
NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 6. DIKES 

Contents 

General 
Classification of Dikes 
Investigations for Dikes 

Dike location 
High water determination 
Dike foundation 
Embankment materials 

Design of Dikes 
General 
Height of dike 
Top width 
Side slopes 
Core trench 
Banquettes 
Drains 
Berms 

Construction 
Foundation preparation 
Embankment construction 
Conduits 
Protection from wave action 

Maintenance 
References 

Figures 

Fig. 6-1 Typical dike section 
Fig. 6-2 Wave height curve 
Fig. 6-3 Dike section with banquette 

Tables 

Table 6-1 Dike classification 
Table 6-2 Soil characteristics 





NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 6. DIKES 

General 

Dikes a r e  embankments cons t ruc t ed  of e a r t h  o r  o t h e r  s u i t a b l e  m a t e r i a l s  t o  
p r o t e c t  l and  aga in s t  overf low o r  f looding  from s t reams,  l a k e s ,  and t i d a l  
i n f l u e n c e s ,  and a l s o  t o  p r o t e c t  f l a t  l and  from d i f f u s e d  s u r f a c e  waters .  
Dikes a r e  gene ra l l y  used f o r  t h e  fo l lowing  purposes: 

To p r o t e c t  bottom lands  along one o r  both banks of a  s t ream o r  
channel from overflow caused by h igh  s t a g e s  o r  backwater from t h e  
o u t l e t .  

To provide a d d i t i o n a l  out-of-bank capac i t y  f o r  floodways. 

To provide f loodways ac ros s  bottom lands  f o r  conveyance of upland 
runoff  t o  s t reams.  

To p r o t e c t  t he  sho re s  of l a k e s ,  d e s i l t i n g  b a s i n s  and impoundments 
a g a i n s t  wave a c t i o n  and inundat ion  dur ing  h igh  water  s t a g e s .  

To p r o t e c t  c o a s t a l  a r e a s  of oceans,  bays ,  and e s t u a r i e s  a g a i n s t  
overflow from d i u r n a l  and wind s torm t i d e s .  

To p r o t e c t  l ands  i n  a r e a s  of h igh  r a i n f a l l  and f l a t  topography from 
d i f fu sed  s u r f a c e  waters .  

Dikes a r e  intended t o  p r o t e c t  l and  a g a i n s t  overf lows of i n t e r m i t t e n t  
occurrence and s h o r t  du ra t i on  and no t  a g a i n s t  continuous impoundment a s  i n  
t h e  case  of dams. When r e s t r i c t i n g  f lood  flows along s t reams,  d ike s  tend t o  
i n c r e a s e  water  s u r f a c e  e l e v a t i o n ,  v e l o c i t i e s ,  and maximum discharges  w i th in  
t h e  confined s tream reaches  and a l s o  i n c r e a s e  t h e  r a t e  of f lood  wave t r a v e l  
downstream. 

Dike's complicate  dra inage  of t h e  lands  they p r o t e c t .  F a c i l i t i e s  f o r  runoff 
from p ro t ec t ed  a r ea s  must be provided a t  a l l  s t a g e s  of flow un l e s s  adequate 
s t o r a g e  is  a v a i l a b l e .  Ord ina r i l y ,  d i scharge  through d ikes  i s  obta ined  by 
g r a v i t y  f low through condui t s  equipped wi th  automatic  f l a p  o r  t i d e  ga t e s .  
Such g a t e s  prevent  r eve r se  flow i n t o  p ro t ec t ed  a r e a s  when s t a g e s  on t he  
water  s i d e  of d ikes  a r e  h ighe r  than on t he  land  s i d e .  When prolonged f lood  
s t a g e s  prevent  g r a v i t y  ou t f low,  t h e  runoff  from p ro t ec t ed  a r e a s  must be 
accumulated and s t o r e d  temporar i ly  i n  low a r e a s  behind t h e  d i k e s ;  be removed 
cont inuous ly  by pumps; o r  disposed of by a combination of t he se  two methods. 
(See Chapter 7 ,   r rain age ~umping"  and Chapter 9 ;     rain age of T ida l  Lands. ") 

C l a s s i f i c a t i o n  of  Dikes 

The requirements  f o r  cons t ruc t i on  of d ikes  a r e  governed by s i t e  condi t ions  
and des ign  c r i t e r i a .  The design requirements  are determined by va lue  of 
crops and proper ty  and t h e  hazard t o  l i f e  w i th in  t he  a r e a  t o  be p ro t ec t ed .  
Dikes a r e  c l a s s i f i e d  a s  shown i n  Table 6-1 i n  accordance wi th  t he se  f a c t o r s .  
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Reference is  made t o  Engineering Standard f o r  ~ i k e ,  Code 356, SCS National  
Engineering Handbook, Sec t ion  2. 

Table  6-1, Dike C l a s s i f i c a t i o n  

Class  Condit ions Design & Constructkon 
Requirements 

I 1-Possible  l o s s  of l i f e  
should f a i l u r e  occur.  

2-High va lue  land  and i m -  
provements t o  be p ro t ec t ed .  

3-Complex s i t e  condi t ions .  

&The head of  water  a g a i n s t  
t h e  d ike  i n  excess  of 
12  f e e t  above normal 
ground, excluding s loughs ,  
o l d  channels  and o t h e r  low 
a r ea s .  

1-Design he igh t  equa l  t o  design 
water  depth p l u s  f reeboard  o r  
wave he igh t  allowance of  2  f e e t  
o r  more. 

2-Design water  depth measured o r  
computed f o r  t he  g r e a t e r  of t he  
record  f lood  o r  t h e  100 yea r  
frequency f lood .  When l o s s  of 
l i f e  o r  h igh  va lue  p rope r ty  dam- 
age a r e  no t  a  primary considera-  
t i o n ,  t h e  g r e a t e r  of t h e  50 yea r  
frequency f lood  o r  t h e  d e s i r e d  
l e v e l  of p r o t e c t i o n .  

3-Cross s e c t i o n  des ign  according 
t o  s i t e  exposure t o  wave a c t i o n  
and s o i l  s t a b i l i t y  a n a l y s i s .  

4-Stable  minera l  s o i l  requi red  
i n  foundat ion and embankment. 

5-Construction according t o  s i t e  
cond i t i ons  and c r i t e r i a  f o r  e a r t h  
embankments. Refer  t o  SCS National  
Engineering Handbook, Sec t i on  20. 

I1 1-Agr i cu l t u r a l  l ands  of 
medium t o  h igh  c a p a b i l i t y  
w i th  primary improvements 
i n  farmsteads and o t h e r  
va luab l e  f a c i l i t i e s .  

2-The head of water  a- 
g a i n s t  t h e  d i k e  l e s s  than 
12 f e e t  above normal 
ground exc luding  s loughs ,  
o l d  channels  and o t h e r  
low a r e a s .  

1-Design water  h e i g h t s  exceeding 
4 f e e t  t o  b e  based on a  25 year  
f requency o r  g r e a t e r  f l ood .  
When t h i s  degree of p r o t e c t i o n  
i s  no t  economically o r  phys i ca l l y  
f e a s i b l e  a f l ood  frequency l e s s  
than  25 y e a r s  may be used i f  f u se  
p lug  s e c t i o n s  o r  o t h e r  s u i t a b l e  
r e l i e f  measures a r e  inc luded  i n  
t h e  design.  

2-Stable minera l  s o i l s  r equ i r ed  i n  
t h e  embankment. Organic s o i l s  
pe rmi s s ib l e  on ly  as s u r f a c e  covering 
no t  i n  excess  of 1 foot .  

3-Cross s e c t i o n  des ign  based on 
des ign  water  he igh t  and t he  meth- 
od of cons t ruc t i on .  



Table 6-1, continued 

Class Conditions Design & Construction 
Requirements 

11 (continued) 4-Construction with material 
compacted by equipment travel 
or dumped and shaped. 

I11 1-Agricultural lands of 1-Design based on SCS State 
relatively low capability Standards considering the site 
with improvements of low conditions. 
value. 

2-Construction with materials 
2-The head of water against available and suitable for use. 
the dike not more than 6 
feet for mineral soils or 
4 feet for organic soils 
excluding sloughs, old 
channels and low areas. 

Investi~ations for Dikes 

The intensity of investigations for dikes depends upon the class of dike re- 
quired and a careful evaluation and consideration of the site conditions 
present. The following is a discussion of investigations needed for dike 
Location, determination of high water levels, foundation materials and embank- 
ment materials. 

Dike location 

After the classification of the dike is determined, the initial step in 
investigation and design is establishment of a tentative location. This 
involves consideration of: 

1. The land use and improvements, both existing and proposed, within 
the area to be protected. This data may be used in evaluating 
economic feasibility. 

2. Anticipated flood stages. 

3 .  The manner in which drainage of the protected area will be provided. 

4. Rights-of-way involved. 

5. Physical problems to be encountered, especially soil conditions 
relating to foundation and fill for the embankment and access for 
construction and maintenance. 

The following should be considered in the final dike location: 

1. Construction on soils that provide the most favorable foundation 
conditions and the best embankment materials. The location of 
Class 111 dikes will generally be parallel with units of the 
drainage system. 



The s h o r t e s t ,  most f e a s i b l e  and economical r o u t e  c o n s i s t e n t  wi th  
p r o t e c t i n g  t h e  l a r g e s t  u s a b l e  a r e a .  

Avoidance o f  h a z a r d s ,  such a s  s l o u g h s ,  s h a r p  e r o d i n g  bends i n  
w a t e r c o u r s e s ,  and d i r e c t  exposure  t o  s i g n i f i c a n t  reaches  o f  open 
wate r .  

U t i l i z a t i o n  of n a t u r a l  p r o t e c t i o n  a g a i n s t  waves, such  a s  permanent 
s t a n d s  of t r e e s ,  r e e d s  o r  b rush .  T r e e s  and brush  should  n o t  be  
a l lowed t o  grow on t h e  d i k e  however. 

Border ing p u b l i c  roads  o r  p r o p e r t y  l i n e s  f o r  purposes  of a c c e s s  and 
easements .  

Coord ina t ion  w i t h  u n i t s  o f  t h e  d r a i n a g e  system o f  t h e  p r o t e c t e d  
a r e a s .  

Use of  n a t u r a l  s t o r a g e  b a s i n s  w i t h i n  t h e  p r o t e c t e d  a r e a s  t o  reduce 
pumping requ i rements  and g a t e  s i z e s .  

The e f f e c t ,  i f  any,  on e x i s t i n g  d i k e s  and a d j a c e n t  l a n d s  which w i l l  
r e s u l t  from t h e  d i k e  c o n s t r u c t i o n .  

High w a t e r  d e t e r m i n a t i o n  

I n v e s t i g a t i o n s  f o r  a l l  c l a s s e s  of d i k e s  must i n c l u d e  a d e t e r m i n a t i o n  o f  t h e  
h e i g h t ,  f requency and d u r a t i o n  o f  f loodwate r  s t a g e s .  Th is  i s  a l o g i c a l  n e x t  
s t e p  a f t e r  c l a s s i f y i n g  and l o c a t i n g  t h e  d i k e .  

High w a t e r  s t a g e s  a l o n g  c o a s t a l  a r e a s  u s u a l l y  r e s u l t  from t h e  combination 
o f  h i g h  d i u r n a l  t i d e s ,  h igh winds and waves. Storms a long  t he  A t l a n t i c  and 
Gulf Coas t s  may r e s u l t  i n  h i g h  w a t e r  s t a g e s  a long  t h e  s h o r e l i n e s  o f  nearby 
i n l a n d  f r e s h w a t e r  l a k e s .  Flood s t a g e  r e c o r d s  and d a t e s  a r e  g e n e r a l l y  a v a i l -  
a b l e  from t h e  Corps of Engineers ,  Coast Guard, munic ipa l  and p o r t  a u t h o r i t i e s ,  
t h e  Coast  and Geode t ic  Survey of t h e  U. S .  Department of Commerce which 
i s s u e s  annua l  e d i t i o n s  of "Tide Tab les  - East  Coast" and "Tide Tab les  - West 
Coas t , "  and from landowners.  (See Chapter  9 ,   rainag age of T i d a l  Lands"). 
I n  t h e  absence of a v a i l a b l e  r e c o r d s ,  d u r a t i o n  o f  f l o o d  t i d e s  r e s u l t i n g  from 
h u r r i c a n e s  may be assumed a s  about  75 hours  a l o n g  t h e  s o u t h e r n  and e a s t e r n  
c o a s t s  o f  t h e  Uni ted S t a t e s .  

Flood d a t a  on s t r e a m s  can be o b t a i n e d  from t h e  U.  S. Geolog ica l  Survey,  o t h e r  
f e d e r a l  a g e n c i e s ,  and s t a t e  agenc ies .  Data i n  t h e  form of  high w a t e r  marks 
a r e  f r e q u e n t l y  a v a i l a b l e  from l o c a l  community r e c o r d s ,  newspapers,  and from 
landowners.  Where i n f o r m a t i o n  on f l o o d  s t a g e s  o f  s t reams  is  n o t  a v a i l a b l e ,  
computat ions  based  on t h e  hydro log ic  c o n d i t i o n s  of t h e  watershed and on 
s e l e c t e d  r a i n f a l l  c o n d i t i o n s  can be made t o  approximate  t h e  d i s c h a r g e  from 
which e s t i m a t e s  of t h e  a n t i c i p a t e d  f l o o d  s t a g e  can b e  made. Procedures  f o r  
de te rmin ing  runof f  a r e  given i n  t h e  SCS N a t i o n a l  Engineer ing  Handbook, 
S e c t i o n  4 ,  "Hydrology" and i n  S e c t i o n  16 ,  Chapter  5,  "Open Di tches . "  

Whenever f l o o d p l a i n  r u n o f f  i s  r e s t r i c t e d  by d i k e s ,  t h e  s t a g e  f o r  d e s i g n  d i s -  
charge  must b e  determined.  I f  t h e  f l o o d p l a i n  on o n l y  one s i d e  o f  a  s t r e a m  
is  d iked  o u t ,  t h e  e f f e c t  on dep th ,  d u r a t i o n  and e x t e n t  o f  f l o o d i n g  on t h e  
f l o o d p l a i n  o f  t h e  o p p o s i t e  s i d e  must be  determined.  Legal  compl ica t ions  can 
a r i s e  from any change i n  d u r a t i o n  o r  s t a g e  o f  overf low r e s u l t i n g  from d i k e  
c o n s t r u c t i o n .  



Dike foundat ion 

Foundation i n v e s t i g a t i o n s  a r e  u s u a l l y  made concur ren t  wi th  o r  s h o r t l y  
fo l lowing  t e n t a t i v e  l o c a t i o n  of t h e  d ike .  S o i l  bor ings  a r e  necessary  f o r  
a l l  c l a s s e s  of dike.  Where s t anda rd  s o i l s  surveys of t he  a r e a  a r e  a v a i l a b l e ,  
t h e s e  may be  used a s  gu ides  f o r  l o c a t i n g  bor ings .  When s o i l  surveys  a r e  no t  
a v a i l a b l e ,  s e l e c t e d  bor ings  should be l oca t ed  a long  t h e  rou t e .  I n  some 
i n s t a n c e s ,  i t  may be d e s i r a b l e  t o  open a  p i t  f o r  a  c l o s e r  examination of sub- 
s t r a t a .  Borings o r  p i t s  should r e v e a l  (a) t h e  e l e v a t i o n  of  t h e  water  t a b l e ;  
(b) t h i cknes s ,  c l a s s i f i c a t i o n  and p o s i t i o n  of each  s t r a t a ;  and (c )  t h e  
e x i s t e n c e  of any u n s u i t a b l e  m a t e r i a l s .  These bor ings  should extend t o  a 
depth equa l  t o  t h e  d i f f e r e n c e  between t h e  bottom of any e x i s t i n g  o r  proposed 

-channel o r  borrow p i t  and t h e  de s ign  water  s u r f a c e .  The l o c a t i o n  of excessive-  
l y  permeable s t r a t a  should be known t o  determine t h e i r  i n f l uence  on p ip ing ,  
pumping c o s t s  and t h e i r  r e l a t i o n s h i p  t o  t h e  l o c a t i o n  of i n t e r i o r  d ra inage  
f a c i l i t i e s .  Occasional ly,  i t  may be necessary  t o  make mechanical a n a l y s i s  
and pe rmeab i l i t y  tests of t h e  va r ious  s t r a t a  encountered t o  o b t a i n  more 
complete in format ion ,  u s ing  methods e s t a b l i s h e d  f o r  e a r t h  dams. 

Embankment m a t e r i a l s  

Dikes a r e  u sua l l y  cons t ruc t ed  of f i l l  m a t e r i a l  borrowed ad j acen t  t o  and 
p a r a l l e l  w i th  t he  dike.  I n  such ca se s ,  i n v e s t i g a t i o n s  f o r  foundat ion and 
borrow m a t e r i a l  can be combined. Where uns t ab l e  s o i l  cond i t i ons  a r e  found, 
i t  may be more economical t o  change t he  d ike  l o c a t i o n  r a t h e r  than  t o  employ 
s p e c i a l  cons t ruc t i on  methods necessary  f o r  uns t ab l e  s o i l s .  For Class  I and 
some Class  I1 d ikes ,  s p e c i a l  borrow p i t s  o u t s i d e  t h e  immediate a r e a  of 
cons t ruc t i on  may be r equ i r ed  and t he  f i l l  m a t e r i a l  t r anspo r t ed  t o  t h e  con- 
s t r u c t i o n  s i t e .  

"So i l  C h a r a c t e r i s t i c s , "  given i n  Table 6-2, h e l p  i n  app ra i s ing  s o i l  condi- 
t i o n s ,  pe rmeab i l i t y ,  and s t a b i l i t y  when making t h e  pre l iminary  i n v e s t i g a t i o n s  . 
Frequent ly ,  s imple f i e l d  t e s t s  s u f f i c e  f o r  determining s t a b i l i t y  of f i l l  
m a t e r i a l s .  Such t e s t s  a r e  o u t l i n e d  i n  Chapters 1 and 2 ,  Sec t ion  8 ,  
Engineering Geology, SCS, Nat iona l  Engineering Handbook. 

Design of Dikes 

General 

Dikes can f a i l  by over topping ,  undermining, s loughing ,  and seepage channels  
a long dra inage  s t r u c t u r e s  p laced  through them. The d ike  design should reduce 
t h e  p o s s i b i l i t y  of f a i l u r e  from these  hazards a s  much a s  pos s ib l e .  Dikes 
a r e  u s u a l l y  long and have s u b s t a n t i a l  d i f f e r e n c e s  i n  s o i l  cond i t i ons  along 
t h e i r  r ou t e s .  Often l o c a t i o n s  cannot be changed t o  ob t a in  b e t t e r  foundat ions 
and t h e  s o i l s  ad jacent  t o  t h e  d ike  must be used i n  cons t ruc t i on .  Adjustments 
i n  t h e  des ign  s e c t i o n  and i n  cons t ruc t i on  methods must be made along t h e  
course of d ikes  i n  accordance w i th  t he se  s o i l  cond i t i ons ,  

Ample f reeboard  reduces t h e  p o s s i b i l i t y  of overtopping of d ike s .  Undermining 
is minimized by l o c a t i n g  d ikes  f a r  enough away from channels  t o  e l i m i n a t e  
exposure t o  h igh  v e l o c i t i e s  and scour .  Proper  s i d e  s l opes  and cons t ruc t i on  
methods minimize s loughing.  P r o t e c t i o n  a g a i n s t  seepage along c u l v e r t  and 
d ischarge  p ipes  is  improved by i nc rea s ing  t h e  seep  l i n e  wi th  a n t i s e e p  c o l l a r s .  
A seep  l i n e  i nc r ea se  of 15  pe rcen t  i s  u sua l l y  s u f f i c i e n t .  When i n s t a l l i n g  
dra inage  pumps, d i scharge  is  handled by l o c a t i n g  t h e  d i scharge  p ipe  over  
t h e  top of d ikes .  I f  p laced  through t h e  d i k e s ,  p ipe s  should be p laced  above 
t h e  water  s u r f a c e  and t h e  connect ions between them and t h e  pumps made wi th  
f l e x i b l e  couplings.  



Table 6-2, S o i l  c h a r a c t e r i s t i c s  

f i n e s  . I 
Poorly graded g rave l s  and I S t ab l e  - s u i t a b l e  f o r  s h e l l  o f  

Zroup 
Symbol 

GW 

GP I gravel-sand mixtures.  L i t t l e  I dike ,  Good foundation bear ing .  
o r  no f i n e s .  

S o i l  Descr ip t ion  
Well graded g rave l  and gravel-  
sand mixtures .  L i t t l e  o r  no 

S u i t a b i l i t y  - Dikes 

Very s t a b l e  - s u i t e d  f o r  s h e l l  of 
dike. Good foundation bearing.  

GM 

GC ' 

I 

1 Poorly graded sands and I 

SW 

Very s t a b l e  - adequate f o r  low 
s t a g e s .  Good foundation bear ing .  
Compaction good wi th  crawler  
t r a c t o r .  

S i l t y  g rave l s  and gravel-sand- 
c l ay  mixtures.  

Clayey g rave l s  and gravel-  
sand-clay mixtures.  

Wellcgraded sands and g r a v e l l y  
sands.  L i t t l e  o r  no f i n e s .  

S t ab l e  - adequate f o r  low s t a g e s .  
General ly f a i r  foundat ion bear ing .  
Use f l a t  s l opes  and wide berms. 
Compaction good wi th  c rawler  
t r a c t o r .  

S t ab l e  - gene ra l ly  adequate f o r  
a l l  s t a g e s .  Good foundation 
bearing.  Good compaction wi th  
rubber  t i r e s .  

S t ab l e  - adequate f o r  a l l  s t a g e s .  
Good foundation bearing.  Good 
compaction wi th  rubber  t i r e s .  

sc I Clayey sands and sand-clay 
mixtures 

SM 

Stab le  - adequate f o r  a l l  s t ages .  
General ly good foundation bear ing .  
F a i r  compaction wi th  rubber  t i r e s .  

Permeabi l i ty  
and Slopes 

Rapid - w i l l  need core.  

S i l t y  sands and sand - s i l t  
mixtures,  

Rapid - may n o t  need core  
f o r  lower s t a g e s  of  s h o r t  
dura t ion .  

F a i r l y  s t a b l e  - adequate f o r  low 
s t ages .  Only f a i r  foundat ion 
bear ing .  Use wide berms. Good 
compaction with rubber  t i r e s .  

Moderate - may n o t  need 
core  except  f o r  long  f lood  
dura t ion .  

Slow permeabi l i ty  

Rapid - may need core  f o r  
h igh  s t a g e s  of long 
dura t ion .  

-- - 

Rapid - w i l l  need core  f o r  
long dura t ion .  Use f l a t  
s l opes .  P r o t e c t  a g a i n s t  
wave ac t ion .  

- -  -- 

Moderate - use f l a t  s l ope  
on water  s i d e .  P ro t ec t  
aga ins t  wave ac t ion .  

Slow - 



.Tab le  6-2, S o i l  c h a r a c t e r i s t i c s  (con t inued)  

I I P e r m e a b i l i t y  

Svmbol S o i l  D e s c r i p t i o n  S u i t a b i l i t y  - Dikes and Slopes  

n 
a, z 
m 

Slow - I n o r g a n i c  c l a y s  o f  low t o  
medium p l a s t i c i t y ,  g r a v e l l y  

bo 
C 

c l a y s ,  sandy c l a y s ,  s i l t y  
r n  c l a y s  and l e a n  c l a y s .  

ML 

S t a b l e  - adequa te  f o r  a l l  s t a g e s ,  
F a i r  founda t ion  b e a r i n g .  F a i r  
compaction w i t h  rubber  t i r e s .  Use 
dumped f i l l  on lower  s t a g e s  on ly .  

Moderate - use  f o r  v e r y  
low s t a g e  on ly .  Slopes  a t  
n a t u r a l  a n g l e  o f  repose  
when wet  . 

-- 

r = i y E  and o r g a n i c  
c l a y s  having low p l a s t i c i t y .  

0 
m 
d 

I n o r g a n i c  s i l t s  and v e r y  f i n e  
s a n d s ,  rock f l o u r ,  s i l t y  o r  
c layey  f i n e  sands  and c l a y e y  
s i l ts  of s l i g h t  p l a s t i c i t y .  

Very poor  s t a b i l i t y  - may b e  
adequa te  f o r  C l a s s  111 d i k e s  o f  
low h e i g h t .  Can use  dumped f i l l .  

Note: Th is  t a b l e  based on t h e  Uni f ied  C l a s s i f i c a t i o n  System and f i e l d  exper ience .  
Rubber tires r e f e r  t o  rubbek t i r e d  equipment.  

Poor s t a b i l i t y  - g e n e r a l l y  adequa te  
f o r  low s t a g e s .  F a i r  f o u n d a t i o n  
b e a r i n g .  Dumped f i l l  on C l a s s  111 
d i k e s  on ly .  F a i r  compaction w i t h  
rubber  t i r e s .  

LU 

5 
a, 
k 

2 
w 

I 

V, 
rl . ri 
o 
m 

a .  
a, 
G 
4 
a 
k 
bo 
I 
5' 
-rl 
k 

Moderate - u s e  f l a t  s l o p e  
on w a t e r  s i d e .  P r o t e c t  
s l o p e s  a g a i n s t  e r o s i o n  
f o r c e s ,  

Low s t a b i l i t y  - g e n e r a l l y  adequa te  
f o r  a l l  s t a g e s .  D i f f i c u l t  t o  
compact. Could use  dumped f i l l  
f o r  low s t a g e s .  Poor founda t ion  
bear ing .  

F a i r l y  s t a b l e  - adequa te  f o r  a l l  
s t a g e s .  Poor compaction, dumped 
f i l l  may be adequate .  

Very low s t a b i l i t y  - Adequate o n l y  
f o r  low s t a g e s  and can use dumped 
f i l l .  Has poor  founda t ion  b e a r i n g  
and compaction. 

Slow - u s e  f l a t  s l o p e s  and 
p r o t e c t  a g a i n s t  e r o s i o n .  

Very s low p e r m e a b i l i t y .  
Use f l a t  s l o p e s  on w a t e r  
s i d e .  

Very s low - u s e  for low 
s t a g e s  o n l y ,  Use f l a t  
s l o p e s .  

MH 

- 

I n o r g a n i c  s i l t s ,  micaceous o r  
diatomaceous f i n e  sandy o r  
s i l t y  s o i l s  and e l a s t i c  s i l ts .  

Pt  
Very low s t a b i l i t y  - u s e  o n l y  f o r  
temporary d i k e s .  Remove from foun- 
d a t i o n  f o r  m i n e r a l  s o i l  d i k e s .  

' P e a t  and o t h e r  h i g h l y  o r g a n i c  
s o i l s .  

CH 

OH 

V a r i a b l e  - may v a r y  
s i g n i f i c a n t l y  between 
v e r t i c a l  and h o r i z o n t a l .  

I n o r g a n i c  c l a y s  having h i g h  
p l a s t i c i t y  and f a t  c l a y s .  

Organic  c l a y s  hav ing  medium 
t o  h i g h  p l a s t i c i t y  and 
o r g a n i c  silts.  



The c r o s s  s e c t i o n  and dens i t y  of m a t e r i a l s  a f f e c t  embankment s t a b i l i t y .  High 
d e n s i t y  and uni formi ty  of f i l l  m a t e r i a l s  f o r  Class  I d ikes  a r e  ob ta ined  by 
sys t ema t i c  c o n t r o l  of mois ture  and compaction during placement.  Uniformity 
and adequate  compaction of m a t e r i a l s  f o r  Class  I1 and Class  I11 dikes  a r e  
ob ta ined  through a  s t udy  of mois ture  cond i t i ons  a t  t ime of placement and 
placement methods used. P l a s t i c  s o i l s  may r e q u i r e  added h e i g h t  and consider-  
a b l e  maintenance t o  b r i n g  t h e  s e t t l e d  f i l l  t o  r equ i r ed  h e i g h t  a f t e r  we t t i ng  
of f i l l  t ake3  p l ace .  Nonplas t ic  s o i l s  and s o i l s  of low p l a s t i c i t y  may slump 
exces s ive ly  and t hus  r e q u i r e  f l a t t e r  d i k e  s l o p e s  and r a i s i n g  of  f i l l s  i n  
sha l low l i f t s  dur ing  cons t ruc t i on .  F l a t t e r  s l opes  and s p e c i a l  p r o t e c t i o n  of 
t h e  s u r f a c e  may be r equ i r ed  on t h e  water  s i d e  of d ike s  exposed t o  f lood  
s t a g e s  of long  d u r a t i o n ,  heavy wave a c t i o n ,  o r  r ap id  lowering of  t h e  f lood  
s t a g e .  

Height of d ike  

A s  shown i n  F igure  6-1, t h e  design he igh t  of t h e  d ike  (H) should be t h e  sum 
of des ign  h igh  water  s t a g e  (H,) and t h e  added h e i g h t  (Bv) f o r  wave a c t i o n  o r  
t h e  f reeboard  (Hf) which eve r  is  g r e a t e r .  Hs i s  an  allowance f o r  s e t t l emen t  
which depends upon t h e  m a t e r i a l s  used i n  cons t ruc t i on  and t h e  method of 
cons t ruc t i on .  Maximum Hw is  determined by t h e  c l a s s  of d ike  t o  be provided 
and Hw i s  based on t h e  wa te r  s u r f a c e  p r o f i l e ,  o r  t h e  h igh  wa te r  s t a g e .  Free- 
board Hf is  an allowance t h a t  is  added t o  t h e  design f l o o d  s t a g e  without  con- 
s i d e r a t i o n  of wave h e i g h t .  Freeboard f o r  d ike s  should b e  a minimum of 2 
f e e t ,  bu t  where wave a c t i o n  i s  expected,  i t  should be i nc r ea sed  t o  t h e  f u l l  
allowance f o r  wave h e i g h t .  Wave he igh t  allowance should be based on t h e  
v e l o c i t y  and d u r a t i o n  of wind, d i s t a n c e  of open water  f ac ing  t he  dike--fetch-- 
o r i e n t a t i o n  of t h e  d i k e  wi th  r e spec t  t o  t he  angle  of waves genera ted  by pre- 
v a i l i n g  winds, t h e  depth of water ,  and t h e  l e n g t h  of t h e  d ike .  A l a c k  of 
s p e c i f i c  d a t a  on wave he igh t  and r ideup  on d ikes  r e q u i r e s  judgment and con- 
s i d e r a t i o n  of a l l  f a c t o r s  involved i n  a  p a r t i c u l a r  s i t u a t i o n .  

F igure  6-1, Typica l  d i k e  s e c t i o n  



Based on an American Soc i e ty  of C i v i l  Engineers '  r e p o r t ,  which inc luded  a  
summary of emperical  formulas f o r  de te rmina t ion  of wave h e i g h t ,  t h e  Bureau of 
Reclamation (1)" prepared a  t a b l e  of wave h e i g h t s  f o r  s e l e c t e d  l e n g t h s  of 
f e t c h  and wind v e l o c i t i e s .  F igure  6-2 is  a s e t  of curves based on t he  
Bureau of  Reclamation 's  a n a l y s i s .  

The f reeboard  allowance f o r  wave he igh t  should be s u f f i c i e n t  t o  prevent  over- 
topping of  t h e  d ike  due t o  wave r ideup  equa l  t o  1 .5  t imes t he  h e i g h t  of t h e  
wave a s  given by t h e s e  curves ,  measured v e r t i c a l l y  from t h e  s t i l l  water  l e v e l .  
Wind v e l o c i t i e s  f o r  de te rmina t ion  of allowance f o r  wave he igh t  should range 
from 100 mi l e s  p e r  hour f o r  C la s s  I d ikes  t o  75 mph f o r  Class  I1 dikes and 
50 mph f o r  Class  111 d ikes .  

Vegeta t ive  growth between t h e  d i k e  and open wa te r ,  i f  s u f f i c i e n t l y  h igh  and 
dense,  t ends  t o  reduce wave he igh t s .  I n  such i n s t a n c e s  ad jus tments  i n  Hv 
should be made based on t h e  type  of p l a n t  growth, and t h e  cond i t i on  and 
permanence of t h e  s tand .  

Se t t lement  allowance Hs depends upon t h e  s o i l  m a t e r i a l  i n  t h e  f i l l  and founda- 
t i o n ,  and on the method of cons t ruc t i on .  The mois ture  conten t  of t h e  s o i l  
dur ing  cons t ruc t i on  i s  most important .  Where t h e  d ike  i s  t o  be compacted by 
cons t ruc t i on  equipment o p e r a t i n g  over  t h e  a r e a ,  a s e t t l e m e n t  allowance (H,) 
of no t  l e s s  than  5 percent  of t h e  f i l l  h e i g h t  (H) should be inc luded .  Where 
a  dumped f i l l  i s  p laced  and shaped,  t h e  allowance should be n o t  l e s s  than  10 
pe rcen t  of t h e  he igh t  of t h e  dike.  For s o i l s  excep t iona l l y  h i g h  i n  o rgan i c  
m a t t e r ,  t h e  s e t t l emen t  allowance should be no l e s s  than  40 pe rcen t  s i n c e  
t he se  s o i l s  a r e  most l i k e l y  t o  be p laced  i n  a  near -sa tura ted  cond i t i on  and 
a r e  s u b j e c t  t o  shr inkage  from compaction and ox ida t i on  of  o rgan i c  ma t t e r .  

*Numbers i n  paren theses  r e f e r  t o  r e f e r ences  l i s t e d  a t  t h e  end of t h e  chapter .  



Top wid th  

Top wid th  of d ike s  should be v a r i e d  accord ing  t o  s o i l s  t ype ,  degree of pro- 
t e c t i o n  requi red  and t h e  depth of water  c o n t r o l l e d .  Top width f o r  Class  I 
d ikes  of minera l  s o i l  should be no l e s s  than  10 f e e t  f o r  h e i g h t s  up t o  15 
f e e t  and n o t  l e s s  t han  1 2  f e e t  f o r  h e i g h t s  above 1 5  f e e t .  Top width f o r  
Class  I1 and I11 d i k e s  of  minera l  s o i l  should be no l e s s  than  6 f e e t  f o r  
designed water  h e i g h t s  (Hw) up t o  6 f e e t  and 8 f e e t  f o r  h e i g h t s  over  6 f e e t .  
Top width f o r  d ike s  of  o rgan i c  s o i l  should be no l e s s  than  8 f e e t .  Such 
d ikes  should be l i m i t e d  t o  designed water  h e i g h t s  of 4 f e e t  o r  l e s s .  Top 
wid ths  should be a t  l e a s t  10 f e e t  when t h e  d i k e  is  t o  be used a s  a  mainten- 
ance roadway. Add i t i ona l  width f o r  " t u rn  arounds" o r  pa s s ing  a r e a s  should 
a l s o  be provided a s  needed. 

S ide  s l o p e s  

S ide  s l o p e s  of d ike s  a r e  dependent p r i m a r i l y  upon t h e  depth  and d u r a t i o n  of 
wa te r  impoundment and t h e  shea r ing  r e s i s t a n c e  of t h e  e a r t h  f i l l  and founda- 
t i o n  m a t e r i a l s .  S ide  s l o p e s  should be 3:l o r  f l a t t e r  on both s i d e s  of d ike s  
where s o i l s  of low p l a s t i c i t y ,  such a s  ML and SM s o i l s ,  a r e  used i n  construc-  
t i o n .  S ide  s l o p e s  should be 3 : l  o r  f l a t t e r  on t h e  water  s i d e  when app rec i ab l e  
wave a c t i o n  i s  expected,  o r  where a  s t e e p e r  s l o p e  would be  u n s t a b l e  under 
r a p i d  drawdown cond i t i ons .  Rapid drawdown can occur  when hu r r i canes  pass  a  
given p o i n t  and g a l e  winds s h i f t  r a p i d l y  by 180 degrees t o  blow away from, 
r a t h e r  than  towards a  g iven  p o i n t .  Rapid drawdown can occur  a l s o  when 
f l ood  c r e s t s  drop r a p i d l y .  Land s i d e  s l o p e s  of  d ikes  must be f l a t t e n e d  when 
f i l l  s o i l s  of r e l a t i v e l y  high permeabi l i ty  a r e  exposed t o  h igh  f lood  s t a g e s  
f o r  extended pe r iods  of  t ime.  The seepage flow through the se  s o i l s  may 
then  p rog re s s  from wa te r  t o  land  s i d e  a t  a  r e l a t i v e l y  s l i g h t  angle  wi th  t h e  
h o r i z o n t a l  and ou t c rop  on t h e  l and  s i d e  of t h e  d i k e  t o  c r e a t e  a  hazard.  This  
a c t i o n  i s  most s eve re  i f  t h e  foundat ion f o r  t h e  d i k e  i s  l e s s  perv ious  than 
t h e  f i l l .  

S ide  s l o p e s  f o r  Class  1 dikes  must be determined from s t a b i l i t y  a n a l y s i s  o f  
t h e  f i l l  and foundat ion  m a t e r i a l s  t o  be used. Where s eve re  wave a c t i o n  i s  
a n t i c i p a t e d ,  unpro tec ted  s lopes  on t h e  wa te r  s i d e  should n o t  be s t e e p e r  than  
4 h o r i z o n t a l  t o  one v e r t i c a l .  

S ide  s l opes  f o r  C la s s  I1 d ikes ,  where wa te r  dep ths  a g a i n s t  t h e  f i l l  a r e  l e s s  
than  6 f e e t ,  should n o t  be s t e e p e r  than  1-1/2 h o r i z o n t a l  t o  one v e r t i c a l  i f  
f i l l  i s  compacted by hau l ing  equipment o r  by s p e c i a l  compaction equipment 
a f t e r  placement,  and n o t  s t e e p e r  than 2  h o r i z o n t a l  t o  one v e r t i c a l  when 
dumped i n  p lace .  Where Class  I1 dike  f i l l s  impound water  dep ths  ranging from 
6 t o  12 f e e t ,  s l o p e s  should no t  be s t e e p e r  than  2 h o r i z o n t a l  t o  one v e r t i c a l  
when compaction is  ob t a ined  by hau l ing  equipment o r  s p e c i a l  compaction equip- 
ment a f t e r  placement and n o t  s t e e p e r  than  2-1/2 h o r i z o n t a l  t o  one v e r t i c a l  
when t h e  f i l l  i s  dumped. I f  t he  water  s i d e  of dumped f i l l s  a r e  f l a t t e n e d  
t o  3 h o r i z o n t a l  t o  one v e r t i c a l ,  t h e  land  s i d e  may i n  t h i s  case  be s teepened 
t o  2  h o r i z o n t a l  t o  one v e r t i c a l .  

S ide  s l o p e s  of Class T I 1  d ike s  should be  based on t h e  gene ra l  cons ide ra t i ons  
d i scussed  above and exper ience  wi th  d i k e  cons t ruc t i on  under s i m i l a r  cond i t i ons .  
Dikes cons t ruc t ed  from channel  s p o i l  may be shaped t o  t h e  r equ i r ed  he igh t  
and t o  t h e  approximate c r o s s  s e c t i o n  s p e c i f i e d .  The r equ i r ed  s i d e  s l o p e s  may 
be conta ined  w i t h i n  t h e  dumped f i l l  i f  i t  i s  excess  t o  t h e  minimum requi re -  
ments. 



Core t r ench  

Where d ike  foundat ions con t a in  perv ious  s t r a t a  o r  t he  s o i l s  a r e  s u f f i c i e n t l y  
perv ious  t o  be s u b j e c t  t o  p ip ing  o r  undermining, a  core  t r ench  o r  foundat ion  
cu to f f  should be  provided.  The core  t r ench  should have a  bottom width and 
s i d e  s l o p e s  adequate  t o  accommodate t h e  type  of equipment t o  be used f o r  
excava t ion ,  b a c k f i l l ,  and compaction. B a c k f i l l  should be made wi th  m a t e r i a l s  
equa l  t o  o r  b e t t e r  than  t h o s e  r equ i r ed  f o r  t h e  e a r t h  embankment. Core 
t r enches  a r e  used i n  both Class  I and C la s s  I1 dikes  bu t  a r e  seldom requi red  
f o r  C la s s  I11 dikes .  Where perv ious  foundat ions  f o r  Class  I d ikes  a r e  too 
deep t o  be pene t ra ted  by a  co re  t r ench  t o  an impervious c u t o f f ,  a dra inage  
system must be provided t o  i n s u r e  s t a b i l i t y .  Table 6-2, i s  a gene ra l  guide 
t o  i n d i c a t e  condi t ions  where a  co re  t r ench  is needed. 

Where Class  1 dikes  a r e  l o c a t e d  on perv ious  foundat ions ,  which a r e  so  deep 
t h a t  a  c o r e  t r ench  i s  no t  f e a s i b l e ,  o t h e r  means of c o n t r o l l i n g  seepage and 
p r o t e c t i o n  of t he  d ike  from subsur face  p ip ing  must be  used. Ways and means 
f o r  c o n t r o l l i n g  underseepage i nc lude  p rope r ly  designed and cons t ruc ted  land- 
s i d e  banquet tes  o r  seepage berms, r e l i e f  w e l l s  and d r a i n s ,  wa t e r s ide  b l anke t s  
of low pe rmeab i l i t y ,  c u t o f f s  and dra inage  d i t c h e s .  

The proceedings of a  symposium on "underseepage and Its ~ o n t r o l "  a r e  inc luded  
i n  t h e  Transac t ions  of t h e  American Soc i e ty  of C i v i l  Engineers ,  Volume 126, 
1961, P a r t  1, pages 1427-1568. This  i nc ludes  a  comprehensive t rea tment  of 
i n v e s t i g a t i o n s ,  c o n t r o l  measures and c o n s t r u c t i o n  and maintenance of c o n t r o l  
measures (2).  The r e f e r ence  should be consul ted  f o r  he lp  with complex 
seepage problems. 

Banquettes 

channels  o r  have exces s ive ly  porous f i l l s  o r  poor 
t h e  land  s i d e  t o e  should be p ro t ec t ed  by a  banquet te  

Such banquet tes  may be  used t o  provide cons t ruc t i on  
l i t y  i f  channel  c r o s s i n g s  a r e  under water  o r  s a t u r a t e d  
The banquet te  width should be no l e s s  than  t he  he igh t  
round e l e v a t i o n ,  and i n  case  of Class  I d ikes  i t  must 

Where d ike s  c ro s s  o l d  
foundat ion  cond i t i ons  
o r  cons t ruc t ed  berm. 
acces s  and added s t a b  
dur ing  cons t ruc t i on .  
of d i k e  above normal f3 
meet de s ign  requirements  determined from s i t e  i n v e s t i g a t i o n s ,  l a b o r a t o r y  
a n a l y s i s  of f i l l  m a t e r i a l s  and compaction methods. The f i n i s h e d  top of t h e  
banquet te  should be no l e s s  than  one foo t  above normal ground and should 
s l o p e  away from t h e  d i k e  t o  provide  f o r  runoff  from t h e  d ike .  S ide  s l ope  of 
t h e  extended s e c t i o n  should be no s t e e p e r  than  t h e  land s i d e  s l o p e  of t h e  
d ike ,  s e e  F igure  6-3. When h igh ly  permeable s o i l  is used i n  t h e  embankment 
over  a  more s lowly permeable foundat ion ,  t h e  land  s i d e  base of  d i k e  may need 
t o  be extended and t h e  e n t i r e  d i k e  c r o s s  s e c t i o n  widened from base  t o  t o p ,  
i n  o r d e r  t o  keep t h e  l i n e  of seepage w i t h i n  t h e  embankment. I n  t h i s  case  
t h e  wid th  of t h e  banquet te  does no t  need t o  be increased .  

Drains 

Foundation a n d - t o e  d r a i n s  should be  used where necessary  t o  i n s u r e  s a f e t y  of 
d ikes .  These d r a i n s  must be l oca t ed  on t h e  l and  s i d e  of t h e  d ike  and have a  
graded sand-gravel f i l t e r  designed t o  prevent  movement of t he  foundat ion o r  
f i l l  m a t e r i a l  i n t o  t he  d r a in .  

F i e l d  d r a i n s  must no t  be  i n s t a l l e d  o r  permi t ted  t o  remain, wi thout  f i l t e r  
p r o t e c t i o n ,  c l o s e r  t o  t h e  land-side t o e  of a d ike  than  a  d i s t a n c e  equa l  t o  
t h r e e  t i m e s  t h e  design wa te r  he igh t  Tor t he  d ike .  I f  f i e l d  d r a i n s  a r e  t o  be 
i n s t a l l e d  o r  remain c l o s e r  than  t he  d i s t a n c e  s t a t e d  above, they  must be 
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p ro t ec t ed  wi th  graded sand-gravel f i l t e r s .  

F igure  6-3, Dike s e c t i o n  wi th  banquette  

Berms 

Land-side d i t ches  o r  borrow p i t s  must be loca t ed  so t h a t  t h e  berm separa t ing  
d ike  from borrow o r  channel is  wide enough t o  p ro t ec t  t h e  d ike  e f f e c t i v e l y .  
For Class I d ikes ,  t h e  berm and land-side d i t ches  o r  borrow p i t s  must be 
designed s o  t h e  hazard of piping through the  foundation i s  not  increased.  
For Class I1 dikes  t h e  minimum width of berm should be 10  f e e t  f o r  heads of 
water  aga ins t  t h e  d ike  not  g r e a t e r  than 4 f e e t ;  and 15  f e e t  f o r  heads 
g r e a t e r  than 4 f e e t .  For organic s o i l s  minimum berm width should be 25 f e e t .  
I n  a l l  cases  where t h e  top width of t h e  d ike  is l e s s  than 10 f e e t ,  t h e  land- 
s i d e  berm should be a t  l e a s t  10 f e e t  i n  order  t o  be wide enough t o  accommodate 
a  maintenance roadway. 

Construct ion 

Foundation p r g a r a t i o n  

The foundation a rea  of  d ikes  should be c l ea red  of a l l  t r e e s ,  stumps, logs ,  
r o o t s ,  brush,  boulders ,  o r  organic mat te r  which would i n t e r f e r e  wi th  scar-  
i f y i n g  the  area.  A l l  channel banks and sharp breaks should be sloped no 
s t e e p e r  than  one t o  one. Organic s o i l  should be removed from the  foundation 
a rea  unless  t h e  d ike  is  designed f o r  and i s  t o  be cons t ruc ted  from organic  
s o i l .  

Cutoff t renches ,  where used, must be excavated t o  l i n e s  and grades shown on 
the  p l ans ,  and b a c k f i l l e d  with s u i t a b l e  ma te r i a l  a s  s p e c i f i e d  f o r  e a r t h  
embankments. Necessary compaction should be obtained by use of proper equip- 
ment adapted t o  the  s i t e  condit ions.  The t rench  must be kept  f r e e  of s tanding  
water  during b a c k f i l l  opera t ions .  Mater ia l  from t h e  cu to f f  t rench can be  
used i n  the  land s i d e  of d ike  s e c t i o n  when s u i t a b l e .  Where t h e  d ike  crosses  



old  channels ,  objec t ionable  foundation ma te r i a l s  should be removed from the  
base s e c t i o n  of t h e  dike.  No f i l l  should be placed upon a frozen su r f ace ,  
nor  should frozen e a r t h ,  snow o r  i c e  be placed i n  the  dike.  

Embankment cons t ruc t ion  

For Class  I d ikes ,  the  f i l l  ma te r i a l  must be f r e e  of a l l  sod r o o t s ,  f rozen 
s o i l ,  s t ones  over  6 inches i n  diameter ,  and o t h e r  objec t ionable  ma te r i a l .  
Placing and spreading of f i l l  ma te r i a l s  should s t a r t  a t  t he  lowest po in t  of 
t h e  foundation and the  f i l l  brought up i n  h o r i z o n t a l  l a y e r s  o r  l i f t s  of such 
thickness t h a t  t h e  requi red  compaction can be obtained with the  equipment 
used. The r e s u l t i n g  d i s t r i b u t i o n  and gradat ion  of ma te r i a l s  throughout t he  
f i l l  should have no l enses ,  pockets ,  s t r e a k s  o r  l a y e r s  of ma te r i a l  substan-  
t i a l l y  d i f f e r i n g  i n  gradat ion  o r  t e x t u r e  from surrounding ma te r i a l s .  Where 
ma te r i a l s  of varying gradat ion  and t e x t u r e  a r e  necessary,  t he  more impervious 
ma te r i a l  should be placed i n  the  water  s i d e  and cen te r  po r t ion  of t he  f i l l .  
Moisture content  of the  f i l l  ma te r i a l s  must be such t h a t  t he  required com- 
pac t ion  is  obtained with t h e  equipment used. 

For Class I1 dikes ,  t h e  f i l l  m a t e r i a l  should be f r e e  from organic  mat te r  and 
any o t h e r  objec t ionable  ma te r i a l .  The f i l l  should begin on the  lowest p a r t  
of t h e  base and continue i n  ho r i zon ta l  l a y e r s  of approximately uniform th ick-  
ness ,  p re fe rab ly  6 inches t h i c k ,  but  no more than 18 inches th i ck  depending 
upon the  equipment used. The cons t ruc t ion  equipment should be operated over 
t he  a rea  of each l aye r  s o  a s  t o  break up t h e  clods and ob ta in  compaction. 
The impervious ma te r i a l s  should be placed toward t h e  water  s i d e  of t he  dike.  
The f i l l  ma te r i a l s  should be moist but  not  too  wet t o  h inder  equipment opera- 
t i ons .  Water should be added where f i l l  ma te r i a l  is  too  dry f o r  proper 
compaction. 

When Class I1 dikes a r e  cons t ruc ted  with equipment such a s  a  d rag l ine ,  which 
i s  no t  adapted t o  l a y e r  cons t ruc t ion ,  t he  f i l l  may be dumped i n  p l ace  and 
then spread  and shaped by o t h e r  equipment. Excessively wet ma te r i a l s  should 
be placed s o  they w i l l  d r a in .  I f  t h e  m a t e r i a l  slumps excess ive ly  due t o  
wetness,  t h e  dike should be cons t ruc ted  i n  s t a g e s  t o  al low dewatering. 

Class I11 dikes  a r e  usual ly  cons t ruc ted  from s p o i l  excavated from drainage 
d i t ches .  The foundation should be prepared t h e  same a s  f o r  Class I1 dikes.  
Core t renches  a r e  seldom used i n  t h i s  c l a s s  of dike.  The s p o i l  i s  placed 
t o  t h e  requi red  he ight  f o r  t he  d ike  and shaped. I f  t he  s p o i l  is  wet, i t  may 
be s e v e r a l  months before i t  d ra ins  enough t o  permit  shaping. Where add i t i ona l  
s t a b i l i t y  o r  compaction i s  needed, t h e  d ike  should be constructed i n  s t ages .  

Except when constructed from ma te r i a l  excavated from i n t e r i o r  drainage d i t c h e s ,  
t he  borrow f o r  d ikes  is  usua l ly  taken from t h e  water  s i d e  of t he  dike.  
Occasionally i t  i s  necessary t o  ob ta in  f i l l  from t h e  land s i d e  of t h e  d ike ,  
e s p e c i a l l y  when i t  e l imina te s  excavating through h ighly  permeable s t r a t a  on 
the  water  s i d e  which could r e s u l t  i n  excess ive  seepage through the  d ike  dur- 
i ng  f lood  s t ages .  A borrow d i t c h  on the  land s i d e  may be planned a s  a  u n i t  of 
t he  i n t e r i o r  drainage system and the  excavated ma te r i a l  u t i l i z e d  i n  t h e  dike.  
Such a d i t c h  should be f a r  enough away from t h e  d ike  t o  e l imina te  under- 
mining, and i n  accord with t h e  guide l ines  given under "Berms." Phys ica l  
f e a t u r e s ,  such as roads,  r a i l r o a d s  and swamps and t h e  lack  of  a v a i l a b l e  usable  
ma te r i a l  may r equ i r e  t h a t  t he  borrow be t ranspor ted  from a d i s t a n t  poin t .  

When t h e  borrow p i t  i s  loca ted  along t h e  water  s i d e  of t h e  dike,  i t  should be 
i n t e r r u p t e d  a t  i n t e r v a l s  by p lugs ,  a s  t h i s  checks v e l o c i t y  of water  along the  
toe  of the  dike.  They should be spaced a t  i n t e r v a l s  not  t o  exceed 400 f e e t  



f o r  C la s s  I d ikes  and 1320 f e e t  f o r  C la s s  I1 d ikes .  When the  borrow . i s  
s i g n i f i c a n t l y  s t r a t i f i e d ,  t h e  m a t e r i a l  f o r  C la s s  I and 11 d ikes  should be 
zoned f o r  placement. I n  t h i s  way t h e  more perv ious  m a t e r i a l  can be placed i n  
t h e  land  s i d e  a r e a  and t h e  l e s s  perv ious  s o i l  pu t  i n  t h e  c e n t e r  o r  water  s i d e  
of t h e  dike.  

Conduits 

A l l  condui t s  through a  d ike  must be p laced  on a  f i rm  foundat ion.  Se lec ted  
b a c k f i l l  m a t e r i a l  should  be placed i n  l a y e r s  around t h e  condui t s  and each 
succes s ive  l a y e r  thoroughly compacted. Antiseep c o l l a r s  which w i l l  i nc r ea se  
t h e  seep  l i n e  by a s  much as 15  pe rcen t ,  should be used on a l l  condui t s .  

P r o t e c t i o n  from wave a c t i o n  

Dikes i n  an  exposed p o s i t i o n  f ac ing  open wa te r ,  may a t  t imes be s u b j e c t  t o  
t h e  d e s t r u c t i v e  a c t i o n  of waves. P r o t e c t i v e  measures t o  sa feguard  t h e  d ike  
a r e  necessary .  The most widely used p r o t e c t i v e  measures i nc lude :  (a)  heavy 
sod cover ;  (b) f l a t  s l o p e s  on t h e  water  s i d e ;  (c )  e x t r a  top  wid th ;  and 
(d) l o c a t i o n  of d i k e  behind a  wide fo r e sho re ,  100 f e e t  o r  more i n  width 
where p o s s i b l e ,  on which adapted wave-obstructing v e g e t a t i o n  can be es tab-  
l i s h e d .  

An adequate  p r o t e c t i v e  cover of g r a s se s  should be e s t a b l i s h e d  on a l l  exposed 
s u r f a c e s  of t h e  d ike  where t h i s  i s  necessary  t o  p r o t e c t  t h e  d ike  a g a i n s t  
e r o s i o n  by f l ood  f lows ,  wave a c t i o n ,  o r  from r a i n f a l l  and runoff  on t h e  d ike .  
The seedbed p r e p a r a t i o n ,  seed ing ,  f e r t i l i z i n g ,  mulching, and fenc ing  should 
comply w i th  t e c h n i c a l  gu ides  f o r  t h e  a r e a .  

Riprap p r o t e c t i o n  of a g r i c u l t u r a l  d ike s  i s  gene ra l l y  n o t  f e a s i b l e  except  f o r  
Class I d ikes  and s h o r t  exposed s e c t i o n s  of Class  I1 d ikes .  Method ( d ) ,  f o r  
p r o t e c t i o n  from wave a c t i o n ,  i s  t h e  most d e s i r a b l e  because i t  he lp s  t o  
d i s s i p a t e  t h e  waves be fo re  they reach  t h e  d ike .  Bushy vege t a t i on  i s  b e s t  
s u i t e d  f o r  coun te r ac t i ng  wave ac t i on .  This  type  of p r o t e c t i v e  vege t a t i on  
should be  e s t a b l i s h e d  beyond the  borrow d i t c h  and no t  o n , t h e  berm. 

Maintenance 

The d i k e  should be  p a t r o l l e d  p e r i o d i c a l l y  and immediately a f t e r  s eve re  f lood  
s t a g e s .  Conduits through t h e  d ike  should be thoroughly i n spec t ed  a s  they 
a r e  p o i n t s  o f  weakness. Any weakness must be r epa i r ed  t o  prevent  f u r t h e r  
damage and s o  t h e  d i k e  w i l l  cont inue  t o  be e f f e c t i v e .  A good sod cover over  
t h e  d ike  can prevent  e r o s i o n  r i l l s  and reduce t h e  maintenance requi red  f o r  
t h e  d ike .  Trees  and bushy growth should no t  be permi t ted  t o  remain on t he  
d ike .  Rodentsf damage t o  d ikes  may be  s e v e r e  and they  should be discouraged 
from burrowing i n  t h e  d ike .  Mowing o r  c o n t r o l l e d  graz ing  by c a t t l e  i s  
d e s i r a b l e  when t h e  s l o p e s  a r e  3 : l  o r  f l a t t e r .  The graz ing  must be c o n t r o l l e d  
o r  t h e  sod w i l l  be damaged. Hogs should no t  be allowed on t h e  d ikes .  Cont ro l  
of t r e e s  and bushy growth w i th  approved h e r b i c i d e s  w i l l  a s s i s t  i n  t h e  main- 
tenance  of a  sod cover .  

Where sand subs t ra tum e x i s t s ,  a  heavy seepage volume may be expected.  Pumps 
i n s t a l l e d  a t  such l o c a t i o n s  t o  provide  i n t e r i o r  d ra inage  should be r egu l a t ed  
t o  keep t h e  e l e v a t i o n  of t h e  water  i n  t h e  i n t e r i o r  d i t c h e s  a s  h igh  a s  
p o s s i b l e  dur ing  f l o o d  s t ages .  By keeping t h e  d i f f e r e n c e  i n  e l e v a t i o n  of t h e  
o u t s i d e  wa te r  and t h a t  of t h e  i n s i d e  water  t o  a  minimum, t h e  tendency f o r  
seepage water  and sand t o  flow i n t o  t h e  d r a inage  d i t c h e s ,  and t h e  p o s s i b i l i t y  
of bank s loughing ,  l o s s  of c apac i t y  i n  t h e  dra inage  system, and d ike  f a i l u r e  
w i l l  b e  reduced. 
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