
APPEXDIX G 

FIELD TLSTS OF DUIN?IOD 

The node l  p r e d i c t s  water  t a b l e  d e p t h ,  d r a i n  oucflow, s u r f a c e  runof f ,  

t r y  zone depth  and o t h e r  s o i l  wa te r  v a r i a b l e s  on a  cont inuous  b a s i s .  

There fo re  t h e  v a l i d i t y  of t h e  model can be t e s t e d  d i r e c t l y  by neasur ing  

t h e s e  v a r i a b l e s  i n  t h e  f i e l d  and comparing model p r e d i c t i o n s  w i t h  measured 

v a l u e s .  It i s  important  t h a t  f i e l d  t e s t s  of t h e  node l  be conducted and 

e s p e c i a l l y  t h a t  f i n a l  p r e d i c t i o n s  of t h e  model be compared t o  r e a s u r e d  

d a t a .  

The b a s i s  of DPAIhXODis an e x p r e s s i o n  f o r  a  w a t e r  ba lance  i n  t h e  

s o i l  p r o f i l e .  I n d i v i d u a l  components of t h e  w a t e r  ba lance  a r e  eva lua ted  

from approximate methods. While most of t h e s e  methods have been t e s t e d  

i a d i v i d u a l l y ,  t o  va ry ing  d e g r e e s ,  and t h e i r  l i m i t a t i o n s  docunented i n  t h e  

l i t e r a t o r e ,  accumulation of e r r o r s  f r o =  t h e  v a r i o u s  components coul?  cause  

l a r g e  i n a c c u r a c i e s  i n  t h e  composite model. The most d i r e c t  and meaningful  

way of t e s t i n g  t h e  r e l i a b i l i t y  of DILZIPlCD i s  t o  coopare model p r e d i c t i o n s  

w i t h  r e s u l t s  measured i n  f i e l d  s i t u a t i o n s .  Such exper iments  n o t  cr.ly sr,?- 

v i d e  a  good t e s t  of t h e  r e l i a b i l i t y  of t h e  model bu t  a l s o  docucents the  

r e q u i r e d  mole1 i n p u t s  f o r  t h e  s i t e s  and s o i l s  cons ide red .  'he:., a l s o  ?rc-  

v i d e  a  z e a s u r e  of t h e  d i f f i c u l t y  and expense of o b t a i n i n g  i n p u t  v a l ~ : r s  %r 

t h e  model. 

!tost of t h e  uses  contemplated f o r  t h e  model a r e  r e l a t e d  i n  some v2>- 

t o  wa te r  t a b l e  depth  and i t s  v a r i a t i o n  o v e r  t ime.  There fo re ,  when p o s s i b l e  

t h e  nodel  n a s  been t e s t e d  by conpar ing measured and p r e d i c t e s  % a t e r  t a b l e  

dec ths .  I n  t h e  c a s e  of t h e  Ohio exper iments  d i s c u s s e d  l a t e r  i n  t h i s  sec- 

t i o n ,  w a t e r  t a b l e  measurements were no t  m d e  b u t  e x c e l l e n t  d a t a  f o r  sub- 

s u r f a c e  d ra inage  r z t e s  and s u r f a c e  runoff  were a v a i l a b l e  f o r  s e v e r a l  years  

of r e c o r d .  I n  t h i s  case  com7arison be txeen  neasured a r d  p r e d i c t e d  drz in-  

age and runof f  r a t e s  were used a s  c b a s i s  f o r  j u l g i n s  t h e  v a l i d i t y  of the 

model f o r  Ohio c o n d i t i o n s .  



Data from f o u r  s t a t e s  r e p r e s e n t i n g  widely  d i f f e r e n t  s o i l s  and 

c l i r c a t o l o g i c a l  c o n d i t i o n s  a r e  be ing  used t o  t e s t  t h e  v a l i d i t y  of the  

model. Extensive  f i e l d  exper iments  were conducted t o  t e s t  DRAIEIOD 

dur ing  i t s  development i n  North Caro l ina  and t h e  r e s u l t s  p resen ted  i n  a 

t e c h n i c a l  r e p o r t  (Skaggs, 1978). Addi t iona l  d a t a  have been ob ta ined  

from r e s e a r c h e r s  i n  Ohio, F l o r i d a ,  and C a l i f o r n i a .  The r e s u l t s  of the  

t e s t s  of t h e  model f o r  each l o c a t i o n  a r e  d i scussed  i n  t h e  fo l lowing 

s e c t i o n s .  

NORTH CAROLIXA - 
F i e l d  exper iments  were i n s t a l l e d  i n  f o u r  l o c a t i o n s  t o  d e t e r n i n e  s o i l  

p r o p e r t y  and c l i m a t o l o g i c a l  i n p u t s  and t o  t e s t  t h e  r e l i a b i l i t y  of t h e  

model. Experiments were conducted over  a  f i v e  yea r  p e r i o d  and conpar isons  

of p r e d i c t e d  and measured d a i l y  wate'r t a b l e  dep ths  were made f o r  a  t o t a l  

of 21  s i t e - y e a r s .  The r e s u l t s  of t h e  exper iments  have been r e p o r t e d  by the  

a  ( % a s p ,  19781 and a r e  reproduced i n  t h e  fo l lowing  s e c t i o n s  f o r  t h e  

convenience of  t h e  u s e r .  

E m e r i m e n t a l  Procedure 

f i e l d  S i t e s  -- 
Exper inen ta l  s i t e s  were l o c a t e d  n e a r  Aurora,  Plymouth, L a m i n b u r g  

and Kinston,  N . C .  s o  f i e l d  d a t a  r e p r e s e n t i n g  a  good geograph ica l  d i s t r i -  

bu t ion  of t h e  C o a s t a l  P l a i n s  and Tidewater Regions i n  North C a r o l i n a  were 

ob ta ined .  The w a t e r  management systems on a l l  s i t e s  have f a c i l i t i e s  f c r  

subsur face  d ra inage  and w a t e r  t a b l e  c o n t r o l  as w e l l  a s  v a r y i n g  degrees  of 

s u r f a c e  d ra inage .  A b r i e f  d e s c r i p t i o n  of each s i t e  is  given below 

Drainage sys tem parameters  f o r  each s i t e  a r e  g iven i n  Table  16-1 a n t  a lfs: 

of c rops  grown on t h e  r e s e a r c h  s i t e s  is  given ir. Table  1:-2. 



Table 10-1. O r  a i n  age system parameters f o r  the experimental s i t e s .  

Parameter Aurora - Aust in  Farm P l y ~ ~ ~ o u t h  Laurinburg Kinston 
7.5 m 15 30 m Rains Goldsboro * * * 
Lumbee s. 1 . (some Myat t )  Cape Fear 1. Ogeechee 1. Rains Goldsboro Sol 1 type 

Type Dra in  
Dra in  spacing 
Drain depth 
Dra in  diameter 
E f f e c t i v e  d r a i n  

rad ius  
Depth from d r a i n  

t o  r e s t r i c t i v e  
1 ayer 

F a c i l i t i e s  f o r  water 
t a b l e  c o n t r o l  
a. c o n t r o l  l e d  

b. pump O " Y e t  i n  
capabi 1 i t y  

c l a y  t i l e  
7.5 m 
0.8 m 
102 nm 

- 4 i n .  open d i t c h  tub ing  
15 m 30 m 85 m 48 m 
0.9 m 1.0 m 0.8 m 1.1 m 
102 mm 102 mn open 125 mm 

s.1. s.1. 
tub ing  c l a y  t t l e  
30 m 30 m 

" 
A recent  examination o f  the s o i l  p r o f i l e  descr ip t ions  by SCS s o i l  s c i e n t i s t s  i nd i ca te  t h a t  
the f o l l o w i n g  changes should be made i n  s o i l  names used i n  t h i s  repor t .  

1. The s o i l s  r e f e r r e d  t o  as Lumbee s.1. and Myatt s.1. should have been c lass 
T o m t l y  s.1. 

2. The s o i l  r e f e r r e d  t o  here in  as Oqeechee 1. should be c l a s s i f i e d  as a Coxvi 

i f i e d  as 

l l e  1. 

Deta i led  descr ip t ions  o f  the s o i l  p r o f i l e s  are given i n  Appendix O .  The s o i l  p roper t ies  
and o ther  inputs used i n  DRAINIKN) were determined from on-s i  t e  measure~r~ents and from so i  1 
samples analyzed i n  the l a b  and not  i n fe r red  from pul l l ished descr ip t ions  o r  p roper t ies  o f  
the: s o i l  s t : r ies .  Tlie s o i l  ser ies  nallies are used here in f o r  i d e n t i f i c a t i o n  puryoses on ly  
~ n t l  the I..IIIII~WI~ itnd Oqceclwe nmcs re imin  unchanqed i n  t h r  t e x t ,  tables and f i e  n f  t h i s  
r(~:lm" I.. 



Table 10-2. Crops grown on research s i t e s ;  p l a n t i n g  and harvest ing dates. 

-- - - - -- -- - . . . - -- . -- . - - 

Aurora P l y~~ lou th  Laurinhurn 
Year Crop P lan t  Harvest Crop P lan t  Harvest Crop P lan t  Harvest 

date date date date date date 

1973 pota to  3- lo*  6-20 corn 4-15* 3-12 - - - 
soybean 7-17 11-14 

1974 pota to  3- lo*  6-17 corn 4-15* 10-4 co t ton  4 - I *  10-15* 
soybean 7-10 11-27 

1975 corn 4-21 9-10 corn 4-21 9-23 co t ton  4 - l *  10-1 5* 
wheat 11-12 - 

1976 wheat - 6-16 corn 4-15 9-1 co t ton  4-4* 11-lo* 
soybean 6-1 7 11-17 wheat 12-1 - 

1977 corn  4-25 9-1 * wheat - 6-18* co t ton  4-5* 10-25* 
soybean 6-20* 11 -20* 

" 
Approximate dates f o r  p l a n t i n g  o r  harvest.  



Aurora. The s i t e  near Aurora i s  located on the H. Carroll Austin 
farm and i s  the same s i t e  t ha t  was used in a previous study t o  investi- 
gate the f e a s i b i l i t y  of water table  control and subirrigation i n  the 
Coastal Plains (Skaggs and Kriz, 1972). The water management system 
consists of t i l e  drains spaced 7.5. 15, and 30 m apar t  and buried appro- 
ximately 1 m deep. The soi l  i s  primarily ~umbee*sand~ loam w i t h  some 
Myatt sandy loam and Torhunta sandy loam i n  the areas of the 7.5 and 15 m 
spacings. A schematic of the experimental setup i s  shown in Figure 10-1. 
The four drains f o r  each spacing empty into  an ou t l e t  ditch where a water 
level control s t ruc ture  is used t o  r a i s e  or  lower the water level fo r  
subirrigation or  drainage. Subirrigation was implemented by pumping 
additional water into  the di tch from a well located near the f ive  acre 
f i e ld .  In some years t h i s  system was used to  control the water table  
during April - July fo r  growing potatoes and corn; however, i t  was used 
a s  a conventional drainage system during most of the experimental period. 

L P l w u t h .  The experimental s i t e  near Plymouth i s  located on the 
Tidewater Research Station and was a l so  used in  the previous water t ab le  
control study. The so i l  i s  a Cape Fear loam and the water management 
system consists of open l a t e r a l  ditches spaced 85 m apart .  The f i e ld  was 
land-formed i n  about 1969 and has excel l en t  surface drainage. A water 
level control s t ruc ture  i n  the ou t l e t  ditch'permitted the water level i n  

the ditches t o  be controlled by e i the r  col lect ing f i e l d  runoff and drain- 
age waters o r  by pumping in to  the di tch from an i r r iga t ion  well. A weir 
was ins ta l led  in  the ou t l e t  s t ruc ture  t o  ra i se  the water table  during the 
months of May, June, and July i n  1974 and 1975 t o  supply water to the 
crop. Water was pumped fnto the ou t l e t  and the di tch water maintained 
f o r  subirrigation purposes f o r  short  periods i n  both years. However the 
system was operated in a controlled drainage mode without pumping f o r  
most of the growing season. Figure 10-2 s h s  the weir and the ra'sed 
water level i n  the ou t le t .  Th i s  f i e l d  was a l so  used as  one treatment 
in another Water Resources Research I n s t i t u t e  sponsored study reported 
by Gilliam e t  a l .  (1978) on controll ing the movement of f e r t i l i z e r  
n i t r a t e s  i n  d rdnage  waters. As a par t  of t h i s  investigation the weir 
level was raised almost to  the  surface during the  winter months of 
0 

See footnote, Table 10-1. 



OBSERVATION WELLS - 0 

RECORDING RAIN GAUGE- 

-- 

Figure 16-1. Schematic of experivental  setup 00 the  h .  Carrol l  Austin 
Farm, Aurora, N . C .  

Figure 10-2. A water :eve1 control  s t r u c t u r e  i n  t h e  o u t l e t  d i t ch  a t  
the  T1cewter  Research S ta t ion  permitted cont ro l led  
drainaoe ana subi r r7gat ion  on the  C;x Fear so i l .  



1973-74 and 1974-75 and the system operated in the controlled drain- 

age mode f o r  purposes of studying the e f f ec t  of high'water tables on' 
the movement and deni t r i f icat ion of f e r t i l i z e r  n i t ra tes .  

Laurinburc. Experiments were conducted on a water management 
system located on the McArne Bay farm of McNair Seed Company near 

Laurinburg, N . C .  The soi l  was formerly c lass i f ied  as a Portsmouth 
loam b u t  more detailed analysis indicated primarily ogeechee*with small 

areas of Coxville in the experimental area. The loam and sandy clay 
surface layers a re  underlain a t  about 1 m by a coarse sand layer which 
varies i n  thickness from 0.50 to  1.2 m. Drain tubes a re  spaced 48 m 

apart and ou t le t  into a large drainage di tch.  The water level in the 
ditch i s  controlled by raising or lowering the weir on a water level 
control s t ructure  and holding drainage and runoff water in the ditch.  
During dry periods water may be pumped from a drainage canal to  ra i se  
the water in the ou t l e t  ditch.  Thic.water managenent system is'an' . 

L, i n t e y a l  par t  of the drainage and i r r igat ion system for  an en t i r e  - .  

Carolina Bay consisting of about 1200 acres. 
Kinston. Water managenent systems on a Rains sandy loam and a 

Goldsboro sandy loam on the Tobacco Experiment Station a t  Kinston were 
studied. Both systems have ~ o o d  surface drainage and have t i l e  drains 

spaced 30 m apart  and buried 1 to  1.2 m deep. Water level control 

structures were insta l led on the main t i l e  l ines  in  each systen to 
control the drainage ra te  ~ n d  were used in the f e r t i l i z e r  n i t r a t e  s:ddy 

by Gilliam -- e t  a l .  (1978) referenced above. A1 though water table records 

of suf f ic ien t  length t o  t e s t  the model were not collected on these s i r e s ,  
short term experiments were conducted and input properties were measure? 

fo r  each soi l  and may be used for  long term simulations. 
Field Measurements. - 
Although the design and management of the water table control 

system vary in  some respects among the s i t e s  discussed above, most o f  

the f ie ld  measurement procedures were the same for  each s i t e .  The 

water tabte elevation midway between drains was measured in 10 c~ 
diametitr observation wells, d r i l l ed  to the depth of the impermeable 
layer ,  and f i t t e d  w i t h  Leupold and Stevens type F water level recorjers 
* 

See footnote, Table 10-1. 



t o  g i v e  a  cont inuous r e c o r d  o f  t h e  wa te r  t a b l e  p o s i t i o n .  The same 

i n s t r u m e n t  was used t o  r e c o r d  t h e  wa te r  l e v e l  i n  t h e  d ra inage  d i t c h e s ,  

or ,  i n  t h e  case o f  d r a i n  tubes, t h e  w a t e r  l e v e l  i n  t h e  o u t l e t  d i t c h .  

The unsa tu ra ted  s o i l  w a t e r  p ressure  head d i s t r i b u t i o n  was measured 

w i t h  tens iomete rs  f o r  i n t e r v a l s  o f  a  few weeks d u r a t i o n  d u r i n g  the  

growing season a t  t h e  Plymouth and Aurora s i t e s .  Tensiometers were 

p laced  a t  15, 30, 45,  60, 75,  and 120 cm depths midway between sub- 

surface d r a i n s .  - 
e s t s  oi s h o r t  d u r a t i o n  were ccnducted cn the  Aurora and P l y r o u t r  

s i t e s  t o  ~ a k e  i n t e n s i v e  measurements o f  s o i l  wa te r  c o n d f t i o n s  d u r i n g  

dra-nage and s u b i r r i g a t i o n .  The wa te r  t a b l e  was r a i s e d  t o  near  t h e  s o i l  

sur face by r a i s i n g  t h e  w e i r  l e v e l s  i n  t h e  wa te r  l e v e l  c o n t r o l  s t r u c t u r e s  

and p m p i n g  wa te r  i n t o  t h e  o u t l e t  d i t c h e s .  Piezometers were i n s t a l l e d  

a t  t + e  tens iomete r  depths  g i v e n  above a t  t h e  m i d p o i n t  and q u a r t e r  p o i n t s  

between d r a i n s  and used t o  de te rm ine  t h e  e x i s t e n c e  o f  v e r t i c a l  g r a d i e a t s  

i n  t he  s a t u r a t e d  zone o f  t h e  p r o f i l e .  Then t h e  w e i r  l e v e l  was lowered 

a n 2  :he tens iometers  and p iezometers  r e a d  severa l  t i m e s  d a i l y  d u r i n ~  t h e  

dra inage p e r i o d  t o  t e s t  the  v a l i d i t y  o f  t h e  l i n e a r  p ressure  head d!s- 

t r i b u t i o n s  assumed i n  DRAINMCD f o r  t h e  d ra inage  p e r i o d .  

R a i n f a l l  was measured on each s i t e  w i t h  a  ':leati~er!?easure !:ode? 

P501-1 t i p p i n g  bucket  r e c o r d i n g  r a i n  gauge w i t h  a  P521 event  r e c a r d e r .  

A l though  t h i s  i n s t r u m e n t  a c c u r a t e l y  measured t h e  v a r i a t i o n  o f  r a i n f a ; :  

f n t e q s i t y  w i t h  t ime,  h o u r i y  va lues  were used as i r p u t s  t o  t e s t  2?AY'?C2. 

Use of r a i n f a l l  da ta  on a  more f r e q u e n t  b a s i s ,  say 10 t o  15 r i n u t e s ,  :? t  

a o s s i b l e  and would have > robab ly  a l l o w e d  a b e t r e r  e s t i n a t i o ~  o f  i n f i ; t r z -  

:ion and r m o f f .  However, da ta  a v a i l a b l e  f r o r  dea the r  sta:ioc r e c n r r s  

have a maximum f requency o f  one hour  i n  most cases.  S ince  these a re  t h e  

data  t h a t  w i l l  be used i n  s i m u l a t i o n ,  t h e  model was t e s t e d  u s i n g  rness~r?:  

r a i  n f a l l  a c c u r u l a  t e d  o v e r  one-hour i n t e r v a l s .  

D a i l y  maximum and minimum temperatures  were o b t a i n e d  f r c n  wezther 

s t a t i o n s  near  each s i t e  and t h e  p o t e n t i a l  ET c a l c u l a t e d  by  t h e  

Thorn tnwa i te  method, U.S. Neather  Bureau s tsndard  e v a p o r a t i o n  oars  ::ore 

i n s t a l  l e d  a t  each l o c a t i o n  and m o d i f i e d  t o  r e c o r d  e v a p o r a t i o n  c o n t i n -  



uously (Figure 1C-3). Details of the design and operation of the record- 
ing pan as well as  comparisons between pan measurements and 

Thornthwai te-predictions a re  given by Mohamad (1 978). However, the 
Thornthwaite method i s  used t o  compute PET i n  the present version of 

DRAINMOD, so i t  was a l so  used i n  tes t ing the va l id i ty  of the model 

predictions. 

Surface runoff plots  were ins ta l led  to  measure surface runoff 
during ra infal l  events and to  be used i n  determjning the in f i l t r a t i on  
charac te r i s t ics  of the s o i l s .  Sheet metal barr iers  were insta l led 
around the 3 m x 4 m plots and the runoff was diverted to buried 
reservoirs (Figure 10-4;. b c f f  ra tes  were measured and recorded us'ng 

a tipping bucket apparatus in conjunction with an event recorder. In- 
f i l t r a t i o n  t e s t s  were conducted by sprinkling water on the surface of 
the plot  a t  a r a t e  of approximately 120 mm/hr and measuring the runoff 
ra te .  

Surface depression storage was characterized by making elevation 
surveys on a f i n e  meshed grid and by using a surface sealing procedure 

to  determine the storage i n  small pockets o r  depressions caused by 
micro-relief. These measurements were made as a part  of a detailed 

study of surface storage and a re  described i n  de ta i l  by Gayle and 
Skaggs (197.3). 

One of the functions of DRAINMOD i s  to  determine, on a day t:, day 

basis,  whether conditions a re  sui table  fo r  conductirg f i e ld  o p e r a t i o ~ s ,  

as discussed i n  Chapter 3 .  This determination i s  based on soil  and 
weather conditions and requires input data specifying the drained, or 

a i r ,  volume below which conditions a r e  not su i tab le  f o r  f i e l d  operatisns. 
The amount of ra infa l l  necessary t o  postpone f i e l d  operations and the 
length of time a f t e r  ra infa l l  occurs before operations can continue are 

a lso needed inputs t o  the model. These parameters were approximated 
for  the s o j l s  considered in  t h i s  study by f i e l d  observations in :he 

spring months of 1975 and 1976. Field conditions on a l l  research s i t e s  
were monitored by experienced technicians in coordination w i t h  the f am-  

e r  or  experiment s ta t ion  personnel. When the soi l  reached a conci t im 
that  was jus t  dry enough t o  plow and prepare seedbed, soi l  samples were 

taKen from 10 and 20 cm depths a t  several locations within the f i e ld  



Figure 10-3. A s tandard evapc-ation pan was modit ec. t o  record pan 
evaporation d i r e c t l y .  f r eservo: r  was s e t  up t o  supply 
water t o  t h e  pan through a f l o a t  valve ds evaporation 
took place. By recording t h e  water lek 1 'n t he  
r e s e r v o i r ,  evap!lration could be d e t e r ~ i n e d  a s  a funct ion  
of time. 

F i g w e  1C-6. Runoff from 3 m X 4 m p l o t s  was recorded with a t i p p i n g  
bucket apparatus and an e v w t  recorder .  



and the  volumetric water  conten t  determined. Drainage o r  a i r  volumes 

corresponding t o  t h e  measured water conten ts  were determined from the  

s o i l  water c h a r a c t e r i s t i c s  and the  dra inage  volume - water t a b l e  depth  

r e l a t i o n s h i p s . '  The amount of r a in  necessary t o  postpone f i e l d  opera- 

tions and the  minimum time required a f t e r  t h a t  amount of r a i n f a l l  before 

opera t ions  can proceed were a l s o  approximated based on the  s o i l  type and 

experience of  the  f a m e r  o r  s t a t i o n  manager. 

Soi l  Prooerty Measurements. - 
The sa tu ra t ed  hydraul ic  conduct iv i ty  was measured i n  t he  f i e l d  

using the  auger hole  method (Boast and Kirkham, 1971) and a  method based 

on water t a b l e  drawdown (Skaggs, 1976).  The unsa tura ted  hylrauli:  condac- 

t i v i t y  func t ion  K(h) was est imated using the  method of Mi i l i ng to i  and 

Qui rk  (1960) w i r h  a  matching f a c t o r  a t  s a t u r a t i o n .  T h e  K(h) func t icn  f o r  

the  Wagran and top 60 cm of the Lumbee s o i l s  were measured experimental ly  

(Wells and Skaggs, 1976) .  

Soi l  water  c h a r a c t e r i s t i c s  f o r  each s o i l  horizon down t o  the  dra in  

depth were determined o n  small undisturbed core samples using a  s t m d a r d  

pressure  p l a t e  method (Richards,  1965). The r e l a t i o n s h i p  between d ra in -  

age volume and water t a b l e  depth was measured d i r ec tyy  on l a rge  undis- 

turbed s o i l  cores  (0.50 m in  diameter and approximately 1 m l ong ) .  The 

procedures f o r  e x t r a c t i n g  the  cores  and making the measurements a r e  des-  

c r ibed  by Skaggs e t  a l .  (1978) .  The cores  were a t tached  t o  grave? f i : ? e d  

bases in  the l a b  and wetted from the  bottom by r a i s i n g  a  water r e s e r v o i r  

connected t o  t h e  o u t l e t .  After the water t a b l e  rose  to  the sur face  and 

remained f o r  a t  l e a s t  one day t h e  o u t l e t  r e s e r v o i r  was lowered in sma:1 

increments and the  dra inage  volume measured a t  each water t a b l e  deprh. 

Resul t s  - Soil  P rooe r t i e s  

riydraulic - Conduct ivi ty  

The r e s u l t s  of the sa tu ra t ed  conduct iv i ty  measurements a r e  summariz- 

ed in Table #)-3. Values obtained from both drawdown and auger hole  measJre- 

ments var ied with i n i t i a l  water t a b l e  depth and fr:i p o i n t  t o  po in t  in  

t he  f i e l d s  so  average values a r e  tabula ted .  The s o i l s  on the Aurora, 

Plymouth a n d  Laurinburg s i t e s  have sandy l aye r s  a t  depths below about 1  r. 

(kppendix 6 )  which have higher K values than the su r f ace  l aye r s .  The con- 



TablelO-3. Summary of average hydraul ic  conduct iv i ty  values from auger 
hole and drawdown measurements. 

S i t e  Method No. measurement Average K value 

Aurora 
7.5 m drawdown 17 1.01 ca ih r  

auger hole 9  ' .84 
15 m drawdown 19 1.84 

auger hole 9 1 .73  
30 m drawdown 19 

auger hole 10 3.16 
Plymouth drawdown 7  37.2 

auoer hole 6 15.3 
Laurinburg drawdown 8 6 .3  

auner hole 3  7.8 
Kinston 

Goldsboro as ler  hole m 
J 

l , , r g e  core ( 
( v e r t i c a l  K) 2 

Rains auger hole  5 
l a rge  core , 

( v e r t i c a l  K )  1 

d u c t i v i t i e s  31 tlle var ious p r o f i l e  l aye r s  a r e  d i f f i c u l t  t o  de t e r s ine  f r s -  

drawdown measurements as  the drawdown depends on the  conduc t iv i t i e s  in 

a l l  l aye r s  below the  water t a b l e .  Likewise measurements from auger h c i e s  

t h a t  pene t ra te  o r  c l o s e l y  approach the  sandy l aye r  may be expected t" 

give an intermediate  value between the K's of the  upper an t  Io'aer i q e - s .  

The s o i l s  on the  Aurora s i t e  a r e  p a r t i c u l a r l y  d i f f i c u l t  to 

cha rac t e r i ze  because of sandy l aye r s  i n  the  sur face  horizons w h i c h a ~ e  

of varying thickness  and sometimes discont inuous.  For exapple,  in ;re- 

vious s tud ie s  (Wells and Skaggs, 1976),  we found the  v e r t i c a l  K i n  3 

l a rge  cores of the  su r f ace  60 cm of Lumbee t o  be g rea t e r  than 10 c-;i- 

y e t  only 1.2 cmlhr in  a  4th core from the  same general area of the f i e ' ? .  

Measureme~ts from o the r  cores g r e a t e r  than 1  m deep and ana lys i s  c f  t r E  

K determinat ions from auger hole and drawdown measurements accordin! t o  

i n i t i a l  water t a b l e  depth i n d i c a t e s  t h a t  t he  sur face  0.75 to  1  n sf the 
- .  . 

Aurora s o i l s  have an e f f e c t i v e  ' a t e r a1  K of about 1  cm/hr. I n  so-e r ' e  : 



L/ 
loca t ions  the  e f f e c t i v e  K of the sur face  zone i s  higher ,  and the re  a re  

high K layers  within t h i s  zone in ne2rly a l l  l oca t ions .  However draw- 

down and auger hole measurements ind ica te  t h a t  the e f f e c t i v e  K f a l l s  

within the  range of 0.75 t o  1 .5  cm/hr f o r  the surface  l a y e r .  Values 

tend t o  be near the  higher end of the range f o r  the  Lumbee s o i l s  where 

the  spacing i s  30 m and somewhat lower f o r  the  s o i l s  in  the  7.5 and 

15 m spacing. The K value of the  dee?er sandy layer  i s  about 3 cii/hr. 

Analysis of the  K values with r e spec t  t o  i n i t i a l  water t a b l e  depth 

and s o i l  p r o f i l e  layer ing  r e su l t ed  in the values given in Table :0-4 f o r  

conduc t iv i t i e s  a t  each s i t e .  The e f f e c t i v e  l a t e r a l  K of the  p r o f i l e  

when the  water t a b l e  i s  near the su r face  was ca lcula ted  from the  conduc- 

t i v i t i e s  of the  two layers  and may be compared t o  the values in Table 13-2 

Table 10-5. Sumriary of K values of p r o f i l e  layers  used as input to  
DRAINMOD. 

- - 
> i  C,e Layer Deprn (n j  K ( c n l h r ;  Equivalent K* f o r  

p r o f i l e  (cmihr)  
,Aarora 

7.5 m 0.- 1 .0  *, 1 .0  cm/ hr 
1.0 - 1 .08 3.0 1.14 m/hr 

15 m 0 - 1.0., 1 . O  
1 . 3  - 1.23 3.0 1.37 

j C  n 0 - 1 . 3  *3 1 . O  
1 .0  - i  .sa 3.0 1 .73  

?::ncuth 0  - 1.1 .+ 15.0 
1.1 - 2.82 45.0 34.3 

Laurinburg 0  - 1.20 0.75 3.5 
1.20- 2.40 6 . 3  

Ki nston 
Go! asboro 0  - 1 .4  6 . 5  6 . 5  
Rains 0  - 1.1 4 . 3  3.6 

1.1 - 1 .4  1  . O  3 .6 

* 
This value i s  ca l cu la t ed  f o r  l a t e r a l  flow ( p a r a l l e l  t o  the  l a y e r s )  
witn the  water t a b l e  a t  the sur face .  

** 
Effec t ive  deptns of the p r o f i l e s  when co r rec ted  fop convergence near 
the  d ra in .  



The c o n d u c t i v i t y  i n p u t s  t o  DRAINMOD a r e  t h e  va lues g i v e n  f o r  i n d i v i d u a l  

l a y e r s  i n  T a b l e l 3 - 4 .  I t  shou ld  be noted t h a t  t h e  va lues g i v e n  f o r  t h e  

drawdown method i n  Tab le  1 0  a r e  averages ob ta ined  f o r  a  range o f  i n i t i a -  

wa te r  t a b l e  depths.  G e n e r a l l y  t h e  va lues f o r  Aurora  and Plymouth i n -  

creased w i t h  i n i t i a l  wa te r  t a b l e  depth. L i k e w i s e  t h e  e q u i v a l e n t  conduc- 

t i v i t i e s  ob ta ined  f r o m  t h e  l a y e r  va lues g i v e n  i n  Tab le  10-4  ill i x r e ~ j e  

w i t h  dep th  because of t h e  h i g h e r  c o n d u c t i v i t y  o f  t h e  bot tom l a y e r .  

S o i l  Water C h a r a c t e r i s t i c  and Drainage Volume - Water Table D e ~ t h  -- - --- 
Rela t i o n s h i p s  

S o i l  water  c h a r a c t e r i s t i c  data  (d ra inage  branch)  a r e  t a b u l a t e d  in,  

T a b l e t - 5 f o r  t h e  s o i l s  cons ide red  i n  t h i s  study.  Data a r e  a l s o  present?? 

f o r  two a d d i t i o n a l  s o i l s ,  a  Uagram loamy sand, and a  Portsmouth sacdy 

loam; t h e  l a t t e r  s o i l  i s  l o c a t e d  cn t h e  T idewater  Experiment S t a t i o n  a t  

Plymouth. l l i l t i n g  p o i n t  water  con ten ts  a r e  a l s o  i n c l u d e d  i n  t h e  s c i l  \ 

water  c h a r a c t e r i s t i c  data .  The main use o f  t h e  s o i l  water c h a r a c t e r i s -  

t i c  i n  DRAiNf:OD i s  t o  c a l c u l a t e  t h e  r e l a t i o n s h i p  between dra inage ; . c l~ -e  

and w a t e r  t a b l e  depth.  Howeve? these  r e l a t i o n s h i p s  were measured d ! rec t -  

l y  from l a r g e  f i e l d  co res  f o r  a l l  s o i l s  on t h e  exper imenta l  s i t e s  exce;: 

f o r  t h e  'heec l  ?e s o i l  on t h e  L a u r i n b u r g  s i t e .  The measured d ra inace  
.* - volume - wa te r  t a b l e  dep th  r e l a t i o n s h i p s  a r e  p l o t t e d  i n  F i g u r e  SL-:. 

R e l a t i o n s h i p s  f o r  v a t e r  t a b l e  depths  g r e a t e r  than t h e  core  depth, :.!?re 

c a l c u l a t e d  f rom t h e  s o i l  w a t e r  c h a r a c t e r i s t i c s .  The e n t i r e  r e l z r i c ? s k I ;  

was c a l c u l a t e d  f o r  t h e  s o i l  on t h e  Laur inburg  s i t e  as l a r g e  cores mr? 

n o t  c o l l e c t e d  f r o m  t h i s  l o c a t i o n .  

I n f i l t r a t i o n  Parameters 

C o e f f i c i e n t s  o f  t h e  Green-Arpt  i n f i l t r a t i o n  equa t ion  were detsF-!?e? 

f rom i n f i l t r a t i o n  measurements on t h e  s u r f a c e  r u n o f f  p l o t s  and o i  lar ;?  

und is tu rbed  f i e l d  cores.  Some runo f l '  p l o t  i n f i l t r a t i o n  measure-ents were 

made by  s p r i n k l i n g  u a t e r  a t  a  known r a t e  on t h e  p l o t  and subtrac:i?; :\e 

measured r u n o f f  r a t e  f rom t h e  a p p l i c a t i o n  r a t e .  Other i n f i l t r a t i o n  

measurements were determined f r o m  r u n o f f  caused by n a t u r a l  r a i n f a :  1 

events .  Measurements on f i e l d  cores were made by ponding water on the  

surface o f  t h e  same l a r g e  cores used t o  determine t h e  dra inage v o i m e  - 



Table lo-5.  Drainage branch o f  the  s o i l  water c h a r a c t e r i s t i c s  f o r  the  s o i l s  considered i n  t h i s  
study. Values g iven  i n  t a b l e  a r e  vo lumet r i c  water con ten ts .  

- -- 
S o i l  w i F r  pressure h z d T m  o f  water )  Ld i  1 t i n g  

S o i l  ooi nt. -. 

- 0 -10 .20 -30 -40 -50 -60 -70 -- -80 -100 -150 -200 -500 115 bars)  -- 

Lunhee s. 1 . - Aurora 
(0  - 0.6111) 0.342 0.335 0.327 0.305 0.290 0.200 0.270 0.265 0.256 0.250 0.210 0.190 0.12 

Cap? Fear 1 .  - Plymouth 
(0.15 n ~ )  0.482 0.444 0.429 0.418 0.410 0.402 0.396 0.392 0.388 0.381 0.372 0.368 0.22 
(0.5 m )  0.462 0.444 0.329 0.422 0.417 0.412 0.409 0.405 0.401 0.394 0.378 0.367 '? 

+- 
Lr! Ogeechee 1. - Laur inburg  

(0.3 111) 0.450 0.433 0 . t 20  0.410 0.405 0.402 0.398 0.397 0.391 0.385 0.372 0.365 0.340 0.24 
(0.75 ni )  0.425 0.398 0.383 0.368 0.358 0.347 0 . 3 3 5  0.331 0.326 0.320 0.312 0.307 0.293 

Goldsboro s.1. - Ki l ls ton 
(0. 15 111) 0.364 0.354 0.340 0.322 0.300 0.272 0.253 0.242 0.234 0.224 0.192 0.186 0.06 
(0.4G I:I) 0.370 ( i . 360  0.3'0 0.340 0.32G 0.312 0.303 02!'7 0 . 2 9  0.288 0.282 0.280 

Rains s .  I .  - K ins ton  
(0.15 in) 0.370 0.300 0.282 0.272 0.266 6.258 0.254 0.248 0.244 0.238 0.228 0.224 0.09 
(0.40 111) 0,368 0.326 0.302 0.286 0.275 0.267 0.261 0.256 0.251 0.244 0.231 0.222 

P o r t m o u t l ~  s .  1.  - Plymouth 
(0.15 ln) 0.330 0.363 0.354 0.346 0.340 0.334 0.328 0.324 0.319 0.312 0.304 0.296 0.13 
(0.40 111) 0.400 0.382 0.370 0.3h1 0.354 0.348 0.342 0.330 0.3% 0.334 0.331 0.37fl 
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WATER T A B L E  DEPTH,m 

F i g u r e l C - 5 .  Dra inace vo lune o r  h i r  vo luce  (cn?!c-?) a s  a  func::c- 2: 
w ? e r  t a b l e  dep th  f o r  s o i i s  cons ide red  i n  t h i s  stuc;. 
(Sane a s  F i s u r e  5 - 4 ) .  

w a t e r  t a b l e  de:th r e l a t i o n s h i p ' .  F i n a l l y ,  a d d i t i o n a l  reasureren:s : e r e  

xade u s i n g  guarded r i n g  i n f i ? t r o m e t e r s .  C o e f f i c i e n t s  A and G c i  t t e  

Green-Awpt equa t ion  were d e t e r m i r d  f r o n  each measured r e l a t j c n j h i ?  a ~ i  ., - ? J o t t e d  versus the  i n i t i a l  w a t e r  t a b l e  dep th  (e.?.  F i y r e  kC-c Cc:- imx? 

sandy loam) .  !.ihen a  d ry  zone e x i s t e d  a t  t h e  s o i l  s u r f a c e  an er , '~ iv??eo:  

i n ? t i ? l  wa te r  t a b l e  d e p t h  was d e f i n e d  such t h a t  t h e  a i r  volume co r res -  

pond ing t o  t h e  e q u i v a l e n t  d e o t h  i s  equal  t o  t h e  t o t a l  a i r  v c : r ~  ;a :+,? 

p r o f i l e  i n c i u d i n g  t h e  d r y  zone. Values of t h e  c o e i f i c i e n : ~  A a n t  S 

corre:ponding t o  s e l e c t e d  i n i t i a l  u a t e r  t a b l e  depths  v!ere o c t a i w d  f r r  
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Figure 2a.  Green-Ampt p a r a ~ e t e r s  A and B versus water t ab le  depth for 
t he  Lumbee sandy loam s o i l  on the Aurcra s i t e .  

the p lo ts  and used a s  inputs  t o  the computer program. These values a re  

tab-lated in  Table 13 foi- the experimental s i t e s .  In the simulation 

process,  D R A I N I C D  s e l e c t s  coefficieni.5 by i n t e r p o l a t i o r  from the tab le  

based or t he  i n i t i a l  equiva'cnt water t ab le  depth. 

Upward Water M o v e m ~ n t  

Relationships between maximum r a t e  of upward water ;:oveYent and  

water t ab le  depth were defined f o r  each s o i l  by numerically solving 

?quation lE f o r  v e r t i c a l  unsaturated water movement due to  Ei a: the 

sur face .  The surface boundary coca i t ion  was assumed t c  Le h = -1CCC cm. 

The re la t ionships  a r e  p lo t ted  in Figure 25. 
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Figure 1 @ 7 .  Effec t  of water t a b l e  dept!) on steady upvard f l u x  from 
t h e  w a t e r  t ab le .  (Sane a s  Figure 5-6). 

T ra f f i cab i l  i t y  parameters 

T r a f f i c a b i l i t y  parameters f o r  the s o i l s  considered i n  th is  study 

a r e  l i s t e d  in  Tablela-?.  These data  a r e  not used t o  t e s t  t he  model but 

a r e  important inputs  f o r  long term simulations f o r  the given s o i l s .  The 

parameters given were determined f o r  plowing and seedbed preparation i n  

t h :  spr ing.  K O  attempt was made t o  determine t h e  parameter values f o r  

t he  harvest  season. Generally the  maximum allowable s o i l  water content 

f o r  f i e l d  operat ions would be higher and t.he required drained ( a i r )  

volume lower during the harvest  season than f o r  seedbed preparation. 

Root Depths 

The crop root  depths were estimated from the  p lant ing  and harr.esti-; 

da t e s  given i n  TablelS-2.The p l o t s  given i n  Figure 2-22 were i j e d  c j  a 

guide t o  determine the root ing depth f o r  corn. The m3x:'nun e f f ec t ive  



Tablelb-6. Est imates o f  c o e f f i c i e n t s  f o r  the Green-Ampt i n f i l t r a t i o n  equat ion as a  func t ion  o f  
i n i t i a l  equ iva len t  water t a b l e  depths. 

* - -- 

Equiva lent  water t a b l e  depth (m) 

Soi 1 0  0.50 1  .O 1.5 2.0 5.0 
A B A B A B A B A B A - B 

Cape Fear 0  0  0.8 0.5 6.6 0.8 9.5 1.0 11.0 1  .O 13.0 1.0 

Goldsboro 0  0  1.2 0.75 2.7 1.25 4.4 2.0 5.3 2.0 26.0 2.0 

Rai r,s 0  0  1.2 0.50 3.0 0.75 6.0 1.0 9.2 1.0 25.0 1.0 

Portsmouth 0  0 1.2 0.75 6.5 1.2 10.0 1.5 12.0 1.5 15.0 1.5 

Rladen 0  0  0.82 0.15 1.3 0.15 1.5 0.15 1.8 0.15 2.1 0.15 

* 
Equiva lent  water t a b l e  depth i s  t!:e dra ined t o  e q u i l i b r i u m  w a t e r  t a b l e  depth corrcsl~c,t ld ing t o  a  

g iven  amount o f  a i r  volume i n  the p r o f i l e .  For example i f  the water t a b l e  depth was 1.0 m bu t  a 
d r y  zone e x i s t s  so t h a t  the  p r o f i l e  conta ins 10 cnt3 o f  a i r  per  cnlL o f  sur face area, the equiva lent  
water t a b l e  depth i s  the drained t o  e q u i l i b r i u m  depth t h a t  would have 10 cm o f  a i r .  



Table 1 0 7 .  T r a f f i c a b i l i t y  parameters f o r  plowing and seedbed preparat ion.  

Max~mum water 
Soi l  content-pi ow 

1 ayer AMIN* ROUTA** ROUTT*** 
(cm3/cm3) (m) ( m m )  (days) 

Cape Fear 1 .  0.395 33 12 2  
Lumbee s .  1. 0.265 28 15 1  
Ogeechee 1 .  0.39 34 12 2  
Goldsboro 5.1.  0.23 32 15 1  
Rains s .1 .  0.25 39 12 2 
liagram 1  . s .  0.15 35 15 1  
Bladen 5.1. 0.40 30 10 2  
Portsmouth s . l  . 0.32 30 12  2  

* 
AMIN = t he  minimum a i r  volume (or  drained volure)  f o r  plowing and 

seedbed prepara t ion .  That i s ,  i t  would be too we: t o  prepare 
seedbeds i f  the drained volume i s  l e s s  than AMIN. 

** 
ROUTA = t he  amount of  ra in  necessary t o  postpone f i e l d  work. 

*** 
ROUTT = the time necessary f o r  s o i l  water r e d i s t r i b u t i o n  before 

f i e l d  work can be r e s t a r t e d  a f t e r  i t  has been postponed by 
r a i n f a l l  i n  excess of ROUTT. 

root ing depth fo r  corn was assumed t o  be 30 cm while 25 cn was a s s ~ r e i  

fo r  potatces,  soybeans and wheat. The root ing depths f o r  each s i t e  a r e  

tabulated as a funct ion of Ju l i an  da te  f o r  each year in 1,ppevlix C. 

Climatological - Data 

Hourly p r e c i 7 i t a t i o n  data  measured on each exper icenta l  s i t e  a r e  
given by S k g g s  (1978) f c r  the durat izn of t k  s:?d)c Caily nariwm 2:' 

minimum temperatures were obtained from published U.S. Weather aarca; 

records f o r  s t a t i o n s  a t  Aurora, Plymouth and Laurinburg. The Plyrout". 

weather records were co l l ec t ed  on the  Tidewater Experiment S ta t ion  : .hile 

t he  weather s t a t j o n s  a t  Aurora and Laurinburg were within a  few kn of 
t he  experimental s i t e s .  

!later Level in  Drainage Outlet  --- 
The drainage o u t l e t s  i n  t h e  f i e l d  experiments a t  Aurora, Plync~:" 

a n d  Laurinburg a l l  received water from l a r g e  a reas  ou t s ide  of the 



experimental a r eas .  As a  r e s u l t  i t  was no t  poss ib le  t o  p r e d i c t  the 
water l eve l  i n  t he  drainage o u t l e t .  The water leve l  i n  the  o u t l e t  was 
measured continuously and the  average d a i l y  value was used a s  an i n p u t  

t o  t e s t  DRP.;NMOD. That i s ,  t he  measured water leve l  i n  the  d i t c h  was 
read i n  r a t h e r  than predic ted  from subroutine YDITCH in  the model. 
The o u ~ l e t  water l eve l s  a r e  p lo t t ed  f o r  t h e  Aurora  s i t e  in Figures 1 0 2 3  

t o  1025.  

Measured Versus Predicted Water Table Elevat ions -- 
Mater tab1 e  e l eva t ions  predicted by DRAINMOD a r e  compared to  measured 

values i n  t he  p l o t s  given on the  following pages. The measured and pre- 
d ic ted  water t a b l e  e l eva t ions  a t  t he  end of each day were p lo t t ed  automa- 

t i c a l l y  by the  computer f o r  a  s e r i e s  of one-year t e s t  pe r iods .  The agree- 
ment between predicted and measured values was quan t i f i ed  by ca l cu la t ing  
a  standard e r r o r  f o r  e a ~ h  t e s t  period defined a s  fo l lows,  

where s  i s  t he  s tandard e r r o r ,  n i s  the number of days i n  t h e  t e s t  period 
( y e a r ) ,  Y i  i s  t he  measured water t a b l e  e l eva t ion  above a  d a t m  a t  t h e  erd . 
of each day and Y i  i s  t h e  predicted water t a b l e  e l eva t ion .  The a v e r a ~ e  

devia t ion  (a .d.)  was a l s o  computed f o r  each t e s t  period as , .  

where t h e  symbols a r e  the  same a s  defined above. 
I t  should be emphasized t h a t  t he  p l o t s  given on the follow in^ Fases 

a r e  - not the  r e s u l t s  of a  da t a  f i t t i n g  e x e r c i s e . .  In every case  the  agree- 
ment between measured and predicted r e s u l t s  could be imprcvea by chang- 

ing one o r  more of  t he  ,model inputs .  However t h e  values required :o 
optimize the f i t  could not be determined a ,-rtorC so  juqo_ling the  

various inputs  t o  imorove the  agreement w i t h  observed da ta  would not pro- 

ii vide a  meaningful t e s t  of the model r e l i a b i l i t y .  ~ n s t e a d ,  each i n ~ u t  

parameter was determined independently a s  discussed in  previous sec t ions  



of t h i s  r epo r t .  In a few cases  the  parameters wil l  be varied t o  de t e r -  

mine the  s e n s i t i v i t y  of the  model t o  e r r o r s  in  parameter determinations. 

However, comparison of predicted r e s u l t s  with values measured in  the 

f i e l d  using independently measured input  parameters i s  the  only t rue  

t e s t  of t he  r e l i a b i l i t y  of the  model. This i s  the method used herein 
t o  determine the  s u i t a b i l i t y  of DRAINMOD f o r  appl ica t ion  t o  design and 

ana lys i s  of water management systems. 

Plymouth 

Predicted and observed water t a b l e  e leva t ions  from the T i d e m t e r  

Experiment S t a t ion  near Plymouth a r e  given in  Figures 10-8 th-::gi. 12-12. The 

agreement between predic ted  and observed r e s u l t s  i s  very good with s t a r -  

dard e r r o r s  of es t imate  ( s  va lues)  ranging from 8.6 cm (1977) t o  9 .8 c- 

(1975). The agreement i s  p a r t i c u l a r l y  good during periods when :he water 

level  in  t he  drainage d i t c h  i s  ra i sed  by cont ro l led  drainage o r  s u b i r r i -  

ga t ion .  This i s  due t o  the  high conduct iv i ty  of the p r o f i l e ,  e spec i a l ly  

t he  sandy l aye r  below a depth of approximately 1.1 m,  which permits the  

water t a b l e  t o  respond quickly t o  changes i n  t he  observed d i t c h  water 

l e v e l .  The  n e t  e f f e c t  i s  t h a t  t he  high K values makes the  water t ab l e  

m r e  s e n s i t i v e  t o  d i t c h  water e leva t ion  than t c  some of t h e  o ther  i nps t  para- 

meters such a s  those used in  pred ic t ing  i n f i l t r a t i o n ,  upward water rove- 

ment and ET. Controlled drainage was used during most of 1974, the f i r s :  

60 days of 1975, and f o r  a two month period from Dec., 1976 to  Jan . ,  157;. 

S u h i r r i ~ a t i o n  was a l s o  used f o r  s h o r t  per iods in  1973 and 1075 by :u-s'nc 

water i n t o  the drainage o u t l e t  from a deep well .  Hoecever, f o r  mcs: o= 

1973, 1975, 1976 and 1977, the system was operated a s  a conventional 

drainage sys ten  and s t i l l  gave exce l l en t  agreenent between measgrec and 

predicted r e s u l t s .  

Aurora 

Nater t a b l e  e l eva t ions  are p lo t t ed  f o r  the  7.5 m d ra in  spacin; a t  
Aurora in  Figures 12-13 (1973) tkrough 1C-17 (197'7'. Resu!tr a r e  p l ~ t + ~ " f l r  

the same years  f o r  the  15  m spacing i n  Figures 10-18 t h u g c  10-22 and for  

t he  30 m spacing i n  Figures ?C-23 t'::-ougn 10-2:. The stat?:ri e - ? @ i ~  of 

es t imate ( s )  a r e  given on each p l o t  and surmarized, along with c?r res -  
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ii urr? 1C-8. C k s e r t e d  and p r e d i c t e d  a a t e r  t a b l e  e l e v a t i o n s  ni idway betwee? i r a i c s  space  
55 r; a p a r t  o n  t h e  P l y m o ~ t h  s i t e  d u r i n g  1973.  
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"gut-e 1C-1C. Observed and p r e d i c t e d  wa te r  t a b i e  e l e v a t i o n s  midway between dra.ns s?z-,i 
85 m a p a r t  on t h e  Plymouth s i t e  d u r i n g  1975.  L) 
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' - 1 u c 9  lo-::. Ohserved and ~ r e d i c + ~ d  n k t e r  t a b l e  e l e v a t i o n s  midwav between d r a i r s  s n 2 c L  
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Fi?c;-e l:-l;. Observed and predicted water t a b l e  e leva t ions  midway between 
dra ins  spaced 93 m a s a r t  on the  Plymouth s i t e  during 1977. 

ponding values from the  Plgnouth and Laurinburg t e s t s ,  in TabielC-3.  

The Aurora system was operated in  the  drainage node during -0s: o f  

the  f i v e  year per iod.  Sub i r r iga t ion  was used f o r  r e l a t i v e l y  shor t  p e r i s i s  

in  1973. 1974 and 1975 a s  indicated by the  o u t l e t  d i t c h  water level eleva- 

t i o n s  included i n  p lo t s  f o r  t h e  30 m spacing (Figures  12-23 +hro;gh 1 - 2 )  Or 

of the  weaknesses of the  nodei i s  demonstrated by the  sub i r r iga t ion  event 

s t a r t i n g  on Ju l i an  day 150, 1975 (Figure 13-25).DRA:YF;OD predic t s  an 33-  

ward water t ab l e  response a t  the  midpoint between the  d r s in s  immedia:?ly 

a f t e r  the water leve l  in  t he  o u t l e t  d i t c h  i s  r a i s ed .  Hov:ever, i t  has 

been previously demonstrated (Skaggs, 1973) by theory a s  well as  by laSara- 

t o ry  and f i e l d  experiments,  t h a t  t he re  nay be a considerable  t i n e  l a c  

between a r i s e  in the  d i t ch  !water ieve l  and a water t a b l e  response - i d : d : ~  
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F i a ~ : - r  12-73. Observed and predicted water t a b l e  e leva t ions  midway between drains 

spaced 7 .5  m a p a r t  or the Aurora s i t e  during 1973. d 
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U F i g u r e  1C-15. Observed and p r e d i c t e d  w a t e r  t a b l e  e l e v a t i o n s  midway b e t w e e l  d r a i n s  
spaced 7.5 m  a p a r t  on t h e  A u r o r a  s i t e  d u r i n g  1975. 
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F i g s r e  10-16.Observed and  p r e d i c t e c  w a t e r  t a b 1  e  e l e v a t i o n s  midway bet::ec.: d r a i n s  

spaced 7 . 5  m sn.?t-t on t h o  Fvrnra  r i t p  d u r i n i  ??ic. 
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F i x - C -  10-17. Observed and predicted water t ab l e  e leva t ions  midway between drains  

spaced 7 .5  rn a p a r t  on the  Aurora s i t e  during 1977. d 
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Figure 19-18. Observed and predicted water t a b l e  e leva t ions  midway between 5 r . i ~ ~  

spaced 15 m a p a r t  on the  Aurora s i t e  during 1973. 
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L Fig;re l c - 1 9 .  Observed and p r e d i c t e d  wa te r  t a b l e  e l e v a t i o n s  midway betweeq d r a i n s  
spaced 15 m a p a r t  on t h e  Aurora  s i t e  d u r i n g  197A.  
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J U L I R N  DQTE 
~ igu;?  10-2c7. Observed and p r e d i c t e d  wa te r  t a b l e  e l e v a t i o n s  midway bet!.!ee~ drt; i is  

spaced 1 5  rn a p a r t  on t h e  Aurora s i t e  d u r i n o  1975 .  
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F i g u r e  1G-21 .Observed and p r e d i c t e d  w a t e r  t a b l e  e l e v a t i o n s  midway between d ra in s  

spaced 1 5  m a p a r t  on t h e  Aurora s i t e  d u r i n g  1976. 
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Fig2x-e 12-22. C b s e n e d  and p r e d i c t e d  w a t e r  t a b l e  e:eva';ions , c i & a y  between c - 2  i - 5  

spaced ;5 m a p a r t  on t h e  Aurora s i ~ e  d u r i c g  l 9 7 i .  
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b F i g u r e  1C-23. Observed and p r e d i c t e d  wa te r  t a b l e  e l e v a t i o n s  midway betweer: :ra'?s 

spaced 30 n a p a r t  on t h e  Aurora  s i t e ,  1973. 
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F i g u r e  10-24. Observed and p r e d i c t e d  wa te r  t a b l e  e l e v a t i o n s  midway bei:iee~ d r a i r s  

soaced 30 m a p a r t  on t h e  Aurora s i t e ,  1974. 



F i g w e  :3-?E. Observed and p r e d i c t e d  water  t a b l e  e l e v a t i o n s  midway ketween ??a  ins  
spaced 30 n a p a r t  oq t h e  Aurora s i t e ,  1976. 

F i y u r r  1b-25. Observed and p r e d i c t e d  water  t a b l e  e l e v a t i o n s  midway between d r a i n s  
spaced 30 m a p a r t  on t h e  Aurora s i t e ,  1975. 
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b F i p r e  1C-23. Observed and p r e d i c t e d  water  t a b l e  e l e v a t i o n s  midway between d r a i n s  

spaced 30 n a p a r t  on t h e  Aurora s i t e ,  1973. 
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F i g u r e  10-25. Observed and p r e d i c t e d  water  t a b l e  e l e v a t i o n s  midway be2:iecn d r a i n s  

spaced 30 m a p a r t  on t h e  Aurora s i t e ,  1974. 
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F i y u r ~  16-25. Observed and o r e d i c t e d  water t a b l e  e l e v a t i o n s  midwav between d r a i n s  
spaced 30 m a p a r t  on t h e  Aurora s i t e ,  1975. 
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F ig t i re  19-26. Observed and p r e d i c t e d  water  t a b l e  e l e v a t i o n s  v i w a y  Setwee- --?lq! 

spaced 30 m a p a r t  07 t h e  Aurora s i t e ,  1976. 
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F i g u r e  i0 -?7 .  Observed and p r e d i c t e d  w a t e r  t a b l e  e l e v a t i o n s  midway between d r a j n s  
spaced 30 m a p a r t  on t h e  Aurora  s i t e ,  1977. 

T a b l e  l i - 8 .  A summary of s t a n d a r d  e r r o r s  o f  e s t i m a t e  (CF) and average 
d e v i a t i o n s  (cm) f o r  compar ison  o f  observed w a t e r  t a b l e  eled?:- 
t i o n s  w i t h  p r e d i c t i o n s  by  DRAIYYOD. 

Year 
S i t e  1973 1974 1975 1976 1 9 i 7  

s a.d. s a.d. s a.d. s a.d. s e.d. 
A l l  u n i t s  i n  cm 

Auro ra  
L = 7 . 5 m  14.2 1 1 . 8  11.2 9.0 11.3 8.2 16 .1  12 .1  7 .5  5.7 
L = 15  m 15.0 13.4 19.6 16.1 16.4 13.2 17.4 13 .2  ? .a  7.1 
L =  3 0 m  18.2  13.3 18.3 14.4 16.7 12.1 15.2 10.9 13.4 13.3 

Plymouth 10 .4  7.7 9.6 6.3 9.8 7 . 6  8.7 6.3 8.6 6 . 7  

L a u r i n b u r g  - 15.9 l l . E  



between d r a i n s .  T h i s  i s  p a r t i c d l a r l y  t r u e  when s u b i r r i g a t i o n  i s  

i n i t i a t e d  d u r i n g  d r y  s o i l  c o n d i t i o n s .  T h i s  i s  c o n s i s t e n t  w i t h  t t e  r e s - l t s  

g i v e n  ic  Fi:::-e: 12-25 f o r  t h e  30 m r p a c i n g  and F i g u r e  10-26 f o r  :he l Z  

rn spacing.  I n  b o t h  cases t h e  observed m i d p o i n t  w a t e r  t a b l e  cont inued +3 

recede, m o s t l y  due t o  ET, a f t e r  t h e  d i t c h  wa te r  l e v e l  was r a i s e d  and d i c  

n o t  r e v e r s e  i t s  downward t r e n d  u n t i l  n e a r l y  30 days l a t e r  when r a i n f a l l  

occur red.  T h i s  was n o t  t h e  case f o r  t h e  7.5 m  spac ing which respon6e.i 

q u i c k l y  t o  t h e  r b i s e d  wa te r  t a b l e  as p r e d i c t e d  by t h e  model ( F i g s r e  19-75:. 

The model p r e d i c t s  an imned ia te  response t o  s u b i r r i g a t i o n  bec?;se 

f l u x  i s  c a l c u l a t e d  w i t h  t h e  Hooghoudt equa t ion  i n  terms o f  t h e  m t e r  

t a b l e  e l e v a t i o n  a t  t h e  m i d p o i n t  and t h e  water  l e v e l  i n  t h e  d r a i n .  Ro 

a l lowance i s  made f o r  t h e  t i m e  l a g  r e q u i r e d  t o  change f rom a  d ra inage  

p r o f i l e  t o  a  s u b i r r i g a t i o n  p r o f i l e  wh ich may be severa l  days f o r  1ar:t 

d r a i n  spacings.  E v e r y t h i n g  e l s e  be ing  equal, t h e  t i m e  l a g  i s  propcr: ionai 

t o  t h e  square o f  t h e  d r a i n  spac ing.  It should  be emphasized t h a t  tbe  

prob lem w i t h  t h e  model i n  t h i s  r e s p e c t  occurs  d u r i n g  t h e  t r a n s i t i o n  p e r i c l  'd 
f rom d ra inage  t o  s u b i r r i g a t i o n  o r  v i c e  versa. Once t h e  sub i r r iga : io r ,  

p r o f i l e  i s  e s t a b l i s h e d ,  ERA!?POD w i l l  do a  good j o b  i n  c h a r a c t e r i z ' n ~  t h e  

wa te r  t a b l e  response (see f o r  example t h e  r e s u l t s  f o r  P lymou t i ,  197L - 
Figure1;-:). E r r o r s  d u r i n g  t h e  t r a n s i t i o n  p e r i o d s  may a l s o  be ne;lig:bie 

i f  t h e  d r a i n  spac ing  i s  smal l  o r  i f  h y d r a u l i c  c o n d u c t i v i t y  i s  h i g t .  

P r e d i c t e d  and observed r e s u l t s  a r e  i n  good agreement f o r  e l l  I l r e e  

spacings on t h e  Aurora  s i t e  w i t h  a  maximum s  v a l u e  o f  19.5 cm f o r  tk 2.5 

m spac ing d u r i n g  1.974 and a  minimum s  v a l u e  o f  9.4 cm f o r  t h e  15 n soaci?; 

i n  1977. The p r e d i c t e d  wa te r  t a b l e  drawdown r a t e  was u s u a l l y  h i s h e r  the- 

t h e  observed and t h e  p r e d i c t e d  wa te r  t a b l e  e l e v a t i o n s  tended t o  be sc-e- 
. *  .- 

what l o w e r  than measured f o r  b o t h  t h e  7.5 and 15 m spacings (F igu res  I ~ - ! ,  

th rough TO-;?).This c o u l d  have been caused by  a  K v a l u e  which was t c o  hi;? 

o r  an erroneous r e l a t i o n s h i p  f o r  t h e  d ra inage  volume versus water  t a b l e  

depth.  However t h e  va lues  s e l e c t e d  were based on a c t u a l  h y d r a g l i c  c o r . 5 ~ -  

t i v i t y  measurements and t h e  same K v a l u e s  were used f o r  t h e  30 m spacin: 

wh ich  had about  t h e  same p r e d i c t e d  drawdown r a t e  as measured. Ress l t :  

o f  h y d r a u l i c  c o n d u c t i v i t y  t e s t s  i n d i c a t e d  t h a t  t h e  e f f e c t i v e  K o f  tne  



p r o f i l e  should be smaller  f o r  t he  7.5 and 15 m spacings than f o r  t he  30 

m spacing (Table 10-3). These d i f f e r e n c e s  were thought t o  be due t o  a 

t h i c k e r  sandy l a y e r  f o r  t he  30 m p r o f i l e .  The r e s u l t s  given in  10-1: 
through 10-27 i n d i c a t e  t h a t  t h e  conduct iv i ty  of  t he  individual  l a y e r s  

f o r  t he  7.5 and 15  m spacings may be smal le r  than t h a t  f o r  the 30 m 
spacing. I f  f a c t ,  t r i a l  runs showed t h a t  agreement between predicted 

and observed r e s u l t s  can be improved cons iderably  by using a lower K 

value f o r  t h e  7.5 and 15 m spacings.  However, such values were not 
obtained from hydraul ic  conduct iv i ty  measurements so t h e i r  use would n o t  

provide a f a i r  t e s t  of the v a l i d i t y  of  t he  model a s  discussed e z r l i e r  i n  

t h i s  s e c t i o n .  !n any event ,  the agreement between observed and predic ted  

r e s u l t s  f o r  a l l  spacings (Figures  16-13 10-27) i s  c o n s i c e r ~ ;  e x c e i l e y t  f a r  

f i e l d  cond i t i ons .  

Laurinctlrq 

Observed and predic ted  water  t a b l e  e l eva t ions  a r e  p lo t t ed  in  Figure 10- 

28 f o r  t h e  Laurini urg s i t e  during 1976. This  was a very dry  year  a t  
L/ Laur~nburg  and the water  t a b l e  d id  not reach the  sur face  a t  any time 

during t h e  yea r .  T h e  t o t a l  recorded r a i n f a l l  on the  experimental s i t e  

was only 780 m versus a normal annual r a i n f a l l  of about 1200 mm f o r  

t h i s  a r ea .  The agreement between observed and predic ted  water t a b l e  

depths was good w i t h  a s tandard e r r o r  of e s t ima te  of 13.9 cx f o r  tne 

yea r .  Although s u b i r r i g a t i o n  was poss ib l e  on t h e  s i t e ,  i t  was not used 

during 1975. The d ra in  depth was 1.07 m so the  water t a b l e  was a c t g a l l y  

below the  d ra in  f o r  a l a r g e  p a r t  of the  yea r .  Cotton, whicn has a r e l a -  

t i v e l y  dee? roo t  system, was grown on the s i t e  and the  water t a b l e  was 

f r equen t ly  lowered below the dra in  e l eva t ion  by ET. The r a t e  t h a t  :be 

water  t a b l e  was drawn down by ET was more rap id  than observed f o r  the  

e a r l y  par: of the yea r ,  c 'ulian days 45 to  100, but was i n  good agreevent  

w i t h  observa t ions  during t h e  peak and l a t t e r  p a r t  of the season, days 

180 t o  300. T r i a l s  w i t h  a range of values of hydraul ic  conduct iv i ty  

showed t h a t ,  a s  was the  case  with the  Aurora d a t a ,  agreement could be 

improved by reducing K .  However the r e s u l t s  given in  Figure 10-23 w z i c -  

L were obtained r i t h  indeoendently measured K va lues ,  a r e  considered 



excellent for f i e ld  conditions. 
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Experimental  d a t a  were ob ta ined  from long-term f i e l d  d ra inage  e q e r i r e n t s  

a t  t h e  North C e n t r a l  Branch, Ohio A g r i c u l t u r a l  Research and Development Center 

nea r  Sandusky, Ohio (Schwab e t  a l . ,  1963, 1975).  The exper iments  included re- 

p l i c a t e d  p l o t s  f o r  s u b s u r f a c e  ( t i l e )  d r a i n a g e ,  s u r f a c e  d r a i n a g e ,  and conbinat ion 

s u r f a c e  p l u s  subsur face  d ra inage .  There fo re  t h e s e  d a t a  can b e  used t o  t e s t  

DiL1I:NOD f o r  t h r e e  d i f f e r e n t  d r a i n a g e  sys tem des igns .  I n p u t s  f o r  DR4IPlOD were 

obta ined from s o i l  p r o p e r t y  d a t a  and c l i m a t o l o g i c a l  r e c o r d s  and t h e  p e r f o r z n c e  

of  che d r a i n a g e  sys tems was s imula ted  f o r  a  t o t a l  of  e i g h t  y e a r s .  Com?arlsons 

b e t m e n  measured and p r e d i c t e d  s u r f a c e  and s u b s u r f a c e  d ra inage  volunes were 

xade and used a s  a  b a s i s  f o r  judging t h e  v a l i d i t y  of D?AIX!OD f o r  ::orth Cent r - l  

Ohio c o n d i t i o n s .  R e s u l t s  of t h i s  i n v e s t i g a t i o n  were r e p o r t e d  i n  a  paper by 

Skaggs, Fausey and Xol te  (1979) and a r e  g iven i n  t h i s  s e c t i o n .  

Experiments 

E x a e r i ~ e n t a l  Site 

This  f i e l d  experiment was i n s t a l l e d  a t  t h e  North C e n t r a l  Branch, Ohio 

A g r i c u l t u r a l  Research and Development Center  n e a r  Sandusky, Ohio i n  1958. 

The f i e 1 6  i n s t a l l a t i o n  c o n s i s t e d  of p l o t s  having t i l e  o n l y ,  s u r f a c e  o n l y ,  a ~ d  

a  combination of t i l e  and s u r f a c e  d r a i n a g e .  There were f o u r  r e p l i c a t i o n s .  

Each p l o t  was 37 by 6 1  m (0.55 a c r e s )  and was surrounded wi th  an e a r t h  d ike  so 

t h a t  s u r f a c e  wa te r  could no t  e n t e r  o r  l e a v e  t h e  p l o t s  excep t  through t h e  flow 

measuring dev ice .  The t i l e d  p l o t s  con ta ined  t h r e e  100 m diamete r  concre te  

t i l e  l i n e s  w i t h  a  spac ing  of 1 2  m and dep th  of about  1 m. T i l e  flow was . e a s i l r s l  

from t h e  c e n t e r  l i n e  only .  The t i l e - o n l y  p l o t  had a  l e v e l  s u r f a c e ,  whi le  t5e 

surface-dra ined and combination-drained p l o t s  were graded t o  a  s l o p e  of about 



0.35 pe rcen t  a long  t h e  s h o r t  dimension of t h e  p l o t .  The s u r f a c e  water  was 

c o l l e c t e d  i n  a s u r f a c e  d r a i n  and c a r r i e d  t o  t h e  measuring s t a t i o n .  

S o i l s  

The predominant s o i l  type  a t  t h e  exper imenta l  s i t e  i s  Toledo s i l t y  c l a y ,  

a Mol l i c  Haplaquept,  f i n e .  The remaining 20 p e r c e n t  is  c l a s s i f i e d  a s  Ful ton 

s i l t y  c l a y ,  which occurs  a t  e l e v a t i o n s  1 5  t o  20 c m  h i g h e r  t h a n  t h e  Toledo. 

These s o i l s  a r e  t y p i c a l  of t h e  f i n e - t e x t u r e d  s o i l s  t h a t  occur i n  t h e  l a k e  

r e g i o n  of :Jorth C e n t r a l  United S t a t e s .  They a r e  on f l a t  o r  n e a r l y  l e v e l  

topography, a r e  h i g h  i n  c l a y ,  r e q u i r e  d ra inage ,  and a r e  d i f f i c u l t  t o  nacage.  

The h y d r a u l i c  c o n d u c t i v i t y  dec reases  r a p i d l y  w i t h  depth  as does t h e  60-cl  

p o r o s i t y .  

The Toledo s o i l  c o n t a i n s  45 t o  50 p e r c e n t  c l a y  i n  t h e  plow l a y e r .  The 

c l a y  c o n t e n t s  approach 60 p e r c e n t  c l a y  i n  t h e  lower B hor izon  a t  about 50  t o  

75 cm dep ths .  T h i s  s o i l  i s  c l a s s i f i e d  a s  be ing  "very s lowly permeable". I t s  

h y d r a u l i c  c o n d u c t i v i t y  i s  g r e a t l y  i n f l u e n c e d  by t h e  l a r g e  number of c racks  

t h a t  form upon d ry ing  and t h e  r a t e  a t  which they  a r e  c losed  by subsequent x;et- 

t i n g .  Root channels  a l s o  appear t o  g r e a t l y  i n f l u e n c e  :he c o n d u c t i v i t y .  T;M 

Ful ton s o i l  has  a s l i g h t l y  h i g h e r  c l a y  bulge  than  t h e  Toledo, t h e  former h a v k ~  

c l a y  c o n t e n t s  of 62 p e r c e n t  i n  t h e  lower B hor izon .  It i s  c l a s s i f i e d  a s  5 e 5 g  

l e s s  permeable t h a n  t h e  Toledo,  p a r t i c u l a r l y  i n  t h e  upper E h o r i z o n .  A s  wit:? 

t h e  Toledo,  c rack ing  and r o o t  channels  a l s o  g r e a t l y  i n f l u e n c e  i t s  h y d r a u l i c  

c o n d u c t i v i t y .  

Experimental  Procedure  

T i l e  and s u r f a c e  f low d a t a  were recorded cont inuously  f o r  t h e  growing 

season (!{arch 1 t o  September 30) each y e a r .  Excess water  was a p p l i e d  t v i c e  



each yea r  i n  b y ,  June, o r  July  t o  p rov ide  a  r e p e a t a b l e  10-year r e t u r n  period 

s torm.  Drain f low d a t a  f o r  t h e  e i g h t  y e a r s  (1962-64 and 1967-71) were used 

i n  t h i s  a n a l y s i s  because t h e  same crop (corn)  was grown dur ing  t h e s e  yea r s .  

Model Inpu t  Data - 
Cl imato log ica l  Data 

Hourly p r e c i p i t a t i o n  d a t a  were recorded on t h e  s i t e  dur ing t h e  months 

of March - September. Dai ly  p r e c i p i t a t i o n  d a t a  f o r  t h e  remaining months were 

ob ta ined  from t h e  nearby N a t i o n a l  Heather  S e r v i c e  S t a t i o n  a t  Sandusky, Ohio. 

The l a c k  of hour ly  d a t a  f o r  t h e s e  months was n o t  c r i t i c a l  because t e s t s  of t h e  

model were based on comparisons f o r  A p r i l  through September only .  Da i ly  maxi- 

mum and minimum a i r  t e n p e r a t u r e s  used t o  e s t i m a t e  p o t e n t i a l  ET by t h e  Thornthwaite 

method were ob ta ined  from t h e  same s t a t i o n .  

S o i l  P r o p e r t i e s  

Some of t h e  p h y s i c a l  and h y d r a u l i c  s o i l  p r o p e r t i e s  needed i n  t h e  model a r e  

a v a i l a b l e  from prev ious  p u b l i c a t i o n s  by Schwab e t  a l . ,  1963, Taylor e t  a l . ,  

1961. Other i n p u t s  such a s  i n f i l t r a t i o n  equa t ion  c o e f f i c i e n t s  and upward f l u x  

r e l a t i o n s h i p s  were es t ima ted  from a v a i l a b l e  unpublished d a t a .  

S o i l  water  c h a r a c t e r i s t i c s .  Data were compiled by Fausey (1975) and a r e  ? l o r r e d  -- 
i n  F i g u r e  10-29. The curve ob ta ined  f o r  t h e  5-15 cm depth  increment was use* 

f o r  dep ths  l e s s  than  30 cm and t h a t  ob ta ined  f o r  50-75 cm depth  f o r  p r o f i l e  

depths  g r e a t e r  than 30 cm. These d a t a  were used t o  c a l c u l a t e  t h e  e q u i l i b r i u n  

r e l a t i o n s h i p  between d ra ined  volume and wa te r  t a b l e  depth  (Figure  10-30) c h i c 5  

is  a l s o  a  model i n p u t .  

Hydraul ic  c o n d u c t i v i t v .  The e f f e c t i v e  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  (E) ;.a 

determined f o r  t h e  exper imenta l  s i t e  from d r a i n  outf low and water  t a b l e  drx<- 
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F i g u r e  10-29. S o i l  w t e r  c h a r a c t e r i s t i c s  f o r  t ~ o  d e p t h s  of t h e  Toledo s a i l  

0 
0.00 0.30 0.60 0.90 1.20 1.50 

WATER TABLE DEPTH (MI  
F i g u r e  10-30. Dra inage  volume a s  a f u n c t i o n  of w a t e r  t a b l e  depth  a s  

c a l c u l a t e d  from t h e  s o i l  w a t e r  c h a r a c t e r i s t i c .  



L down d a t a  by Hoffman and Schwab (1964). They a l s o  d e t e r n i n e d  K by t h e  auger 

ho le  method and from s o i l  co res .  T h e i r  r e s u l t s  showed t h a t  t h e  e f f e c t i v e  con- 

d u c t i v i t y  of t h e  p r o f i l e  decreased r a p i d l y  w i t h  depth .  The va lues  used in 

t e s t i n g  t h e  model were taken from F i g u r e  10-32 i n  Hoffman's and Schwab's ( l 9 S i j  

paper and a r e  g iven i n  Table  10-9. 

Table 10-9. E f f e c t i v e  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  of t h e  s o i l  p r o f i l e  a s  
a  f u n c t i o n  of w a t e r  t a b l e  depth  (From Iioffman an? Schwah. 136-, 
F i g u r e  10-32). 

Water Table Depth K ( c n l h )  of P r o f i l e  

L 
L?ward f l u x .  The r e l a t i o n s h i p  jetween s t e a d y  s t a t e  upward f l u x  and wa te r  t a 5 l e  

- - 
dep th  i s  a  n o t e l  i n p u t .  Th i s  r e l a t i o n s h i ?  was es t ima ted  by s o l v i n g  E q .  3 - 2  

using e x p l i c i t  f i n i t e  d i f f e r e n c e  methods a s  d i scussed  i n  Chapter 5.  The s c l :  

water  c h a r a c t e r i s t i c  d a t a  (F igure  10-29) were used i n  t h e  procedure  of 

? l i l l i n g t o n  and Q u i r k  (1960) ( a s  d e s c r i b e d  i n  Chapter 5 )  t o  determine the  un- 

s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  f u n c t i o n ,  X(h).  The c o n d u c t i v i t y  f u n c t i o n  

was matched a t  s a t u r a t i o n  t o  t h e  s a t u r a t e d  c o n d u c t i v i t y  of t h e  s u b s o i l  which 

was es t ima ted  from s o i l  c o r e  d a t a  of  Hoffman and Schwab (1964, F igure  10-31) 

t o  be 0 .2  cmlhr. R e s u l t s  a r e  p l o t t e d  i n  F igure  10-31. 

I n f i l t r a t i o n  pa ranecers .  Parameters  f o r  t h e  G r e e n - h p t  i n f i l t r a t i o n  e c u a i i c ?  

were determined by methods proposed by :lein and Larson (1073) and Brakensit"-  
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L (1977) a s  d iscussed i n  Chapter 5. Values f o r  A and B a r e  g iven a s  a  func t ion  

of w a t e r  t a b l e  depth  i n  Table  10-10. The A and 3 v a l u e s  were d e t e m i n e d  f r o n  

p r o p e r t i e s  of t h e  s u b s o i l  f o r  i n i t i a l  wa te r  t a b l e  dep ths  l e s s  than  100 cm. 

Deeper i n i t i a l  wa te r  t a b l e s  a r e  u s u a l l y  acconpanied by a  dry zone a t  t h e  sur- 

f a c e  s o  t h e  p r o p e r t i e s  of t h e  s u r f a c e  l a y e r  were used t o  o b t a i n  A and 3 f o r  

wa te r  t a b l e  depths  g r e a t e r  than 200 cm. 

Table  10-10. Farameters f o r  t h e  G r e e n - h p t  equa t ion  f o r  v a r i o u s  wa te r  t a b l e  
depths  a t  t h e  s t a r t  of  r a i n f a l l .  

R a t e r  Table  Depth (cm) A = K ?I S (cm2/h) 
s av  

a = K (cmlh) 
s 

Crop Data  

E f f e c t i v e  r o o t  depth  a s  a  f u n c t i o n  of t i n e  i s  a  r e q u i r e d  i n p u t  f o r  t h e  

model. The e f f e c t i v e  r o o t  depth  f o r  corn  was es t ima ted  f r o n  t h e  d a t a  of 

Yengal and Barber (1974) and Fo th  (1962) a s  d i scussed  i n  Chapter 2 .  The 

maximum e f f e c t i v e  r o o t  depth  was t aken  a s  30 cm. It was assrmed t h a t  :cater 

~ l m u r .  could be rer.oved f r o n  t h e  top 3  cm of s o i l  by evapora t ion  s o  t h e  n i t .  

e f f e c t i v e  r o o t  dep th  v a s  taken a s  3 cn.  

Drainage System Parameters  

Input  d a t a  d e s c r i b i n g  t h e  d ra inage  system a r e  summarized i n  Table  10-11. 

These d a t a  a r e  used i n  combination w i t h  s o i l  p r o p e r t y  d a t a  t o  compute drainag* 

f l u x ,  s u r f a c e  r u n o f i ,  e t c .  i n  t h e  computer s i m u l a t i o n  p rocess .  



Table 10-11. Sunmary of i n p u t  pa ramete r s  f o r  t h e  exper imenta l  dra inage syste-.. 

Parameters Subsurface Surface  Combination 
Drainage Drainage Surface  afid 
Alone Alone Subsurface 

Drainage 

Drain Spacing 1220 cm - 1220 cn 
Drain Depth 90 cm - 90 cm 
Equivalent  Depth from Drain  * * 

t o  Impermeable Layer 75 cm - 75 CE 

Equivalent  P r o f i l e  Depth 165 cm 180 cm 165 :rr 
Depth of Sur face  Storage 1 5  cm 0.25 cm 0.25 cr: 
Surface  Slope 0.0% 0.35% 0.352 
Drain 3 iamete r  1 0  cm - 10 c- 

Eva lua t ion  Procedure  

Sur face  runoff  and d r a i n  f low d a t a  were recorded f o r  t h e  pe r iod  :larch 1 t c  

September 30 each y e a r .  However t h e  Xarch d a t a  were i n c o n s i s t e n t  due t o  star:- 'd 
up pro3lems dur ing  some y e a r s ,  s o  t h e  e v a l u a t i o n s  a r e  based on t h e  pe r iod  

A p r i l  1 t o  September 30. P r e c i p i t a t i o n  d a t a  were a v a i l a b l e  f o r  a l l  mont5s a:.: 

p r e l i z i n a r y  s i n u l a t i o n s  were conducted f o r  January 1 t o  !aarch 31 t o  p r e 6 i z t  

i n i t i a l  c o n d i t i o n s  f o r  t h e  t e s t s  beginning A p r i l  1. Simulat ions  were co3ducte t  

f o r  a l l  f o u r  r e ? l i c a t i o n s  on t h r e e  d r a i n a g e  t r e a t m e n t s  ( s u r f a c e ,  subsur face  a?- 

c o z b i n a t i o n )  f o r  each of  t h e  e i g h t  y e a r s .  P r e d i c t e d  and measured t i l e  f l o x  a n i  

su:face :u?cff v c l u v e s  were com?zreC t o  evaluate t:l% zcccrzcy of DRAEZOD f o r  ti? 

given c o n d i t i o n s .  Comparisons were made on t h e  b a s i s  of b o t h  d a i l y  and ~ , ~ u l 2 -  

t i v e  runoff  volumes. Eowever, e i t h e r  t i l e  f low o r  s u r f a c e  runoff  occurs  or. on:? 

* 
This  e q u i v a l e n t  depth  was used by Hoffman and Schwab (1964) t o  o b t a i n  the  i; 
v a l u e s  i n  Table  10-9 s o  i t  i s  a l s o  used i n  t h e  s imula t ion .  



a  few days dur ing  t h e  growing season  s o  comparisons f o r  d a i l y  f low volumes 

invo lve  numerous ze ro  v a l u e s  f o r  b o t h  p r e d i c t e d  and observed.  Th i s  i s  no t  ?he 

case  w i t h  cumulative volumes and t h e  e v a l u a t i o n s  a r e  mainly based on t h e s e  

va lues .  

The agreement between p r e d i c t e d  and measured cumulative f low volumes ,was 

q u a n t i f i e d  by c o q u t i n g  t h e  average d e v i a t i o n  over  t h e  season a s ,  

where Y .  i s  t h e  p r e d i c t e d  cumulat ive  d ra inage  o r  runof f  volume and Y .  i s  t h e  
1 1 

observed va lue  on day i; n = 183,  t h e  number of  days from A p r i l  1 t o  S e ~ t e 9 5 e r  

- . A problem w i t h  comparing cumulat ive  f low volumes i n  e v a l u a t i n g  t h e  model 

i s  t h a t  t h e  e f f e c t  of an  e r r o r  e a r l y  i n  t h e  season  may be c a r r i e d  over  t h e  

e n t i r e  d u r a t i o n .  For example, i f  p r e d i c t e d  d r a i n  f low i s  2 cm too high on t h e  

f i l s [  day of t h e  t e s t  b u t  p r e d i c t e d  and measured v a l u e s  on succeeding days a r e  

e x a c t l y  e q u a l ,  t h e  average d e v i a t i o n  would b e  a  r e l a t i v e l y  h igh  v a l u e  of 2 cz. 

R e s u l t s  Discuss ion  

?leans of t h e  average d e v i a t i o n s  f o r  cumulat ive  f low volunes  f o r  a l l  f o u r  

r e p l i c a t i o n s  a r e  g iven i n  Table  10-12. Values a r e  t a b u l a t e d  f o r  each y e a r  f o r  

s u r f a c e  d ra inage  p l o t s ,  s u b s u r f a c e  d ra inage  p l o t s ,  s u r f a c e  d ra inage  from t 3 e  

combination p l o t s  and s u b s u r f a c e  d ra inage  from t h e  combination p l o t s .  hgree- 

ment between measured and p r e d i c t e d  o u t f l o v  volumes was good f o r  a l l  t r e a t n e p t s  

wi:h v a l u e s  ranging from a  low of 0.92 cm t o  a maximum of 4 . 3  cm. These 

r e s u l t s  seem p a r t i c u l a r l y  good when f i e l d  v a r i a b i l i t y  and t h e  approximate n a t u r e  

of many of t h e  model i n p u t s  a r e  cons ide red .  



Yi-.a r SUI f a c e  Dratnagr Sul)si~r 1.1ce 1)roindge SIL: f a c e  Runoff Sul.;ur f.r< 2 Drainage 
n . d .  pcrccnt  111 i 1 . d .  percent  o f  a , d .  percent  or a . d .  percent  o f  * 
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It i s  d i f f i c u l t  t o  judge t h e  agreement of p r e d i c t e d  and observed r e s u l t s  

from a  s i n g l e  s t a t i s t i c  such a s  t h e  average d e v i a t i o n .  P l o t s  r e p r e s e n t i n g  

t h e  b e s t  and wors t  f i t s  of t h e  model f o r  each t r ea tment  a r e  given and d i scussed  

i n  t h e  fo l lowing  s e c t i o n s .  The r e a d e r  should  n o t e  t h a t ,  t h e  model has not been 

f i t t e d  o r  matched t o  t h e  observed d a t a  f o r  t h e  same reasons  t h a t  i t  was not  

f i t t e d  t o  t h e  N.C.  d a t a  d i scussed  on page 10-21. The p r a c t i c a l  use  of t h e  

model depends no t  only  on i t s  a b i l i t y  t o  r e l i a b l y  p r e d i c t  t h e  water  t a b l e  posi -  

t i o n ,  d ra inage  r a t e s ,  e t c . ,  b u t  a l s o  on t h e  premise t h a t  t h e  r e q u i r e d  i n p u t s  can 

be ob ta ined  from s o i l  p r o p e r t y  measurements, s i t e  c h a r a c t e r i s t i c s  and d ra inage  

system parameters .  That i s ,  i t  i s  n o t  a n t i c i p a t e d  t h a t  t h e  model r e q u i r e s  

" c a l i b r a t i o n "  f o r  a  g iven  s i t e  and d ra inage  s i t u a t i o n ,  a  requirement t h a t  would 

s e v e r e l y  l i m i t  i t s  u s e f u l n e s s  f o r  d ra inage  system des ign  and e v a l u a t i o n .  I n  

L 
t h i s  s tudy ,  t h e  i n p u t  parameters  were d e t e r n i n e d  independent ly ,  a s  d iscussed 

i n  p rev ious  s e c t i o n s ,  and t h e  r e s u l t s  ob ta ined  should  be i n d i c a t i v e  of t h e  

model's r e l i a b i l i t y  f o r  f i e l d  c o n d i t i o n s  i n  r o r t h  C e n t r a l  Ohio. 

Surface  Drainage 

Observed and c a l c u l a t e d  runoff  voluroes f r o n  p l o t s  w i t h  s u r f a c e  d ra inage  

a lone  a r e  p l o t t e d  i n  F igure  10-32 f o r  1971. Based on t h e  magnitude of the  

a .d . ,  t h e s e  p l o t s  r e p r e s e n t  t h e  b e s t  f i t  of t h e  model t o  observed r e s u l t s  

wi th  a.d.  = 0.92 cm. The model p r e d i c t e d  about  t h e  r i g h t  amount of runoff  

f o r  a l l  r a i n f a l l  and i r r i g a t i o n  e v e n t s  except  f o r  day '230 when s u r f a c e  r u n o i i  

was p r e d i c t e d  bu t  none measured. Closer  i n s p e c t i o n  of t h e  r e s u l t s  showed 

t h a t  t h e  p r e d i c t e d  wa te r  t a b l e  r o s e  t o  t h e  s u r f a c e  dur ing  t h i s  even t  f o l l o v e d  

by runoff  of about  1 . 5  cm. The e r r o r  may have been caused by u n d e r e s t i ~ a t i n g  

ET f o r  t h e  pe r iod  p r i o r  t o  day 230. Low e s t i m a t e s  of ET would have reduced 

L 
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L l  t h e  u n s a t u r a t e d  s t o r a g e  volume a v a i l a b l e  f o r  i n f i l t r a t i n g  wa te r  and r e s u l t e d  

i n  er roneous  h i g h  p r e d i c t i o n s  of s u r f a c e  r u n o f f .  

The wors t  ag reenen t  f o r  s u r f a c e  d ra inage  p l o t s  was ob ta ined  f o r  1964 

(Figure  10-33). I n  t h i s  c a s e  t h e  mean a .d .  was 3.7 cm which i s  34 p e r c e n t  of 

t h e  t o t a l  measured runoff  (10.8 cn) f o r  t h e  April-September t e s t  pe r iod .  The 

d e v i a t i o n  was mostly due t o  o v e r p r e d i c t i o n  of runoff  dur ing  A p r i l  (days 90 - 
1 2 0 ) .  A p r i l  was a  r e l a t i v e l y  wet month (12.95 cm of r a i n f a l l )  i n  1964 and no 

exp lana t ion  i s  g iven  f o r  t h e  low measured runoff  volumes dur ing  t h a t  pe r iod .  Ir: 

is  noted t h a t  p r e d i c t e d  d a i l y  runoff  volumes were r a t h e r  low and s c a t t e r e l  

throughout t h e  month. Such low runoff  r a t e s  a r e  d i f f i c u l t  t o  measure and Ea:; 

no t  have been a c c u r a t e l y  metered by i n s t r u ~ e n t a t i o n  on t h e  s i t e .  3 e v i a t i o n s  

occur r ing  i n  A p r i l  a r e  c a r r i e d  over  f o r  t h e  r e s t  of t h e  y e a r  even though good 

agreement between ~ r e d i c t e d  and observed d a i l y  runoff  volumes was ob ta ined  

a f t e r  day 120. 

Subsurface Drainage 

Agreement between p r e d i c t e d  and observed r e s u l t s  f o r  t h e  subsur face  d ra in -  

age p l o t s  was e x c e l l e n t .  The b e s t  and wors t  f i t s  of t h e  model a r e  shown i n  

F igures  10-34 and 10-35, r e s p e c t i v e l y .  Although t h e  b e s t  f i t  was a c t u a l l y  

o b t a i a e d  f o r  1962 (a .d .  = 0.94 cm), t h e  r e s u l t s  f o r  1 9 i l  (2.d. = 1.12 c3) a r z  

p l o t t e d  i n  F igure  10-34 r e p r e s e n t i n g  t h e  b e s t  f i t .  ( R e s u l t s  f o r  1962 were no: 

p l o t t e d  because each r e p l i c a t i o n  was i r r i g a t e d  s e p a r a t e l y  r e s u l t i n g  i n  four  

s e p a r a t e  p r e d i c t e d  r e l a t i o n s h i p s . )  R e s u l t s  f o r  1971 a r e  i n  e x c e l l e n t  agree- 

ment f o r  a l l  r e p l i c a t i o n s .  

The wors t  f i t  f o r  s u b s u r f a c e  d r a i n a g e ,  a s  d e t e r n i n e d  from t h e  a . d .  va lues ,  

was ob ta ined  f o r  1969 (F igure  10-35). However, agreement between p r e d i c r e i  
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L/ and observed r e s u l t s  was e x c e l l e n t  f o r  most of t h i s  y e a r  a s  shown i n  F igure  

10-35. R a i n f a l l  was ext remely high f o r  1969 w i t h  o v e r  25 cm o c c u r r i n g  on 

J u l y  4  (day 185) .  The major d e v i a t i o n s  r e s u l t e d  from t h a t  r a i n f a l l  event  

and were c a r r i e d  over  f o r  t h e  r e s t  of t h e  y e a r  (F igure  10-35). Although the  

mean a .d .  was 4.32 cm, i t  r e p r e s e n t s  on ly  6 . 1  p e r c e n t  of t h e  t o t a l  d ra inage  

f o r  1969. 

Combination Surface  & Subsurface  Drainage 

A g r e e ~ e n t  of observed and p r e d i c t e d  r e s u l t s  f o r  t h e  com5ination p l o t s  

was determined by nak ing  comparisons f o r  b o t h  s u r f a c e  and subsur face  d ra in -  

age volumes. The b e s t  f i t  of t h e  model f o r  t h e  s u b s u r f a c e  d ra inage  comsonent 

was ob ta ined  f o r  1'371 and i s  shown i n  F igure  10-36. Corres?onding p l o t s  :or 

s u r f a c e  d r a i n a g e  f o r  t h e  same year  a r e  g iven i n  F i g u r e  10-37. There were 

good agreements i n  bo th  c a s e s  w i t h  a .d .  = 1 . 0  cm f o r  t h e  s u b s u r f a c e  coxpon- 

e n t  and a .d .  = 0.99 cm f o r  t h e  s u r f a c e  components. For t h e  combination p l o t s ,  

t h e  o v e r p r e d i c t i o n  of s u b s u r f a c e  d r a i n a g e  was o f t e n  acconpacied by low pre- 

d i c t i o n s  f o r  t h e  s u r f a c e  d ra inage  and v i c e  v e r s a .  S ince  t h e  a .d .  va lues  a r e  

based on a b s o l u t e  d e v i a t i o n s ,  t h e  sum of t h e  va lues  f o r  s u r f a c e  runoff  a d  

s u b s u r f a c e  d ra inage  has  no s i g n i f i c a n c e  and is  n o t  i n d i c a t i v e  of t h e  accurac:: 

of t h e  model f o r  a  g iven  y e a r .  

The wors t  f i t  f o r  t h e  conb ina t ion  p l o t s  was ob ta ined  f o r  1957. Xesu l t s  

f o r  t h e  subsur face  d ra inage  component a r e  shown i n  F i g u r e  10-38 and those  

f o r  t h e  s u r f a c e  component i n  F i g u r e  10-39. R e p l i c a t i o n s  1 an6 2 were i r r i g a t e d  

a t  a  d i f f e r e n t  t ime than  r e p l i c a t i o n s  3  and 4 s o  t h e r e  a r e  two p r e d i c t e d  re -  

l a t i o n s h i p s  f o r  each p l o t .  P r e d i c t e d  cumulat ive  d ra inage  volumes were hig'.er 

than measured a f t e r  day 130 f o r  a l l  r e p l i c a t i o n s  (F igure  10-38). Th i s  rias 

p r i m a r i l y  due t o  p r e d i c t e d  d ra inage  volumes t h a t  were too h i g h  f o r  d a r s  i29 

L/ 
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and 130. However subsur face  d ra inage  was a l s o  overpred ic ted  f o r  l a t e r  events  

dur inp  t h e  y e a r ,  a l though by a s m a l l e r  amount. Examination of Figure  10-39 

i n d i c a t e s  t h a t ,  except  f o r  r e p l i c a t i o n  3, s u r f a c e  d ra inage  p r e d i c t i o n s  were 

a l s o  t o o  h igh .  There fo re ,  t h e  problem does n o t  appear  t o  b e  one of i n c o r r e c t -  

l y  p a r t i t i o n i n g  t h e  s u r f a c e  and s u b s u r f a c e  d ra inage  components. The dev ia t ions  

could have been caused by low e s t i m a t e s  f o r  ET p r i o r  co day 129 b u t  t h e r e  i s  

no way t o  determine i f  t h i s  was a c t u a l l y  t h e  case .  

S m r y  And Conclusions 

The w a t e r  management model DIMIhXOD was eva lua ted  f o r  North C e n t r a l  Ohio 

c o n d i t i o n s  by comparing p r e d i c t e d  and measured d ra inage  volumes f o r  e i g h t  

y e a r s  of record.  Comparisons were made on f o u r  r e p l i c a t i o n s  of subsur face  

d ra inage  a l o n e ,  s u r f a c e  d ra inage  a lone  and combination p l o t s  having both  

s u r f a c e  and s u b s u r f a c e  d ra inage .  I n p u t s  t o  t h e  model were measured c l i n a t o l o -  

g i c a l ,  c rop,  and s o i l  p roper ty  d a t a  and d ra inage  system parameters  f o r  each 

t r ea tment .  Comparisons were made f o r  t h e  months of A p r i l  through Se?cezber; 

corn  was grown on the  exper imenta l  p l o t s  f o r  a l l  y e a r s  c o n s i l e r e d .  

P r e d i c t e d  s u r f a c e  runof f  and subsur face  d ra inage  volumes were i n  good 

agreement w i t h  measured v a l u e s  f o r  a l l  t h r e e  d ra inage  t r e a t m e n t s .  Compari- 

sons  of measured and p r e d i c t e d  r e l a t i o n s h i p s  showed t h a t  t h e  t i n e s  of occur-  

re-ce of s u r f a c e  runoff  and subsur face  d ra inage  e v e n t s  were p r e 6 i c t e d  aczurars-  

l y  i n  almost  a l l  c a s e s .  IJhi le  t h e r e  were some d e v i a t i o n s  i n  t h e  magnitude cf  

p r e d i c t e d  and measured volumes f o r  i n d i v i d u a l  d ra inage  e v e n t s ,  they  were 

u s u a l l y  smal l  and,  i n  most c a s e s ,  were about  t h e  same magnitude a s  the  

d i f f e r e n c e s  between r e p l i c a t i o n s .  



FLORIDA 

Water t a b l e  and d r a i n  outf low d a t a  were ob ta ined  from t h e  S W P  p r o j e c t  

(a coopera t ive  p r o j e c t  between t h e  USDA-ARS and t h e  F l o r i d a  A g r i c u l t u r a l  

Experiment S t a t i o n ,  G a i n e s v i l l e ,  E la . )  a t  F o r t  P i e r c e ,  F l o r i d a .  The da ta  

were ob ta ined  through t h e  coopera t ion  of D r .  3 .  S.  'ogers, S E A - a ,  a t ' t h e  

G n i v e r s i t y  of F l o r i d a .  The f i e l d  experiments were s e t  up i n  1968 t o  s tudy 

problems of d ra inage ,  w a t e r  c o n t r o l  and c i t r u s  t r e e  growth on sandy f1atr:oods 

s o i l s .  Both water  t a b l e  and d r a i n  ou t f low d a t a  f o r  two f i e l d  p l o t s  were 

ob ta ined  and analyzed and t h e  r e s u l t s  a r e  p resen ted  i n  t h i s  s e c t i o n .  

Experiments 

Experimental  Sire 

D e t a i l s  of t h e  exper imenta l  l a y o u t  which i s  l o c a t e d  on a  20-hectare 

exper imenta l  watershed were given by K n i ~ l i n g  and Earnon2 (1971). The s o i l s  

a r e  Wabasso and Oldsmar sands  ( A l f i c  Arenic  Haplaquods) which c o n s i s t  of a  

75 t o  90 cm deep A hor izon  of a c i d  sand u n d e r l a i n  by a  10 t o  20 cn t h i c k n e s s  

of an o r g a n i c  hor izon c a l l e d  s p o d i c  l a y e r ,  which i n  t u r n  is u n d e r l a i n  by 

sandy c l a y  loam. Subsurface d r a i n s  c o n s i s t i n g  of 4-inch (10 cn)  co r rcga ted  

p l a s t i c  tub ing  were i n s t a l l e d  60 f e e t  (18.3 cm) a p a r t .  Two d r a i n  depths  were 

used and one s e t  of 1976 d a t a  were ob ta ined  f o r  each depth.  I n  one case  t i e  

depth  was 107 cm (3.5 f t )  t o  t h e  bottom of t h e  d r a i n  and t h e  o u t l e t  was open, 

i . e .  above t h e  w a t e r  l e v e l  i n  t h e  o u t l e t  d i t c h .  The o t h e r  d r a i n  depth was 

122 cm (4 f t )  b u t  t h e  o u t l e t  end was turned up (elbowed) s o  t h a t  t h e  l i n e  1cas 

submerged dur ing  d ra inage  w i t h  a n  o u t l e t  wa te r  depth  of 3.5 f t  (107) cn. 

Water t a b l e s  were measured midway between t h e  d r a i n s  and d a i l y  maximum and 

minimum wate r  l e v e l s  recorded.  These va lues  Irere compared t o  p red ic ted  da? 



end water table depths. Citrus, with an assumed effective rooting depth of 

25 cm, was grown continuously on both plots analyzed. Although the ex?erher.rs 

included three profile modification treatments, the data analyzed here were 

taken for conventional surface tillage only. 

Soil Properties - 
The physical and mineralogical characteristics of the soils were descrfie? 

by Hamond, et al. (1971). Factors affecting the rate of subsurface drainaga 

were discussed by Stewart and Alberts (1971) and by Alberts, et al. (19;:). 

Drainage characteristics of the soils were simulated on a resistance netvor:; 

by Rogers, et al. (1971) and the water table behavior further studie? 5~ 

Rogers and Stewart (1972 and 1976). Input soil property values were  obtain^? 

fror, the above references. The soil water characteristics given 3y Bamcni 

et al. (1971) were used to calculate the'drainage volume-water table depth 

relationship given in Figure 10-40. Saturated hydraulic conductivity was 

obtained from cores for each profile layer and were reported by tiannocd et a:. 

(1971). The effective hydraulic conductivity was also calculated fror the 

Grain outflow data of Stewart and Alberts (1971) (their Figure I). The con- 

ductlvity values obtained from these sources and used in testing DKAI?3:C3 rri 

given in Table 10-13. The equivalent depth from the drain to the izlper~.er5;e 

Table 10-13. Effective saturated hydraulic conductivity as a funcrion cf 
profile depth. 

Depth from Surface K 
O - 12 cm 12.7 cm/hr 
12 - 36 25.4 
36 - 84 16.0 
84 - 106 0.025 

106 - 132 5.08 
132 - 204 1.27 
belox 204 0.3 (impermeable! 
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l a y e r  was c a l c u l a t e d  t o  be 63 cm f o r  a  d r a i n  depth  of 107 cm and 57 cm f c r  

t h e  122 cm depth.  Hojiever t h e  methods f o r  determining e q u i v a l e n t  depth (Eqs. 

2-13 and 2-15) assume a  uniform s o i l .  T'ne d  v a l u e  was a d j u s t e d  t o  account 
e  

f o r  l a y e r i n g  a s  fo l lows .  The product  of c o n d u c t i v i t y  and depth  i n  the  bo t t33  

zone ( f o r  a  d r a i n  depth  of 107 CD) should  be reduced by d  /d = 63/97 t o  cor- 
e 

pensa te  f o r  convergence n e a r  t h e  d r a i n .  Therefore  i f  we assume t h e  regior. 

below t h e  d r a i n  is uniform w i t h  K = 5.08 cmlhr an  e q u i v a l e n t  depth cf 
de 

should be use? such t h a t ,  

' 63 
5.08 d  = - (5.35 x 25 + 1.27 x 7 2 ) .  

e  97 

Thsn 2  = 2 :  cn. I n  l i k e  nanner ,  de = 22  cn f o r  t h e  123 c? d r a i n  Ze?:?.. T:.e;e e 

va lues  were used a s  t h e  depth  from t h e  d r a i n  t o  t h e  imperneable l a y e r  wi t?  a  

u n i i o n  k = 5.Oe c n i n r .  

- -he  uywart f l u x - r z a t ~ r  t a b l e  de?th r e l a t i o n s h i ?  was c a l c u l a t e ?  us ing : ? e  

numerical  methods given i n  Chapter 5 and t h e  u n s a t u r a t e d  h y d r a u l i c  conducti-  

v i t y  v a l u e s  g iven by Hamond e t  a l .  (1971). Tile r e l a t i o n s h i p  i s  s l o t t e c  1:. 

Figure  19-41. 

D a i l : ~  maxizua and minimuc: temperatures  were o b t a i n e l  f r o 3  t h e  :la:iXtl 

Oceanic and Atiiiospherlc A6min i s t ra t ion  (;:@>A) f o r  F o r t  P i e r c e .  These d a t a  -ere 

used t o  c a l c u l a t e  p o t e n t i a l  LT us ing  t h e  Thomthwai te  method. Dai ly  eva;crz- 

t i o n  pan d a t a  were a l s o  ob ta ined  from FOM and used i n  D?.Z!7!03 f c r  cor:ariS.-- 

purposes 

R e s u l t s  

The observed d a i l y  maximum w a t e r  t a b l e  e l e v a t i o n s  a r e  compared t o  predi:ze: 

day end v a l u e s  i n  F igure  10-42 f o r  p l o t  12. The d r a i n  depth  is  122 cu (a f:'. 

The o u t l e t  was r a i s e d  s o  t h a t  t h e  e f f e c t i v e  o u t l e t  depth  i s  107 cm. In ;e=r=:, 

t h e  agreement between p r e d i c t e d  and measured wa te r  t a b l e  e l e v a t i o n s  i s  goo? 
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with  a  s t a n d a r d  e r r o r  ( E q .  10-1) of  on ly  10.2 cm. P r e d i c t e d  va lues  a r e  h i g h  

dur ing t h e  e a r l y  p a r t  of t h e  t e s t  pe r iod  (days 3  t o  90) and somewhat lo,,: 

du r ing  t h e  n i d s m e r  months. A c l o s e r  examinat ion of t h e  s i m u l a t i o n  r e s , d t s  

showed t h a t  p r e d i c t e d  w a t e r  t a b l e  e l e v a t i o n s  would have been even lower during 

t h e  summer had t h e  ET n o t  been l i m i t e d  by upward w a t e r  movement (Figure  10-LT). 

These d i s c r e p a n c i e s  a r e  a p p a r e n t l y  due t o  h i g h  e s t i m a t e s  of p o t e n t i a l  K 6::-n; 

t h e  summer months and low e s t i m a t e s  dur ing  t h e  w i n t e r  and e a r l y  s p r i n g .  

aecause PET p r e d i c t i o n s  by t h e  Thornthwaite method depend m l y  on tempera:ure 

and d a y l i g h t  h o u r s ,  r a t h e r  h igh v a l u e s  a r e  ob ta ined  f o r  t h e  h o t  s u m e r  days i n  

F l o r i d a .  However t h e  h m i d i t y  i s  a l s o  very  h igh  and t ends  t o  l i n i :  t h e  OET. 

P r e d i c t e d  w a t e r  t a b l e  e l e v a t i o n s  us ing d a i l y  evapora t ion  pan read ings  

( c o r r e c t e d  by pan c o e f f i c i e n t  of 0 . 7 )  a r e  p l o t t e d  i n  F i g u r e  13-43. Z i g h i r  ?ET 

v a l u e s  dur ing  t h e  s p r i n g  and lower v a l u e s  d u r i n ~  t h e  s u w e r  ircprcved agreerenc 

between p r e d i c t e d  and observed w a t e r  t a b l e  e l e v a t i o n s  r e s u l t i n ;  i n  a  s t a n d z r i  

e r r o r  of  9 . L  cm. S t i l l  t h e  agreemeat s h o m  i n  F i g u r e  1Q-42 i s  judged accez- 

t a b l e  f o r  f i e l d  c o n d i t i o n s .  

P r e d i c t e d  and observed s u b s u r f a c e  d ra inage  volume f o r  p l o t  12 a r s  p l o t t s d  

i n  F i g u r e  10-44. P r e d i c t i o n s  o b t a i n e d  by us ing  PET from both  t h e  T h o r x t h w i c e  

method and from d a i l y  pan e v a p o r a t i o n  read ings  a r e  g iven .  In  t h i s  case  t i t  

e f f e c t s  of low Thornthwaite PET va lues  i n  t h e  s p r i n g  and high va lues  i~ the  

surmer a r e  c l e a r .  High PET v a l u e s  d u r i n g  t h e  summer months caused p r e d i c t i 6  

d ra inage  volumes t o  be much lower t h a n  observed whi le  t h e  o p p o s i t e  e f f e c r s  

occurred i n  t h e  winter ,a l t 'nough t o  a  l e s s e r  degree .  P r e d i c t i c n s  us ing t h e  ?a- 

ET v a l u e s  were i n  b e t t e r  agreement w i t h  observed d r a i n a g e  volumes, althou51. 

they were s t i l l  somewhat low. 
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P r e d i c t e d  and observed wa te r  t a b l e  depths  f o r  p l o t  15 a r e  p l o t t e d  i n  Figure 10-45 

f o r  ET c a l c u l a t e d  by t h e  Thornthwaite method and i n  F igxre  1 0 4 6  wi th  ET obtained 

from d a i l y  pan evapora t ion  measurements. Standard e r r o r s  were 13.9 cn  an? 

13.0 cm f o r  t h e  r e l a t i o n s h i p s  p l o t t e d  i n  F i g u r e s  10-45 and 13-46 r e s p e c t i v e l y .  

Again t h e r e  is  evidence i n  F i g u r e  10-45 of  h igh  ET p r e d i c t i o n s  (and cor res -  

pondingly low wate r  t a 3 l e  e l e v a t i o n s )  dur ing  t h e  s u m e r  months. Th i s  s i t u a -  

t i o n  i s  improved when pan evapora t ion  i s  used t o  e s t i m a t e  PET (Figure  10-46) 

b u t  h igh ET r a t e s  d u r i n g  days  30 t o  9 3  cause  t h e  p r e d i c t e d  w a t e r  t a b l e  eleva- 

t i o n s  t o  be low dur ing  t h a t  pe r iod .  These o b s e r v a t i o n s  a r e  c o n s i s t e n t  v i t i  

t h e  d ra inage  ou t f low p l o t s  g iven i n  F igure  19-67. Ca lcu la ted  v a l u e s  obta ined 

by us ing  both  Thornthwaite and pan PET v a l u e s  a r e  p l o t t e d .  A s  was t h e  case  

f o r  p l o t  12 (Figure  10-44), h i g h  ET p r e d i c t i o n s  5 y  t h e  Thornthwaite method 

L.., f o r  t h e  sumner months caused t h e  c a l c u l a t e d  d ra inage  outf low t o  be lorr. 

The r e s u l t s  p resen ted  f o r  :he F l o r i d a  s i t e  g e n e r a l l y  conf i rm t h e  v a l i d i t y  

of DU1:XOD f o r  t h e  c o n d i t i o n s  r e p r e s e n t e d .  Eowever t h e s e  r e s u l t s  a l s o  pcinc 

ou t  p o t e n t i a l  problems w i t h  u s i n g  t h e  Thornthmaite netnod t o  p r e d i c t  ?ST z t  a11 

l o c a t i o n s .  Th i s  method worked w e l l  f o r  X.C. and Ohio c o n d i t i o n s  bu t  may nee? 

m o d i f i c a t i o n  f o r  o t h e r  l o c a t i o n s .  One m o d i f i c a t i o n  t h a t  could be used i s  t o  

c a l c u l a t e  monthly PET v a l u e s  wi th  t h e  Thornthwaite method and w i t h  one of tke 

more s o p h i s t i c a t e d  n o d e l s  such a s  t h e  Peninan ne thod .  Then c o r r e c t i o n  f a c t o r s  

could be ob ta ined  f o r  t h e  Thornthwaite method by t a k i n g  a  r a t i o  of t h e  zor.zhi!: 

va lues .  D e f i n i t i o n  of  t h e  c o r r e c t i o n  f a c t o r s  would only  be r e q u i r e d  a t  one 

l o c a t i o n  w i t h i n  a  r a t h e r  wide geographic  r e g i o n  s o  t h e  necessa ry  d a t a  could 

p o s s i b l y  be obta ined.  Th i s  would s t i l l  a l low c o n s i d e r a t i o n  of t h e  day-t3-la:: 

v a r i a t i o n  i n  ET due t o  temperature  changes a s  p r e d i c t e d  by t h e  Tnorn th~a i : ?  
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L 
method. Of course  an  a l t e r n a t i v e  method f o r  p r e d i c t i n g  PET can be e a s i l y  

s u b s t i t u t e d  i n t o  DUI:G:OD i f  necessa ry  i n p u t  d a t a  a r e  a v a i l a b l e  f o r  t h e  

d e s i r e d  l o c a t i o n .  

CALIFORNU 

Data were ob ta ined  from r e s u l t s  of a  USDA-ARS s tudy  on d ra inage  from an 

i r r i g a t e d  f i e l d  i n  t h e  Imper ia l  Va l l ey  of C a l i f o r n i a .  The d a t a  were obta ined 

through t h e  coopera t ion  of N r .  Lee Eermsmeier, SEA-&at Brawley, C a l i f o r n i a .  

Experiments 

Experiments were conducted on a  subsur face  d ra ined  f i e l d  on t h e  Galleano 

ranch dur ing  1968, 1969 and 1970. Bar ley  was grown i n  1968. Sugar b e e t s  were 

p lan ted  i n  t h e  f a l l ,  1969 and ha rves ted  i n  s u m e r ,  1970. The s o i l  i s  a  sandy 

c l a y  w i t h  p a r a l l e l  d r a i n s  p laced 152 cm ( 5  f t )  deep and 6 1  m (200 f t )  a p a r t .  

The s o i l  i s  t i g h t  and t h e  recowended d r a i n  spac ing  would normally b e  much 

c l o s e r  than 61 m. I r r i g a t i o n  w a t e r  was a p p l i e d  by t h e  furrow method and t h e  

amount a p p l i e d  a t  each i r r i g a t i o n  was measured and recorded.  Observat ion iSells 

were p laced a t  s e v e r a l  l o c a t i o n s  between t h e  t i l e  l i n e s  s o  t h a t  t h e  p o s i t i o n  an6 

shape of t h e  wa te r  t a b l e  could be measured. Wells were i n s t a l l e d  between t h r e e  

s e p a r a t e  s e t s  of t i l e  l i n e s  a t  3 l o c a t i o n s  a long t h e  l i n e s .  ::easurements wr.- 

made p e r i o d i c a l l y  ( d a i l y  i n  s e v e r a l  c a s e s )  t o  d e t e r n i n e  t h e  change i n  water  t25:e --'-'- 

time a f t e r  i r r i g a t i o n .  Drain  outf low r a t e s  were recorded cont inuously  fro- bot?. 

4-inch c l a y  t i l e  and 3-inch p l a s t i c  tub ing .  

The e f f e c t i v e  h y d r a u l i c  c o n d u c t i v i t y  was c a l c u l a t e d  from d a i l y  d r a l n  f lo l .  

and wa te r  t a b l e  e l e v a t i o n  measurements. The K v a l u e  ob ta ined  was X = 0 . 1  c d h r .  

The upward f l u x  was eva lua ted  us ing  t h e  c r i t i c a l  depth  concept v i t h  CRI93  = 123 

cm. A d r a i n a b l e  p o r o s i t y  of 1 0  p e r c e n t  was assumed and t h e  d ra inage  v o l m e -  



wate r  t a b l e  depth  r e l a t i o n s h i p  d e t e r n i n e d  a s  d i scussed  i n  Chapter 5. Daily 

i r r i g a t i o n  volunes were i n p u t  t o  t h e  model a s  r a i n f a l l  d i s t r i b u t e d  over a  

four-hour pe r iod .  Da i ly  p o t e n t i a l  e v a p o r a t i o n  was c a l c u l a t e d  by H e r m c e l e r  

(pe r sona l  conmunication) by t h e  Jensen-Baise f o r n u l a ,  t h e  Penman method ace 

ano the r  modified formula.  Dai ly  e v a p o r a t i o n  pan d a t a  were a v a i l a b l e  and 

c o r r e c t e d  v a l u e s  (pan c o e f f i c i e n t  of 0.7) were a l s o  used as i n p u t s  t o  DRhIX!C3.  

R e s u l t s  

P r e d i c t e d  and observed w a t e r  t a b l e  e l e v a t i o n s  f o r  a  p o i n t  cidway berween 

d r a i n  l i n e s  a r e  p l o t t e d  i n  F i g u r e  10-48 f o r  1968. Agreement betveer. o b s r r u t ?  

a?: p r e d i c t e d  v a t e r  t a b l e  e l e v a t i o n s  was good f o r  1968. P r e l i c r e d  v a t e r  52512s 

fre-,uen:ly r i s e  r e  t h e  s u r f a c e  a f t e r  i r r i g a t i o n  and,  i n  aany c a s e s ,  s u r f a c e  -..-- A 

o f f  i s  2 red i ; t ed .  Runoff i s  p r e d i c t e d  because t h e  t o t a l  c a l c u l a t e ?  d r a i n e ?  

vo1u.e ( a i r  volume: a t  t h e  t ime of i r r i g a t i o n  i s  l e s s  than  t h e  i r r i g a t i o n  -carer 

t 5 a t  v a s  a ? p l i e d .  The d ra inage  volune p r e d i c t e d  i s  c l o s e  t o  t h a t  neasure?  s: 
3 

the  d iscre?ancy cannot be a-coucted f o r  by e r r o r s  i n  t h e  s o i l  p r o p e r t i i s  r r  

. . I r a i n a z e  s::st=:: 7arane:ers.  P r e d i c t e d  runof f  f a r  1958 was relitive:: s:;-- arr: 

- .  . . 
:-ul? na..-e been t h e  e s  i n  e r r o r s  i n  t h e  f i e 1 2  measurement or  t 2 e  i?:~~a:::: 

: a i lwa te r .  T'nat i s ,  t h e  anour,: of runof f  p r e d i c t e d  could have a c t ~ a l l - ;  If: 

t.?e f i e i ?  d u r i n g  t!ie furror: i r r i ~ a r i o n  p r o c e s s .  Another exp lana t i s r ,  i s  s l i r  

v a t e r  was l o s t  from t:-.e f i e l d  by deep o r  l a t e r a l  see?aae  thac  :<as not  ac::,:~.re; 

f o r .  In  surnar:;, f o r  t h e  1969 da:a. t h e  model d i d  a  good job is ?re?: : t i r?  :::i 

water  t a 5 l e  p o s i t i o n  x i t h  time under f u r r o x  i r r i g a t i o n  c o n d i t i o n s  

m i l e  p r e d i c t e ?  wa te r  t a b l e  e l e v a t i o n s  ::ere i n  c los -  aqree?ent  ( ; i t3 ;13s?r-ii 

f o r  105.9, t n e  r e s u l t s  v e r e  Door f o r  1970 ( f i g u r e  1 0 4 9 ) .  The p r e d i c t e i  -:are: 

t a h l r  soa-:n r o s e  t o  t h e  s u r C a c e  fr=.nuentl:' : c i t 5 s u r f a c ~  runoff  o r e f i c t e ?  cn =a::: 

occas ions .  HoSdever t 5 c  ohserved w a t e r  t a b l e  tended t o  recede throuehcut  :i:i 
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I > i e ~ ~ r c  IO-48. 1'redictc.d and rnt~asr~recl watctr Lnhlc r l r v a t i o n s  For n s i t r  near 13rawlcy, Coliforrria i n  1968.  
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YERR 1970 CRLCULRTED 

OBSERVED 



i r r i g a t i o n  p e r i o d  wi th  l i m i t e d  r i s e s  of only  s h o r t  d u r a t i o n .  The d a t a  s e t  

was n o t  a s  complete -- fewer measurements a t  fewer l o c a t i o n s  -- i n  1970 a s  

i n  1968 and t h e  t r e n d s  observed i n d i c a t e  t h a t  d i f f e r e n c e s  i n  t h e  measurenent 

procedures  may have occur red .  Apparently a  s i g n i f i c a n t  amount o f  water  i s  

l o s t  from t h e  system by deep o r  l a t e r a l  seepage.  Water ba lance  c a l c u l a t i o n s  

between i r r i g a t i o n  pe r iods  i n  1970 show wate r  l o s s  r a t e s  a s  h igh a s  0.94 cmlday 

(0.37 i n l d a y )  t h a t  cannot be accounted f o r  by ET o r  d ra inage  through t h e  t i l e  

l i n e s .  

The r e s u l t s  p resen ted  i n  F i g u r e s  10-45 and 10-49 i n d i c a t e  t h a t  t h e  model 

shows promise f o r  a p p l i c a t i o n  t o  i r r i g a t e d  l a n d s ,  bu t  t h a t  more work i s  needed 

t o  t e s t  t h e  model f o r  t h e s e  c o n d i t i o n s .  This  work i s  now be ing  done under a  

BARE r e s e a r c h  p r o j e c t  t h a t  i s  d i scussed  i n  t h e  nex t  s e c t i o n .  Data a r e  being 

c o l l e c t e d  and processed from s e v e r a l  f i e l d  d ra inage  exper iments  i n  C a l i f o r n i a  

t h a t  were conducted i n  t h e  1960 's .  P lans  a r e  t o  use  t h e s e  d a t a  t o  t e s t  t h e  

model f o r  s e v e r a l  s o i l s  and c o n d i t i o n s .  

OTXER TIEL3  DATA 

There a r e  s e v e r a l  o t h e r  p o t e n t i a l  o p p o r t u n i t i e s  f o r  t e s t i n g  t h e  nodel  

which a r e  be ing  pursued i n  t h e  r e s e a r c h  programs a t  North C a r o l i n a  S t a t e  

U n i v e r s i t y .  Data on d ra ined  p l o t s  f o r  sugar  cane p roduc t ion  a t  Baton Rouge, 

Louis iana  have been ob ta ined  by Mr. Cade C a r t e r  - SEA-AR a t  Baton h u g e .  TW 

o r  t h r e e  y e a r s  of d a t a  on a t  l e a s t  two s i t e s  a r e  a v a i l a b l e  from t h i s  source .  

Data have been ob ta ined  f o r  one s i t e  and t h e  model i s  be ing  t e s t e d  f o r  tliose 

c o n d i t i o n s .  



D r .  Gideon S i n a i ,  a  r e s e a r c h e r  a t  t h e  Technion i n  I s r a e l ,  i s  i n t e r e s t e d  

i n  t e s t i n g  t h e  model f o r  use  i n  t h a t  coun t ry .  He i s  now s e t t i n g  up f i e l d  ex- 

per iments  t o  check t h e  model v a l i d i t y .  This  work i s  be ing  conducted under a 

BAR3 ( B i n a t i o n a l  A g r i c u l t u r a l  Researcn and Development) c o o p e r a t i v e  resea rch  

p r o j e c t  between S o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y  and The Technion. 

The S U - a  u n i t  a t  Orono, Maine h a s  j u s t  r e c e n t l y  c o q l e t e d  ins ta1 la : i cn  

of a  r a t h e r  l a r g e  f i e l d  d ra inage  exper iment .  ?lr. Joe  B o r n s t e i n ,  a  US3A re-  

s e a r c h e r  a: t h a t  i o c a t i o n ,  h a s  i n d i c a t e d  an i n t e r e s t  i n  t e s t i n g  t h e  noce l  Z z r  

Xaine c o n d i t i o n s .  ?Ir. Borns te in  and h i s  coworkers a r e  now making t h e  n e c e s s a r :  

n?asure-ir.:s f o r  checking t h e  model a t  t h a t  l o c a t i o n .  


