, B. K., 1957, Basic Soils Engineering, New York, The Ronald Press Co. 



Krynine, D. P., 1947, Soil Mechanics, Its Principles and Structural 
Applications, New York, McGraw-Hill Book Co., Inc. 

Peck, R. B., W. E. Hanson and T. H. Thornburn, 1953, Foundation Engineer- 
ing, New York, John Wiley & Sons, Inc. 

Terzaghi, K., 1955, Influence of Geological Factors on the E~~ineerlng 
Properties of Sediments, Harvard Soil Mechanics Series No. 50, 
Cambridge, Mass., Harvard University 

Terzaghi, ,K. and R. B. Peck, 1948, Soil Mechanics in Fngi-neering Practice, 
new kork, John Wiley & Sons, Inc. 

Structural Geology 

Billings, M. P., 1942, Structural Geology, New York, Prentice-Hall Co. 

Hills, E. S . , 1963, Elements of Structural Geology, New York, John Wiley 
& Sons, Inc. 



L abbreviations for 
samplers 

acetone test 
acid test 
aerial photographs 
age, geologic 
Atterberg limits 
arc hyperbolic sines 
attitude 
augers 

4-7 
1-19 
1-19 
6-2 
1 -161 
8 1, 1-25 - 
2-28 (table 2-2), 2-36 (table 2-6) 
1-17 
2-6, 2-61> fig. 2-20 

bailer fig. 2-24 
barrel rack 2-68, fig. 2-25 
bearing values 7-5, 7-8 (table 7-21 
benzidine test 1-20 
bits 

bit clearance 
bit pressure 
bit speed 
blanketing 
blasting 
blow count 
bore holes 
boring 

L borrow 
box samples 
bucket augers 

casing 
caverns 
cementation 
channels 
chopping bits 
chunk samples 
classification, 

of dam sites 
clay 
clay minerals 
clean-out tools 
coefficient of, 

curvature 
permeability 
uniformity 

cohesiveness 
color of materials 

2-15> fig, 2-16, 2-50, 2-72, fig. 2-17> fig. 
2-18> 2-55 (table 2-10), 2-56, fig. 2-19> 
2-61, fig. 2-20, fig. 2-21, fig. 2-22 

2-42 
2-58 
2-50 
3 -3 
i, 1-13 
4-3, 5-2 
(see test holes) 
2-6 
3-2, 7-9 
2-2, fig. 2-3 
fig. 2-20 

2-6, 2-24? 2-74 
1-14 
1-13 
1-34 (table 1-10), 7-10 
2-62 
fig. 2-2 

ii, 1-2, - 1-5, fig. 1-2, 3-2 
2-68, fig. 2-24 

1-25, fig. 1-4, 1-26 (table 1-5) 
1-9, 2-17 - 1-25, fig. 1-4, 1-26 (table 1-5) 

underlining indicates definition or most important reference 



INDEX (conttd.) 

compcsition, mineral 
consistency 
consolidation 
contracting 
core barrel 
core boxes 
core recovery 
core size 
correlation 
cribbing 
cylinder samples 

dam sites 
denison barrels 
density 
depth of boring 
detailed site 

investigation 
diamond bits 
dila tancy 
dip 
displacement boring 
disturbed samples 
double-tube sampler 
drilling 
drilling equipment 
drilling fluids 
drill rods 
drill rigs 
drive hammer 
drive sampling 
dye tracers 

earth materials 
ease of excavation 
electrical resistivity 
embankments 
emergency spillway 
equipment 
excavation of material 
expanding packer 
exploration 
exploration, subsur- 

face 
explosives 
exposures 

ii, 2-2 
fig. 2-1 

5 -3 
2-47, fig. 2-16 - 
1-9 

5-2, chapter 7 
2-56, fig. 2-19 
1-23, 1-28 (table 1-7), fig. 1-> m 
(see sample disturbed) 
2-47, fig. 2-16 - 
2-7, 2-60 

2-69, fig. 2-27, 7-11 
2-47, 2-66, fig. 2-23 
2-38, 2-43 (table 2-9) 
ii, 7-13 

iv 
1-15 
2-11, 2-13, fig. 2-6 
iv, 1-33 (table 1-9) 
3-27 7-6 
2-2, 2-15, 2-66, '[-1 
1-15, 5-5 
3-5, fig. 3-1 
chapter 2 

faults 



INDEX (contt d.) 

field classification 

field notes 
field study 
field tests 
fish tail bits 
folds 
forms 
SCS-35a, b, c 
scs-315 
scs -353 
SCS -356 
scs-375 
~ ~ ~ - 3 7 6 a ,  b, c 
scs -533 
SCS -533a 
scs-534 

foundations 
foundation sampling 

geologic profiles 
geologic 
reconnaissance 

geologic report 

L geologic symbols 
geophysics 
gradation 
grade scale 
grain 
grain size 
graphic logs 
ground water 
gypsum, test for 

hand auger 
hardness 
hole cleaning 

joints 

labeling 
liquid limit 
loading values 
logging 

mapping 
mass characteristics 
materials 
mineral composition 

1-19, fig 1-5, 1-27 (table 1-61, 1-28 
(table 1-7) 

3-57 4-1 
6 -3 
1-19? 1-23, fig. 1-5 
2-62, fig. 2-22 
1-17 - 
1-17, 3-3, 4-1, 6-4, 7-2 
7 -3 
fig. 1-4 
3-3, 3-11 
3 -4 
7-13 
3-9, 3-11, 6-4 
4-6 
3-3, 3-9, 3-11 
1-14, 1-34 (table 1-10), 2-1, 3-1, 3-3, 7-10 
3-1, 7-1, 7-4 
4-4, fig. 4-1 

. 2-4, fig. 2-5, fig. 2-6 
1-2, 1-11, 1-23 - 
1-3 (table 1-1) 
1-2 - 
1-23, fig. 1-4 
4-3 - 
7 -12 

i-s - 
7-5, '7-7 (table 7-l), 7-8 (table 7-21 
chapter 4 

1-8 - 
iv, chapter 1 



4 

INDEX (~ont d .) 

mineral hardness 1-6 
mines 1-14 
moisture content 1-9 - 
natural log table 2-28 (table 2-51 
numbering of holes 4-1, 7-4 

open-drive samples 2-38, fig. 2-14 
outcrops 2 -1 

packaging of samples 
packer 
packer test 
paleontology 
particle characteris- 

tics 
particle shape 
particle size 
penetration test 
percussion drilling 
permeability 

conversion factors 
physical properties of 
materials 

piston samplers 
plasticity index 
plastic limit 
power auger 
pressure tests 
principal spillway 
pump tests 
photo-interpretation 

2-25, fig. 2-12 
1-18 

1-2, 1-3 
1-2, 1-5, fig. 1-1 
1-2 
2-13, 2-13 (table 2-l), 2-47 
2 -7 
1-9, 1-10 (table 1-2), 2-17, fig. 2-9, 3 7-13 - 
1-10 (table 1-2) 

2-38, fig. 2-15 
1-8 

2-19) fig. 2-9, fig. 2-10, 5-5 
3-2, 7-6 

reference data, 
geologic 

relief wells 
reports 
resistivity 
rock 
rock core barrel 
rock core samples 
rock excavation 
rock properties 
rock strength 
rock structure 
rock workability 
roller bits 
rotary drilling 

6-1 
3-3, 7-10 
(see geologic reports) 
2-11> fig. 2-6 
1-1, 1-14 - 
2-52? fig. 2-17, fig. 2-18 
3-29 3-5 

1-15 
2-62, fig. 2-22 
2-8, fig. 2-27 



INDEX (contt d .) 

L safety 
sample catch pan 
sample containers 
sample, disturbed 
sample holes 
sample labeling 
sample needs 
sample recovery ratio 
sample shipping 
sample size require- 
ments 

sample storing 
sample, undisturbed 

samplers, abbreviation 
samples 
sampling requirements 
s'ampling tools 

scale 
sealing 
seismic refraction 
shape of particles 
shearing strength 

'L-, Shelby tube sampler 

shine test 
shrinkage limit 
silt 
site investigation 
size distribution 
slush pits 
soils 
soil mechanics 
soil properties 
spillways 
split-barrel sampler 
stabilizing bore holes 
standard penetration 
test 

stratigraphy 
strength of rocks 
stress values 
structure, geologic 
structure of rocks 
subsurface investiga- 
tion 

symbols, geologic 

3-4, 3-7 
3 -6 
fig. 2-1, fig. 2-2, fig. 2-3, 3-1, 3-2, 
3-4 

4-7 
chapter 3 
3-1, 5-6, 7-11 
2-13, 2-38, 2-39 (table 2-7)) 2-40 (table 
2-8), 2-43 (table 2-9)) 2-52, fig . 2-17, 
fig. 2-18, 2-55 (table 2-10), '7-3 

4-4 
3-3 
2-9, fig. 2-4, fig. 2-5 
(see particle shape) 
i-11, 1-14 

2-40 (table 2-81> fig. 2-14, 2-43 
(table 2-9) 

1-ig 
1-8 
1-2 - 
chapters 5, 6, 7 
1-23 
2-68 

1-22 (table 1-4) 
i vy  3:2, 5-5, 716 
fig. 2-7, 2-38, 2-46, 7-3 
2-74 

(see penetration test) 
1-15 
1-11 
7-7 (table 7-1) 
1-17 
1-11 

7 -1 
fig. 1-3 



INDEX (conttd.) 

t e s t ,  
calcium carbonate 1-19 
chemical analysis  of 
water 

clay mineral 
d i l a  tancy 
dry strength 
f i e l d  penetrat ion 
gYPsm 
organic material  
permeability 

pressure 
pumping-in 
toughness 
t r iaxia l -shear  
vane-shear 
well permeameter 

t e s t  holes 
t e s t  hole numbering 

system 
t e s t  p i t  
texture  
thin-wall drive 

sampler 
t racers ,  dye 
trenches 

undisturbed sample 
unified s o i l  c l a s s i -  

f ica t ion 

vane shear 

wash boring 
water, chemical 

analysis  
water table  
water trucks 
wax s ea l  f o r  samples 
weathering 
well permeameter 
workability of rock 
wri t ten  logs 

5-7 
1-20 
1-23, 1-27 ( t ab le  1-6), 1-28 tab le  1-7), fig.1-5 
1-23, 1-27 ( t ab le  1-61, 1-28 tab le  1-7), fig.1-5 
2-13, 2-15 - 
1-19 
1-19 
2-17, f i g .  2-9, f i g .  2-10, f i g .  2-11, f i g .  2-12, 

f i g .  2-13, 3-5 
2-19, f i g .  2-9, f i g .  2-10 

- 

2-22, f i g .  2-11 - 
1-25, 1-27 ( table  1 - G ) ,  1-28 ( table  1-7), fig.1-5 
z -G 
J P /  

2-17, f i g .  2-8 
2-29 f i g  2-15, 2-32 ( table  2-4) 2-34 ( table  2-5) 
-7, 

ii, 1-16, 2-6, 2-74, 5-2, 7-4 - 
4-1, - 7-4 
ii, 2-1 
1-11 

f i g .  2-14, 7-3 
ii, 7-13 
ii, 2-1 

(see sample, undisturbed) 

1-1, 1-3 ( table  1-l), 1-20, 1-26 ( t ab le  1-5), 
1-27 ( t ab le  1-6), 1-28 ( table  1-7), 1-52 ( table  
1-8), 1-33 ( tab le  1-9), 1-34 ( tab le  1-10), 4-2, 
4-7 

2-17, f i g .  2-8 

1-15 
(see under t e s t )  
1-15 
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