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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. 

NEH 5-31-68 (Notice 8-1) 



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  s m a l l  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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