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NATIONAL ENGINEERING HANDBOOK 

SECTION 16  

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 2. DRAINAGE INVESTIGATIONS 

General 

Drainage p r o j e c t s  r e q u i r e  survey and i n v e s t i g a t i o n  of s i t e  cond i t i ons  and s tudy 
of h i s t o r i c a l  d a t a  t o  determine t h e i r  f e a s i b i l i t y  and f o r  des ign .  The e x t e n t  of 
i n v e s t i g a t i o n  requi red  f o r  each p r o j e c t  depends on t h e  i n v e s t i g a t o r ' s  exper ience  
i n  t h e  a r e a  and t h e  amount of d a t a  a l r eady  a v a i l a b l e .  Where t h e  p r o j e c t  i s  small  
and problems and t h e i r  s o l u t i o n s  a r e  obvious,  i n v e s t i g a t i o n s  and surveys may be 
l i m i t e d  t o  f i e l d  checking a t  t h e  s i t e .  Larger  o r  complex p r o j e c t s  w i l l  r e q u i r e  
more i n t e n s i v e  i n v e s t i g a t i o n s .  

This  chapter  p rovides  gu ide l i ne s  f o r  de te rmina t ion  of t h e  ex t en t  of i n v e s t i g a t i o n s  
needed under v a r i o u s  cond i t i ons  and desc r ibe s  procedures  f o r  making them. 

Ex i s t i ng  d a t a  

Use of e x i s t i n g  d a t a ,  such a s  maps, p l ans ,  and r eco rds ,  and t h e  exper ience  of 
t r a i n e d  personnel  saves  cons iderab le  time i n  t h e  i n v e s t i g a t i o n  of d r a inage  pro- 
j e c t s .  Ava i l ab l e  d a t a  r e l a t i n g  t o  l o c a l  d r a inage  problems should be ob ta ined ,  
eva lua ted ,  p rope r ly  i d e n t i f i e d ,  and assembled f o r  use.  Local SCS personnel  should 
become f a m i l i a r  wi th  t he se  d a t a  i n  o rde r  t o  make t h e  maximum use  of it. Some 
types  of d a t a  h e l p f u l  t o  d r a inage  work, and which should be a v a i l a b l e  l o c a l l y ,  
a r e  d i scussed  below. The source  of supply of t h e  d a t a  i s  ind i ca t ed .  

A e r i a l  photosraphs 
Standard 4- and 8-inch per  mi l e  p r i n t s  a r e  u s u a l l y  a v a i l a b l e  through t h e  l o c a l  
SCS work u n i t .  The more up-to-date they a r e  t h e  more u s e f u l  they w i l l  be .  
Mosaics may be  needed on l a r g e r  p r o j e c t s .  Photos i n  USDA-SCS county s o i l  survey 
r e p o r t s ,  p a r t i c u l a r l y  i n  those  r e c e n t l y  publ i shed ,  a r e  va luab l e  a i d s .  

Maps 
Maps which show d e t a i l e d  and r e c e n t  topographic d a t a  a r e  t h e  most va luab l e .  
Quadrangle maps of t h e  U .  S. Geologica l  Survey (USGS), Corps of Engineers  (CE), 
Bureau of Reclamation, Tennessee Val ley  Author i ty ,  o r  o t h e r  f e d e r a l  o r  s t a t e  agency 
may be a v a i l a b l e .  Local i r r i g a t i o n  o r  d ra inage  d i s t r i c t s  o r  p r i v a t e  engineer ing  
f i rms  o f t e n  have u s e f u l  maps which may be  ob ta ined .  USGS maps a r e  a v a i l a b l e  from 
t h e  U. S. Geological  Survey, Denver, CoLorado o r  Washington, D.  C .  CE maps a r e  
a v a i l a b l e  from the  D i s t r i c t  Engineer of t h e  D i s t r i c t  which made t h e  map. An index 
of maps is  a v a i l a b l e  from the  USGS. 

Surveys 
Old dra inage  surveys and maps a r e  o f t e n  a v a i l a b l e  and gene ra l l y  con t a in  u s e f u l  
information.  These a r e  u s u a l l y  a v a i l a b l e  through t h e  dra inage  d i s t r i c t ,  county 
c l e r k  o r  county engineer .  

S o i l ,  geo log i c ,  ground water ,  and topographic surveys a r e  h e l p f u l  i n  dra inage  
work. Benchmark surveys made by t h e  U. S. Coast and Geodetic Survey, USGS, Corps 
of Engineers ,  Bureau of Reclamation o r  o t h e r  f e d e r a l  o r  s t a t e  agency a r e  va luab l e .  
V e r t i c a l  c o n t r o l  f o r  l a r g e  group o r  d i s t r i c t  e n t e r p r i s e s  should be t i e d  t o  s tandard 
benchmarks, based on mean s e a  l e v e l  datum wherever p r a c t i c a b l e .  2- 1 



Miscel laneous d a t a  
Records and r e p o r t s  of va lue  may inc lude :  r e p o r t s  of surveys  l i s t e d  above; s o i l  
conserva t ion  d i s t r i c t  programs and work p l ans ;  s tandard  s o i l  survey r e p o r t s ;  
p r e c i p i t a t i o n ,  s t reamflow, r i v e r  s t a g e ,  and t i d a l  r eco rds ;  and c rop  y i e l d  d a t a .  

The fol lowing p u b l i c a t i o n s  w i l l  be  of p a r t i c u l a r  i n t e r e s t :  

1. "Ra in fa l l  Frequency A t l a s  of t h e  United S t a t e s "  - U.  S. Department of 
Commerce, Weather Bureau - Technical  Paper No. 40, May 1961, and 
Technical  Paper No. 43, 1962 f o r  Hawaii. 

2. Two- t o  Ten-Day P r e c i p i t a t i o n  f o r  Return Pe r iods  of 2 t o  100 yea r s ,  
U .  S. Department of Commerce, Weather Bureau, Technical  Paper No. 49, 
1964 f o r  t h e  cont iguous United S t a t e s ,  Technical  Paper No. 51, 1965, f o r  
Hawaii, and s p e c i a l  p r e c i p a t i o n  r eco rds  f o r  mountain s t a t e s .  

3 .  Locat ion of hydrologic  s t a t i o n s ,  inc lud ing  t hose  measuring p r e c i p i t a t i o n ,  
and r i v e r  gaging s t a t i o n s  a r e  shown i n  "Notes on Hydrologic A c t i v i t i e s  
B u l l e t i n  No. 11" compiled under t h e  ausp ices  of t h e  Inter-Agency Com- 
m i t t e e  on Water Resources, Subcommittee on Hydrology, A p r i l  1961. This  
is a v a i l a b l e  through t h e  Nat iona l  Weather Serv ice .  

4. Tide Tables ,  compiled by t h e  U .  S. Coast and Geodetic Survey, a r e  a v a i l -  
a b l e  from t h a t  agency's Washington o f f i c e .  The volume f o r  t h e  A t l a n t i c  
and Gulf Coast i s  "Tide Tables ,  Eas t  Coast ,  North and South America 
( inc luding  Greenland)" and f o r  t h e  P a c i f i c  Coast ,  "Tide Tables ,  West 
Coast ,  North and South America ( inc luding  Hawaiian I s l ands ) . "  These 
a r e  publ ished annual ly .  

5. Data on benchmarks e s t a b l i s h e d  by f e d e r a l  agenc ies  a r e  a v a i l a b l e  on 
r eques t  from t h e i r  l o c a l  d i s t r i c t  headquar te rs  o r  t h e  Washington o f f i c e .  
Requests should s p e c i f y  t h e  l o c a l i t y  f o r  which t h e  in format ion  is  d e s i r e d .  

6 .  S t a t e  Laws - requirements  of s t a t e  agenc ies  f o r  p r o j e c t  development, 
c l ea r ance ,  e t c .  should be  known. 

A l l  d a t a  should be  eva lua ted  f o r  cur rency ,  accuracy,  and a p p l i c a t i o n  t o  t h e  
problem a r e a ,  and i t  should be  i d e n t i f i e d  a s  t o  source  and d a t e  of procurement. 
Also,  a f t e r  eva lua t i on ,  t h e  r e s u l t s  of t h e  eva lua t i on  should be c l e a r l y  s t a t e d ,  
da t ed ,  and s igned by t h e  eva lua to r .  L imi t a t i ons  on use  of t h e  d a t a  should b e  
s p e c i f i e d  . 
S o i l  Conservat ion Se rv i ce  experience i n  p a r t i c u l a r  a r e a s  

To t ake  advantage of exper ience  gained by working i n  a p a r t i c u l a r  a r e a  u se  t h e  
SCS "Drainage Guides" which d e s c r i b e  problems of d r a inage  on c e r t a i n  s o i l s  w i t h i n  
p a r t i c u l a r  a r e a s ,  i n v e s t i g a t i o n s  r equ i r ed ,  and t h e  gene ra l  c r i t e r i a  f o r  des ign  
of remedial  measures. 

Before t h e  d i f f e r e n t  k inds  of problems encountered i n  a g r i c u l t u r a l  d ra inage  a r e  
recognized,  a good knowledge of s o i l s ,  hydrology, hyd rau l i c s ,  and a g r i c u l t u r a l  
economics i s  needed. The e f f e c t s  of excess  water  and s a l i n i t y  on p l a n t  growth 
must be understood. Types of problems encountered i n  d r a inage  work and p r i n c i p l e s  
of dea l i ng  wi th  them a r e  d i scussed  i n  Chapter 1. D e t a i l s  of remedial  measures a r e  
i n  o t h e r  chap t e r s  which cover  t h e  p a r t i c u l a r  type  of d ra inage .  



R e l a t i o n  of f l o o d  hazard t o  d r a i n a g e  f e a s i b i l i t y  

When i n v e s t i g a t i n g  d r a i n a g e  problems i t  is  impor tan t  t o  de te rmine  i f  t h e  a r e a  i s  
s u b j e c t  t o  f l o o d i n g  and t h e  f requency and c h a r a c t e r  of t h e  f l o o d i n g .  Floods may 
b e  s o  f r e q u e n t  and damaging t h a t ,  w i t h o u t  t h e i r  p r e v e n t i o n ,  d r a i n a g e  of t h e  
p r o j e c t  a r e a  would n o t  b e  f e a s i b l e .  

The p r i n c i p l e  of d r a i n a g e  d e s i g n  is t o  remove e x c e s s  w a t e r  from t h e  s u r f a c e  of 
t h e  l a n d  and /or  from t h e  r o o t  zone of t h e  c r o p ,  b e f o r e  i t  causes  damage, and t o  
c r e a t e  a  more f a v o r a b l e  environment: f o r  t h e  d e s i r e d  c r o p s .  There a r e  p e r i o d s  i n  
t h e  growth of some c rops  when f l o o d i n g  should b e  h e l d  t o  a s  s h o r t  a  t ime a s  pos- 
s i b l e ,  b u t  i t  i s  u s u a l l y  n o t  f e a s i b l e  t o  a t t e m p t  t o  c o n t a i n  a l l  runof f  from t h e  
less f r e q u e n t  r a i n f a l l  e v e n t s  w i t h i n  d i t c h  banks w i t h o u t  any over land  f low.  

I n  e v a l u a t i n g  t h e  e f f e c t s  of f l o o d i n g  on f l a t l a n d  a r e a s  t h e  fo l lowing  f a c t o r s  
should b e  cons idered :  

1. Frequency of damaging floods.--The f requency  of damaging f l o o d s  under 
which a g r i c u l t u r a l  l and  can b e  o p e r a t e d  p r o f i t a b l y  w i l l  v a r y  accord ing  
t o  t h e  k ind  of c r o p s  t o  b e  grown, p r o d u c t i v i t y  of t h e  l a n d ,  t h e  c o s t  
of p r e v e n t i n g  such f l o o d s ,  and o t h e r  economic f a c t o r s .  I f  damaging 
f l o o d s  can  b e  expected more o f t e n  than  once each 3 t o  5 y e a r s  an economic 
e v a l u a t i o n  f o r  de te rmin ing  f e a s i b i l i t y  of t h e  p r o j e c t  may b e  r e q u i r e d .  

2.  Depth and d u r a t i o n  of f looding.--Flooding t o  sha l low d e p t h s  f o r  a  s h o r t  
d u r a t i o n  may n o t  b e  damaging. I n  many a r e a s  i t  h a s  been determined t h a t  
w a t e r  s t a n d i n g  6 i n c h e s  deep f o r  p e r i o d s  up t o  24 hours  u s u a l l y  i s  n o t  
damaging t o  f i e l d  c r o p s .  Truck c rops  and o t h e r  c r o p s  s e n s i t i v e  t o  excess  
w a t e r  u s u a l l y  r e q u i r e  a  more r a p i d  r a t e  of w a t e r  removal. Most p a s t u r e ,  
and r i c e l a n d  i n  r o t a t i o n  w i t h  p a s t u r e ,  can w i t h s t a n d  l o n g e r  p e r i o d s  of 
f l o o d i n g  w i t h o u t  damage. 

3 .  Time of flooding.--During t h e  season  when c r o p s  a r e  n o t  b e i n g  grown, 
damage by f l o o d i n g  on f l a t l a n d  may b e  l i m i t e d  t o  scour  of t h e  f l o o d  
p l a i n ,  d e p o s i t i o n  of s t e r i l e  m a t e r i a l s ,  and /or  p r o p e r t y  damage. Under 
some c o n d i t i o n s  f l o o d s  may b e n e f i t  l a n d  by d e p o s i t i o n  of t o p s o i l  and 
nu t r ' en t s .  

4 .  Eros ion  and /or  sedimentat ion.- - I f  f l o o d i n g  i n  a p a r t i c u l a r  a r e a  is l i k e l y  
t o  c a u s e  s e r i o u s  e r o s i o n ,  t h e  f e a s i b i l i t y  of d r a i n a g e  improvement i s  
q u e s t i o n a b l e .  I f  s e d i m e n t a t i o n  is e x c e s s i v e ,  methods t o  c o n t r o l  i t  
should  b e  i n v e s t i g a t e d .  Such measures as d i v e r s i o n s ,  d i k e s ,  and d e b r i s  
b a s i n s  may b e  i n d i c a t e d .  Flood p l a i n  scour  o r  e x c e s s i v e  sed imenta t ion  
expected may make t h e  p r o j e c t  f e a s i b i l i t y  q u e s t i o n a b l e .  

Adequacy of o u t l e t  f o r  d r a i n a g e  improvement 

Drainage improvements should b e  cont inued t o  a n  adequa te  o u t l e t .  G e n e r a l l y ,  
improvements t o  a  d r a i n a g e  system w i l l  i n c r e a s e  t h e  peak d i s c h a r g e  f o r  t h e  more 
f r e q u e n t l y  r e c u r r i n g  s to rms .  The i n c r e a s e  w i l l  v a r y  accord ing  t o  t h e  r a t i o  of 
d i t c h  c a p a c i t i e s  a f t e r  improvement t o  t h e i r  c a p a c i t i e s  b e f o r e  improvement. The 
e f f e c t  which t h i s  i n c r e a s e  i n  peak d i s c h a r g e  has  on s t a g e s  of w a t e r  i n  t h e  o u t l e t  
depends on t h e  r e l a t i o n  of t h e  s i z e ,  shape,  and h y d r o l o g i c  f a c t o r s  of t h e  p r o j e c t  
a r e a  improved t o  t h e  s i z e ,  shape ,  and h y d r o l o g i c  f a c t o r s  of t h e  watershed of t h e  
o u t l e t  above t h e  p o i n t  of d i s c h a r g e  of t h e  p r o j e c t  system.  



E f f e c t s  of dra inage  improvements on water  s t a g e s  i n  o u t l e t s  cons i s t i ng  of major 
r i v e r s ,  l a r g e  l akes ,  o r  t idewater  may be considered n e g l i g i b l e .  E f f e c t s  on 
o u t l e t s  i n  f l a t  l ands ,  whose drainage a rea  above the  poin t  of discharge of t he  
p r o j e c t  system i s  a t  l e a s t  t e n  times t h e  s i z e  of t he  p r o j e c t  dra inage  a rea ,  a l s o  
may be  considered neg l ig ib l e .  

Basic requirements 
I n  determining adequacy of o u t l e t s  t h e  fol lowing b a s i c  requirements should be 
m e t :  

1. The capaci ty  of t he  o u t l e t  should be such t h a t  t h e  des ign  flow from the  
p r o j e c t  w i l l  d i scharge  a t  a s t a g e  e l eva t ion  equal  t o  o r  l e s s  than t h a t  
requi red  f o r  adequate drainage of t h e  land i n  t h e  p r o j e c t .  Where the  
p ro j ec t  d ischarges  i n t o  a  n a t u r a l  o r  constructed channel ,  cons idera t ion  
should be  given t o  the  runoff from the  e n t i r e  watershed of t he  channel,  
which should b e  computed on t h e  same b a s i s  a s  t h a t  used f o r  t h e  p r o j e c t  
a r ea .  The stage-discharge r e l a t i o n s h i p  of t he  o u t l e t  channel should be  
determined from records  o r  by c a l c u l a t i o n .  

2 .  The capaci ty  of t he  o u t l e t  a l s o  must be such t h a t  t h e  d ischarge  from t h e  
p r o j e c t ,  a f t e r  proposed improvements, w i l l  no t  r e s u l t  i n  s t a g e  inc reases  
i n  t h e  o u t l e t  t h a t  w i l l  cause s i g n i f i c a n t  damages downstream. 

3 .  The e l eva t ion  of t he  water su r f ace  a t  normal low flow i n  t h e  o u t l e t  
should permit  any needed subsurface drainage t o  be  discharged.  

The hydraul ic  g rade l ine  f o r  low water  flow, from t h e  o u t l e t  through t h e  
system of mains and l a t e r a l s  t o  t h e  uppermost subsurface d r a i n  i n  t h e  
p r o j e c t ,  should be determined t o  in su re  t h a t  a l l  needed d ra ins  can be 
discharged above i t .  

4 .  There should not  be excessive scour o r  depos i t ion  of sediment i n  t he  
o u t l e t .  

Spec ia l  o u t l e t  condi t ions  
Tida l  inf luence .  - Effec t  of t he  t i d e s  o r  l i t t o r a l  d r i f t  on d ischarge  should be  
determined where improved channels d ischarge  i n t o  r i v e r s ,  e s t u a r i e s ,  bays, and 
sounds sub jec t  t o  t i d a l  inf luence .  This  should apply whether o r  not t he  o u t l e t  
is reached through an automatic t i d e  g a t e ,  o r  d i r e c t l y ,  without  t h e  b e n e f i t  of 
a  t i d e  ga t e .  

The c h a r a c t e r i s t i c s  and types of t i d e s  a r e  discussed by H. A .  Marmer i n  "Tidal 
Datum Planes,"  ( I ) ,  and i n  Chapter 9 of t h i s  handbook. Where the  drainage of 
a g r i c u l t u r a l  land is a f f ec t ed  adverse ly  by t i d a l  a c t i o n  i t  should be  pro tec ted  
by a  system of d ikes  and t i d e  ga tes .  Planning,  design,  and cons t ruc t ion  of d ikes  
is covered i n  Chapter 6 .  Routing of s p e c i f i e d  flows through e x i s t i n g  o r  proposed 
g a t e s ,  i n  order  t o  determine s t a g e  r e l a t i o n s  i n  t he  p r o j e c t  a r ea  is  covered i n  
SCS Technical Release No. 1, "Routing Through Tide Gates,"  and i n  Chapter 9 of 
t h i s  handbook. 

Pumping. - Where the  p r o j e c t  is provided wi th  pumps f o r  d ischarge  of runoff from 
t h e  watershed, t h e  a rea  usua l ly  is pro tec ted  by d ikes .  I n  t h i s  case  t h e  d ikes  
should meet t h e  National  Engineering Standard f o r  d ikes ,  t h e  pumping capaci ty  
should be  adequate f o r  t h e  design runof f ,  and t h e  o u t l e t  i n t o  which t h e  pumps 
d ischarge  should meet t h e  b a s i c  requirements f o r  o u t l e t s .  



Dikes and f l oodga t e s .  - The a r e a  t o  b e  improved may b e  p ro t ec t ed  from f looding  
only  by a  system of d ike s  and f l oodga t e s .  I n  such ca se s  t h e r e  is a  ques t i on  a s  
t o  whether a  pumping p l a n t  i s  needed t o  r e l i e v e  temporary f looding  w i t h i n  t h e  
p ro t ec t ed  a r e a  during per iods  when t h e  f l oodga t e s  a r e  closed due t o  h igher  s t a g e s  
on t h e  ou t s ide .  This  r e so lves  i t s e l f  i n t o  a  check of coincidence of s t a g e s  on 
both  s i d e s  of t h e  d ike .  A temporary r e s e r v o i r  is  formed i n  t h e  p ro t ec t ed  a r e a ,  
and a  check i s  made of t h e  frequency and d u r a t i o n  of pumping requi red  t o  remove 
water  from t h e  r e s e r v o i r .  The c o s t  of t he  pumping p l a n t  requi red  t o  r e l i e v e  t h e  
temporary f l ood ing  w i t h i n  t h e  p ro t ec t ed  a r e a  should be  determined, inc lud ing  t h e  
c o s t  of ope ra t i on .  This would be  compared w i th  t h e  damage which could b e  expected 
due t o  f l ood ing  without  t h e  pumping p l a n t .  A s tudy  of t h e  t iming of co inc iden t  
f lood  s t a g e s  on bo th  s i d e s  of t h e  d i k e  and t h e  economic f a c t o r s  involved w i l l  pro- 
v i d e  t h e  in format ion  needed t o  determine t h e  f e a s i b i l i t y  of t h e  pumping p l a n t .  

Economics of d r a inage  p r o j e c t s  

I n  a l l  c a s e s ,  recommended improvements should provide  b e n e f i t s  i n  excess  of c o s t s .  
For l a r g e  complex p r o j e c t s  an economic a n a l y s i s  is  needed t o  make t h e  f e a s i b i l i t y  
de te rmina t ion .  For smal l  jobs a  comparison w i th  s i m i l a r  work i n  t h e  a r e a ,  where 
b e n e f i t s  a r e  w e l l  known, is  usua l l y  enough t o  determine f e a s i b i l i t y .  

On l a r g e  group e n t e r p r i s e s ,  t h e  a n a l y s i s  may b e  complex and r e q u i r e  t h e  a s s i s t a n c e  
of an economist.  There a r e  va r ious  s t a g e s  between t h e s e  two extremes and t h e  
p r i n c i p l e s  of good economic a n a l y s i s  should be  fol lowed.  Reference should be  made 
t o  t h e  S o i l  Conservation Se rv i ce ' s  "Economics Guide f o r  Watershed P r o t e c t i o n  and 
Flood Prevent ion ,"  March 1964. 

C l a s s i f i c a t i o n  of I n v e s t i g a t i o n s  

I n v e s t i g a t i o n s  f o r  d ra inage  work may b e  d iv ided  i n t o  t h r e e  types  depending upon 
t h e  o b j e c t i v e s  and l e v e l  of i n v e s t i g a t i o n  r equ i r ed .  These w i l l  b e  d i scussed  h e r e  
a s  : 

I. Reconnaissance 

2. Pre l iminary  survey 

3 .  Design survey 

S ince  most jobs  a r e  somewhat d i f f e r e n t  t h e  i n v e s t i g a t i o n s  needed f o r  each should 
be  considered c a r e f u l l y .  For t h e  l a r g e r ,  more complex jobs a  work o u t l i n e  u sua l l y  
i s  requi red  t o  i n s u r e  t h a t  t h e  d a t a  needed i s  obta ined  i n  an o r d e r l y  manner. 
I n v e s t i g a t i o n s  f o r  t h e  sma l l e r ,  f r equen t ly  r e c u r r i n g  types  of jobs may be  based 
on a  s t anda rd  procedure,  which has  been developed f o r  t h e  p a r t i c u l a r  type  of job 
and a  s i m i l a r  s e t  of s i t e  cond i t i ons .  I n  any c a s e ,  extraneous d e t a i l s  and work 
no t  needed t o  meet a  s p e c i f i c  o b j e c t i v e  should be  omit ted.  

Reconnaissance (Pre l iminary  I n v e s t i g a t i o n )  

F i e l d  reconnaissance 

A f i e l d  reconnaissance  of t he  dra inage  problem a r e a  i s  necessary  t o  o b t a i n  a s  
much informat ion  a s  p o s s i b l e ,  and t o  provide t h e  b a s i s  f o r  development of a  work 
o u t l i n e  f o r  a d d i t i o n a l  i n v e s t i g a t i o n s  needed. The reconnaissance i s  u s u a l l y  an 
i n spec t i on  of t h e  a r ea  from e a s i l y  a c c e s s i b l e  p o i n t s .  P a r t s  of t h e  watershed 
o u t s i d e  t h e  dra inage  problem a r e a ,  should b e  examined t o  determine runoff  
c h a r a c t e r i s t i c s  and land t rea tment  needed f o r  p r o t e c t i o n  of t h e  proposed 



improvements. This reconnaissance may be supplemented by discussions with the 
owners and others who are familiar with the area. 

For group enterprises where a report is necessary as a basis for determining 
feasibility of the job, group interest, and determination of SCS personnel time 
required to complete the job, a more comprehensive reconnaissance is needed. 
Under these circumstances the type of investigation usually required is on the 
order of that described as "Preliminary Investigation" in the Watershed Protection 
Handbook and as a detailed reconnaissance below. 

Detailed reconnaissance 

This is a streamlined type of investigation to determine the problems in the 
drainage area and the principal improvements needed, and to make a rough estimate 
of the cost. 

Conditions applicable to a detailed reconnaissance are: 

1. A P.L. 566 Watershed which it is known will be considered for planning 
priority by the Governor of a State or his designated state agency. 

2. A group enterprise where the group is not well organized, interest level 
among some landowners is high, but some opposition may exist, and there 
is a need for a plan and cost estimate of the project before organiza- 
tion of the group can be completed. 

3 .  A comparatively large and complex individual farm job where the owner 
needs an estimate of cost before he can commit himself to proceeding 
with the project. 

Ob j ec t ives 
The objectives of a detailed reconnaissance should be to: 

1. Determine the extent of the area needing improvement. 

a. Type of improvements required should be determined: flood prevention, 
surface drainage, subsurface drainage. 

2. Determine the adequacy of outlets for the needed improvements. 

3. Develop a general plan for improvement: 

a. Make an estimate of principal improvements needed. 

b. If drainage ditches may be located through hardwood swamps, have 
forester to identify and evaluate timber in a general way. 

c. Consider wildlife aspects of ditches through swamps. Priorities in 
maintenance of wildlife values and agricultural purposes should be 
determined at this stage. 

d. Determine adequacy of organization to obtain needed rights-of-way. 
(For group enterprises only.) 

4. Insure that the plan of improvement will meet the requirements of state 
law. 



5. Make an  e s t ima te  of t h e  c o s t s  and b e n e f i t s  of t h e  proposed improvements 
(where necessary) .  

6 .  Make a  comparison of t h e  c o s t s  and b e n e f i t s  and prepare  recommendations 
t o  t h e  members of t h e  e n t e r p r i s e  f o r  t h e  course  of a c t i o n  t o  fo l low.  

Recommended procedure 
The fol lowing i tems  a r e  considered t o  be t h e  minimum requ i r ed .  Modi f ica t ion  may 
be  needed f o r  t h e  p r o j e c t  under cons ide ra t i on .  

1. Assemble and eva lua t e  e x i s t i n g  d a t a .  

2 .  Prepare  a work map of t h e  p r o j e c t  showing watershed boundaries ,  e x i s t i n g  
s t reams,  o ld  d i t c h e s  and d r a i n s ,  phys i ca l  f e a t u r e s ,  and o t h e r  p e r t i n e n t  
in format ion .  

3 .  Obtain o r  develop a  gene ra l i z ed  s o i l  and s imple land use  map of t h e  
p r o j e c t .  

4 .  Determine s t a t u s  of any s t a t e ,  f e d e r a l ,  o r  l o c a l  program which w i l l  have 
an e f f e c t  on t h e  p r o j e c t .  

5. Make an engineer ing  reconnaissance  of t h e  p r o j e c t .  Observe e x i s t i n g  
d r a i n s  and d i t c h e s ,  b r i dges ,  topographic and farm cond i t i ons ,  and ground 
water  l e v e l s .  

6 .  Determine t h e  adequacy of o u t l e t s  f o r  d ra inage  improvements. 

7 .  Make t h e  fol lowing de te rmina t ions  by eva lua t i ng  t h e  in format ion  gained 
from t h e  engineer ing  reconnaissance ,  and t h e  m a t e r i a l  l i s t e d  i n  i t ems  1, 
2  and 3 above: 

a .  Develop a  t e n t a t i v e  p l an  of improvement. 

b .  Determine t h e  approximate l o c a t i o n s  of t h e  mains and p r i n c i p a l  
l a t e r a l s  - eva lua t e  adequacy of p r e s e n t  l o c a t i o n s .  

c .  Prepare  c o s t  e s t i m a t e  - cons ider  c l e a r i n g ,  excava t ion ,  spreading  of 
s p o i l ,  e ro s ion  c o n t r o l ,  b r i dges ,  c u l v e r t s  and o t h e r  s t r u c t u r e s ,  
p i p e l i n e s ,  e t c .  

(1) Mains and p r i n c i p a l  l a t e r a l s .  

(2)  Minor l a t e r a l  d i t c h e s  and d r a i n s .  

(3)  Dikes, f l ood  g a t e s ,  pumping p l a n t .  

(4) Land, easements and r igh ts -of  -way. 

8. Check t h e  p r o j e c t  c o s t  e s t i m a t e  a g a i n s t  c o s t s  f o r  s i m i l a r  p r o j e c t s  pre- 
v i o u s l y  cons t ruc ted .  Modify u n i t  c o s t s  t o  r ep re sen t  cu r r en t  c o s t s .  
Allow f o r  phys i ca l  d i f f e r e n c e s  between p r o j e c t s .  

9 .  Use a n  adequate  contingency allowance i n  a r r i v i n g  a t  t o t a l  c o s t  e s t ima te .  

10.  Es t imate  t h e  b e n e f i t s  expected t o  accrue  t o  t h e  p r o j e c t  a f t e r  i n s t a l l a t i o n  
of proposed improvements. Compare t h e  c o s t s  and b e n e f i t s .  



11. Prepare  recommendations. 

A l l  d a t a  developed i n  t h e  reconnaissance should b e  p l o t t e d  on s tandard  d a t a  s h e e t s ,  
p roper ly  i d e n t i f i e d  and f i l e d  i n  a  manner t h a t  i t  can be  used most e f f e c t i v e l y  i n  
f u r t h e r  work on t h e  p r o j e c t .  

Pre l iminary  Survey (Engineering Survey f o r  Watershed 
Work Plan I n v e s t i g a t i o n s  and Analysis)  

This  is a  r a t h e r  comprehensive survey,  bu t  lack ing  the  d e t a i l  requi red  f o r  prepa- 
r a t i o n  of cons t ruc t ion  p lans .  However, f i e l d  d a t a  c o l l e c t e d  and recorded should 
be  s u f f i c i e n t l y  accu ra t e  f o r  use i n  des ign  survey.  Extensive f i e l d  surveys and 
i n v e s t i g a t i o n s  a r e  made, problems a r e  l oca t ed  and remedial measures a r e  planned, 
pre l iminary  des igns  a r e  made, and a r e l i a b l e  cos t  e s t ima te  is  prepared.  Ordinari-  
l y  an economic eva lua t ion  of p r o j e c t  f e a s i b i l i t y  i s  made. This  type of survey 
should be  made only a f t e r  i t  i s  determined t h a t  i n t e r e s t  of landowners is adequate 
t o  j u s t i f y  t he  surveys  and t h a t  it is t h e i r  i n t e n t  t o  assume t h e i r  f i n a n c i a l  o b l i -  
g a t i o n s  and overcome any minor obs t ac l e s  and right-of-way problems. 

Pre l iminary  surveys a r e  app l i cab l e  t o :  

1. A group e n t e r p r i s e  where t h e  dra inage  problems a r e  complex, t he  s p e c i f i c  
measures needed t o  c o r r e c t  t h e  problems may not  be  r e a d i l y  apparent ,  a 
p lan  and c o s t  e s t ima te  is needed t o  make arrangements f o r  i n s t a l l a t i o n  
of t h e  needed improvements, and an economic eva lua t ion  is  needed t o  
determine p r o j e c t  f e a s i b i l i t y .  This  inc ludes  P.L. 566 Watersheds and 
RC&D p r o j e c t s .  

2. A group e n t e r p r i s e  where k inds  of needed improvements a r e  known, land- 
owners r e s p o n s i b i l i t i e s  f o r  o b l i g a t i o n s  a r e  known and accepted,  bu t  a  
more d e t a i l e d  survey is necessary f o r  bond i s s u e  o r  f o r  f e d e r a l  a s s i s t -  
ance. 

Objec t ives  

The o b j e c t i v e s  of a  pre l iminary  survey a r e  t o :  

1. S p e c i f i c a l l y  l o c a t e  a r ea s  i n  need of improvement - f l ood  prevent ion ,  
su r f ace  dra inage ,  subsur face  dra inage .  

2 .  Develop a  comprehensive p lan  f o r  improvement based on needs of t he  
watershed and d e s i r e s  of t h e  owners. 

a. S e l e c t  des ign  c r i t e r i a .  

b. Locate and make pre l iminary  des ign  of a l l  t h e  p r i n c i p a l  f e a t u r e s  of 
t h e  planned improvements. 

3 .  Prepare e s t ima te  of q u a n t i t i e s  and c o s t s .  

Recommended procedure f o r  p repa ra t ion  of survey o u t l i n e  

The s p e c i f i c  surveys and i n v e s t i g a t i o n s  requi red  t o  meet t h e  o b j e c t i v e s  w i l l  vary  
according t o  t h e  n a t u r e  of t h e  problems i n  t h e  a rea .  The procedure ou t l i ned  
below may be  a l t e r e d  t o  meet t h e  p a r t i c u l a r  requirements. 



I n  t h e  pre l iminary  survey,  s u b s t a n t i a l  f i e l d  work i s  r equ i r ed ,  t h e  r e s u l t s  of 
which a r e  t hen  eva lua ted  f o r  completeness and accuracy,  and d a t a  i s  p l o t t e d  f o r  
use  i n  des ign .  A schedule of ope ra t i ons  should be developed t o  i n s u r e  t h a t  t h e  
va r ious  phases of t he  survey a r e  completed a s  r equ i r ed .  I n  p r o j e c t s  where subsur- 
f a c e  d r a inage  is  a  problem i t  may be necessary  t o  provide  a  time l a g  of s e v e r a l  
months f o r  assembly of f i e l d  d a t a  - o t h e r  than  t h e  p e r i o d i c  read ing  of observa t ion  
w e l l s  and/or  piezometers a f t e r  t h e i r  i n s t a l l a t i o n  and dur ing  t h e  per iod  when water  
t a b l e  cond i t i ons  a r e  expected t o  be most s i g n i f i c a n t .  

Af t e r  t h e  reconnaissance of t h e  p r o j e c t  a r e a  by t h e  engineer  r e spons ib l e  f o r  t he  
survey,  made w i th  l o c a l  personnel  most f a m i l i a r  wi th  t h e  s i t u a t i o n ,  t h e  fol lowing 
procedure is ind i ca t ed :  

1. Ex i s t i ng  d a t a ,  p e r t i n e n t  t o  t h e  problem a r e a ,  should be ob ta ined .  Most 
of t h i s  w i l l  have been obta ined  dur ing  t h e  reconnaissance.  Carefu l  
eva lua t i on  of such d a t a  w i l l  u s u a l l y  save  a  l o t  of f i e l d  work. 

2 .  A survey o u t l i n e  should be  prepared.  This  o u t l i n e  should cover t he  
fo l lowing  i tems w i th  r e s p e c t  t o  t h e  s p e c i f i c  needs of t h e  a r ea :  

a .  Objec t ives  of t h e  survey and i n v e s t i g a t i o n .  

b .  Inventory of a v a i l a b l e  d a t a  which w i l l  be u s e f u l .  

c .  Addi t iona l  d a t a  needed t o  meet t h e  o b j e c t i v e s .  

d .  Proposed p l an  of i n v e s t i g a t i o n .  

(1) This  may need t o  be  expanded o r  r ev i s ed  a s  t he  survey progresses  
and requirements  of t h e  p r o j e c t  a r e  b e t t e r  known. 

(2 )  The p lan  of i n v e s t i g a t i o n  should be  c a r e f u l l y  worked o u t  t o  use  
a v a i l a b l e  r o u t e s  of communication t o  t h e  maximum e x t e n t  possi-  
b l e  and t o  o b t a i n  t h e  e s s e n t i a l  in format ion  a t  t h e  Least  c o s t .  

e. P lan  f o r  e v a l u a t i o n  of d a t a  and pre l iminary  des ign .  

f .  P r epa ra t i on  of e s t ima te s  and r e p o r t .  

g .  Est imate of personnel  requi red  - un le s s  t h e  job is t o  be  cont rac ted .  

(1)  A dead l ine  f o r  completion of t h e  survey should be e s t a b l i s h e d  
and types of personnel  and time on t h e  job scheduled i n  o rde r  
t o  meet t h e  dead l ine .  

h. Equipment requi red  - type  and time on job - u n l e s s  job i s  t o  be 
con t r ac t ed .  

A sample o u t l i n e  f o r  a  Pre l iminary  Survey is  g iven  i n  Appendix A. Th i s  o u t l i n e  
sugges ts  procedures  which a r e  of t h e  i n t e n s i t y  normally needed f o r  meeting t he  
o b j e c t i v e s  of t h i s  type  of survey.  A s  work progresses  i t  may be found t h a t  cer-  
t a i n  changes i n  t h e  proposed i n v e s t i g a t i o n s  should be made i n  o rde r  t o  accomplish 
t h e  o b j e c t i v e s  a t  t he  l e a s t  c o s t .  Changes i n  t h e  o u t l i n e  should be made i n  t h e  
same manner a s  t h e  o r i g i n a l  o u t l i n e  was developed. 

Pre l iminary  des ign  and e s t ima te  

The pre l iminary  des ign  r equ i r ed  a s  an e s s e n t i a l  p a r t  of t h i s  survey i s  based on 



c r i t e r i a  contained i n  t h e  chapter  of t h i s  handbook which d e a l s  w i th  t h e  p a r t i c u l a r  
type  of d ra inage .  S t a t e  engineer ing  s t anda rds  and l o c a l  d r a inage  guides  f o r  t h e  
p r a c t i c e  should be  fol lowed.  The d a t a  on which t h e  des ign  i s  based w i l l  no t  be  
of t h e  i n t e n s i t y  r equ i r ed  f o r  cons t ruc t i on  des ign  and t h e  des ign  i t s e l f  need n o t  
go i n t o  t h e  d e t a i l  r equ i r ed  f o r  cons t ruc t i on .  The need h e r e  is t o  o b t a i n  a  des ign  
of t h e  p r o j e c t  which w i l l  permit  t h e  development of a  c o s t  e s t i m a t e  t h a t  w i l l  b e  
w i t h i n  t h e  r equ i r ed  degree  of accuracy.  This  is g e n e r a l l y  considered t o  be a n  
e s t i m a t e  w i t h i n  20 pe rcen t  of t h e  a c t u a l  c o s t  of improvement. 

The fo l lowing  g u i d e l i n e s  gene ra l l y  should be followed i n  o rde r  t o  o b t a i n  a  s u f f i -  
c i e n t l y  accu ra t e  e s t ima te :  

1. A pre l iminary  des ign  of a l l  mains and l a t e r a l s  should be  made which w i l l  
permit  e s t ima t ion  of q u a n t i t i e s  and c o s t s  w i th in  t h e  t o l e r ances  d i scussed  
above. 

2. P r i n c i p a l  l a t e r a l s  f o r  s u r f a c e  d r a inage  a r e  considered t o  be  t hose  w i th  
a  dra inage  a r e a  of one square  mi l e  o r  more, and which a r e  needed t o  
remove excess  water  from land  t o  be  p ro t ec t ed .  

3 .  For subsur face  dra inage  improvements a l l  open d i t c h e s  d r a in ing  one square  
m i l e  o r  more, and a l l  group main d r a i n s  should be  included i n  f e a t u r e s  
f o r  which a  pre l iminary  des ign  is  made. 

I n  a d d i t i o n  t o  e s t ima t ing  q u a n t i t i e s  and c o s t s  f o r  c l e a r i n g  and grubbing,  excava- 
t i o n ,  spreading of s p o i l ,  i n s t a l l a t i o n  of d r a i n s  and appur tenant  s t r u c t u r e s ,  and 
rights-of-way, a l l  o t h e r  i tems r equ i r ed  f o r  t h e  d r a inage  system should be  included 
i n  t h e  c o s t  e s t ima te .  Costs  f o r  some of t h e s e  i tems should b e  es t imated  on an 
i n d i v i d u a l  b a s i s  because of t h e i r  s i z e  and importance. These inc lude :  b r i dges ,  
c u l v e r t s ,  i r r i g a t i o n  flumes and grade  c o n t r o l  s t r u c t u r e s  i n  mains and p r i n c i p a l  
l a t e r a l s ;  d i k e s ,  pumps, and t i d e  and f l oodga t e s .  Other ,  l e s s  c o s t l y  i tems,  may 
b e  es t imated  on a  sampling b a s i s .  These i nc lude  e ro s ion  c o n t r o l  s t r u c t u r e s  f o r  
s ide-water  i n l e t s ,  wa t e rga t e s  f o r  c r o s s  f ences ,  and v e g e t a t i o n  of d i t c h  banks and 
c r i t i c a l  e ro s ion  a r e a s .  

P r epa ra t i on  of p l a n s  and e s t ima te s  

The p l a n s  f o r  proposed improvements should be  a s  complete a s  t h e  d a t a  accumulated 
w i l l  pe rmi t .  P lans  and e s t ima te s  prepared a s  a  r e s u l t  of t h i s  survey w i l l  f r e -  
quent ly  form t h e  b a s i s  f o r  development of watershed work p l ans ,  i s suance  of bonds 
by d ra inage  d i s t r i c t s ,  o r  o t h e r  l a r g e  s c a l e  dra inage  ope ra t i ons .  They should 
meet a l l  Se rv i ce  s t anda rds  f o r  t e c h n i c a l  exce l l ence  and c l a r i t y .  Data developed 
f o r  t h e s e  p l ans  can b e  used i n  p r epa ra t i on  of f i n a l  de s ign  and should be  care-  
f u l l y  marked i n  t h e  f i e l d  and on t h e  no t e s .  

The fol lowing i tems  should be  included i n  t h e  p l ans  developed: 

1. Map of p r o j e c t  a r e a  showing proposed improvements. The map should show 
t h e  fo l lowing  f e a t u r e s :  

a .  Loca t ion  of a l l  mains and l a t e r a l s  which were surveyed. L a t e r a l s  
which a r e  proposed but  no t  s p e c i f i c a l l y  l oca t ed  should no t  be  shown 
on t h e  map. 

b .  Drainage a r e a  boundaries  of mains and l a t e r a l s .  



c. E x i s t i n g  l and  u s e ,  r o a d s ,  r a i l r o a d s ,  towns, p u b l i c  u t i l i t i e s  and 
p i p e l i n e s ,  i r r i g a t i o n  f a c i l i t i e s ,  b r i d g e s  and c u l v e r t s  which a r e  
proposed t o  b e  b u i l t  o r  r e b u i l t ,  a p p a r e n t  p r o p e r t y  l i n e s ,  and o t h e r  
s t r u c t u r e s  o r  i t e m s  which a r e  s p e c i f i c a l l y  l o c a t e d .  

d .  Pumps, d i k e s ,  f l o o d g a t e s ,  e t c .  where a p p l i c a b l e .  

e. Any o t h e r  f e a t u r e s  which w i l l  a f f e c t  t h e  d r a i n a g e  p l a n .  

2. P r o f i l e s  and c r o s s  s e c t i o n s  - P r o f i l e s  and c r o s s  s e c t i o n s  of a l l  mains 
and l a t e r a l s  surveyed should  be i n c l u d e d .  P r o f i l e s  should show normal 
ground e l e v a t i o n ,  s p o t  e l e v a t i o n s  i n  f i e l d ,  e x i s t i n g  and proposed d i t c h  
bo t toms ,  d e s i g n  h y d r a u l i c  g r a d e l i n e ,  and b r i d g e ,  c u l v e r t ,  and grade  
c o n t r o l  s t r u c t u r e  e l e v a t i o n s  and dimensions.  The e l e v a t i o n  of t h e  wate r  
s t a g e  i n  t h e  o u t l e t ,  a f t e r  i n s t a l l a t i o n  of p r o j e c t  improvements, f o r  t h e  
f requency  of s torm used f o r  d e s i g n ,  shou ld  b e  determined and shown on 
t h e  p r o f i l e  of t h e  main d i t c h .  

Cross  s e c t i o n s  should show e x i s t i n g  and proposed s e c t i o n s  of channe l ,  
berm, and r e l a t e d  d i k e  o r  s p o i l  bank; e x i s t i n g  and proposed c u l v e r t s  
and b r i d g e s ,  i n c l u d i n g  deck ,  abutments ,  p i e r s ,  and f o o t i n g s ;  and compu- 
t a t i o n  of ear thwork q u a n t i t i e s .  

3 .  T y p i c a l  l a y o u t s  of on-farm d r a i n a g e  systems recommended and used i n  mak- 
i n g  c o s t  e s t i m a t e s .  

4 .  T y p i c a l  p l a n s  f o r  s t r u c t u r e s  r e q u i r e d  f o r  a d m i t t i n g  runof f  w a t e r  t o  mains 
and l a t e r a l s  t o  p reven t  e r o s i o n ,  and f o r  o t h e r  s t r u c t u r e s  needed. 

5. Hydrau l ic  computat ions  f o r  channel  o r  floodway d e s i g n .  

6. E s t i m a t e s  of q u a n t i t i e s  and c o s t s .  These should b e  broken down by major 
i t e m s  of work t o  t h e  e x t e n t  t h a t  any s e p a r a t e  group o r  agency concerned 
w i t h  t h e  p r o j e c t  w i l l  b e  a b l e  t o  i d e n t i f y  t h e i r  o b l i g a t i o n s  f o r  i n s t a l l a -  
t i o n .  

Design Survey 

General  

Design s u r v e y s  a r e  t h o s e  r e q u i r e d  f o r  p r e p a r a t i o n  of c o n s t r u c t i o n  p l a n s  and 
s p e c i f i c a t i o n s .  

T h i s  t y p e  of su rvey  i s  i n d i c a t e d :  

1. A f t e r  the reconna issance  a n d / o r  p r e l i m i n a r y  surveys  have se rved  t h e i r  
purposes  and t h e  owner o r  group h a s  made t h e  n e c e s s a r y  f i n a n c i a l  and 
rights-of-way arrangements  t o  proceed w i t h  t h e  p r o j e c t ,  and f u r t h e r  
d e t a i l e d  surveys  and i n v e s t i g a t i o n s  a r e  needed t o  p r e p a r e  c o n s t r u c t i o n  
p l a n s  and s p e c i f i c a t i o n s .  

2.  For an  i n d i v i d u a l  fa rmer  o r  s m a l l  group i n  an  a r e a  where S e r v i c e  exper i -  
ence  i n  s i m i l a r  t y p e s  of work has  p r e v i o u s l y  been o b t a i n e d  and t h e r e  i s  
no q u e s t i o n  a s  t o  p r o j e c t  f e a s i b i l i t y  o r  t h e  w i l l i n g n e s s  and a b i l i t y  of 
t h e  owners t o  o b t a i n  rights-of-way and f i n a n c e  t h e  work. 



P r i o r  t o  c o n s t r u c t i o n  of any d r a i n a g e  p r o j e c t ,  s u r v e y s  and i n v e s t i g a t i o n s  should 
b e  made which show e x i s t i n g  topography, s t r u c t u r e s ,  s o i l ,  ground w a t e r  and hydro- 
l o g i c  d a t a  needed f o r  d e t a i l e d  l o c a t i o n  and d e s i g n  of a l l  f e a t u r e s  t o  b e  inc luded  
i n  t h e  p r o j e c t .  Maximum u s e  should b e  made of d a t a  o b t a i n e d  i n  p r i o r  surveys.  
A d d i t i o n a l  d a t a  w i l l  u s u a l l y  b e  needed t o  p r e p a r e  t h e  n e c e s s a r y  p l a n s  and esti- 
mates .  For  many s m a l l  jobs  t h e  d e s i g n  survey  may b e  t h e  f i r s t  and on ly  survey  
t o  b e  made. 

Data  r e q u i r e d  f o r  d e s i g n  

Data  on hand should b e  e v a l u a t e d  and a  d e t e r m i n a t i o n  made a s  t o  t h e  amount of 
a d d i t i o n a l  d a t a  needed f o r  c o n s t r u c t i o n  d e s i g n .  Depending on t h e  age  of e x i s t i n g  
d a t a  i t  may b e  n e c e s s a r y  t o  make a  random f i e l d  check t o  v e r i f y  i t .  For complex 
o r  unusua l  jobs  it u s u a l l y  is  n e c e s s a r y  t o  p r e p a r e  a  survey  o u t l i n e  a s  a  gu ide  
t o  o b t a i n i n g  a d d i t i o n a l  in format ion .  The f o l l o w i n g  l i s t  c o v e r s  t h e  d a t a  u s u a l l y  
r e q u i r e d  f o r  d e s i g n .  Some of t h i s  u s u a l l y  w i l l  b e  a v a i l a b l e  from p r e v i o u s  inves-  
t i g a t i o n s .  T h i s  may b e  adapted t o  l o c a l  c o n d i t i o n s  and a  s t a n d a r d  o p e r a t i n g  pro- 
cedure  (SOP) developed f o r  o b t a i n i n g  i t .  

1. D e l i n e a t e  t h e  problem a r e a .  Use s o i l s  map, supplemented by deeper  bor- 
i n g s ,  f i e l d  o b s e r v a t i o n s  and d i s c u s s i o n  w i t h  owners. Examine wate r  t a b l e  
r e c o r d s  f o r  f l u c t u a t i o n s ,  i f  a v a i l a b l e ,  and where s u b s u r f a c e  d r a i n a g e  is  
needed de te rmine  i f  t h e  problem a r e a  h a s  been a d e q u a t e l y  d e f i n e d .  

2 .  For l a r g e  p r o j e c t s  ground w a t e r  o r  p i e z o m e t r i c  con tour  maps should b e  
made t o  show s e a s o n a l  changes.  

3. Determine e x t e n t ,  f requency ,  and s e a s o n a l  f l o o d i n g  of t h e  problem a r e a  
and i f  t h e  o u t l e t  is  adequa te .  

4 .  Determine l a n d  u s e  and c rop  requ i rements  f o r  d r a i n a g e  and any proposed 
changes i n  cropping p a t t e r n .  ( A t  t h i s  s t a g e  of p r o j e c t  development 
a l l  o b j e c t i v e s  t o  b e  o b t a i n e d  through d r a i n a g e  should have been d e f i n e d . )  

5. Obta in  topography of t h e  problem a r e a ,  and s e l e c t  t h e  l o c a t i o n  of a l l  
mains and l a t e r a l s ,  i n t e r c e p t o r  d r a i n s ,  r e l i e f  d r a i n s ,  and p i p e l i n e s  t o  
accomplish p r o j e c t  o b j e c t i v e s .  

6 .  D e l i n e a t e  d r a i n a g e  a r e a s  of a l l  mains and l a t e r a l s  (open d i t c h e s )  and 
a l l  s u b s u r f a c e  d r a i n s ,  which a r e  a  p a r t  of t h e  p r o j e c t .  

7 .  Survey and p l o t  p r o f i l e s  and c r o s s  s e c t i o n s ,  adequa te  f o r  d e s i g n  and 
e s t i m a t i o n  of q u a n t i t i e s .  

8. Make g e o l o g i c  and ground w a t e r  i n v e s t i g a t i o n s  and obtaip .  r e q u i r e d  t e s t i n g  
t o  de te rmine  channe l  s t a b i l i t y  where n e c e s s a r y .  SCS Technica l  Re lease  
No. 25, "Planning and Design of Open Channels, ' '  c o n t a i n s  g u i d e l i n e s  f o r  
t h i s .  P l o t  g e o l o g i c  ground w a t e r  and test d a t a  on t h e  p r o f i l e s  and c r o s s  
s e c t i o n s  where a p p l i c a b l e .  

9 .  I n  a d d i t i o n  t o  i t ems  i n  5 above, de te rmine  a l l  o t h e r  improvements needed,  
such  a s  b r i d g e s ,  c u l v e r t s ,  g r a d e  c o n t r o l  s t r u c t u r e s ,  s u r f a c e  wate r  i n l e t s  
t o  b u r i e d  d r a i n s  o r  t o  open d i t c h e s ,  d i k e s ,  f l o o d g a t e s ,  pumping f a c i l i -  
t i e s ,  and a l l  o t h e r  s t r u c t u r e s  and appur tenan t  f a c i l i t i e s  t o  f u l l y  m e e t  
t h e  p r o j e c t  o b j e c t i v e s .  Obta in  n e c e s s a r y  i n f o r m a t i o n  f o r  h y d r u a l i c ,  
founda t ion  and s t r u c t u r a l  d e s i g n  of each f e a t u r e .  



10.  Develop cons t ruc t i on  s p e c i f i c a t i o n s  f o r  a l l  i tems of work included i n  
t h e  p lan .  (Use s tandard  s p e c i f i c a t i o n s  where app l i cab l e . )  

11. Est imate  needs and approximate c o s t s  of on-farm f a c i l i t i e s  - n o t  included 
i n  t h e  p r o j e c t  improvements - such a s  l and  grad ing ,  land smoothing, 
d ra inage  f i e l d  d i t c h e s ,  bu r i ed  d r a i n s ,  pumps, and o t h e r  d r a inage  s t r u c t -  
u r e s .  

12. Es t imate  q u a n t i t i e s  and c o s t s  f o r  a l l  f e a t u r e s  of t h e  p r o j e c t .  

I n v e s t i g a t i o n s  f o r  Sur face  Drainage 

As p rev ious ly  d i scussed ,  t h e  engineer  r e spons ib l e  f o r  de s ign  of a  p r o j e c t  must 
dec ide  t h e  kind and i n t e n s i t y  of surveys  and i n v e s t i g a t i o n s  which a r e  needed f o r  
planning,  de s ign ,  and eva lua t i on  of t h e  project: which w i l l  meet t h e  o b j e c t i v e s  
of t h e  owners. Where needed, an  o u t l i n e  should b e  developed which l i s t s  i n  d e t a i l  
t h e  f a c t o r s  t o  be considered,  and t h e  kind and i n t e n s i t y  of surveys and inves t iga-  
t i o n s  t o  be made. The kind of i n v e s t i g a t i o n s  needed f o r  s u r f a c e  and subsur face  
dra inage  a r e  d i f f e r e n t  and w i l l  vary  i n  d i f f e r e n t  p a r t s  of t h e  country.  

I n  some a r e a s  t h e  main problem w i l l  be s u r f a c e  d r a inage ,  and i n  o t h e r  a r e a s  - 
subsur face  dra inage .  I n  most s i t u a t i o n s ,  however, where dra inage  is a problem, 
i t  is  necessary  t o  i n v e s t i g a t e  bo th  s u r f a c e  and subsur face  cond i t i ons .  I nves t i -  
g a t i o n s  r equ i r ed  f o r  each type  must be  determined by t h e  r e spons ib l e  engineer  and 
t h e  survey planned accord ingly .  

General 

Surveys and i n v e s t i g a t i o n s  u s u a l l y  r equ i r ed  f o r  planning and des ign  of su r f ace  
dra inage  improvements a r e :  

1. Topographic surveys.  

2 .  S o i l  surveys and d e l i n e a t i o n  of c r i t i c a l  e ro s ion  a r e a s .  

3. Determinat ion of land use  and cropping p a t t e r n .  

4 .  P r e c i p i t a t i o n  and runoff  i n v e s t i g a t i o n s .  

5 .  Stage-frequency i n v e s t i g a t i o n  of h igh  water  i n  o u t l e t s ,  inc lud ing  t i d a l  
and l a k e  l e v e l  f l u c t u a t i o n s  where t he se  a r e  involved.  

6. P r o f i l e s  and c r o s s  s e c t i o n s  of e x i s t i n g  s t reams and d i t c h e s .  

7 .  Geologic i n v e s t i g a t i o n s  and requi red  t e s t i n g  f o r  channel s t a b i l i t y ,  
where needed. 

When prepar ing  an o u t l i n e  f o r  a  p a r t i c u l a r  survey t h e  needs f o r  f u t u r e  more 
i n t e n s i v e  surveys  should be kept  i n  mind. Qui te  o f t e n  a  l i t t l e  e x t r a  work on a 
pre l iminary  survey w i l l  save a  l o t  of t ime l a t e r  when making t he  de s ign  survey.  
S e t t i n g  temporary benchmarks f o r  f u t u r e  u se ,  and t o  t h e  degree of accuracy 
r equ i r ed  f o r  cons t ruc t i on  des ign ,  i s  an example of t h i n g s  which can b e  done when 
making pre l iminary  surveys t h a t  w i l l  save time and expense l a t e r .  

V e r t i c a l  c o n t r o l  

The survey f o r  s u r f a c e  topography r e q u i r e s  a c c u r a t e  d i f f e r e n t i a l  l e v e l i n g .  A 
high  degree  of accuracy is r equ i r ed  because g r a d i e n t s  a r e  u sua l l y  q u i t e  low and 



smal l  d i f f e r e n c e s  i n  e l e v a t i o n  a r e  impor tan t .  Usua l l y , a  system of temporary 
benchmarks is e s t a b l i s h e d  over  t h e  problem a r e a  a s  t h e  f i r s t  s t e p  i n  ob t a in ing  
topographic and o t h e r  d a t a  based on d i f f e r e n c e s  i n  e l e v a t i o n .  Survey o u t l i n e s  
and s t anda rd  ope ra t i ng  procedures  should s p e c i f y  t h e  accuracy t o  which e l e v a t i o n s  
of temporary benchmarks (TBM's) should b e  checked. TBM's e s t a b l i s h e d  dur ing  t h e  
pre l iminary  survey should b e  numbered and i d e n t i f i e d  s o  they  can b e  used i n  
making t h e  des ign  and cons t ruc t i on  l ayou t  surveys .  Where a  Coast and Geodetic 
Survey o r  Corps of Engineers  benchmark is  a v a i l a b l e  w i t h i n  a  reasonable  d i s t a n c e  
from t h e  problem a r e a ,  v e r t i c a l  c o n t r o l  should be  based on t h e  datum of t h e  
benchmark. I n  l a r g e  watersheds i t  is  h e l p f u l  t o  prepare  l o c a t i o n  maps of e s i s t i n g  
benchmarks. This  may be  done on an  e x i s t i n g  county highway o r  s i m i l a r  type  map. 
Addi t iona l  benchmarks and temporary benchmarks should then  b e  e s t a b l i s h e d  a t  
convenient  l o c a t i o n s  over  t h e  p r o j e c t  a r e a .  

Topography 

Information on t h e  topography of t h e  d r a inage  problem a r e a  is  e s s e n t i a l .  The 
topographic map should show a l l  phys i ca l  f e a t u r e s ,  bo th  n a t u r a l  and man made, 
which a f f e c t  des ign  of t h e  dra inage  system. It should be i n  t h e  d e t a i l  necessary  
t o  l o c a t e  e x i s t i n g  drainageways and t h e  d r a inage  a r e a  boundaries .  The d e t a i l  of 
t h e  topographic in format ion  r equ i r ed  f o r  planning and des ign  of group e n t e r p r i s e s  
and t h a t  r equ i r ed  f o r  on-farm f i e l d  d r a inage  is q u i t e  d i f f e r e n t .  Minor d i f f e r -  
ences i n  e l e v a t i o n  w i t h i n  a  f i e l d  a r e  n o t  important  t o  planning o r  des ign  of 
d i t c h e s  which a r e  t o  s e r v e  a  l a r g e r  a r e a .  These minor d i f f e r e n c e s  a r e  impor tan t ,  
however, t o  t h e  de s ign  of t h e  f i e l d  d r a inage  system, which may inc lude  land 
grad ing ,  f i e l d  d i t c h e s ,  row d i r e c t i o n ,  e t c .  Good judgment is  needed t o  determine 
t h e  e x t e n t  of topographic  d a t a  needed f o r  a  p a r t i c u l a r  purpose,  and contour maps 
developed which w i l l  show t h e  d e t a i l  r equ i r ed  f o r  development of t h e  plan.  The 
f l a t t e r  t h e  topography i s ,  t h e  sma l l e r  t h e  contour  i n t e r v a l  should be. These 
maps should be  supplemented when necessary  by s p o t  e l e v a t i o n s  of i s o l a t e d  c r i t i c a l  
p o i n t s ,  when t h e s e  a r e  ev ident  and w i l l  f a l l  between contour  i n t e r v a l s .  

I n  a d d i t i o n  t o  s u r f a c e  contours ,  t h e  l o c a t i o n  of d i t c h e s ,  roads ,  r a i l r o a d s ,  pipe- 
l i n e s ,  o t h e r  u t i l i t y  l i n e s ,  farm boundar ies ,  land use ,  s e c t i o n  l i n e s ,  boundaries  
of d r a inage  e n t e r p r i s e s ,  and o t h e r  f e a t u r e s ,  which may a f f e c t  t h e  p l an  f o r  
improvement, should b e  shown on t h e  map. Quadrangle maps of t h e  U .  S. Geological  
Survey, Bureau of Reclamation, o r  Corps of Engineers  w i l l  g ive  a g r e a t  d e a l  of 
t h i s  in format ion .  I t  u s u a l l y  i s  necessary  t o  supplement t h i s  d a t a  w i th  informa- 
t i o n  from a e r i a l  photographs and f i e l d  surveys .  

F i e l d  surveys  a r e  made i n  var ious  ways according t o  customs of t h e  engineer ,  
equipment a v a i l a b l e ,  and d e t a i l  r equ i r ed .  The p l ane t ab l e  w i th  t e l e s c o p i c  a l i d a d e  
is  e x c e l l e n t  f o r  ob t a in ing  d e t a i l e d  topography. T r a n s i t  surveys f o r  bo th  ho r i -  
z o n t a l  and v e r t i c a l  c o n t r o l  a r e  used i n  many ca se s .  A common method of ob t a in ing  
topographic d a t a  is  t o  use  a e r i a l  photographs f o r  h o r i z o n t a l  c o n t r o l  and an 
eng inee r s '  l e v e l  t o  o b t a i n  e l e v a t i o n s .  

Chapter 1, Engineering Surveys, of SCS Engineering F i e l d  Manual f o r  Conservat ion 
P r a c t i c e s  is  a good manual on surveying.  It should b e  consul ted  f o r  guidance on 
p r a c t i c e s  and procedures .  Standard notekeeping procedures ,  and requirements  f o r  
accuracy,  c l a r i t y ,  and i d e n t i f i c a t i o n  should b e  followed. Survey d a t a  should be 
recorded and f i l e d  i n  a  way which w i l l  f a c i l i t a t e  i t s  use  i n  subsequent surveys  - 
a s  w e l l  a s  f o r  t h e  one being made. Notekeeping procedures  s p e c i f i e d  i n  Engineer- 
i ng  Memorandum SCS 39 should b e  fol lowed.  



S o i l s  i n v e s t i e a t i o n s  

The b e s t  s o i l s  map a v a i l a b l e  should be  used i n  d r a inage  i n v e s t i g a t i o n s .  For 
s u r f a c e  d r a inage  t h e  s tandard  s o i l  survey u s u a l l y  i s  adequate  f o r  planning pur- 
poses.  It w i l l  be  necessary t o  o b t a i n  l ogs  from some deeper bor ings  t o  determine 
s o i l  s t a b i l i t y ,  permeabi l i ty ,  and b a r r i e r s  which would a f f e c t  channel cons t ruc t i on .  
I n  some a r e a s  logs  from deeper  bo r ings  a r e  necessary  t o  o b t a i n  depths  and types 
of compressible  organic  s o i l s .  For l a r g e  complex jobs  use  t h e  i n v e s t i g a t i o n  
procedures  of NEN-8, Engineering Geology. 

S o i l  c l a s s i f i c a t i o n  
Standard s o i l  surveys use  t h e  USDA Comprehensive S o i l  C l a s s i f i c a t i o n  System. S o i l  
t e x t u r e  i s  recorded f o r  every hor izon .  Conservat ion planning and de te rmina t ion  
of s u r f a c e  d r a inage  needs a r e  based on t h i s  c l a s s i f i c a t i o n .  

I n  SCS cons t ruc t i on  ope ra t i ons ,  however, t h e  Unif ied S o i l  C l a s s i f i c a t i o n  System 
is  used. This  is descr ibed  i n  ASTM Designat ions D 2487 and D 2488. Use of t h e  
two systems of s o i l  c l a s s i f i c a t i o n  r e q u i r e s  engineers  and o t h e r  t e c h n i c a l  person- 
n e l  who work w i t h  bo th  planning and cons t ruc t i on  t o  l e a r n  bo th  systems and t h e  
a r e a s  where each is app l i cab l e .  For example, on a s u r f a c e  dra inage  job t h e  
s tandard  s o i l  survey wi th  USDA t e x t u r a l  c l a s s i f i c a t i o n  i s  used t o  d e s c r i b e  s o i l  
p r o f i l e s  t o  sha l low depths .  The Uni f ied  S o i l  C l a s s i f i c a t i o n  i s  used f o r  deep 
borings.  Each system has c h a r a c t e r i s t i c s  which make i t  adaptab le  and u s e f u l  f o r  
i t s  p a r t i c u l a r  purpose. 

S o i l  surveys 
The s tandard  s o i l  survey u s u a l l y  is  a v a i l a b l e  f o r  de s ign  surveys b u t  f o r  some 
pre l iminary  surveys  a  l e s s  d e t a i l e d  survey may s u f f i c e  a f t e r  f i e l d  checking s i t e  
condi t ions .  

Information on t h e  s o i l s  map w i l l  i n d i c a t e  those  a r e a s  which have inadequate  
dra inage  and t h e  degree of inadequacy and which r e q u i r e  fo l low up i n v e s t i g a t i o n s .  

I n v e s t i g a t i o n s  f o r  channel s t a b i l i t y  
The s tandard  soi l .  survey u s u a l l y  w i l l  f u r n i s h  in format ion  on s o i l  s t a b i l i t y  ade- 
qua t e  f o r  de s ign  of d i t c h e s  f o u r  f e e t  deep o r  l e s s .  For deeper  d i t c h e s ,  and some 
s o i l  cond i t i ons ,  more d e t a i l e d  in format ion  i s  needed on s o i l  s t r a t a  t o  a  depth 
below planned excavat ion of about one-half t h e  proposed depth of d i t c h .  This  must 
be  ob ta ined  from t e s t  ho l e s  along t h e  r o u t e  of t h e  proposed d i t c h .  The Unif ied 
S o i l  C l a s s i f i c a t i o n  System should be  used f o r  i d e n t i f i c a t i o n  of m a t e r i a l  obtained 
from the  t e s t  ho l e s .  Tes t  ho l e s  should be  dug, d r i l l e d ,  o r  bored i n i t i a l l y  a t  
500-foot i n t e r v a l s ,  and i f  c o r r e l a t i o n  of m a t e r i a l  from ho l e s  is  good, t h e  spacing 
may be  extended. I f  c o r r e l a t i o n  i s  poor ,  t h e  i n t e r v a l  between ho l e s  should be 
decreased.  The survey o u t l i n e  should s p e c i f y  t h e  i n i t i a l  spacing and depth f o r  
ob t a in ing  s o i l  l ogs .  Knowledge of t h e  complexity of geo logic  and s o i l s  d i s t r i -  
bu t i on  i n  t h e  a r e a  is h e l p f u l  i n  determining t h e  amount of subsur face  i nves t i ga -  
t i o n  r equ i r ed .  

Data is needed on s o i l  m a t e r i a l s  t o  determine des ign  requirements  f o r  channel 
s t a b i l i t y .  Observat ions and records  of s i d e  s l opes  and s t a b i l i t y  of e x i s t i n g  
channels  i n  s i m i l a r  s o i l s  i n  t h e  same a r e a  provide gu ides  f o r  determining t h e  
l i m i t s  f o r  s i d e  s l opes  and v e l o c i t i e s  f o r  des ign  purposes.  The depth t o  a  water  
t a b l e  encountered i n  t e s t  ho l e s  should be  determined and a r e a s  of uns t ab l e  s o i l s  
where t h e  water  t a b l e  w i l l  b e  above t h e  bottom of t h e  proposed d i t c h  should b e  
Located, a s  t h i s  w i l l  cause s loughing and o t h e r  cons t ruc t i on  problems. B a r r i e r s  
of s h a l e  o r  rock which would n o t  c l a s s i f y  a s  common excava t ion  t o  t h e  requi red  
depth of channel  should be  l oca t ed  and i d e n t i f i e d .  Resu l t s  should b e  shown on 
t h e  channel  p r o f i l e  shee t .  



Land use  and cropping p a t t e r n  

Land use  can o r d i n a r i l y  b e  ob ta ined  from r e c e n t l y  made a e r i a l  photographs. It 
may be  necessary  t o  check t h i s  i n  t h e  f i e l d .  The cropping p a t t e r n  on c u l t i v a t e d  
land is needed t o  s e l e c t  proper  r a t e s  of d r a inage  and t o  make t h e  economic 
eva lua t i on .  Data i s  needed f o r  cond i t i ons  p r i o r  t o  improvements and f o r  proposed 
changes a f t e r  p r o j e c t  i n s t a l l a t i o n .  This  in format ion  can b e  ob ta ined  from 
i n d i v i d u a l  landowners. 

P r e c i p i t a t i o n ,  r uno f f ,  and s tream s t a g e  records  

Most of t h e  a v a i l a b l e  d a t a  on p r e c i p i t a t i o n  i s  publ ished by t h e  Nat iona l  Weather 
Se rv i ce ,  and t h a t  f o r  s t ream s t a g e s  and d i s cha rge  by t h e  Geological  Survey. 
Records p e r t a i n i n g  t o  t h e  a r e a  involved should b e  a v a i l a b l e  f o r  use.  This  
in format ion  i s  needed t o  determine f looding  cond i t i ons  i n  t h e  p r o j e c t  a r e a ,  
c a p a c i t i e s  of e x i s t i n g  s t reams,  and adequacy of o u t l e t s  f o r  d ra inage  improvements. 
I n  a r e a s  where dra inage  c o e f f i c i e n t s  o r  pumping requirements  have no t  been es tab-  
l i s h e d  t h e  hydro logic  f a c t o r s  w i l l  b e  needed t o  he lp  e s t a b l i s h  them, 

Locat ion of mains and l a t e r a l s  

P r i o r  t o  running l e v e l s  f o r  p r o f i l e s  and c r o s s  s e c t i o n s  t h e  main d i t c h e s  and 
l a t e r a l s  t o  b e  inc luded  i n  t h e  p l an  should be  l oca t ed  on a e r i a l  photographs o r  
topographic maps of t h e  p r o j e c t .  Each should b e  i d e n t i f i e d  i n  such a  manner 
t h a t  i t  can be  e a s i l y  r e f e r r e d  t o  and l o c a t e d .  It is d e s i r a b l e  f o r  l a t e r a l s  t o  
be  des igna ted  i n  a  manner which w i l l  i d e n t i f y  them wi th  t h e i r  o u t l e t s .  One way 
t o  i d e n t i f y  main d i t c h e s  by Roman numerals and l a t e r a l s  which empty i n t o  them 
by t h i s  numeral fol lowed by a  c a p i t a l  l e t t e r .  For i n s t ance ,  t h e  f i r s t  l a t e r a l  
above t h e  o u t l e t  of Main No. I would be  L a t e r a l  I A ;  and t h e  second l a t e r a l  would 
b e  I B .  This  could b e  extended on t o  t h e  s u b l a t e r a l s  by going i n t o  a r a b i c  numerals 
and lower ca se  l e t t e r s .  Stream names should b e  used a l s o ,  where t h e  l o c a l  name 
is known. Thus : 

Main No. I., Cypress Bayou 
L a t e r a l  No. I A ,  Muddy Slough 

L a t e r a l  No. IA1 
L a t e r a l  No. IA2 

L a t e r a l  No. IA2a 
L a t e r a l  No. I B ,  Hickory Draw 

L a t e r a l  No. I B 1  
L a t e r a l  No. IBla 
L a t e r a l  No. IBlb 

e t c .  

Locat ion of d i t c h e s  may be  made from informat ion  on topographic maps o r  a e r i a l  
photographs a s  supplemented wi th  in format ion  obta ined  by f i e l d  observa t ion  and 
p rope r ty  ownership maps. Cons idera t ions  which govern t h e  l o c a t i o n  and proper  
alignment of d i t c h e s  appear  i n  Chapter 5. Good alignment of mains and l a t e r a l s  
i s  most important .  A l o t  of thought and e f f o r t  is f u l l y  j u s t i f i e d  i n  o rde r  t o  
o b t a i n  t h e  b e s t  a l ignment  p o s s i b l e  f o r  t h e  p a r t i c u l a r  s i t e  cond i t i ons .  Af t e r  
t e n t a t i v e  l o c a t i o n s  of main d i t c h e s  and l a t e r a l s  have been drawn on t h e  photo- 
graph o r  map - o f t e n  c a l l e d  "paper l oca t i ons"  - c e n t e r l i n e s  a r e  l oca t ed  on t h e  
ground. I f  a c t u a l  f i e l d  l o c a t i o n  i s  d i f f e r e n t  from t h e  t e n t a t i v e  map l o c a t i o n ,  
t h e  map l o c a t i o n  should b e  changed t o  correspond wi th  f i e l d  l o c a t i o n .  The 
c e n t e r l i n e  on t h e  map is  s c a l e d ,  and s t a t i o n s  a r e  marked f o r  f u t u r e  use.  When 
improving t h e  alignment of d i t c h e s ,  c a r e  should be  taken  t h a t  t h e  hyd rau l i c  grade  
l i n e  is no t  increased  t o  t h e  ex t en t  t h a t  t h e  r e s u l t i n g  v e l o c i t y  w i l l  cause a  



s t a b i l i t y  problem i n  t h e  d i t c h .  When making des ign  surveys i n  many l o c a t i o n s  i t  
is  necessary  t o  use  a  t r a n s i t  o r  compass t o  e s t a b l i s h  t h e  c e n t e r l i n e  of d i t c h e s .  
The c e n t e r l i n e  i s  s taked  a t  i n t e r v a l s  of 100 f e e t  o r  g r e a t e r ,  depending upon the  
r e g u l a r i t y  of t h e  ground s u r f a c e  and t h e  alignment of t h e  d i t c h .  This  may r e q u i r e  
use  of an o f f s e t  l i n e  i f  t h e  proposed c e n t e r l i n e  is  i n a c c e s s i b l e  o r  v i s i o n  is  
obscured by t r e e s  o r  brush.  Where t h e  l o c a t i o n  is open and is  no t  r i g i d l y  f i xed  
by easement o r  o t h e r  l e g a l  d e s c r i p t i o n ,  t h e  engineer  can  s t a k e  ou t  t h e  c e n t e r l i n e  
reasonably  c l o s e  wi th  t he  use  of range po l e s .  This  method o f t e n  g i v e s  a s u f f i -  
c i e n t l y  a c c u r a t e  alignment.  

See Chapter 5 f o r  recommendations a s  t o  use  of s imple curves  and minimum r a d i i  
i n  e s t a b l i s h i n g  alignment f o r  mains and l a t e r a l s .  

Simple curves  may be l oca t ed  w i th  a  t r a n s i t  and t a p e  o r  w i th  on ly  a t a p e .  A high  
degree of accuracy i s  no t  r equ i r ed .  A f i e l d  manual conta in ing  t a b l e s  of f unc t i ons  
of a I-degree curve and formulas f o r  so lv ing  problems i n  f i e l d  l o c a t i o n  of curves 
w i l l  be h e l p f u l .  

Refer t o  Chapter 1, Engineering F i e ld  Manual f o r  Conservat ion P r a c t i c e s ,  f o r  
methods of s t a k i n g  curves .  

P r o f i l e s  and c ro s s  s e c t i o n s  

Before ob t a in ing  p r o f i l e s  and c r o s s  s e c t i o n s  of e x i s t i n g  s t reams and d i t c h e s  i n  
t h e  p r o j e c t ,  i t  is necessary t o  e s t a b l i s h  v e r t i c a l  c o n t r o l  over  t h e  problem a r e a  
by t he  network of temporary benchmarks descr ibed  under V e r t i c a l  c o n t r o l ,  page 2-13, 
The o u t l i n e  f o r  t h e  survey,  whether i t  is t o  be a pre l iminary  o r  de s ign  survey ,  
should s p e c i f y  t h e  manner i n  which t h e  p r o f i l e s  and c r o s s  s e c t i o n s  a r e  t o  be 
ob ta ined .  I n  some cases  i t  may b e  d e s i r a b l e  t o  run l i n e s  of l e v e l s  ad jacent  t o  
t h e  drainageways t o  be surveyed, t ak ing  p r o f i l e  read ings  and c r o s s  s e c t i o n s  a t  
predetermined i n t e r v a l s .  This  i s  u s u a l l y  done f o r  des ign  surveys and may be  
used f o r  p re l iminary  surveys.  For pre l iminary  surveys  i t  may be d e s i r a b l e  t o  run 
l i n e s  of d i f f e r e n t i a l  l e v e l s  a t  approximate r i g h t  ang l e s  t o  t h e  d i r e c t i o n  of 
d ra inage  and ac ros s  t he  problem a r e a ,  a t  predetermined spac ings ,  t ak ing  a  d i t c h  
c r o s s  s e c t i o n  wherever a  l i n e  of l e v e l s  c ro s se s  a  drainageway. I n  t h e  l a t t e r  
c a s e ,  maximum use  should be  made of e x i s t i n g  roads ,  r a i l r o a d s ,  and u t i l i t y  l i n e  
rights-of-way f o r  running l i n e s  of l e v e l s .  

The d i s t a n c e  between c r o s s  s e c t i o n s  on a p a r t i c u l a r  s t ream o r  d i t c h  w i l l  b e  
governed by t h e  type of survey and t h e  un i formi ty  of t h e  drainageway. I n  making 
a reconnaissance ,  few c r o s s  s e c t i o n s  w i l l  be  needed. I n  pre l iminary  surveys t h e  
i n t e r v a l  between c r o s s  s e c t i o n s  may vary  from about 500 f e e t  t o  one m i l e ,  depend- 
i ng  on uni formi ty .  This  would be  i n  a d d i t i o n  t o  ob t a in ing  c r o s s  s e c t i o n s  a t  a l l  
e x i s t i n g  b r idges ,  s i d e  channels ,  e t c .  

I n  des ign  surveys ,  p r o f i l e  read ings  and c r o s s  s e c t i o n s  a r e  taken a t  i n t e r v a l s  of 
100 t o  1,000 f e e t  a long t he  e s t a b l i s h e d  l o c a t i o n ,  depending on t h e  topography. 
Cross s e c t i o n s  should be taken a t  topographic b r eaks  i n  o rde r  t o  o b t a i n  accu ra t e  
yardage. Where e x i s t i n g  d i t c h e s ,  n a t u r a l  s t reams,  o r  depress ions  occur ,  p r o f i l e  
read ings  should be taken on normal ground along t he  low s i d e  of t h e  d i t c h .  Cross 
s e c t i o n s  should extend f a r  enough on e i t h e r  s i d e  of c e n t e r l i n e  t o  r e v e a l  t he  f i e l d  
e l e v a t i o n  and changes i n  topography having a  bear ing  upon t h e  des ign ,  construc-  
t i o n ,  and func t i on  of the  proposed d i t c h .  Low a r e a s ,  important  and l a r g e  enough 
t o  be c o n t r o l  p o i n t s ,  should be  l oca t ed  and t h e i r  e l e v a t i o n  and approximate a r e a s  
ob ta ined .  Good judgment i s  necessary  t o  o b t a i n  s u f f i c i e n t  c ro s s  s e c t i o n s  t o  meet 
s tandards  of accuracy f o r  yardage de te rmina t ion  wi thout  doing an excess ive  amount 
of surveying.  



When o b t a i n i n g  p r o f i l e s  and c r o s s  s e c t i o n s ,  s u r v e y s  should o r i g i n a t e  and termi-  
n a t e  on temporary o r  permanent benchmarks of known e l e v a t i o n .  A d d i t i o n a l  TBM's 
should b e  set a s  needed, and l o c a t e d  s o  as n o t  t o  b e  d e s t r o y e d  by c l e a r i n g  
o p e r a t i o n s .  Turns should  b e  made through a l l  TBM's. 

Recommendations f o r  a d d i t i o n a l  i n f o r m a t i o n  and c o n s t r u c t i o n  requ i rements  

A s  s u r v e y s  a r e  made f o r  t h e  s p e c i f i c  i t e m s  l i s t e d ,  n o t e s  should b e  k e p t  of any 
f e a t u r e  which w i l l  a f f e c t  d e s i g n  o r  c o n s t r u c t i o n .  Roughness c o e f f i c i e n t s  of 
e x i s t i n g  c h a n n e l s ,  which could p o s s i b l y  b e  used,  should b e  noted.  C l e a r i n g  and 
grubbing r e q u i r e d  should  b e  l o c a t e d  and i d e n t i f i e d .  P i p e l i n e s ,  o t h e r  u t i l i t y  
l i n e s ,  f e n c e s ,  a c c e s s  r o a d s ,  s t a b i l i t y  of e x i s t i n g  d i t c h e s ,  e t c .  a r e  i t e m s  which 
w i l l  have a  b e a r i n g  on d e s i g n  and c o n s t r u c t i o n ,  and may have a  s i g n i f i c a n t  e f f e c t  
on economic f e a s i b i l i t y  of t h e  p r o j e c t .  

The s i z e  and adequacy of e x i s t i n g  b r i d g e s  and c u l v e r t s  should b e  determined.  
The s t r u c t u r e  should  b e  d e s c r i b e d  and e l e v a t i o n s  o b t a i n e d  of t h e  i n v e r t s  of 
c u l v e r t s ,  bottom of s t r i n g e r s  of b r i d g e s ,  and road s u r f a c e s .  The c o n d i t i o n  of 
t h e  s u p e r - s t r u c t u r e ,  founda t ion ,  p i e r s ,  p i l i n g ,  abutments and f o o t i n g s  should 
b e  determined where a p p l i c a b l e .  

When b u i l d i n g s  a r e  l o c a t e d  w i t h i n  t h e  a r e a  which may b e  a f f e c t e d  by c o n s t r u c t i o n  
of t h e  p r o j e c t ,  t h e i r  l o c a t i o n  should b e  a c c u r a t e l y  e s t a b l i s h e d ,  and t h e  s t r u c -  
t u r a l  s t a b i l i t y  of t h e  b u i l d i n g  and its f o u n d a t i o n  determined.  

Recommendations f o r  a l l  s p e c i f i c  p r a c t i c e s  and f e a t u r e s  needed t o  p rov ide  a  
comple te ly  adequa te  d r a i n a g e  system should b e  passed on from t h e  f i e l d  survey 
p a r t y  t o  t h e  d e s i g n  e n g i n e e r .  The surveys  and i n v e s t i g a t i o n s  a r e  adequate  o n l y  
i f  t h e  f i e l d  e n g i n e e r  o b t a i n s  t h e  i n f o r m a t i o n  r e q u i r e d  t o  d e s i g n  a l l  f e a t u r e s  
needed. Wherever p o s s i b l e  t h e  d e s i g n  e n g i n e e r  should make a  p e r s o n a l  recon- 
n a i s s a n c e  of s i t e  c o n d i t i o n s .  

I n v e s t i g a t i o n s  f o r  Subsur face  Dra inage  

C e r t a i n  i n v e s t i g a t i o n s  a r e  r e q u i r e d  f o r  a l l  d r a i n a g e  p r o j e c t s .  These i n c l u d e  
mapping t h e  topography,  s o i l s ,  p r e s e n t  l a n d  u s e  and cropping p a t t e r n ;  s tudy  of 
p r e c i p i t a t i o n ,  e v a p o t r a n s p i r a t i o n ,  r u n o f f ,  and s t reamflow r e c o r d s  p e r t i n e n t  t o  
t h e  a r e a ;  and making p r o f i l e ,  c r o s s  s e c t i o n ,  and s o i l  p r o f i l e  i n v e s t i g a t i o n s  f o r  
open d i t c h e s .  Geologic  and ground wate r  i n v e s t i g a t i o n s  a r e  made a s  needed. 
Techniques f o r  making t h e s e  i n v e s t i g a t i o n s  a r e  d i s c u s s e d  i n  t h i s  Chapter  under  
" I n v e s t i g a t i o n s  f o r  S u r f a c e  Drainage,"  and i n  NEH S e c t i o n  8,  Engineer ing  Geology. 
These methods of i n v e s t i g a t i o n  a r e  a p p l i c a b l e  t o  a l l  p a r t s  of t h e  count ry  and t o  
i r r i g a t e d  a r e a s  a s  w e l l  a s  n o n - i r r i g a t e d  a r e a s .  

I n  a d d i t i o n  t o  t h e  i n v e s t i g a t i o n s  r e q u i r e d  f o r  a 1 1  d r a i n a g e  p r o j e c t s  t h e r e  a r e  
some which a r e  needed t o  f u r n i s h  i n f o r m a t i o n  on a r e a s  where p r e l i m i n a r y  i n v e s t i -  
g a t i o n s  have i n d i c a t e d  a need f o r  s u b s u r f a c e  d r a i n a g e .  I n v e s t i g a t i o n s  f o r  t h i s  
purpose a r e  covered i n  t h i s  s e c t i o n .  These d i f f e r  from t h o s e  f o r  s u r f a c e  d r a i n a g e ,  
as i t  is n e c e s s a r y  t o  o b t a i n  in format ion  on ground w a t e r ,  perched wate r  t a b l e s ,  
s a l i n i t y ,  and c o n d i t i o n s  below t h e  upper s o i l  h o r i z o n s  i n  a d d i t i o n  t o  most o f  
t h e  in format ion  p r e v i o u s l y  l i s t e d  a s  needed f o r  s u r f a c e  d r a i n a g e .  Ground w a t e r  
moves b o t h  h o r i z o n t a l l y  and v e r t i c a l l y  through t h e  s o i l  and s u b s u r f a c e  m a t e r i a l s ;  
t h e r e f o r e  i t  is n e c e s s a r y  t o  o b t a i n  i n f o r m a t i o n  on t h e  p e r m e a b i l i t i e s  o f  t h e s e  
m a t e r i a l s .  P e r m e a b i l i t i e s  v a r y  w i t h  t h e  t y p e  of s o i l  o r  s u b s u r f a c e  m a t e r i a l s  
and w i t h  t h e  s t r u c t u r e  and t h e  t e x t u r e .  There fore  i t  i s  n e c e s s a r y  t o  i n v e s t i g a t e  
t h e s e  t o  t h e  e x t e n t  t h a t  t h e y  have a n  i n f l u e n c e  on d r a i n a g e .  I n  summary, sub- 
s u r f a c e  d r a i n a g e  i n v e s t i g a t i o n s  i n v o l v e  most of t h e  i t e m s  p e r t i n e n t  t o  s u r f a c e  
d r a i n a g e  p l u s  more d e t a i l e d  in format ion  on s o i l ,  s u b s o i l  and ground wate r  c o n d i t i o n s .  



Addi t iona l  in format ion  may be  ob ta ined  from t h e  "Guide f o r  I n v e s t i g a t i o n  of 
Subsurface Drainage Problems on I r r i g a t e d  Lands" publ ished by t h e  American Soc ie ty  
of A g r i c u l t u r a l  Engineers ( 2 ) .  

General 

Objec t ives  of i n v e s t i g a t i o n s  f o r  subsur face  d r a inage  a r e :  

1. Inventory  of p r o j e c t  s i t e  cond i t i ons .  

2 .  Diagnosis  of t h e  causes of excess  ground water  and/or  s a l i n i t y .  

3 ;  Determinat ion of t he  a p p r o p r i a t e  remedial  measures. 

4.  Procurement of d a t a  r equ i r ed  f o r  e s t a b l i s h i n g  t h e  p a t t e r n ,  s i z e ,  depth 
and spac ing  of t h e  d r a i n s ,  o u t l e t  requi rements ,  and f o r  des ign  of such 
a u x i l i a r y  d i t c h e s ,  d ive r s ions  and appur tenant  s t r u c t u r e s  a s  a r e  needed. 

The u sua l  causes  of excess  wetness  i n  humid a r e a s  can o f t e n  be  assessed  i n  t h e  
reconnaissance  of t h e  p r o j e c t  and w i l l  u s u a l l y  conform t o  one of t h e  c a t e g o r i e s  
of s i t e  cond i t i ons  d i scussed  under "Subsurface-drainage problems" i n  Chapter 1. 
I n  some s i t u a t i o n s ,  p a r t i c u l a r l y  where rock outc rops  o r  a r t e s i a n  p r e s su re  a r e  
ev iden t  o r  su spec t ed ,  i n v e s t i g a t i o n s  t o  l o c a t e  t h e  source  of wetness and t o  
determine methods of c o r r e c t i o n  a r e  necessary.  

The ma jo r i t y  of subsur face  d r a inage  needed i n  t h e  a r i d  and semi-ar id reg ions  of 
t h e  United S t a t e s  i s  w i t h i n  i r r i g a t e d  a r e a s .  There is a c l o s e  r e l a t i o n s h i p  be- 
tween i r r i g a t i o n  and dra inage  i n  t h e s e  a r e a s .  The amount of d ra inage  water  t o  
be  removed by subsur face  d r a i n s  i s  r e l a t e d  t o  t h e  i r r i g a t i o n  water  app l i ed  and,  
t o  some e x t e n t ,  t h e  i r r i g a t i o n  methods p r ac t i ced .  The phys i ca l  in format ion  and 
d a t a  r equ i r ed  f o r  dra inage  i s  i n  p a r t  t h e  same a s  t h a t  r equ i r ed  f o r  i r r i g a t i o n .  
Data on pe rmeab i l i t y ,  consumptive use ,  water  q u a l i t y ,  s a l i n i t y ,  water  t a b l e  l e v e l s  
and s u r f a c e  topography a r e  needed f o r  bo th  t h e  p r a c t i c e s  of i r r i g a t i o n  and 
dra inage .  

Surveys and i n v e s t i g a t i o n s  r equ i r ed  

Surveys and i n v e s t i g a t i o n s  u s u a l l y  r equ i r ed  f o r  subsur face  dra inage  i nc lude  t h e  
fo l lowing  : 

Topographic surveys 

a .  De t a i l ed  topographic surveys 

b .  P a r t i a l  o r  s t r ip - topography 

S o i l s  i n v e s t i g a t i o n s  

a .  Standard s o i l  survey maps 

b .  Data on s a l i n i t y  and a l k a l i n i t y  

Subsurface exp lo ra t i ons  

a .  Logs of s o i l  and s u b s o i l  m a t e r i a l s  

b .  Hydraul ic  conduc t iv i t y  measurements 



Ground water  i n v e s t i g a t i o n s  

a .  P o s i t i o n  of t h e  water  t a b l e  r e l a t i v e  t o  t h e  ground s u r f a c e  

b .  F luc tua t i ons  i n  water  t a b l e  l e v e l s  

c .  S a l i n i t y  of ground water  

I r r i g a t i o n  p r a c t i c e s  and requirements .  

a .  Qual i ty  of i r r i g a t i o n  water  

b .  Frequency and type of i r r i g a t i o n  

c .  Amount of water  appl ied  each i r r i g a t i o n  

d .  Leaching requirement and deep p e r c o l a t i o n  l o s s  

e .  F i e l d  d i t c h  l o s s e s  

f .  Source of water  supply 

I n v e s t i g a t i o n  of  e x i s t i n g  subsur face  dra inage  systems 

A s h o r t  d i s cus s ion  of t h e  above l i s t e d  surveys and i n v e s t i g a t i o n s  is given i n  
t h e  fol lowing s e c t i o n s .  More d e t a i l s  can  b e  ob ta ined  from the  r e f e r ences  c i t e d .  

Topographic surveys  

Topographic surveys of vary ing  degrees of d e t a i l  a r e  normally requi red  f o r  bo th  
s u r f a c e  and subsur face  dra inage .  I n  t h e  c a s e  of subsur face  dra inage ,  topographic 
maps a r e  needed a s  a base  map t o  which ground water  and s o i l s  in format ion  can be  
r e f e r enced .  Information on ground water  l e v e l s  can b e  t i e d - i n  t o  t he  topographic 
survey ,  which w i l l  g i v e  a d i r e c t  r e l a t i o n  between s u r f a c e  e l e v a t i o n  and water- 
t a b l e  l e v e l s .  

Seep a r e a s  and v e g e t a t i o n  i n d i c a t i v e  of s ea sona l  o r  deep s e a t e d  sources  of seepage 
o r  prolonged high-water t a b l e  should be l oca t ed  on t h e  map. P a r t i c u l a r  a t t e n t i o n  
should b e  given t o  t h e  e l e v a t i o n  of c o n t r o l  p o i n t s  such a s  r i d g e s ,  k n o l l s ,  low 
pocke ts ,  n a t u r a l  drainageways, rock  ou t c rops ,  and o u t l e t  channels .  

Drainage i n v e s t i g a t i o n s  i n  i r r i g a t e d  a r e a s  and seep a r e a s  of non- i r r iga ted  l ands  
may r e q u i r e  complete topographic coverage. The amount of d e t a i l  requi red  w i l l  
va ry  w i th  t h e  complexity of t h e  s u r f a c e  r e l i e f .  Normally t h i s  d e t a i l  w i l l  need 
t o  b e  such t h a t  maps can be  prepared w i th  a contour  i n t e r v a l  i n  t h e  range of 
one t o  f i v e  f e e t .  P rov i s ions  should b e  made t o  t i e  i n  piezometers  and/or  obser- 
v a t i o n  w e l l s .  The i r  l o c a t i o n  and e l e v a t i o n  should b e  ob ta ined  along wi th  o t h e r  
topographic da t a .  

I n  a few ca se s ,  t h e  r equ i r ed  l o c a t i o n  of subsur face  d r a i n s  may b e  s o  apparent  
t h a t  d e t a i l e d  topographic coverage of t h e  e n t i r e  a r ea  under i n v e s t i g a t i o n  may 
no t  b e  necessary .  I n  t h e s e  cases  p a r t i a l  o r  s t r i p  topography along t h e  proposed 
rou t e s  of t h e  d r a i n  o r  d r a i n s  may be  adequate .  This  may be obta ined  through pro- 
f i l e  and c ro s s - s ec t i on  surveys ,  a long t h e  r o u t e s  of t h e  d r a i n s .  



S o i l s  i n v e s t i g a t i o n s  

Standard s o i l  surveys a r e  needed f o r  a l l  a r e a s  being planned f o r  subsur face  
dra inage .  These surveys a r e  c u r r e n t l y  a v a i l a b l e  i n  many a r e a s ,  b u t  i f  n o t ,  t h e  
b e s t  s o i l s  map a v a i l a b l e  should be  used. Addi t iona l  in format ion  is  u s u a l l y  
needed, however. S o i l  bor ings  t o  approximately one and one-half t imes t h e  
es t imated  depth of d r a i n  a r e  needed t o  determine depth and t h i cknes s  of t h e  
d i f f e r e n t  s o i l  m a t e r i a l s ,  e s t ima t ion  of pe rmeab i l i t y  of t h e  d i f f e r e n t  s o i l  
s t r a t a ,  l o c a t i o n  of l a y e r s  of very  low permeabi l i ty  and o t h e r  m a t e r i a l s  which 
should be  considered i n  des ign .  These l a y e r s  may inc lude  c l ay  pans, s h a l e ,  sand- 
s t o n e ,  bog i r o n ,  rock ,  g r ave l  o r  quicksand. Such m a t e r i a l s  may r e q u i r e  i n c l u s i o n  
of f i l t e r s ,  g r a v e l  envelopes, o r  s p e c i a l  b a c k f i l l  t rea tment  i n  des ign  of t h e  
system. 

The pH of t h e  s o i l  and t h e  amount of s u l f a t e s  p r e sen t  w i l l  have an e f f e c t  on 
k inds  of d r a i n  m a t e r i a l s  t h a t  can b e  used. Borings needed t o  f u r n i s h  t h i s  
in format ion  a r e  descr ibed  below under "Subsurface exp lo ra t i ons . "  Information 
on c h a r a c t e r i z a t i o n  of s o i l  m a t e r i a l s  and t h e i r  s t r u c t u r e  and permeabi l i ty  i s  
contained i n  t h e  USDA S o i l  Survey Manual (3) .  Engineering p r o p e r t i e s  of s o i l s  
a r e  descr ibed  and requirements  f o r  i n v e s t i g a t i o n s  a r e  covered i n  NEH Sec t i on  8, 
Engineering Geology. 

The dra inage  of s a l i n e  and a l k a l i  s o i l s  i n  i r r i g a t e d  a r e a s  must g ive  a t t e n t i o n  
t o  t h e i r  p a r t i c u l a r  requirements .  For t h i s  reason  i t  is necessary  t o  d e l i n e a t e  
s a l i n e  and a l k a l i  a r e a s  and determine t h e  degree of s a l i n i t y  o r  a l k a l i n i t y .  I n  
some a r e a s  t h i s  has  been done i n  connect ion w i th  s tandard  s o i l  surveys and is 
noted on s o i l  maps. Where t h i s  has  no t  been done i t  is  necessary  t o  make t h e s e  
de te rmina t ions  along w i th  o t h e r  i n v e s t i g a t i o n s  f o r  d ra inage .  I n  a l l  c a se s  i t  
is  d e s i r a b l e  t o  o b t a i n  t h e  s e r v i c e s  o f  a s o i l  s c i e n t i s t  o r  g e o l o g i s t  t o  d e l i n e a t e  
and c l a s s i f y  s a l t y  lands .  I f  t h i s  is n o t  p o s s i b l e ,  samples should be  taken  and 
submit ted t o  a  t e s t i n g  l abo ra to ry .  Agr i cu l t u r e  Information B u l l e t i n  No. 279 (4 )  
provides a  gu ide  t o  t h e  sampling procedure.  It is recommended t h a t  f o r  f i e l d s  
of 40 a c r e s  o r  l e s s ,  two sampling s i t e s  be  s e l e c t e d  i n  a r e a s  which a r e  apparen t ly  
a f f e c t e d  and two s i t e s  i n  unaf fec ted  a r e a s .  Samples should be  taken t o  t h e  plow 
depth and a t  12-inch depths t h e r e a f t e r .  

The U .  S .  S a l i n i t y  Laboratory has  developed a p o r t a b l e  t e s t  k i t  f o r  t h e  purpose 
of determining s a l i n i t y  and a l k a l i n i t y  i n  t h e  f i e l d .  It is assembled i n  a 
sma l l  s u i t c a s e  f o r  convenience i n  t r a n s p o r t a t i o n  t o  f i e l d  l oca t i ons .  Use of t h e  
k i t  i s  descr ibed  i n  USDA C i r c u l a r  No. 982 (5) .  Operat ion is n o t  d i f f i c u l t  and 
does no t  r e q u i r e  t h e  s e r v i c e s  of a s o i l  s c i e n t i s t .  

Subsurface exp lo ra t i ons  

Subsurface d r a i n s  i n  a r i d  i r r i g a t e d  a r e a s  a r e  u s u a l l y  placed a t  a  depth of 6 t o  
9 f e e t  below t h e  ground s u r f a c e ;  and i n  humid a r e a s  t h e  d r a i n s  a r e  u s u a l l y  
placed from 3 t o  6 f e e t  below t h e  su r f ace .  Ground water  flows t o  t h e  d r a i n s  
through t h e  s o i l  and s u b s o i l  m a t e r i a l s  extending from t h e  water  t a b l e  s u r f a c e  
t o  a  depth of s e v e r a l  f e e t  below t h e  d r a i n .  (See "P r inc ip l e s  of flow i n  t h e  
s a t u r a t e d  zone," Chapter I . )  The depth of t h i s  r eg ion  of flow w i l l  va ry  w i th  
t h e  hyd rau l i c  conduc t iv i t y  of t h e  subsur face  m a t e r i a l s  p r e sen t .  For t h i s  reason 
i t  i s  necessary  t o  explore  t h e s e  m a t e r i a l s  t o  a  depth of about one and one-half 
t imes t h e  d r a i n  depth ,  o r  deeper ,  t o  determine i f  t h e r e  is a s i g n i f i c a n t  change 
i n  t h e  hyd rau l i c  conduct iv i ty .  



Logging s o i l s  and subsu r f ace  m a t e r i a l s  
Subsurface exp lo ra t i ons  a r e  u s u a l l y  made by bor ing  t e s t  ho l e s  on a  r ec t angu la r  
g r i d  p a t t e r n  t o  cover t h e  a r e a  under cons ide ra t i on .  The spac ing  of bor ings  
should b e  based on a  knowledge of s o i l s ,  l o c a l  geology and exper ience  gained i n  
a  p a r t i c u l a r  work a r e a .  Borings must b e  spaced c l o s e  enough t o  permit  t h e  
c o r r e l a t i o n  of subsu r f ace  s t r a t a .  I n  a l l u v i a l  m a t e r i a l s  where sediments a r e  
heterogeneous m a t e r i a l s  depos i ted  i n  a  complex p a t t e r n ,  t h i s  spacing may need 
t o  be  100 f e e t  o r  l e s s .  I n  a r e a s  of r e s i d u a l  homogeneous s o i l s  t h e  spacing may 
b e  a s  g r e a t  a s  1,000 f e e t .  I n  p r a c t i c a l  f i e l d  a p p l i c a t i o n  t h e  u sua l  procedure 
is  t o  s e l e c t  a  g r i d  spac ing  based on prev ious  exper ience ;  s t a r t  subsur face  
exp lo ra t i ons  and a t tempt  t o  c o r r e l a t e  t h e  d a t a  from t h e  bor ings  progress ive ly .  
I f  t he  c o r r e l a t i o n  between bor ings  is poor o r  l a ck ing ,  t h e  d a t a  should be  
supplemented by c u t t i n g  t h e  o r i g i n a l  g r i d  spacing i n  h a l f  and r epea t i ng  t h e  
c o r r e l a t i o n  process .  It o f t e n  develops t h a t  i n  c e r t a i n  p a r t s  of an  a r e a  
c o r r e l a t i o n  may b e  good, whereas i n  o t h e r  s e c t i o n s  i t  may b e  poor. I n  t h i s  
l a t t e r  c a se  t he  g r i d  p a t t e r n  should b e  supplemented w i th  a d d i t i o n a l  bor ings  t o  
t h e  e x t e n t  t h a t  t h e  s u b s o i l  and s u b s t r a t a  con f igu ra t i on  is  made c l e a r .  Borings 
on l a r g e  a r e a s  should b e  l oca t ed  on a g r i d  p a t t e r n ,  u s u a l l y  r ec t angu la r .  The 
l i n e s  of bor ings  may be  o r i e n t e d  i n  any convenient  d i r e c t i o n  t o  f i t  t h e  a r e a .  
When t h e  spac ing  and g r i d  p a t t e r n  have been e s t a b l i s h e d ,  gu ide  s t a k e s  can b e  
p laced  a t  f i e l d  boundaries  and i n t e r i o r  s t a k e s  s i gh t ed  i n .  I f  a  topographic 
survey is  t o  be  made, t h e  l o c a t i o n s  of bo r ings  can be  t i e d  i n  w i th  i t .  

The depth of bo r ings  should be  a t  l e a s t  1-112 t imes t h e  d r a i n  depth.  Since t h e  
a c t u a l  depth of t h e  d r a i n  which may be  i n s t a l l e d  a s  a  r e s u l t  of t h e  inves t iga-  
t i o n s  is no t  known, t h e  bor ings  a r e  normally made t o  a  depth of approximately 
twice  t h e  average d r a i n  depth i n  t h e  a r e a .  A few deeper bo r ings  - 15 t o  20 f e e t  
- i n t e r s p e r s e d  w i th  t h e  o t h e r s ,  should b e  made t o  determine t h e  composition of 
under ly ing  s t r a t a .  The presence of c e r t a i n  types of s t r a t a  may r e q u i r e  t h e  
a l t e r a t i o n  of t h e  e n t i r e  dra inage  p lan .  I f  i n i t i a l  bo r ings  i n  t h e  a r e a  i n d i c a t e  
a  r a t h e r  uniform con f igu ra t i on  of subsu r f ace  l a y e r s ,  t h e  spacing of t h e  bo r ings  
may be  increased .  

Each bor ing  should b e  numbered and i d e n t i f i e d  by t h a t  number on t h e  topographic 
map. Logs of each bor ing  should be  prepared i n  t h e  f i e l d  and i d e n t i f i e d  by 
number and l o c a t i o n .  A sample s h e e t  f o r  logging  the s o i l s  is g iven  i n  F igure  2-1. 

In format ion  which should b e  recordcd f o r  a l l  bor ings  i nc ludes :  

1. S t a t e ,  s o i l  conserva t ion  d i s t r i c t ,  work u n i t ,  farm o r  p r o j e c t ,  and 
l oca t i on .  

2. Name of t e chn i c i an  logging t h e  ho l e .  

3. Date. 

4 .  Boring number. 

5 .  A s t r a t i g r a p h i c  d e s c r i p t i o n  of t h e  s u b s o i l  p r o f i l e .  

6. Estimated h y d r a u l i c  conduc t iv i t y  of each s i g n i f i c a n t  l a y e r .  

7. Locat ion of wa te r  t a b l e  a t  t ime of boring.  

Although a  few bo r ings  may be  made by hand auger ,  power equipment should be  pro- 
vided where many, and/or  deep, bor ings  a r e  needed. 



Log-Feet 

C l a s s i f i c a t i o n  Symbol 

* 

LOG SHEET FOR SOIL BORING 

S t a t e  SCD Work U n i t  

Farm or P r o j e c t  Loca t i on 

Techn ic ian  Date 

Bo r ing  No. Locat i on 

Soi  l Symbol Land Use Crop Cond i t i on  

GW - Gravel, we l l  graded 
GP - Gravel, poorly graded 
SW -Sand, we l l  graded 
SP -Sand, poorly graded 
CH - Clay, high plast ic i ty  
C L  - Clay, low plast ic i ty  
MH -Si l t ,  medium plasticity 
ML  - Silt, low plasticity 
G C  - Clayey gravels, plastic 
GM - Si l ty  gravels, non-plastic 
SC -Clayey sands, plastic 
SM -S i l ty  sands, non-plastic 
OH - Organic clays, plastic 
OL  - Organic s i l t s ,  non-plastic 
Pt  -Peat  & Muck 

0 

1 - 

2- 

3- 

4- 

5- 

6- 

7- 

0- 

9- 

1 0- 

11- 

12- 

Wetness 

1 - Dry 3 - Wet 
2 - Mo is t  4 - Satura ted 

- 

- 

Es t  imated Permeabi l i t y  

(S) less  than 0.20 i n h r  (MS) 0.20 t o  0.80 i n / h r  
(M) 0.80 t o  2.50  in/hr (MR) 2.50 t o  5.00 i n h r  

(R) 5.00 in/hr o r  more 

Note: Show symbol t o  i n d i c a t e  the  sediment 
type,  number f o r  wetness and c i r c l e d  l e t t e r  
f o r  permeab i l i t y .  

Example: A s low ly  permaeble wet c l a y  w i t h  
low p l a s t i c i t y  would be logged as shown. 

Remarks : 

I 

Figu re  2-1, Sample form for soil log 



The Unif ied S o i l  C l a s s i f i c a t i o n  System i s  recommended f o r  u se  i n  logging t h e  
s o i l  m a t e r i a l s .  The Unif ied S o i l  C l a s s i f i c a t i o n  Symbols a r e  defined a s  fol lows:  

Well-graded g rave l s  and gravel-sand mixtures ,  l i t t l e  o r  no f i n e s .  
Poorly graded g rave l s  and gravel-sand mixtures ,  l i t t l e  o r  no f i n e s .  
S i l t y  g r a v e l s ,  g rave l -sand-s i l t  mix tures .  
Clayey g r a v e l s ,  gravel-sand-clay mixtures ,  
Well-graded sands and g rave l ly  sands ,  l i t t l e  o r  no f i n e s .  
Poorly graded 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 i l t y  sands ,  s and - s i l t  mixtures.  
Clayey sands ,  sand-clay mixtures.  
Inorganic s i l t s ,  very f i n e  sands ,  rock f l o u r ,  s i l t y  o r  clayey f i n e  sands. 
Inorganic c l a y s  of low t o  medium p l a s t i c i t y ,  g r a v e l l y  c l ays ,  sandy c l ays ,  

s i l t y  c l a y s ,  l e an  c lays .  
Organic s i l ts  and organic  s i l t y  c l ays  of low p l a s t i c i t y .  
Inorganic  s i l t s ,  micaceous o r  diatomaceous f i n e  sands o r  s i l t s ,  e l a s t i c  

silts.  
Inorganic  c l ays  of h igh  p l a s t i c i t y ,  f a t  c l ays .  
Organic c l a y s  of medium t o  high p l a s t i c i t y .  
P e a t ,  muck and o t h e r  h igh ly  organic  s o i l s .  

Based on Visual-Manual Procedure, ASTM D 2488 

A visual-manual procedure f o r  d e s c r i p t i o n  of s o i l s  is given i n  ASTM Designat ion 
D 2488, and l abo ra to ry  methods f o r  c l a s s i f i c a t i o n  of s o i l s  f o r  engineering pur- 
poses is g iven  i n  ASTM Designat ion D 2487.* F i e l d  t e s t s  and e s t ima te s  of t h e  
hyd rau l i c  conduct iv i ty  (HC) should b e  r e l a t e d  t o  s i m i l a r  s o i l s  where t h e  HC has  
been measured i n  p l a c e  and t o  l abo ra to ry  measurements of t h e  HC on undisturbed 
samples of  s i m i l a r  s o i l s .  

Check l ists have been developed f o r  d e s c r i p t i o n  and f i e l d  i d e n t i f i c a t i o n  of s o i l  
m a t e r i a l s ,  based on t h e  Unif ied S o i l  C l a s s i f i c a t i o n  System. See Figures 2-2 and 
2-3. These l ists may be  p r in t ed  on double-weight field-book s i z e  paper f o r  f i e l d  
use.  

S o i l  samples f o r  l abo ra to ry  t e s t i n g  
S o i l  samples f o r  use i n  l abo ra to ry  a n a l y s i s  a r e  needed f o r  benchmark s o i l s  i n  
each p a r t i c u l a r  dra inage  problem a rea .  Each s i g n i f i c a n t l y  d i f f e r e n t  s t ra tum i n  
a s o i l  p r o f i l e  should b e  sampled f o r  t h e  l abo ra to ry  t e s t s .  These tests gene ra l ly  
should inc lude  hydrau l i c  conduct iv i ty ,  and i n  s p e c i a l  cases  development of mois- 
t u r e  r e t e n t i o n  curve ,  t o t a l  pore space ,  mechanical a n a l y s i s ,  and de termina t ion  
of o rgan ic  mat te r .  Undisturbed samples a r e  necessary f o r  t h e  hydraul ic  conduc- 
t i v i t y ,  moisture r e t e n t i o n ,  and pore space  t e s t s .  Disturbed samples a r e  s u i t a b l e  
f o r  t h e  o the r s .  Various types of equipment have been developed f o r  tak ing  in- 
p lace  samples. Taking the  samples i n  an open p i t  has t h e  advantage t h a t  a  sample 
may b e  taken from a h o r i z o n t a l  o r  a  v e r t i c a l  d i r e c t i o n ,  i n  order  t o  o b t a i n  both  
h o r i z o n t a l  and v e r t i c a l  hydraul ic  conduct iv i ty .  

s a l i n i t y  of t h e  s o i l  s o l u t i o n  
t h e  t o p s o i l  t o  t h e  plow depth 
one f o o t  t o  t h e  maximum depth 
adequate.  

*American Socie ty  f o r  Tes t ing  
Pa. 19103 

I n  a r i d  i r r i g a t e d  a r e a s  d i s tu rbed  samples should a l s o  b e  taken  f o r  t e s t i n g  t h e  
e x t r a c t .  The f i r s t  of t he se  should be  taken of 
and o t h e r s  a t  depth increments of approximately 
of r o o t  zone (4 ) .  A small--112 pound--sample is 

and Mate r i a l s ,  1916 Race S t r e e t ,  Ph i l ade lph ia ,  



DESCRIPTION C6 FINE-GRAINED AND PARTLY-ORGANIC SOIL - AS'I1.I D 2488 

Organic S i l t  Organic Clay 
2 .  Maximum P a r t i c l e  Size:  Note perceutage of boulders and cobbles i n  t o t a l  sample. 
3 .  Size Dis t r ibu t ion :  Approximate percent g rave l ,  sand and f i n e s  i n  f rac t ion  

f i n e r  than 3 i n .  (76 IMI) 

4 .  
5. 
6 .  
7 .  
8. 
9. 

10. 
ll. 
L2. 

13. 

14 .  
15. 

Dry Strength:  None very ~ b w  Low Medium High Very High 
Dilatancy : None Slow Rapid 
P l a s t i c  Thread: Weak and Sof t  Medium S t i f f  Very S t i f f  
P l a s t i c i t y  of Fines:  None S l i g h t  (low) Medium High 
Color: Use c m o n  tennb o r  Munsell nu ta t ion .  Based or! moist o r  wt condit ion.  - 
Odor: None Earthy Organic - 

May be neglected except f o r  dark-colored s o i l s .  
Moisture Content : Dry Moist Wet Very Wet 
Consistenc : Soft  Firm ( ~ e d i u m )  S t i f f  Very S t i f f  Hard 
Structure:' S t r a t i f i e d  Lamin. t ed  (Varved) Fissured Slickensided 

Ulocky Lensedd( Homogeneous (Nons t ra t i f ied)  
Cementation; Weak Strong 

Note reac t ion  with d i l u t e  hydrochloric ac id  as none, weak o r  strong.  

: Examples - Alluvia l ,  Residual, Loess, Lacustrine,  e t c .  
Group Synbol: Estimate i f  des i red .  See C l a s s i f i c a t i o n  Chart, Fig.  1, 

ASlM Method D 2487. 

Example: Clayey S i l t ,  some f i n e  sand. Maximum s i z e  about 0.5 mn. About 10  
percent f i n e  sand, 90 percent s l i g h t l y  p l a s t i c  f ine?.  Yellowish 
brown (LO YR 516) .  D r y .  Finn. Nonstrat if ied,  but wirh numerous 
v e r t i c a l  r o o t  holes.  Strong reac t ion  t o  HC1. Loess (HL). 

FIELD IDENTIFICATION OF CONSISTENCY OF FINE-GRAINED SOILS* 
I 

Consistency I I I d e n t i f i c a t i o n  Procedure 

~ - - - -  

I Penetrometer I Std. Penetra- 

tons/ft .2 o r  tion Test 
Blows/ft . 

k$/cm2 (ASTM D 1586) 

Less than 0.25 
Less than  0.25 

Very Soft.... 
Soft . .  . . . . . . . 
Firm (medium) 

S t i f f  ........ 
Very S t i f f . . .  
Hard......... 

0.50 t o  1.00 
1.00 t o  2.00 
Over 2.00 

Loses shape under i t s  o m  w i g h t  
Easily penetrated s e v e r a l  inches by thumb 
Penetrated severa l  inches by thumb with 

moderate e f f o r t  
Readily indented by thumb, bu t  penetrated 

only with g r e a t  e f f o r t  
Readily indented by thumbnail 
Indented with d i f f i c u l t y  by thumbnail 

I 

*Based on sa tura ted  s o i l s .  
- 

FIELD IDENTIFICATION OF FINE-GRAINED SOIL FRACTIONS FRCM MANUAL TESTS 

Sandy Clay (CL). . . . Low - High 

'Unified c l a s s  ML a p p l i e s  t o  the  f i r s t  r a t i n g s ;  MH a p p l i e s  t o  t h e  second ra t ings .  

F igure  2-2, Check l i s t  f o r  fine-grained and 
p a r t l y  o rgan ic  s o i l s  

Typical Name 
(Unified Class)  

Dry Strength Dilatancy 
Reaction 

Toughness of 
P l a s t i c  Thread 

P l a s t i c i t y  
Description 



DESCRIPTION OF COARSE-GRAINED SOILS - ASTH D 2488 

1. Typical Name: Boulders Cobbles Gravel Sand 
Add descr ip t ive  ad jec t ives  f o r  minor cons t i tuen ts .  

2 .  Gradation: Well-graded Poorly-graded (Ulifomly -graded o r  Gap-graded) 
Describe range of p a r t i c l e  s i z e s  o r  predommant s i z e  o r  s i z e s  a s  
coarse,  medium, o r  f i n e  sand o r  grave l .  

3. Maximum P a r t i c l e  Size: Note percent boulders and cobbles i n  t o t a l  sample. 
4. Size Dis t r ibu t ion :  Approximate percent g rave l ,  sand and f i n e s  i n  f r a c t i o n  f i n e r  

than  3 i n .  (76 w). Ind ica te  p l a s t i c i t y  of f i n e s .  
5. Grain Shape: Angular Subangular Subrounded Rounded 
6. M i n e r a l o ~ :  Rock type f o r  gravel ,  predominant minerals i n  sand. Note presence 

of mica f lakes ,  sha ly  p a r t i c l e s  and organic mater ia l .  
7. Color: Use comon t e r n s  o r  Munsell no ta t ion .  Based on moist ar xet  condit ion.  
8. s: None Earthy Organic (Dark-colored s o i l s  only) 
9. Moisture Content: Dry Moist Wet Very Wet 

10. Natural  Density: Loose Dense 
11. Struc ture  : S t r a t i f i e d  Lensed Nonstrat if ied 
12 .  Cementation: Weak Strong (Note reac t ion  with HC1 a s  none, weak o r  strong.)  
13. B: Examples - Alluvial ,  Colluvium, T i l l ,  Outwash, e t c .  
14. Group Symbol: Estimate. (See F ie ld  I d e n t i f i c a t i o n  below.) 

Example; S i l t  Sand, well-graded grave l ly .  Maximum s i z e ,  8 i n . ,  about 
*cobbles. About 20 percent  subrounded gran i te  grave l ,  
65 percent subrounded t o  subangular quartz sand, and 15  percent 
low p l a s t i c i t y  f i n e s .  Light brown (7.5 YR 6/4). Moist. Dense. 
S t r a t i f i e d .  No reac t ion  t o  HC1. Al luv ia l  sand (SM). 

FIELD IDENTIFICATION - COARSE-GRAINED SOILS 

COARSE PARTICLE GRADE SIZES 
Grade Name Grade Size Sieve No. Comparative Size 

Boulders 12" + Basketball  o r  l a r g e r  
Large Cobbles 611 - 12" Cantaloup t o  Basketball  
Small Cobbles 3" - 6" Orange t o  Cantaloup 

(Exclude f r a c t i o n  l a r g e r  than 3" from Unified C l a s s i f i c a t i o n )  
Coarse  ravel‘ 3/4" - 3" Cherry t o  Orange 
Fine Gravel 1/4" - 3/4" 4 - 3/4" Pea t o  Cherry 
Coarse Sand 2.0 - 4.76 mm 10 - 4 Wheat Grain t o  Pea 
Medium Sand 0.42 - 2 . 0  mm 40 - 10 Sugar t o  Wheat Grain 
Fine Sand 0.074 - 0.42 mm 200 - 40 Flour  t o  Sugar 

I I CLEAN GRAELS 

GRAVEL 
AND 
CRAWL1 
SOILS 

W i l l  n o t  leave 
a d i r t  S t a i n  
on a wet palm. 

DIRTY GRAVELS 

W i l l  leave a 
d i r t  s t a i n  on 
a wet palm. 

I Wide range i n  g r a i n  s i z e s  and (Unifiet 
s u b s t a n t i a l  amounts of a l l  GW 
intermediate o a r t i c l e  s i z e s .  

Predominantly one s i z e  o r  a 
range of s i z e s  with some 

low p l a s t i c i t y  ( f o r  i d e n t i f i c a -  GM 
t i o n  of f i n e s  see c h a r a c t e r i s -  
t i c s  of ML fine-grained s o i l s ) .  

P l a s t i c  f i n e s  ( f o r  i d e n t i f i c a -  
t i o n  of f i n e s  see  charac te r i s -  GC 
t i c s  of CL fine-grained s o i l s ) .  

SOILS , p 5 Z t: 

Figure 2-3, Check list for coarse-grained s o i l s  

I 
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CLEAN SANDS 

W i l l  no t  l eave  
a d i r t  s t a i n  
on a wet palm. 

S m ~  
w i l l  leave a 
d i r t  s t a i n  on 
a pah. 

O V W  
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2 5 e .: 2 
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C, m C V  al .d a 
* m o  
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Wide range i n  gra in  s i z e  and 
s u b s t a n t i a l  amounts of a l l  SW 
intermediate p a r t i c l e  s i z e s .  - 
Predominantly one s i z e  o r  a 
range of s i z e s  with some SP 
intermediate s i z e s  missing. 

Nonplastic f i n e s  o r  f i n e s  with 
low p l a s t i c i t y  ( f o r  i d e n t i f i c a -  SM 
t i o n  of f i n e s  see  c h a r a c t e r i s -  
t i c s  of ML fine-grained s o i l s ) .  

P l a s t i c  f i n e s  ( f o r  i d e n t i f i c a -  
t i o n  of f i n e s  see c h a r a c t e r i s -  SC 
t i c s  of CL fine-grained s o i l s ) .  
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Fur the r  in format ion  on sampling and t e s t i n g  s o i l s  f o r  a n a l y s i s  of s a l i n i t y  and 
a l k a l i n i t y  i s  given i n  Agr i cu l t u r e  Handbook 60 ( 6 )  and USDA Ci r cu l a r  No. 982 (5). 

Hydraul ic  conduc t iv i t y  
The terms "hydraul ic  conduc t iv i t y ,  " "permeabil i ty"  and " c o e f f i c i e n t  of permea- 
b i l i t y , "  a l though having d i f f e r e n t  t e c h n i c a l  meanings, a r e  o f t e n  used i n  t h e  
same sense .  The " c o e f f i c i e n t  of permeabi l i ty ' t  is  def ined  (7)  a s  t h e  r a t e  of 
flow of water  through a  u n i t  c ro s s - s ec t i ona l  a r e a  under a  u n i t  head dur ing  a  
u n i t  per iod  of t ime. The term "hydraul ic  conduct iv i ty"  may be  def ined  (8) a s  
t h e  c o e f f i c i e n t  K i n  ~ a r c y ' s  law v  = K i w h e r e  v  is  t h e  v e l o c i t y  of seepage and 
i is t h e  h y d r a u l i c  g r a d i e n t .  Values of K depend on p r o p e r t i e s  of t h e  f l u i d ,  
such a s  v i s c o s i t y ,  a s  w e l l  a s  t h a t  of t h e  porous medium, and r e f l e c t  any i n t e r -  
a c t i o n s  of t h e  f l u i d  wi th  t h e  porous medium such a s  swel l ing  of s o i l  and i t s  
a t t e n d a n t  reduced po ros i t y .  The term "permeabil i ty"  is used i n  a  gene ra l  sense  
t o  i n d i c a t e  t h e  r e l a t i v e  a b i l i t y  of s o i l s  t o  t r ansmi t  water .  I n  t h e  fol lowing 
d i s cus s ion  t h e  term "hydraul ic  conduct iv i ty"  (HC) w i l l  b e  used i n  t h e  s p e c i f i c  
s ense  t o  mean t h e  r a t e  of t r a n s m i s s i b i l i t y  of wa t e r  through s o i l  assuming a  
hyd rau l i c  g r ad i en t  of un i t y .  

I n  t h e  p a s t ,  much r e sea rch  work has  been done on developing va r ious  methods and 
techniques f o r  determining t h e  permeabi l i ty  of s o i l s .  I n  gene ra l ,  t h e s e  methods 
and techniques f a l l  i n t o  two types  depending on whether t h e  s o i l  was t e s t e d  " in  
place" o r  whether s o i l  samples were t r anspo r t ed  t o  t h e  l abo ra to ry  f o r  t e s t i n g .  
T e s t s  made " i n  place" a r e  gene ra l l y  considered s u p e r i o r  a s  i t  is  almost impos- 
s i b l e  t o  o b t a i n  samples and t r a n s p o r t  them t o  t h e  l abo ra to ry  wi thout  d i s t u r b i n g  
them t o  some degree,  thereby a l t e r i n g  t h e i r  permeabi l i ty .  

Labora tory- tes t ing  methods involve  p l ac ing  s o i l  samples i n  permeameters where 
they a r e  sub j ec t ed  t o  a  head of water  f o r  a  des igna ted  per iod  of t ime. By 
measuring t h e  amount of water  t h a t  passes  through t h e  sample i n  a  g iven  per iod  
of t ime t h e  permeabi l i ty  can be  determined. 

Laboratory t e s t s  may b e  made i n  e i t h e r  of two ways. An undisturbed co re  may be  
ob ta ined  i n  t h e  f i e l d  w i th  a  s p e c i a l  core  sampler and taken  t o  a  l a b o r a t o r y  f o r  
t e s t s  o r  a  d i s t u rbed  sample may b e  obtained and taken  t o  t h e  l abo ra to ry  where 
i t  w i l l  b e  d r i e d ,  reduced t o  g r anu l e  s i z e ,  and then  packed i n t o  a  permeameter 
t ube  f o r  t e s t i n g .  Equipment f o r  permeabi l i ty  t e s t s  is  r e l a t i v e l y  inexpensive 
and may be  purchased complete o r  f a b r i c a t e d  l o c a l l y .  Tes t s  and equipment a r e  
descr ibed  i n  USDA Agr i cu l t u r e  Handbook 60 (6)  and USDA Technical  B u l l e t i n  
No. 1065 ( 7 ) .  

In-place measurement of permeabi l i ty  may be  made by s e v e r a l  methods. The proce- 
dures  which have been used most commonly a r e  descr ibed  i n  Spec i a l  P u b l i c a t i o n  
SP-SW-0262 of t h e  American Soc i e ty  of A g r i c u l t u r a l  Engineers  ( 9 ) .  I n  a d d i t i o n  
t o  a  b r i e f  d e s c r i p t i o n  of t h e  d i f f e r e n t  methods of measuring s a t u r a t e d  hyd rau l i c  
conduc t iv i t y  of s o i l s ,  t h e  equipment requi red  is  l i s t e d  and t h e  m e r i t s  and 
l i m i t a t i o n s  of each method a r e  d i scussed .  A l i s t  of r e f e r ences  f o r  d e t a i l s  on 
theory and a p p l i c a t i o n  i s  given. 

The auger-hole method i s  t h e  s imp le s t  method f o r  measuring t he  hyd rau l i c  conduc- 
t i v i t y  of s o i l  i n  p l ace  i n  t he  presence  of a  water  t a b l e .  It is a l s o  one of 
t h e  most r e l i a b l e  methods. Severa l  i n v e s t i g a t o r s  have con t r i bu t ed  t o  t h e  
development of t h e  theory and a p p l i c a t i o n  of t h e  method and a  l a r g e  p a r t  of t h e i r  
work is summarized by Luthin i n  Vol. V I I  of Agronomy Monographs (10) and by 
Kirkham (11) .  A good d i s cus s ion  of t h e  method and equipment requi red  i s  g iven  
by Van Beers i n  B u l l e t i n  No. 1 of t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Land Reclamation 
and Improvement, Wageningen, t h e  Netherlands.  Graphs, i n  me t r i c  u n i t s ,  a r e  given 
f o r  s o l u t i o n  of t h e  formula (12) .  



The number of t e s t s  which a r e  needed t o  a r r i v e  a t  t h e  va lue  f o r  hyd rau l i c  con- 
d u c t i v i t y  t o  use  f o r  des ign  depends on t h e  un i formi ty  of t h e  s o i l  p r o f i l e  below 
t h e  wa te r  t a b l e .  This  t e s t ,  t hen ,  should b e  made a f t e r  t h e  s o i l s  have been 
logged o r  concu r r en t l y  w i th  t h e  logging.  It i s  a  ma t t e r  of judgment a s  t o  how 
many t e s t s  f o r  HC should be  made. The HC may vary  q u i t e  a  b i t  w i t h i n  s h o r t  
d i s t a n c e s .  S ince  i t  is d e s i r e d  t o  determine t h e  average HC f o r  a  r a t h e r  l a r g e  
a r e a  i t  i s  b e t t e r  t o  run  s e v e r a l  t e s t s  i n  d i f f e r e n t  l o c a t i o n s  than t o  t r y  t o  
determine t he  HC i n  on ly  one p lace .  A good guide  t o  go by i s  t o  use  a l t e r n a t e  
logging  ho l e s  f o r  making t e s t s  of hyd rau l i c  conduc t iv i t y .  The number of logging 
h o l e s  and HC t e s t s  r equ i r ed  a r e  thus  bo th  r e l a t e d  t o  t h e  un i formi ty  of t h e  
subsu r f ace  m a t e r i a l s .  

Other  f i e l d  pe rmeab i l i t y  t e s t  methods a r e  presen ted  i n  NEH Sec t ion  8, Engineering 
Geology, and NEH Sec t i on  18 ,  Ground Water. 

Auger-hole method. - The p r i n c i p l e  of t h e  auger-hole method is simple.  A h o l e  i s  
bored t o  a  c e r t a i n  d i s t a n c e  below t h e  wa te r  t a b l e .  This  should be  t o  a depth 
about  one f o o t  below t h e  average depth of d r a i n s .  The depth of water  i n  t h e  
h o l e  should be  about 5 t o  10 t imes t h e  d iameter  of t h e  ho l e .  The water  l e v e l  
is  lowered by pumping o r  b a i l i n g  and t h e  r a t e  a t  which t h e  ground water  flows 
back i n t o  t h e  h o l e  i s  measured. The hyd rau l i c  conduc t iv i t y  can then  be  computed 
by a formula which r e l a t e s  t h e  geometry of t h e  ho l e  t o  t h e  r a t e  a t  which t h e  water  
f lows i n t o  i t .  

F igure  2-4, Symbols f o r  auger-hole method of measuring h y d r a u l i c  conduc t iv i t y  



K = h y d r a u l i c  conduct ivi ty-- inches  p e r  hour 

H = depth  of h o l e  below t h e  ground w a t e r  t ab le - - inches  

r = r a d i u s  of auger  hole-- inches  

y = d i s t a n c e  between ground w a t e r  l e v e l  and t h e  average  l e v e l  of w a t e r  
i n  t h e  hole-- inches ,  f o r  t h e  t i m e  i n t e r v a l  At--seconds 

Ay = rise of water-- inches ,  i n  auger  h o l e  d u r i n g  At--seconds, t i m e  i n t e r v a l  

G = depth  of t h e  impermeable l a y e r  below t h e  bottom of t h e  hole-- inches .  
Impermeable l a y e r  d e f i n e d  a s  a l a y e r  which h a s  t h e  p e r m e a b i l i t y  of 
about  one- tenth o r  less of t h e  p e r m e a b i l i t y  of t h e  l a y e r s  above. 

d = average  d e p t h  of w a t e r  i n  auger  h o l e  d u r i n g  tes t - - inches  

Good judgment i s  needed i n  de te rmin ing  how b i g  a drawdown of t h e  w a t e r  l e v e l  i n  
t h e  auger  h o l e  t o  make f o r  t h e  purpose of t h e  t e s t .  Genera l ly ,  a l a r g e r  drawdown 
should  b e  made f o r  s lowly  permeable s o i l s  than  f o r  more permeable s o i l s .  A 
s m a l l  drawdown f o r  h o l e s  i n  s loughing  s o i l s  may reduce  t h e  amount of s loughing .  
Pumping should  s t o p  when t h e  w a t e r  l e v e l  is w i t h i n  a few i n c h e s  of t h e  bottom 
of t h e  h o l e  t o  p r e v e n t  p i c k i n g  up sand i n  t h e  pump. 

Measurement of t h e  r a t e  of recovery  of w a t e r  i n  t h e  auger  h o l e  should b e  com- 
p l e t e d  b e f o r e  one-fourth  of t h e  t o t a l  amount of drawdown h a s  been recovered  (10) .  
Four o r  f i v e  r e a d i n g s  should b e  t a k e n  a t  uniform s h o r t  t i m e  i n t e r v a l s  and a p l o t  
of t h e  r e a d i n g s  made t o  de te rmine  a uniform r a t e  of recovery  t o  u s e  i n  t h e  
formula.  P l o t t i n g s  of t ime i n  seconds a g a i n s t  t h e  r e s i d u a l  drawdown i n  i n c h e s  
w i l l  i n d i c a t e  t h o s e  r e a d i n g s  a t  t h e  beg inn ing  and end of t h e  t e s t  which should 
b e  d i s c a r d e d  and t h e  p roper  v a l u e s  of A t  and Ay t o  use .  

Equipment f o r  auger-hole  method. - - The equipment r e q u i r e d  t o  make t h e  test 
c o n s i s t s  of a s u i t a b l e  auger ,  a pump o r  b a i l  bucket  t o  remove wate r  from t h e  
h o l e ,  a wa tch ,  and a d e v i c e  f o r  measuring t h e  dep th  of w a t e r  i n  t h e  h o l e ,  a s  i t  
rises d u r i n g  r e c h a r g e .  For u s e  i n  u n s t a b l e  s o i l s  a w e l l  s c r e e n  may b e  necessa ry .  

Many o p e r a t o r s  p r e f e r  a w e l l  made, l i g h t  w e i g h t ,  b o a t  o r  s t i r r u p  pump. One t h a t  
i s  e a s i l y  disassembled f o r  c l e a n i n g  i s  b e t t e r .  One type  of pump which has  g i v e n  
good s e r v i c e  i s  a smal l  double  diaphragm b a r r e l  pump. T h i s  can b e  mounted on a 
wooden frame f o r  e a s e  of hand l ing  and use .  The watch must have a second hand. 
For  t h e  dep th  measuring d e v i c e  a l i g h t  weight  bamboo f i s h i n g  rod marked i n  f e e t  
t e n t h s ,  and hundred ths  w i t h  a c o r k  f l o a t  works w e l l .  Other  types  of f l o a t s  
have been developed a l s o .  A j u i c e  can w i t h  a s t a n d a r d  s o l d e r e d  t o  one end t o  
ho ld  a l i g h t  weight  measuring rod is good. A f i e l d  k i t  f o r  u s e  i n  making t h e  
auger  h o l e  measurement of HC is i l l u s t r a t e d  i n  F i g u r e  2-5.  I n  a d d i t i o n  t o  t h e  
i t e m s  i n d i c a t e d  on t h i s  f i g u r e ,  a watch and a s o i l  auger  w i l l  b e  needed. 

I n  making t h e  auger-hole measurement i n  f l u i d  sands  a p e r f o r a t e d  l i n e r  f o r  t h e  
h o l e  w i l l  b e  needed t o  keep t h e  h o l e  open and m a i n t a i n  t h e  c o r r e c t  s i z e .  S e v e r a l  
types  of l i n e r s  have been used.  These i n c l u d e  p e r f o r a t e d  o r  s l o t t e d  downspouting 
(conductor  p i p e  f o r  roof  r u n o f f )  and v a r i o u s  t y p e s  of w e l l  p o i n t s  and w e l l  s c r e e n s ,  
i n c l u d i n g  a p a r t i c u l a r  t y p e  of copper  s c r e e n  made i n  t h e  Nether lands .  For most 
k i n d s  of f l u i d  sands and s i l t s  t h i s  l a s t  s c r e e n  is t h e  b e s t .  It s t a y s  open much 
b e t t e r  t h a n  o t h e r  t y p e s  i n  t h e s e  s o i l s .  For many s o i l s  t h e  s l o t t e d  downspouting 
is s a t i s f a c t o r y ,  i f  adequa te  s l o t  openings are provided t o  a l low f r e e  f low i n t o  
t h e  p i p e .  
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NOTE: Equipment  i n  C a r r y i n g  Case 
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C A R R Y I N G  C A S E  - AUGER H O L E  K I T  

i n c l u d e s  Auger Hose, Tape and 
F l o a t ,  S t a k e ,  and S t a n d a r d :  i n  
a d d i t i o n  t o  t h e  Pump. 

Figure 2-5, Equipment for auger-hole method of measuring hydraulic conductivity 



FIELD MEASUREMENT OF HYDRAULIC CONDUCTIVITY 
AUGER-HOLE METHOD 

For  use only  where bottom of hole coinc ides with barr ier .  
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BORING NO. SALINITY (EC) S O I L  - WATER 5 -6  ESTIMATED K ' a 0  in'hr - 
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Figure  2-6--sheet 1 of 2 ,  Auger-hole method of measuring 
hydrau l i c  conduc t iv i ty  
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S o i l  p r o f i l e  l o g  h o l e s  a r e  used  f o r  t h e  t e s t  o r  a  s p e c i a l  h o l e  may be a u g e r e d  f o r  t h e  
purpose .  The h o l e  i s  pumped o r  b a i l e d  o u t  2 o r  3 t i m e s  t o  p e r m i t  any p u d d l e d - O v e r  
p o r e s  on t h e  w a l l  o f  t h e  c a v i t y  t o  be f l u s h e d  o u t  b y  t h e  i n - s e e p i n g  g r o u n d w a t e r .  T h i s  
f l u s h i n g  P r o c e s s  c a n  be a c c o m p l i s h e d  w i t h  a  pump o r  b a i l  b u c k e t  s l i g h t l y  s m a l l e r  t h a n  
t h e  auger  h o l e .  The w a t e r  l e v e l  i n  t h e  auger  h o l e  i s  a l l o w e d  t o  become s t a t i c  f o l l o w -  
i n g  t h e  c l e a n i n g  p r o c e s s .  

TEST: The w a t e r  l e v e l  i s  l owered  i n  t h e  h o l e  w i t h  t h e  pump o r  b a i l  b u c k e t .  The d i s -  
t a n c e  t h e  w a t e r  l e v e l  i s  l owered  w i l l  be dependen t  on  t h e  s l o u g h i n g  tendency  o f  t h e  
p r o f i l e .  Where s l o u g h i n g  i s  a  p r o b l e m  a  s m a l l e r  drawdown s h o u l d  be used and p o s s i b l y  
a  l i n e r  o r  s c r e e n  w i l l  be r e q u i r e d .  The w a t e r  l e v e l s  and t i m e  e l a p s e d  s i n c e  b e g i n -  
n i n g  o b s e r v a t i o n s  a r e  r e c o r d e d  on t h e  fo rm.  The r a t e  o f  r i s e  i s  used i n  t h e  f o l l o w -  
i n g  f o r m u l a  t o  c a l c u l a t e  K. The d e p t h  o f  w a t e r  i n  t h e  a u g e r  h o l e  ( 0 - 0 ) s h o u l d  be 
a b o u t  5 t o  10 t i m e s  t h e  d i a m e t e r  o f  t h e  h o l e .  Measurement o f  t h e  r a t e  o f  r i s e  s h o u l d  
be c o m p l e t e d  b e f o r e  ay 2 1/4 ( A - 0 )  

Water Table 

Residual 
Drawdown 

AUGER HOLE PROF1 LE 

K = Hydraul ic  c o n d i t i v i t y  i n  inches 
per hour 

r = Radius of auger ho le i n  inches 
S = Funct ion from f i g u r e  on char t  

below 
H = Depth of  water i n  auger ho le i n  

inches ( 0 - B )  
A y  = Raise of water leve l  i n  inches 

i n  A t  timed i n t e r v a l  (A-R)  
A t  = Time requi red t o  g ive  A y  

i n  seconds 
d = Average depth of water i n  auger 

ho le d u r i n g  t e s t  (0-A t Ay/2) 
i n  inches 

Hole Dia. 4" 
~~l~ nepth  84" Ground t o  Ref .=/ /"  

0 = 93" 
I =  2 
H = 50 
d 17 

A y  = 9.5 

At = 1.50 seconds 
r/H =- / 

50 = 0.04 

d/H =16.2/ 
50 0.32 

Figure  2-6--sheet 2 of 2,  Auger-hole method of measuring 
hydrau l i c  conduc t iv i ty  



The openings i n  t h e  s c r een  should no t  r e s t r i c t  flow apprec iab ly .  The head l o s s  
through t h e  s c r een  should be  n e g l i g i b l e  and t h e  v e l o c i t y  of flow through t h e  
openings should be  smal l  - 0.3 f o o t  p e r  second o r  l e s s  - t o  prevent  movement of 
f i n e s  i n t o  t h e  ho l e .  These c r i t e r i a  w i l l  u s u a l l y  be  m e t  i f  t h e  a r e a  of openings 
is 5 percent  o r  more of t h e  t o t a l  a r e a  of t he  s c r een .  

The Bureau of Reclamation uses  4-inch downspouting w i th  s i x t y  118 inch  by 1-inch 
s l o t s  pe r  f o o t  of l ength .  This works w e l l  i n  a  v a r i e t y  of s o i l s .  The s c r een  from 
t h e  Netherlands r e f e r r e d  t o  i s  made from a punched b r a s s  s h e e t  2  mm. t h i c k  wi th  
ho l e s  averaging about 0.5 mm. diameter .  It is r o l l e d  i n t o  a  tube  8 cm. i n  dia-  
meter  by 1 meter  long.  The reasons  t h i s  s c r een  works s o  w e l l  a r e  t h a t  t h e  s h e e t  
i s  r o l l e d  s o  t h a t  t h e  d i r e c t i o n  i n  which t he  ho l e s  a r e  punched i s  outward and t he  
h o l e s  a r e  v a r i a b l e  i n  s i z e .  It has  been used i n  many troublesome s o i l s  and t h e r e  
have been no r e p o r t s  of clogging o r  f a i l u r e  t o  keep f i n e s  ou t  of t h e  ho l e .  

Formulas f o r  de te rmina t ion  of HC by auger-hole method. - - Determinat ion of t h e  
hyd rau l i c  conduc t iv i t y  by t h e  auger-hole method is a f f e c t e d  by t h e  l o c a t i o n  of 
t h e  b a r r i e r  o r  impermeable l a y e r .  For t h e  ca se  where t h e  impermeable l a y e r  
co inc ides  w i th  t h e  bottom of t h e  h o l e  a  formula f o r  determining t h e  hyd rau l i c  
conduc t iv i t y  (K) has  been developed by Van Bavel and Kirkham (13) .  

The formula is  a s  fo l lows:  

Where S is a func t i on  dependent on t he  geometry of t he  h o l e ,  t he  s t a t i c  depth of 
water  and t h e  average depth of wa te r  dur ing  t h e  t e s t  (14) ,  and t h e  o t h e r  symbols 
a r e  a s  def ined  on page 2-29. 

A sample form f o r  use  i n  record ing  f i e l d  obse rva t i ons  and making t h e  necessary 
computations i s  i l l u s t r a t e d  i n  F igure  2-6. This  inc ludes  a  c h a r t  f o r  determining 
t h e  geometr ic  func t i on  S f o r  use  i n  t h e  formula f o r  c a l c u l a t i o n  of t h e  HC. 

The more u sua l  s i t u a t i o n  is  where t h e  bottom of t h e  auger ho l e  is some d i s t a n c e  
above t h e  b a r r i e r .  Formulas have been developed by Erns t  (15) f o r  computing t h e  
hyd rau l i c  conduc t iv i t y  i n  homogeneous s o i l s  by t h e  auger-hole method f o r  bo th  
ca se s .  Converted t o  English u n i t s  of measurement t h e  formulas a r e  a s  given 
below. Refer  t o  F igure  2-4. 

1. For t h e  case  where t he  impermeable l a y e r  is  a t  t h e  bottom of t h e  auger 
h o l e ,  G = 0: 

( E q .  2-2) 

2. For t h e  case  where t h e  impermeable l a y e r  i s  a t  a depth 7 1/2H below the  
bottom of t h e  auger ho l e :  

(Eq.  2-3) 

To ob t a in  
should be 

2 r  > 

accep t ab l e  accuracy from use  of t h i s  method t h e  fol lowing condi t ions  
met: 

2-112 a n d <  5-112 inches  



H > 10 and < 80 inches  

Char t s  have been prepared f o r  s o l u t i o n  of Equation 2-3 f o r  auger  ho l e s  of 
r = 1-112 and 2 inches .  For t h e  ca se  where t h e  impermeable l aye r  i s  a t  t h e  bottom 
of t h e  auger  h o l e  t h e  hyd rau l i c  conduc t iv i t y  may be  determined from t h e s e  c h a r t s  
by mu l t i p ly ing  t h e  v a l u e  ob ta ined  by a  conversion f a c t o r  "f" a s  i nd i ca t ed  on 
F igu re  2-7, Sheet 2 of 2 .  

Other methods f o r  determining hyd rau l i c  conduc t iv i t y .  - A method f o r  determining 
t h e  hyd rau l i c  conduc t iv i t y  i n  t he  absence of a  water  t a b l e  has  been developed by 
Bouwer (16) .  This  is termed t h e  double-tube method f o r  f i e l d  measurement of 
hyd rau l i c  conduc t iv i t y  of s o i l  above a  water  t a b l e .  The p r i n c i p l e ,  method, and 
equipment requi red  a r e  d i scussed  i n  t h e  r e f e r ence .  Resul t ing  measurements a r e  
l e s s  p r e c i s e  than measurements i n  a water  t a b l e  due t o  slow adjustments  t h a t  must 
t a k e  p l ace  from c a p i l l a r y  movement and a i r  entrapment w i t h i n  t h e  so i l -po re  space.  

A f i e l d  t e s t  f o r  determining t h e  pe rmeab i l i t y  of s o i l  i n  p l ace  and termed t h e  
Well Permeameter Method is  used by t h e  Bureau of Reclamation (17) .  This  method, 
c o n s i s t i n g  of measuring t h e  r a t e  a t  which water  f lows outward from an  uncased 
w e l l  under cons tan t  head,  is  p a r t i c u l a r l y  u s e f u l  f o r  e s t ima t ing  t h e  need f o r  
l i n i n g  a n  i r r i g a t i o n  cana l  p r i o r  t o  cons t ruc t i on .  The appa ra tu s  requi red  f o r  t h e  
t e s t  and t h e  procedure a r e  descr ibed  i n  t h e  ~ u r e a u ' s  Ear th  Manual. 

Ground-water i n v e s t i g a t i o n s  

The purpose of a  ground-water i n v e s t i g a t i o n  i s  t o  provide  in format ion  on t h e  
p o s i t i o n  and f l u c t u a t i o n  of t h e  water  t a b l e  a t  v a r i o u s  p o i n t s  i n  t h e  problem 
a r e a .  This  w i l l  determine t h e  e x t e n t  and s e v e r i t y  of t h e  d r a inage  problem over  
t h e  a r e a  and w i l l  i n d i c a t e  t h e  gene ra l  type  and l o c a t i o n  f o r  subsur face  d r a i n s .  
To o b t a i n  in format ion  on t h e  p o s i t i o n  and f l u c t u a t i o n  of t h e  water  t a b l e  t o  
develop a  ground-water o r  piezometr ic  p r e s s u r e  head contour  map, i t  i s  necessary 
t o  e s t a b l i s h  obse rva t i on  w e l l s  and/or  piezometers .  Condit ions of a r t e s i a n  flow 
should be  i n v e s t i g a t e d  by use  of b a t t e r i e s  of piezometers .  

It may be  necessary  t o  i n s t a l l  a  few obse rva t i on  w e l l s  j u s t  o u t s i d e  and ad j acen t  
t o  t h e  p r o j e c t  a r e a  t o  determine ground-water l e v e l s  and water - tab le  f l u c t u a t i o n s  
i n  t h e  per imeter  a r e a .  

Observat ion w e l l s  
These a r e  open w e l l s  placed a t  s t r a t e g i c  p o i n t s  throughout t h e  problem a r e a  t o  - - 

permit  p e r i o d i c  obse rva t i ons  of water - tab le  l e v e l s .  They may be  cased o r  uncased 
w e l l s  dipending on t h e  s t a b i l i t y  of t h e  s o i l  m a t e r i a l s  a t  each l o c a t i o n .  Wells 
should be  e s t a b l i s h e d  on a g r i d  p a t t e r n  and spaced t o  g i v e  a  c l o s e  approximation 
of t h e  ground-water s u r f a c e .  Observat ion w e l l s  should be  e s t a b l i s h e d  concur ren t ly  
w i th  making s o i l  bor ings  and measuring hyd rau l i c  conduct i  i t y .  A number of t h e  
bo r ings  made should b e  cased--if necessary--and used a s  o$servat  i o n  w e l l s .  

S i z e  of w e l l s  and cas ing .  - It is u s u a l l y  necessary  t o  ca se  obse rva t i on  w e l l s  so  
t h a t  they  may be  maintained f o r  a  per iod  of a t  l e a s t  one yea r .  The purpose is  t o  
prevent  s loughing and caving.  Casing m a t e r i a l  may be s h e e t  meta l ,  downspouting, 
s t ovep ipe ,  d r a i n  t i l e  o r  tub ing ,  wood, used w e l l  cas ing  o r  p ipe ,  o r  s tandard  
commercial types of w e l l  c a s ing .  Downspouting s e rves  t h e  purpose very  we l l  a s  i t  



HYDRAULIC CONDUCTIVITY BY AUGER HOLE METHOD FROM FORMULA ERNST 

Cond i t  i ons : 
2 ~ 2 %  and <5% in .  
H>10 and <I30 i n .  
y> 0.2H 
G> H 

Yt %yo 
K= i n c h e s h o u r  
H, r ,  y ,  Ay= inches 
at =seconds 

For  G=0 ( b o t t o m  h o l e  a t  imp. l a y e r )  
K'  = Kf  

Example H=40 y=12 
C=41 

I 

3EFERENCE From formula L. F. Erns t U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. 
Groningen. The Netherlands I I ES - 734 
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Figure 2-7,  Hydraulic conductivity--auger-hole method by Ernst Formula 
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i s  s u f f i c i e n t l y  durab le ,  cheap, l i g h t  i n  weight ,  easy  t o  handle ,  and can be  
i n s t a l l e d  w i th  s imple hand t o o l s .  The casing should extend a t  l e a s t  8 inches  
above t h e  ground s u r f a c e  and be  provided w i th  a  cap f o r  p r o t e c t i o n .  

Water s u r f a c e  f l u c t u a t i o n s  w i t h i n  l a r g e  diameter  obse rva t i on  w e l l s  o f t e n  l a g  
cons iderab ly  behind a c t u a l  water - tab le  f l u c t u a t i o n s  i n  s lowly permeable s o i l s  
because of t h e  r e l a t i v e l y  l a r g e  wa te r  s t o r a g e  w i t h i n  t h e  w e l l .  Reducing t h e  w e l l  
d iameter  reduces t h e  water  s t o r a g e  f a c t o r  and t h e  l a g  e r r o r .  A smal l  diameter  
observa t ion  w e l l  can b e  i n s t a l l e d  by us ing  an adap t a t i on  of j e t t i n g  techniques  
descr ibed  under piezometers page 2-43. A 314-inch i n s i d e  diameter  p ipe  is j e t t e d  
t o  a  depth of 15 f e e t .  Then a  318-inch o u t s i d e  diameter  pe r fo ra t ed  tube  i s  placed 
i n s i d e  t h e  l a r g e r  p ipe .  The 3/4-inch p i p e  i s  pu l l ed  l e av ing  t h e  sma l l e r  tube  i n  
p l a c e ,  and t h e  annular  space  around t h e  tube i s  back - f i l l ed  w i th  coarse  sand. The 
3/8-inch pe r fo ra t ed  tube  then  func t i ons  a s  a smal l  diameter  w e l l .  I n  uns t ab l e  
s o i l s  a  l a r g e r  o u t s i d e  p ipe  should be  used and t h e  sand placed i n  t h e  space  between 
i t  and t h e  tube  b e f o r e  p u l l i n g  i t .  

Small diameter  j e t t e d  we l l s  have func t ioned  s a t i s f a c t o r i l y  and have s e v e r a l  ad- 
vantages over  t h e  l a r g e r  w e l l s .  They can b e  i n s t a l l e d  t o  much g r e a t e r  dep ths ;  
i n s t a l l a t i o n  is  quicker ;  t h e  cos t  of m a t e r i a l s  is  reduced; and t h e  l a g  e r r o r  i s  
cons iderab ly  l e s s .  

Spacing. - The spacing of obse rva t i on  w e l l s  u sua l l y  w i l l  b e  some m u l t i p l e  of t he  
spac ing  f o r  bo r ings ,  a s  p rev ious ly  d i scussed .  I n  a r e a s  where t h e  subsur face  pro- 
f i l e  is f a i r l y  uniform, t h e  water - tab le  s u r f a c e  u s u a l l y  is  smooth without  abrupt  
changes. 

Genera l ly ,  t h e  water - tab le  s u r f a c e  is  smoother than t h e  land su r f ace .  For t he se  
reasons ,  i t  i s  o f t e n  pos s ib l e  t o  c o r r e l a t e  water - tab le  l e v e l s  between observa t ion  
w e l l s  t h a t  a r e  spaced f a r t h e r  a p a r t  than  s o i l  bor ings .  There should be  no s e t  
r u l e  f o r  spac ing  observa t ion  w e l l s  a s  t h i s  should be  a  "cut  and t ry "  process  a s  
t h e  i n v e s t i g a t i o n  proceeds. The i n v e s t i g a t o r  should compare water - tab le  l e v e l s  
observed i n  t h e  w e l l s  and i f  t h e r e  is a  sharp  depa r tu r e  from the  gene ra l  s l o p e  of 
t h e  water - tab le  s u r f a c e ,  a d d i t i o n a l  w e l l s  should b e  e s t a b l i s h e d  t o  exp l a in  t h e  
i r r e g u l a r i t i e s .  

Depth. - The depth of observa t ion  w e l l s  should be  based on t h e  expected low ground- 
water  l e v e l .  The purpose of t h e  w e l l s  is t o  permit  measuring t h e  seasona l  high 
and low ground-water l e v e l s  w i th in  c e r t a i n  l i m i t s .  Therefore ,  i t  is necessary t o  
e s t ima te  what t h e  low l e v e l  w i l l  b e .  S o i l  p r o f i l e  and s t r a t i f i c a t i o n  a l s o  may 
i n d i c a t e  t h e  proper  depth f o r  obse rva t i on  w e l l s .  Genera l ly ,  a  water  l e v e l  below 
8  f e e t  is no t  s i g n i f i c a n t  i n  dra inage  planning and w e l l s  t o  t h i s  depth a r e  u sua l l y  
adequate  except  where a r t e s i a n  cond i t i ons  e x i s t .  

Es t ab l i sh ing  w e l l  e l eva t i ons .  - I n  o rde r  t o  c o r r e l a t e  water - tab le  l e v e l s  w i th  
ground-surface l e v e l s  and t o  compile ground-water contour  maps, t he  e l e v a t i o n  of 
obse rva t i on  w e l l s  must be determined. Surveys a r e  made t o  determine t h e  e l e v a t i o n  
of t h e  ground-surface a t  t h e  l o c a t i o n  of each w e l l  and of t h e  measuring po in t .  
The w e l l  cas ing  u sua l l y  provides a  good measuring p o i n t .  

Measuring wa te r  t a b l e  l e v e l s  and record ing  da t a .  - P e r i o d i c  measurements should be  
made t o  show t h e  d i s t a n c e  from t h e  measuring po in t  t o  t h e  water - tab le  l e v e l  i n  
each w e l l .  These measurements must b e  t abu l a t ed  and reduced t o  show t h e  a c t u a l  
e l e v a t i o n  of t h e  water  l e v e l  and t o  show t h e  depth from t h e  ground s u r f a c e  t o  t h e  
water  l e v e l  i n  each w e l l .  Forms which may be used fox record ing  measurements a r e  
i l l u s t r a t e d  on F igure  2-8. A simple dev i ce  f o r  use  i n  obse rva t i on  w e l l s  t o  o b t a i n  
t h e  maximum and minimum water  e l e v a t i o n s ,  which may occur  between t h e  read ings ,  has  
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been developed by two Corps of Engineers  employees, Beryl  G .  S t i n son  and John G. 
Co l l i n s .  The device  i s  known a s  t h e  "Max-Min Well Gage" and i t  can be  shop made 
f o r  about $10 t o  $20. F igure  2-9 i l l u s t r a t e s  t h e  gage and d e t a i l s  i t s  construc-  
t i o n .  

The p r i n c i p l e  of t h e  gage i s  s imple.  The f l oa t - - r e f e r  t o  F igure  2-9--moves 
f r e e l y  on t h e  s h a f t ;  consequent ly,  a s  t h e  wa te r  t a b l e  r i s e s ,  t h e  top  s l i d e  is 
moved up t h e  s h a f t  by t he  f l o a t ,  and a s  t h e  water  t a b l e  recedes ,  t h e  bottom 
s l i d e  is moved down t h e  s h a f t  by t h e  f l o a t .  F i e l d  procedures  used i n  read ing  
t h e  gage a r e  a s  fo l lows:  

1. P u l l  t h e  nylon l i n e  up u n t i l  t h e  s i n k e r  h i t s  t h e  bottom of t h e  f l o a t  and 
t h e  l i n e  is f a i r l y  t a u t .  

2 .  Clamp t h e  l i n e  a t  t h e  top of t h e  cap. 

3 .  L i f t  t h e  e n t i r e  gage assembly from t h e  w e l l .  

4 .  Measure t h e  p o s i t i o n  of t h e  two s l i d e s  and t h e  f l o a t  on t h e  rod ( t h e  rod 
may be  marked w i th  a  mark-a-lot p e n c i l ,  and t h e  p o s i t i o n  of t h e  s l i d e s  and 
f l o a t  can then be read d i r e c t l y ) .  

5. Push t h e  s l i d e s  f l u s h  w i th  t h e  top and bottom of t h e  f l o a t  assembly. 

6 .  Lower t h e  e n t i r e  gage assembly back i n t o  t h e  w e l l .  

7. Lower t h e  nylon l i n e  u n t i l  t h e  s i n k e r  j u s t  r e s t s  on t he  spacer .  

8. Clamp t h e  l i n e  a t  t h e  top of t h e  cap. 

Period of measurement. - Observat ion w e l l s  should be  e s t a b l i s h e d  t o  f u n c t i o n  f o r  
a  per iod  of a t  l e a s t  one yea r .  I n  i r r i g a t e d  a r e a s  w i th  permeable s u b s o i l  and 
substratum sediments ,  water - tab le  l e v e l s  f l u c t u a t e  cons iderab ly  dur ing  t h e  growing 
season.  F luc tua t i ons  of a s  much a s  8 f e e t  a r e  common. Under t h e s e  cond i t i ons ,  
any one s e t  of measurements u s u a l l y  w i l l  n o t  f u r n i s h  t h e  in format ion  needed on 
h igh  and low water  e l eva t i ons .  For t h i s  reason ,  a  s e r i e s  of measurements must 
be  made, u s u a l l y  one o r  two each month, f o r  a  per iod  of s e v e r a l  months t o  a  yea r .  
When t h e  max-min w e l l  gage is used ,  read ings  may b e  l e s s  f requent .  By comparing 
t h e  d a t a  by months, t he  h ighes t  water - tab le  cond i t i on  can be de t ec t ed .  This  i s  
t h e  c r i t i c a l  cond i t i on  and should b e  used a s  a  b a s i s  f o r  d ra inage  design.  

Piezometers 
The piezometer (7) i s  a  u s e f u l  t o o l  i n  determining ground-water cond i t i ons ,  
p a r t i c u l a r l y  where a r t e s i a n  p r e s su re s  a r e  suspec ted .  There is  a b a s i c  d i f f e r e n c e  
between a  piezometer and an obse rva t i on  w e l l .  The piezometer is a  small-diameter 
p ipe  d r iven  i n t o  t h e  s u b s o i l  s o  t h a t  t h e r e  i s  no leakage around t h e  p ipe  and a l l  
en t r ance  of water  i n t o  t h e  p ipe  is through t h e  open bottom. The piezometer in-  
d i c a t e s  on ly  h y d r o s t a t i c  p r e s su re  of ground water  a t  t h e  s p e c i f i c  po in t  i n  t h e  
s o i l  where t h e  lower end o r  opening of t h e  tube  is loca t ed .  I n  t h e  ca se  of 
observa t ion  w e l l s ,  t h e  en t r ance  of water  i n t o  t h e  w e l l  is  through t h e  e n t i r e  
s e c t i o n  pene t r a t ed  below t h e  water  t a b l e .  The observa t ion  we l l  r e f l e c t s  a  
composite of a l l  ground-water p r e s su re  t o  t h e  depth of t h e  we l l .  
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Figure  2-9--sheet 2 of 2, Max-min well gage 



As the piezometer is a tool that can be used to determine the hydrostatic pressure 
at a point in the soil profile, it is valuable in detecting artesian pressures and 
differences in pressure between various strata. Ground water moves from a point 
of high hydrostatic pressure to one of low pressure; therefore, the flow of ground 
water can be charted if the various hydrostatic pressures are known. Batteries of 
piezometers of different lengths can be used to detect the vertical movement of 
ground water, and piezometers spaced at horizontal intervals can be used to detect 
horizontal seepage or movement. This technique is especially useful in studying 
ground-water movement adjacent to canals, drains, and reservoirs. 

The piezometers indi- The piezometers indi- The piezometers indi- The piezometers indi- 
cate that the ground cate a hydrostatic pres- cate a hydrostatic pres- cate that ground water 
water i s  going down sure or that there i s  sure in a stratum, and i s  moving into a stratum 
and that there i s  water coming up from a that water is being and going out of the area. 
some natural drainage. deeper strata. forced both up and down 

from the stratum. 

Piezometers may be installed by driving or by jetting into position by high 
velocity water jet. If more than just a few piezometers are to be installed the 
jetting technique is recommended. 



I n s t a l l a t i o n  by d r iv ing .  - Before d r i v i n g  t h e  tube  is  s t a r t e d ,  a  l o o s e  r i v e t  i s  
p laced  i n  t h e  lower end of t h e  114-, 318-, o r  112-inch p ipe  t o  keep s o i l  from 
en t e r ing .  The exac t  l eng th  of t h e  p ipe  should b e  noted so  t h a t  t h e  e l e v a t i o n  
of t h e  bottom of t h e  p ipe  a f t e r  d r i v i n g  may be  determined.  When t h e  d e s i r e d  
depth i s  reached,  a  rod is i n s e r t e d  and t he  r i v e t  is punched o u t ,  l e av ing  an 
open pipe--or piezometer .  

There a r e  s e v e r a l  types  of piezometer d r i v e r s  a v a i l a b l e .  One type  is  a  s p e c i a l  
hammer fash ioned  l i k e  a  s t e e l  fence-post d r i v e r .  It c o n s i s t s  of two p j ece s  of 314- 
inch  p ipe ,  one 15  inches  long and t h e  o t h e r  5 f e e t ,  jo ined  by a  1-foot s e c t i o n  of 
1-112-inch p i p e  f i l l e d  w i th  lead .  This  leaded s e c t i o n  is  f i t t e d  w i th  a  s t e e l  plug 
a t  each end t o  r e c e i v e  t h e  impact of t h e  blow. The piezometer is d r i v e n  i n t o  t h e  
s o i l  wi th  t h e  d r i v e r  u n t i l  i t  reaches  t h e  d e s i r e d  depth.  Since hand d r i v i n g  of a  
15- o r  20-foot piezometer i n  some formations may e n t a i l  cons iderab le  l a b o r ,  t h e  
use  of t h i s  method is d e f i n i t e l y  l i m i t e d .  P lac ing  a  j o i n t  and coupling about 1 
foo t  from t h e  bottom of t he  p ipe  s l i g h t l y  en l a rges  t h e  h o l e  through which t h e  
p ipe  passes .  This  he lp s  t o  reduce s i d e  f r i c t i o n  and c u t s  down on d r i v i n g  
r e s i s t a n c e .  Piezometers may be  d r i v e n  t o  about  40 f e e t  w i th  a  pneumatic jack- 
hammer i f  t h e  top  of t h e  piezometer p ipe  is f i t t e d  w i t h  a  d r iv ing  cap. 

For s u c c e s s f u l  i n s t a l l a t i o n  and ope ra t i on  of piezometers ,  t h e  s o i l  a t  t he  lower 
end of t h e  piezometer should b e  removed by f l u sh ing  a smal l  c av i t y  a t  t h e  bottom 
of t h e  p ipe .  The equipment needed f o r  f l u s h i n g  i nc ludes  a water  c o n t a i n e r ,  s t i r r u p  
pump, and enough p l a s t i c  tubing t o  r each  t he  bottom of t h e  deepes t  piezometer.  
The piezometer i s  t e s t e d  f o r  s e n s i t i v i t y  by f i l l i n g  t h e  piezometer w i th  water  and 
observing t h e  r a t e  of drop. I f  t h e  r a t e  of drop i s  very  slow, t h e  f l u s h i n g  should 
be  repea ted .  

See F igure  2-10 f o r  an example of a  form f o r  record ing  informat ion  on i n s t a l l a t i o n  
of piezometers .  F igure  2-8 i l l u s t r a t e s  a  form f o r  record ing  read ings .  

I n s t a l l a t i o n  by j e t t i n g .  - Equipment requi red  f o r  j e t t i n g  piezometers i n t o  p o s i t i o n  
c o n s i s t s  of a  high p re s su re  pump, a  supply of wa te r ,  and t h e  necessary f i t t i n g s  t o  
make t h e  connect ions f o r  d i r e c t i n g  t h e  j e t  of water  through t h e  piezometer .  Com- 
merc i a l  o rchard  spray ing  r i g s  have been used s u c c e s s f u l l y  f o r  t h e  pump and water  
supply tank ,  and t h e  f i t t i n g s  added have been v a r i e d  according t o  t h e  ingenui ty  
of t h e  people developing t he  equipment and t h e  convenience and ea se  of ope ra t i on  
d e s i r e d  (18) . 

A s  t h e  piezometer is j e t t e d  i n t o  p o s i t i o n  and t o  t h e  depth d e s i r e d  by t h e  high 
v e l o c i t y  water  j e t  t h e  sediments d i s lodged  and suspended i n  t he  water  flow t o  
t h e  s u r f a c e  by t he  passage around t h e  p ipe .  An experienced ope ra to r  can examine 
t h e  flow of t h e s e  sediments and by c o r r e l a t i n g  t h e  c h a r a c t e r i s t i c s  of t h e  m a t e r i a l s  
w i th  t h e  " f ee l "  of t he  pipe a s  i t  is  j e t t e d  i n t o  p o s i t i o n  he  can develop a  reason- 
ab ly  good log  of t h e  p r o f i l e .  

I n s t a l l a t i o n  of piezometers by j e t t i n g  i n  coa r se  sand o r  g r a v e l  r e q u i r e s  the 
a d d i t i o n  of d r i l l e r s  mud t o  t h e  wa te r  used f o r  j e t t i n g .  I f  t h i s  i s  no t  done t h e  
water  from t h e  j e t  flows i n t o  t h e  formation and t h e  s k i n  f r i c t i o n  on t h e  p ipe  
becomes too  g r e a t  f o r  i t  t o  be moved. I n  a r e a s  where t h i s  cond i t i on  is  p re sen t  
t he  equipment should i nc lude  an a d d i t i o n a l  water  t ank  f o r  mix ture  of t h e  d r i l l e r s  
mud. A pump w i l l  be  needed f o r  a g i t a t i o n  of t h e  mud, and a d d i t i o n a l  f i t t i n g s  a r e  
requi red  t o  permit  u t i l i z a t i o n  of e i t h e r  c l e a r  wa t e r  o r  t h e  water  and mud mixture  
i n  t h e  j e t t i n g  ope ra t i on .  
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Figure 2-10, Example of field sheet for piezometer log 



B a t t e r i e s  of piezometers .  - I n  a r e a s  where a r t e s i a n  p r e s su re s  a r e  suspected 
piezometers should be  i n s t a l l e d  i n  groups of 2 t o  4 piezometers of d i f f e r e n t  
l eng ths .  The number of piezometers  i n  each b a t t e r y  w i l l  be  dependent on t h e  
var ' ia t ions i n  t h e  s u b s o i l  p r o f i l e .  A piezometer should bottom out  i n  each 
s t r a tum of s i g n i f i c a n t l y  d i f f e r e n t  permeabi l i ty .  Where t h e  s u b s o i l  m a t e r i a l s  a r e  
e s s e n t i a l l y  t h e  same a t  l e a s t  two piezometers  should bottom out  a t  d i f f e r e n t  
dep ths  i n  o rde r  t o  determine t h e  d i r e c t i o n  of water  flow. 

S a l i n i t y  of ground water  
Drainage i n v e s t i g a t i o n s  i n  a r i d  and semi-arid a r e a s  should i nc lude  an inves t iga-  
t i o n  of s a l i n i t y .  It is assumed t h a t  i n  i r r i g a t e d  a r e a s  t h e  q u a l i t y  of i r r i g a t i o n  
water  is  known. I f  n o t ,  t h e  q u a l i t y  should be  determined. I n v e s t i g a t i o n  of s o i l  
s a l i n i t y  was d i scussed  on page 2-21. To supplement t h e  in format ion  obta ined  by 
t h a t  i n v e s t i g a t i o n  samples of ground water  should b e  ob ta ined  and t e s t e d  f o r  t o t a l  
s a l t  conten t .  These may b e  ob ta ined  from t h e  bo re  h o l e s  used t o  measure hyd rau l i c  
conduc t iv i t y .  A smal l  one-ounce sample b o t t l e  of water  i s  adequate  f o r  t h e  t e s t .  

I r r i g a t i o n  p r a c t i c e s  

I r r i g a t i o n  and a g r i c u l t u r a l  p r a c t i c e s ,  q u a l i t y  of i r r i g a t i o n  wa te r ,  p r ec ipa t i on ,  
and s a l i n i t y  a r e  t h e  p r i n c i p a l  f a c t o r s  which determine t h e  dra inage  c o e f f i c i e n t  
i n  an i r r i g a t e d  a r e a .  The procedure f o r  making t he  de te rmina t ion  i s  d iscussed  
i n  d e t a i l  i n  Chapter 4.  Information needed i nc ludes  p r e c i p i t a t i o n  r eco rds ,  
knowledge of crops t o  be  grown, q u a l i t y  of i r r i g a t i o n  water ,  s a l i n i t y  of  t h e  
s o i l ,  t h e  amount of water  t o  b e  app l i ed  each i r r i g a t i o n ,  t h e  frequency of i r r i g a -  
t i o n  and an  e s t ima te  of i r r i g a t i o n  water  l o s s e s .  The leaching  requirement ,  neces- 
s a r y  t o  t h e  maintenance of a  f avo rab l e  s a l t  ba lance ,  must be  included i n  t h e  water  
t o  be dra ined  b u t  i t  is  not  considered a  l o s s .  It should be  considered a  neces- 
s a r y  u se  of wa te r .  The amount of i r r i g a t i o n  water  app l i ed  and t h e  frequency of 
i r r i g a t i o n  can b e  ob ta ined  from farmer-rancher i n t e rv i ews .  I n  d i s t r i c t  o r  corpora- 
t i o n  type  e n t e r p r i s e s  t h i s  in format ion  can u s u a l l y  b e  ob ta ined  from t h e  p r o j e c t  
manager's o f f i c e .  Data on t h e  leaching  requirement and deep p e r c o l a t i o n  l o s s e s  
can b e  ob ta ined  from an  a n a l y s i s  of c rops  grown and i r r i g a t i o n  water  q u a l i t y  and 
from consumptive use  s t u d i e s  i n  t h e  l o c a l  a r e a .  Data on f i e l d  d i t c h  l o s s e s  can 
b e  ob ta ined  from a c t u a l  measurements made, o r  may b e  a v a i l a b l e  from i r r i g a t i o n  
p r o j e c t  r eco rds .  F i e l d  d i t c h  l o s s e s  a r e  u s u a l l y  minor and vary i n  t h e  gene ra l  
range of f i v e  t o  t e n  percent  of t h e  f i e l d  de l i ve ry .  I n  t h e  absence of d a t a  on 
d i t c h  l o s s e s  they  can u sua l l y  b e  es t imated  a t  about e i g h t  percent  wi thout  i n t r o -  
ducing s e r i o u s  e r r o r .  

I n v e s t i g a t i o n  of e x i s t i n g  systems of bu r i ed  d r a i n s  

I n v e s t i g a t i o n  of o l d  d r a i n  i n s t a l l a t i o n s  is sometimes necessary  t o  determine 
f e a s i b i l i t y  of r e h a b i l i t a t i n g  o r  adding them t o  o t h e r  systems,  o r  us ing  them a s  
o u t l e t s  f o r  new systems. Of ten ,  i n v e s t i g a t i o n  of such d r a i n s  is almost  e n t i r e l y  
a  probing and d igging  ope ra t i on .  

P r i o r  t o  making t h e  f i e l d  i n v e s t i g a t i o n ,  i t  is  d e s i r a b l e  t h a t  a l l  p o s s i b l e  sources  
of in format ion  on t h e  o l d  system b e  explored.  These would i nc lude  o l d  construc-  
t i o n  p l a n s ,  r e co rds  and d i a r i e s ,  and t h e  comments of knowledgeable i n h a b i t a n t s .  
S o i l  su rveys ,  farm conserva t ion  p l a n s ,  and a e r i a l  photographs may r e v e a l  informa- 
t i o n  a l s o .  A e r i a l  photographs taken a f t e r  heavy r a i n f a l l  o r  per iods  of h igh  
water  may r e v e a l  t h e  gene ra l  l o c a t i o n  of t h e  system through l i g h t e r  co lo r ing  of 
d r i e r  s o i l s  immediately over  t h e  d r a i n s  o r  d i f f e r e n c e s  i n  co lo r  o r  d e n s i t y  of 
v e g e t a t i v e  growth. 



By use  of meta l  p robes ,  exac t  l o c a t i o n  of l i n e s  can be  found and i n spec t i on  p i t s  
opened up along t he  l i n e ,  u sua l l y  a t  about  500-foot i n t e r v a l s .  From t h e s e  loca-  
t i o n s ,  t h e  depth ,  g rade  and s i z e  of d r a i n ,  amount of si l t  and r o o t  growth i n  i t ,  
and t h e  cond i t i on  of d r a i n  m a t e r i a l  can b e  appra i sed .  Need f o r  a d d i t i o n a l  
i n s p e c t i o n  p i t s  is determined from what appears  t o  be  wrong wi th  t h e  d r a in .  Poor 
grade ,  such a s  h igh  and low p laces  i n  t h e  d r a i n ,  would r e q u i r e  c l o s e r  spacing of 
p i t s  than  would uniform d e p o s i t s  of s i l t .  Sur face  s i n k s  over  l i n e s  a r e  ind iea-  
t i v e  of broken t i l e  o r  excess ive  cons t ruc t i on  gaps between t i l e .  Ris ing  water  
i n  an  i n s p e c t i o n  p i t  would i n d i c a t e  b locks  i n  t h e  d r a i n  f u r t h e r  downstream. I f  
a  few openings show cracked o r  broken t i l e ,  enough t i l e  must be uncovered t o  
determine whether t h e  l i n e  should be  sa lvaged .  

I f  s i l t  d e p o s i t s  occupy a  s u b s t a n t i a l  p a r t  of t h e  d r a i n  c r o s s  s e c t i o n  and extend 
throughout much of t h e  l i n e ,  cons ide ra t i on  should b e  given t o  c lean ing  t h e  l i n e  
o r  t o  r ep l ac ing  i t .  Accumulation of chemical d e p o s i t s ,  such a s  i r o n  and manganese 
ox ides ,  i n  t h e  d r a i n  and d r a i n  openings a l s o  may make a  d r a i n  i n e f f e c t i v e .  It i s  
u s u a l l y  cheaper t o  i n s t a l l  a new d r a i n  than  t o  d i g  up, c l ean ,  and r e l a y  an 
e x i s t i n g  smal l  l i n e .  However, s a lvage  of d r a i n s  may be accomplished by c l ean ing  
t h e  d r a i n  i n  p l ace  w i th  s p e c i a l  j e t t i n g  equipment. This  equipment uses  h igh  
v e l o c i t y  water  j e t s  from a nozz le  on a  h igh  p re s su re  hose i n s e r t e d  i n  t h e  l i n e  
from the  o u t l e t  end t o  d i s l odge  and f l u s h  si l t  and s ludge  from t h e  d r a in .  
Treatment w i th  s u l f u r  d iox ide  gas may b e  needed f o r  r e h a b i l i t a t i o n  of d r a i n s  
a f f e c t e d  by chemical d e p o s i t s .  See Chapter 4 ,  page 121. 

S u f f i c i e n t  amounts of s o i l  a r e  exposed i n  t h e  process  of e s t a b l i s h i n g  i n spec t i on  
p i t s  t o  provide checks on s o i l  t e x t u r e  and d r a i n  spacing requirements .  

Observat ion of t h e  type  of d r a i n  f a i l u r e  a l s o  i n d i c a t e s  cause of f a i l u r e .  For 
example, l o n g i t u d i n a l  b reaks  a t  q u a r t e r  p o i n t s  on t h e  circumference of a t i l e  
d r a i n  a r e  i n d i c a t i v e  of expansion of f r e e z i n g  water  i n  t h e  l i n e  o r  excess ive  
load ing .  

Thus, inadequacies  of des ign  a r e  revea led  from t h e  l o c a t i o n ,  dep th ,  grade and 
s i z e  of d r a i n  and absence of e s s e n t i a l  a u x i l i a r y  measures, such a s  s i l t  t r a p s ,  
e t c .  Poor al ignment ,  wavy p r o f i l e ,  and d e f e c t i v e  d r a i n s  r e v e a l  inadequacy of 
c o n s t r u c t i o n  and m a t e r i a l s .  Presence of s i n k  ho l e s ,  f i l l e d  s i l t  t r a p s ,  and 
s u r f a c e  washes over  l i n e s  may i n d i c a t e  inadequate  des ign ,  l a c k  of s u i t a b l e  f i l t e r  
around t h e  d r a i n ,  poor cons t ruc t i on ,  and inadequate  maintenance. F i l l e d  and 
overgrown o u t l e t  channels  r e v e a l  inadequate  maintenance. 
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AF'PENDIX A 

TYPICAL OUTLINE FOR PRELIMINARY SURVEY 

This  t y p i c a l  survey o u t l i n e  i l l u s t r a t e s  t h e  d e t a i l  which is normally requi red  
f o r  t h e  engineer ing  survey f o r  development of a  watershed work p l an  f o r  a  f l a t  
land watershed.  The c r i t e r i a  l i s t e d  is  f o r  i l l u s t r a t k o n  only ,  bu t  i t  i s  t y p i c a l  
f o r  t h e  fo l lowing  type of watershed:  

1. S o i l s  a r e  s lowly permeable. Permeabi l i ty  is gene ra l l y  l e s s  than  0.5 
i nch  pe r  hour. 

2.  Slopes a r e  f l a t  - l e s s  than  fou r  f e e t  per  mi le .  

3 .  The watershed i s  moderately w e l l  developed f o r  a g r i c u l t u r e .  A l a r g e  
percentage  is  c u l t i v a t e d ,  w i th  t he  r e s t  i n  woodland, p a s t u r e ,  and 
misce l laneous .  

4.  Some dra inage  improvements have been made, bu t  due t o  l a c k  of organiza-  
t i o n  and f inanc ing ,  maintenance has  been neglec ted  and t h e  p r e sen t  d ra in-  
age s i t u a t i o n  i s  poor. 

5. P r i n c i p a l  crops a r e  r i c e ,  c o t t o n ,  and soybeans. 

OUTLINE FOR SURVEY 
of t h e  

CYPRESS BAYOU WATERSHED, SUTTON COUNTY 
MIDDLESTATE 

May 19 71 

I. Objec t ives  : 

A. Determine ex t en t  of a r e a  needing f l ood  prevent ion  and dra inage  and ade- 
quacy of t h e  o u t l e t  f o r  d e s i r e d  improvements. 

B. Locate  and design p r i n c i p a l  f e a t u r e s  of a  f lood  prevent ion  and dra inage  
system which w i l l  remove w i t h i n  one day a f t e r  c e s s a t i o n  of r a i n  t h e  
runoff  from 48-hour, 2-year frequency s torms.  

C. Es t imate  t h e  q u a n t i t i e s  and c o s t s  of t h e  improvements needed t o  meet t h e  
o b j e c t i v e  i n  B above. 

1. Break down t h e  e s t i m a t e  i n t o  t h e  p a r t  needed f o r  group f a c i l i t i e s  
( d i sposa l  system) and t h e  p a r t  needed f o r  on-farm improvements 
( c o l l e c t i o n  system). 

a. Group f a c i l i t i e s  should be  extended t o  a  minimum 160 a c r e s  
dra inage  a r e a ,  b u t  no t  beyond t h e  p o i n t  where l e s s  than  two 
landowners a r e  b e n e f i t e d .  

b .  On-farm o r  c o l l e c t i o n  system should i nc lude  a l l  f a c i l i t i e s ,  o t h e r  
than  t hose  inc luded  a s  group f a c i l i t i e s ,  which a r e  needed t o  meet 
t h e  o b j e c t i v e  l i s t e d  above. 



11. Data p r e s e n t l y  a v a i l a b l e :  

(Th is  is u s u a l l y  l i s t e d  i n  t h e  r e p o r t  of P r e l i m i n a r y  I n v e s t i g a t i o n .  It i s  
l i s t e d  h e r e  a s  an  example of t h e  t y p e  of d a t a  which is  u s e f u l  on a survey  
of t h i s  type.)  

A. A e r i a l  photographs,  1968 f l i g h t  - 8It/mi. a l t e r n a t e s  and 3.167"/mi. 
c o n s e c u t i v e s  ( c o n t a c t  p r i n t s ) .  

Complete coverage of t h e  watershed.  

B .  Maps: 

1. S u t t o n  County Highway Map--scale 112 inch  e q u a l s  1 m i l e .  

2. U .  S.  Corps of Engineers  quadrang le  maps: DeQueen, 1954; Golden, 
1941; G i l m e r ,  1935; and Vaness ,  1935--scale 1162,500--5' contour  
i n t e r v a l  - complete coverage.  

3. Cypress Bayou Watershed Map--scale 2 i n c h e s  e q u a l s  1 m i l e .  

4 .  Genera l i zed  s o i l s  map--Sutton County SCD--scale 1 i n c h  e q u a l s  1 m i l e .  

5. Approximately 60 p e r c e n t  coverage s t a n d a r d  s o i l  su rveys .  

C .  Surveys: 

1. U.S.C. & G.S., c o n t r o l  l e v e l i n g ,  f i r s t  order--DeQueen West, Gilmer 
t o  DeQueen t o  Al ton  t o  Sanford ,  Sanford t o  Big Bayou, and Alton West. 

2. U.S.C.E., BM data--DeQueen, Golden, G i l m e r ,  and Vaness quadrang les .  

D.  Records and r e p o r t s :  

1. Hause Document N o . ,  - t h  Congress 1st S e s s i o n ,  Blue and S a l t  
R ivers  and T r i b u t a r i e s ,  M i d d l e s t a t e ,  1967. 

2 .  U.S.C.E. s t r e a m  gage data--Big Bayou n e a r  Vaness,  and a t  Big Bayou 
f l o o d g a t e ,  U .  S. Army Engineer  D i s t r i c t ,  Vicksburg. 

111. Data  t o  b e  developed:  

A .  Land u s e  and c a p a b i l i t y  map. 

B. Drainage a r e a  map of watershed--to b e  added t o  Cypress Bayou Watershed 
Map. Watershed boundar ies  of a l l  mains and l a t e r a l s  should be d e l i n e a t e d .  

C .  P r o j e c t  map of watershed--to show a l l  p r i n c i p a l  f e a t u r e s  of t h e  recom- 
mended p l a n  of improvement. 

D .  Land ownership map. 

E .  P l a n s ,  p r o f i l e s ,  c r o s s  s e c t i o n s ,  and o t h e r  d e s i g n  d a t a  of a l l  mains and 
l a t e r a l s  t o  b e  inc luded  i n  t h e  p l a n  of improvement. 

F. Design d a t a  f o r  a l l  appur tenan t  s t r u c t u r e s  f o r  mains and l a t e r a l s  and f o r  
o t h e r  f e a t u r e s  of t h e  p l a n  of improvement f o r  t h e  wate rshed .  
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G .  E s t i m a t e  of q u a n t i t i e s  and c o s t s  f o r  a l l  f e a t u r e s  of t h e  p l a n .  

H.  Report  of t h e  survey and i n v e s t i g a t i o n  i n c l u d i n g  recommendations and any 
i n f o r m a t i o n  needed f o r  work p l a n  development.  Data  A - G i n c l u s i v e  t o  
b e  a t t a c h e d  a s  appendixes  t o  t h e  r e p o r t .  

I V .  Proposed sequence of su rvey  and i n v e s t i g a t i o n :  

From s t u d y  of g e n e r a l i z e d  and d e t a i l e d  s o i l s  maps and a e r i a l  photographs,  
de te rmine  l a n d  u s e ,  l a n d  c a p a b i l i t y ,  and a r e a  needing d r a i n a g e .  

1. Informat ion  from s t a n d a r d  s o i l  su rveys  t o  be expanded t o  cover  t h e  
watershed accord ing  t o  t h e  g e n e r a l i z e d  s o i l s  map and a e r i a l  photo- 
g raphs .  

2 .  Map t o  b e  p repared  on Cypress Bayou wate rshed  b a s e  map showing a r e a s  
which w i l l  b e n e f i t  from f l o o d  p r e v e n t i o n  and improved d r a i n a g e .  
T a b u l a t i o n  of l and  u s e  accord ing  t o  s o i l s  t o  b e  developed a s  b a s i s  
f o r  e s t i m a t i n g  b e n e f i t s .  

By s t u d y  of quadrang le  maps and a e r i a l  photographs l o c a t e  e x i s t i n g  main 
d i t c h e s  and p r i n c i p a l  l a t e r a l s .  

I. Loca te  t h e s e  on a l t e r n a t e  c o n t a c t - p r i n t  a e r i a l  photographs.  I d e n t i f y  
each main s t r e a m  o r  d i t c h  by a  Roman number, Also g i v e  each d i t c h  
i t s  l o c a l  name, i f  any. Number each l a t e r a l  i n  a  way which w i l l  
i d e n t i f y  i t  w i t h  i t s  o u t l e t .  

Loca te ,  number, and g i v e  e l e v a t i o n s  of benchmarks w i t h i n  t h e  watershed 
and v i c i n i t y  on a  county highway map. Data l i s t e d  i n  I I C  above t o  b e  
i n c l u d e d .  

Sketch watershed boundar ies  on t h e  c o n t a c t - p r i n t  a e r i a l  photographs from 
d a t a  on quadrang le  maps and a e r i a l  photographs.  Check t h e s e  boundar ies  
on t h e  ground a s  t h e  survey  p r o g r e s s e s .  Cor rec t  where necessa ry .  Make 
a  l e v e l  survey where needed t o  d e l i n e a t e  boundar ies .  

Obta in  d a t a  from U .  S .  Army Engineer  D i s t r i c t ,  Vicksburg,  concerning 
o u t l e t  f o r  Cypress Bayou i n t o  B i g  Bayou. 

1. From t h e  Corps of Engineers  s tudy  of w a t e r  s u r f a c e  p r o f i l e s  - p r e s e n t  
and p r o j e c t e d  - f o r  B i g  Bayou, f o r  t h e  two-year and f ive -year  f requency 
s t o r m s ,  determine t h e  adequacy of Big Bayou a s  t h e  o u t l e t  f o r  t h e  
proposed improvements. 

E s t a b l i s h  a d d i t i o n a l  temporary benchmarks (TBM1s) on t h e  North-South roads  
which a r e  g e n e r a l l y  p a r a l l e l  t o  t h e  main s t reams  and a long  t h e  e a s t  and 
wes t  s i d e s  of t h e  wate rshed .  These TBM1s a r e  t o  b e  numbered and i d e n t i f i e d  
s o  t h e y  can  b e  used i n  subsequent  s u r v e y s .  

1. Loca te  TBM1s a t  i n t e r v a l s  of approximately  1 m i l e  and a t  i n t e r s e c t i o n s  
w i t h  East-West roads .  

2. C lose  l i n e s  of d i f f e r e n t i a l  l e v e l s  w i t h  an a l l o w a b l e  e r r o r  
o f  f 0.05 J ~ e n ~ t h  of l i n e  i n  m i l e s .  
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G .  V i sua l l y  i n s p e c t  a l l  main and l a t e r a l  d i t c h  l o c a t i o n s .  

1. Est imate e x i s t i n g  roughness c o e f f i c i e n t s  of d i t c h e s  which apparen t ly  
have an adequate  c r o s s  s e c t i o n .  

2 .  Check l o c a t i o n  of d i t c h e s  p r ev ious ly  sketched on a e r i a l  photographs - 
c o r r e c t  where necessary.  Improve alignment a s  needed. Obtain neces- 
s a r y  in format ion  on fences ,  i r r i g a t i o n  flumes, dams, o r  any obstruc-  
t i o n  i n  t h e  d i t c h e s  which w i l l  a f f e c t  t h e  de s ign  o r  c o s t  of t h e  
improvements. Record on a e r i a l  photographs o r  i n  notebook a s  r equ i r ed .  

3 .  Examine e x i s t i n g  d i t c h e s  f o r  any evidence of i n s t a b i l i t y  - e ros ion  o r  
sed imenta t ion .  

4.  Est imate d e n s i t y  and ex t en t  of c l e a r i n g  requi red  f o r  improving channel  
c apac i t y .  

5. Locate and d e s c r i b e  a l l  u t i l i t y  l i n e s  c ro s s ing  t he  d i t c h e s .  

H. Make a  f i e l d  survey.  

Obtain c r o s s  s e c t i o n s  of main d i t c h e s  and l a t e r a l s  a t  i n t e r v a l s  of 
approximately one mi le ;  a t  major s t r u c t u r e s  a s  b r idges ;  where substan-  
t i a l  changes i n  c r o s s  s e c t i o n  o r  depth  a r e  ev iden t ;  and below t h e  en- 
t r ance  of a l l  major t r i b u t a r i e s .  Take r e p r e s e n t a t i v e  c r o s s  s e c t i o n s  
a t  each proposed real ignment .  Use t h e  E - W roads  t o  run l e v e l s  t o  
c a r r y  e l e v a t i o n s  from e s t a b l i s h e d  TBM's t o  t h e  l o c a t i o n s  s e l e c t e d  
f o r  c r o s s  s ec t i on ing .  

Determine h o r i z o n t a l  l o c a t i o n  of c r o s s  s e c t i o n s  on mains and l a t e r a l s  
by map wheel o r  s c a l i n g  from a e r i a l  photographs. Measure from o u t l e t  
upstream i n  m i l e s  t o  n e a r e s t  hundredth. Cross s e c t i o n s  must be 
accu ra t e ly  surveyed and l oca t ed  t o  be used wi th  t h e  des ign  survey.  

E s t a b l i s h  temporary benchmarks i n  s t r a t e g i c  l o c a t i o n s  near  t he  s i t e  
of each c r o s s  s e c t i o n .  

Check p rev ious ly  l oca t ed  watershed d i v i d e s ,  when running l e v e l s  t o  
ob t a in  c r o s s  s e c t i o n s ,  and make c o r r e c t i o n s  where needed. 

Determine t h e  l o c a t i o n ,  type ,  s i z e ,  and cond i t i on  of a l l  b r i dges ,  
c u l v e r t s ,  and flumes on mains and l a t e r a l s .  Obtain c r o s s  s e c t i o n s ,  
e l e v a t i o n s  of unders ide  of s t r i n g e r s  and bottom of f o o t i n g s ,  i n v e r t  
e l e v a t i o n s  of a l l  c u l v e r t s ,  and e l e v a t i o n s  of road s u r f a c e s  a t  
b r i dges  and c u l v e r t s .  Information should be adequate  t o  determine t he  
adequacy of s t r u c t u r e  i n  i t s  p re sen t  cond i t i on  o r  approximate c o s t  of 
a l t e r a t i o n  o r  replacement i f  necessary .  

Determine h igh  water  e l e v a t i o n s  of main d i t c h e s  and s treams where 
pos s ib l e .  

Obtain s o i l  p r o f i l e  a t  each d i t c h  c r o s s  s e c t i o n  taken  - - on mains 
t o  minimum depth of 10 f e e t ;  below i n t e r s e c t i o n  of Cypress and Muddy 
Bayous t o  minimum depth of 15  f e e t ;  and on a l l  l a t e r a l s  t o  minimum 
depth of 6 f e e t .  A l l  dep ths  g iven  a r e  below normal ground l e v e l .  



I.  P l o t  e x i s t i n g  c r o s s  s e c t i o n s  and p r o f i l e s  of mains and l a t e r a l s  surveyed. 

1. For c r o s s  s e c t i o n s  u s e ' h o r i z o n t a l  and v e r t i c a l  s c a l e s  of 1 inch  equa ls  
10  f e e t  except  f o r  unusua l ly  l a r g e  s e c t i o n s  where a  s c a l e  of 1 inch  
equa l s  20 f e e t ,  h o r i z o n t a l l y  and v e r t i c a l l y  may be p r e f e r ab l e .  A l l  
s e c t i o n s  should be  l oca t ed  on c ross -sec t ion  s h e e t  i n  t he  proper  se- 
quence. Sca l e s  used a r e  t o  be c l e a r l y  i nd i ca t ed .  (use  10 x  10 paper . )  

2 .  For p r o f i l e s  use  a  h o r i z o n t a l  s c a l e  of 1 inch  equa ls  2000 f e e t  and a  
v e r t i c a l  s c a l e  of 1 inch  equa l s  4  f e e t .  (Use 4  x  20 paper . )  

3. On p r o f i l e s  show normal ground (low s i d e ) ,  spo t  e l e v a t i o n s  and d i s -  
t ances  from d i t c h  of c o n t r o l  p o i n t s ,  and e x i s t i n g  d i t c h  bottom. P l o t  
t h e  l ogs  of s o i l  bor ings .  For s t r u c t u r e s  p l o t  t h e  e l e v a t i o n s  of 
unders ide  of s t r i n g e r s ,  roadbed, bottom of d i t c h  under b r idges  o r  
i n v e r t  of c u l v e r t  and bottom of s t r u c t u r e  f o o t i n g .  Give b r i e f  
d e s c r i p t i o n  of s t r u c t u r e s  ( a s  wood deck,  conc re t e  abutments,  e t c . )  
inc lud ing  s i z e .  Give type  and e s t ima te  of r i p r a p ,  i f  any. 

J .  Complete l o c a t i o n  of mains and l a t e r a l s  on watershed map. Use co r r ec t ed  
l o c a t i o n s  sketched on con t ac t -p r in t  a e r i a l  photographs. Correc t  s t a t i o n -  
i ng  a s  r equ i r ed .  Add l a t e r a l s  and extend e x i s t i n g  l a t e r a l s  t o  g i v e  
coverage t o  watershed a s  o u t l i n e d  i n  ICla.  

K. Compute dra inage  a r e a s  a t  a l l  c ro s s - s ec t i on  l o c a t i o n s .  

L. Determine r a i n f a l l  excess  - R - from a 2-year frequency,  48-hour storm 
and compute t h e  C f o r  t h e  coeFf i c i en t  f o r  s u r f a c e  dra inage ,  Q = CM =I6,  
by t h e  r e l a t i o n  C = 16.39 + 14.75 Re/2. 

M.  Compute capac i t y  requi red  a t  a l l  c r o s s  - s ec t i on  l o c a t i o n s  based on t h e  
Cypress Creek Formula thus  developed. 

N .  E s t a b l i s h  hyd rau l i c  g r a d e l i n e s  f o r  good d ra inage  of t he  watershed,  g iv ing  
due cons ide ra t i on  t o  water  s u r f a c e  e l e v a t i o n  of t h e  o u t l e t .  (See Chapter 
5) - 

0 .  Complete des ign  of d r a inage  system. 

1. Check c a p a c i t i e s  of e x i s t i n g  mains and l a t e r a l s - - i nc lud ing  b r idges  
and culverts--using t h e  e x i s t i n g  roughness c o e f f i c i e n t .  Eva lua te  
t h e  j unc t i ons  of mains and l a t e r a l s  inc lud ing  t h e  need f o r  s i d e  i n l e t  
s t r u c t u r e s .  

2.  Where e x i s t i n g  s e c t i o n s  a r e  inadequate ,  compute t h e  s i z e  r equ i r ed .  
Vary s i d e  s l opes  a s  r equ i r ed  f o r  s t a b i l i t y ,  hyd rau l i c  e f f i c i e n c y  
and maintenance requirements .  Propor t ion  bottom widths and depth 
f o r  b e s t  hyd rau l i c  e f f i c i e n c y ,  w i t h i n  requirements  f o r  channel  
s t a b i l i t y .  

3 ,  Based on s o i l  c h a r a c t e r i s t i c s  determine s t a b i l i t y  of proposed channel 
by method of a l lowable  v e l o c i t i e s  a s  p r e sc r ibed  i n  Engineering Standard 
f o r  Open Channel, Code 582. 

4 .  Compute s i z e s  of b r idges  and c u l v e r t s  which must be  rep laced .  Design 
c u l v e r t s  t o  ca r ry  25 percent  more flow a t  t h e  hyd rau l i c  grade  l i n e  



t h a n  d i t c h  i s  designed f o r .  For  b r i d g e  rep lacements ,  d e s i g n  bottom 
of  s t r i n g e r s  t o  be  a  minimum of one f o o t  above t h e  h y d r a u l i c  g rade  
l i n e  and t h e  l e n g t h  t o  span  t h e  t o p  wid th  of proposed d i t c h .  

P. P l o t  t h e  proposed s e c t i o n s  superimposed on o r i g i n a l  c r o s s  s e c t i o n s  and 
compute yardage  of r e q u i r e d  e x c a v a t i o n .  P l o t  proposed bottom on p r o f i l e .  
Add n o t e s  t o  p r o f i l e  concerning s t r u c t u r e  a l t e r a t i o n s  o r  replacements  
necessa ry .  

Q .  E s t i m a t e  q u a n t i t i e s  and c o s t  of t h e  proposed improvement: c l e a r i n g ,  
c l e a r i n g  and s h a p i n g ,  channel  e x c a v a t i o n  and d i s p o s i t i o n  of s p o i l ,  
b r i d g e s ,  c u l v e r t s ,  g rade  s t a b i l i z a t i o n  s t r u c t u r e s ,  e r o s i o n  c o n t r o l  
s t r u c t u r e s  f o r  s i d e  wate r  i n l e t s ,  w a t e r g a t e s  f o r  c r o s s  f e n c e s ,  i r r i g a t i o n  
f lumes,  o t h e r  appur tenan t  s t r u c t u r e s .  Base e s t i m a t e  on c u r r e n t  S t a t e  
s t a n d a r d s  and s p e c i f i c a t i o n s .  

R. Es t imate  right-of-way r e q u i r e d  and show wid ths  r e q u i r e d  by m i l e  l o c a t i o n  
on t h e  p r o f i l e  s h e e t .  

S. P r e p a r e  r e p o r t .  

V. P e r s o n n e l  r e q u i r e d .  F i e l d  work t o  s t a r t  10 /4 /71  

Personne l  Da tes  

Engineer  GS-13 

Engineer  GS-12 

Engineer  GS-11 

Engineer  GS-9 
( F i e l d  and o f f i c e  50-50) 

G e o l o g i s t  GS-9 

Aid GS-6 ( O f f i c e )  

Aid GS-6 (Survey p a r t y )  

Aid GS-5 (Survey p a r t y )  

2 Aids  WAE (Survey p a r t y )  

2 Aids  WAE 
(Geolog is t  's h e l p e r s )  

Complete f i e l d  work 

Complete p l o t t i n g ,  d e s i g n ,  

Complete r e p o r t  

11 /22 /71  - 12/17 /71  

12 /17 /71  

and e s t i m a t e s  1 /7 /72  

1 /21 /72  

F u l l  t i m e  

F u l l  t ime 

F u l l  t ime 

F u l l  t i m e  

F u l l  t ime 

F u l l  t i m e  

F u l l  t i m e  

Man Days 

4  

9 

3 6 

75 

2 0 

7  5 

5 5 

5 5 

110 

4 0 



VI. Equipment. (Normally only equipment no t  on hand by t h e  survey p a r t y  w i l l  b e  
l i s t e d .  This  l i s t  might be  r equ i r ed  t o  s e t  up a  new pa r ty . )  

A. Automotive. 

Pickup, equipped wi th  t r a i l e r  h i t c h ,  - Engineer GS-9 

S t a t i o n  wagon - survey p a r t y  

Truck w/power auger ,  f u l l y  equipped (See Guide t o  Geologic S i t e  Explora t ion ,  
South RTSC Area) ,  Geologist  GS-9 

B. Boat and appurtenant  equipment. 

1.2-foot f l a t  bottom aluminum boa t  on t r a i l e r  

7-112 HP outboard motor 

4 L i f e  p r e se rve r s  

2 Oars - sounding weight - 200' s t e e l  w i r e ,  11 ga.  

C .  Equipment f o r  survey pa r ty .  

1 Engineers '  l e v e l ,  w / t r i pod  and ca r ry ing  c a s e  

2 - 1 4 '  Ph i l ade lph i a  l e v e l  r ods  

1 - 100'  s t e e l  t ape  

2 - 50'  m e t a l l i c  t apes  

1 - Tapewri ter  wi th  aluminum t a p e  

2 - Hand axes wlscabbards 

2 - Pole  axes ,  s i n g l e  b i t  

1 - 6-lb. s l edge  hammer 

2 - Machetes wlscabbards 

1 - Shovel,  sharpshooter  

6  - Aluminum h a t s ,  v i s o r  type  

6 - p r .  h i p  b o o t s ,  (Lightweight ,  s i z e s  t o  f i t  personnel)  

Notebooks, p e n c i l s ,  lumber crayons,  s t a k e s ,  f l agg ing  m a t e r i a l ,  30d n a i l s ,  

water  can ,  i n s e c t  r e p e l l e n t ,  c l i p  boards ,  c a r ry ing  ca se  f o r  con t ac t  p r i n t  

a e r i a l  photographs, f i r s t  a i d  k i t ,  10 pocket-type snakeb i t e  k i t s .  



D. O f f i c e  equipment.  

1 - D r a f t i n g  t a b l e ,  w / a d j u s t a b l e  s t o o l  

1 - C a l c u l a t o r  

1 - S l i d e  r u l e  

1 - F i l i n g  c a b i n e t  

I. - Desk and 10 c h a i r s  

2 - Tables  

1 - Typewr i te r ,  w i t h  s t a n d  

Cross - sec t ion  and p r o f i l e  paper ,  t r a c i n g  paper ,  mani la  paper ,  p e n c i l s ,  

w r i t i n g  paper ,  s t r a i g h t e d g e s ,  t r i a n g l e s ,  e n g i n e e r s  s c a l e s ,  s c r a t c h  pads.  

E.  Books. 

N a t i o n a l  Engineer ing  Handbook 

Surveying: Theory and P r a c t i c e ,  5 t h  E d i t i o n  - Davis ,  Foo te ,  and Kel ly  

King and B r a t e r ' s  Handbook of H y d r a u l i c s ,  F i f t h  E d i t i o n  

T a b l e s ,  Tr igonomet r ic ,  P e t e r s  

Hydrau l ic  Tab les  - Corps of Engineers  

Technica l  B u l l e t i n  129,  USDA, Flow of Water i n  Drainage Channels.  
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