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ABSTRACT 

Several methods o f  es t imat ing  stornwater  r u n o f f  t o t a l  volume and peak 
discharge are  evaluated as t o  t h e i r  performance on watersheds o f  F l o r i d a ' s  
F l  atwoods Resource Area. Charac te r i s t i cs  o f  these watersheds i nc lude  ex- 
t remely  f l a t  r e l i e f ,  sandy s o i l s ,  dynamic water tables,  and scat te red  wet- 
lands. Data c o l l e c t e d  by t h e  U.S. Geological Survey and South F l o r i d a  
Water Management D i s t r i c t  (SFWMD) from f i v e  small (20-3600 acres),  a g r i c u l -  
t u r a l  watersheds (improved and unimproved pasture) served as t h e  bas is  o f  
evaluat ion. A1 1  t o t a l  volume es t imat ion  techniques examined r e l y  upon t h e  
SCS r u n o f f  equation. Best r e s u l t s  were achieved w i t h  methods which i nc lud -  
ed antecedent depth t o  t h e  water t a b l e  as a  measure o f  watershed storage 
po ten t i a l .  A s i m p l i f i e d  water t a b l e  dynamics model i s  a l so  developed and 
compared t o  measured data. Runoff peak r a t e  es t imat ion  techniques ranged 
i n  approach from empi r ica l  formulas t o  an overland f l o w  s imula t ion  model. 
For t h e  o r i g i n a l  methods examined, standard e r r o r s  o f  est imate were i nve r -  
se l y  p ropor t iona l  t o  model soph is t i ca t i on .  Two peak r a t e  es t imat ion  met- 
hods, t h e  CREAMS hydro log ic  model equat ion and t h e  SCS u n i t  hydrograph 
method, were mod i f ied  t o  b e t t e r  r e f l e c t  observed data. 



CHAPTER I 

INTRODUCTION 

Many techniques have been developed t o  est imate stormwater t o t a l  run- 
o f f  volume and peak discharge ra tes  from small watersheds. However pro-  
blems a r i s e  when these methods are app l ied  t o  the  unusual hydro log ic  con- 
d i t i o n s  found i n  F l o r i d a ' s  Flatwoods Resource Area. Watersheds o f  t h i s  
area t y p i c a l l y  have very f l a t  slopes, extremely permeable sandy s o i l s ,  h i g h  
water tab les ,  and wet1 ands sca t te red  throughout t h e i r  basins. Such charac- 
t e r i s t i c s  a re  u n l i k e  those o f  t h e  watersheds which served as t h e  models f o r  
t h e  development o f  most r u n o f f  p r e d i c t i o n  methods. The problems int roduced 
by these a typ i ca l  watershed cond i t ions  are o f ten  compounded when t h e  met- 
hods are c a l l e d  upon t o  p r e d i c t  r u n o f f  r e s u l t i n g  from r a i n f a l l  events f o r  
which they  were not  intended i.e., f requent,  instead o f  extreme (design), 
events. 

Studies which document t h e  accuracy o f  standard r u n o f f  p r e d i c t i o n  
techniques as app l ied  t o  F l o r i d a ' s  f latwoods watersheds under a range o f  
r a i n f a l l  events are no t  c u r r e n t l y  a v a i l  able. Hydrologis ts ,  engineers, and 
water resource managers are the re fo re  forced t o  make dec is ions  based upon 
r u n o f f  est imates r e s u l t i n g  from methods which, al though genera l l y  accepted, 
a re  not  necessar i l y  accurate under these p a r t i c u l a r  watershed cond i t ions .  
The users o f t e n  appreciate the  e r r o r s  and l i m i t a t i o n s  associated w i t h  t h e i r  
r u n o f f  est imates, bu t  do not  have s u f f i c i e n t  in fo rmat ion  w i t h  which t o  
o f f e r  improvements. The research described i n  t h i s  repo r t  represents an 
e f f o r t  t o  he lp  f i l l  t h e  e x i s t i n g  in fo rmat ion  gap. 

Object ives 

The purpose o f  t h i s  study i s  t o  evaluate and o f f e r  improvements t o  
r u n o f f  es t imat ion  techniques as app l ied  t o  small watersheds i n  F l o r i d a ' s  
Flatwoods Resource Area and was i n i t i a t e d  w i t h  t h e  f o l l o w i n g  ob jec t i ves :  

A. Evaluate r u n o f f  peak r a t e  es t imat ion  methods c u r r e n t l y  i n  use f o r  
f l a t ,  h i  gh-water-tab1 e watersheds us ing observed data co l  1 ected as 
p a r t  o f  t h e  Kissimnee Coordinat ing Council Upland Detent ion Demon- 
s t r a t i o n  Pro jec t  (SFWMD, 1980), 

B. Modify an e x i s t i n g  peak r a t e  es t imat ion  method, i f  necessary, t o  
improve i t s  p r e d i c t i v e  a b i l i t y  under t h e  above watershed condi- 
t i ons ,  

C. Test t h e  mod i f ied  peak r a t e  es t imat ion  methods us ing  adequate 
observed data t o  demonstrate t h e i r  improved performance, and 

D. Re-examine t o t a l  volume es t imat ion  techniques as analyzed and 
modi f ied  by Konyha e t  a l .  (1982) us ing data no t  p rev ious l y  a v a i l -  
able. 



CHAPTER I 1  

LITERATURE REVIEW 

Hydrologic Modeling Approaches 

Today, hundreds o f  models a re  being used t o  a i d  i n  t h e  s o l u t i o n  o f  
hydro log ic  problems. Overviews of var ious  hydro log ic  computer models, 
t h e i r  c a p a b i l i t i e s ,  approaches, and l i m i t a t i o n s  have begun t o  appear i n  an 
attempt t o  he lp  p o t e n t i a l  users wade through t h i s  avalanche o f  model deve- 
lopment. Sources o f  such sumnaries are Fleming (1975), Renard e t  a l .  
(19821, Huber and Heaney (1982), El-Kadi and van der Hei j de  (1983), and OTA 
(1982). Many o f  t h e  hydro log ic  models d i f f e r  i n  t h e i r  scope i.e., d e f i n i -  
t i o n  o f  t h e  system. One reason f o r  t h e  number o f  models i n  ex is tence today 
i s  t h e  wide range o f  ob jec t i ves  which need t o  be met. Many models are s i t e  
spec i f i c ,  conta in ing  s i m p l i f i c a t i o n s  and assumptions which prec lude t h e i r  
un iversa l  use (Renard e t  a1 ., 1982). 

Among these many models a r e  c e r t a i n  s i m i l a r i t i e s ,  common approaches 
and general hydro1 ogic  process considerat ions. O f  t h e  seventy-f ive compu- 
t e r  models surveyed by Renard e t  a1 ., 67% contained components t o  address 
t h e  process o f  sur face runof f .  Surface r u n o f f  can be def ined as t h a t  por- 
t i o n  o f  r a i n f a l l  excess which, du r ing  and immediately f o l l o w i n g  a storm 
event, u l t i m a t e l y  appears as f l o w i n g  water i n  t h e  drainage network o f  a 
watershed. This  f l ow ing  water may a r r i v e  e i t h e r  by overland o r  subsurface 
routes (Huggins and Burney, 1982). 

Cer ta in  elements are  basic  t o  t h e  modeling o f  t h e  r a i n f a l l - r u n o f f  
process. Among these processes are p r e c i p i t a t i o n ,  i n f i l t r a t i o n ,  evapotran- 
sp i ra t i on ,  and sur face and subsurface f l o w  rout ing.  The degree t o  which 
each i s  accounted f o r  depends upon t h e  t ype  o f  model o r  submodel being 
used. The f o l l o w i n g  sect ions present bas ic  elements o f  r u n o f f  models and 
several speci f i c  modeling techniques. 

Elements o f  t h e  R a i n f a l l  -Runoff Process 

Viessman e t  a l .  (1977) represent t h e  hydro log ic  balance f o r  a water- 
shed w i t h  t h e  f o l l o w i n g  equation: 

where P = p r e c i p i t a t i o n  i npu t ,  
R = ne t  sur face outflow. 
G = net  groundwater out f low,  
E = evaporat ion losses, 
T - t r a n s p i r a t i o n  losses, and 

AS = change i n  watershed storage. 



I f  no sur face o r  groundwater i n f l ows  are  assumed and these two ou t f l ow  
terms are  combined (RO) as are evaporat ion and t r a n s p i r a t i o n  (ET), then 
Equation 1 becomes: 

For t h e  F l o r i d a  f latwoods watershed, t h i s  i s  a reasonable mass balance 
model. Knisel  e t  a l .  (1978) po in t  out  t h a t  groundwater deep pe rco la t i on  i s  
small f o r  t h e  watersheds o f  t h e  Tayor CreekfNubbin Slough Basin. Geologic 
assessment i nd i ca ted  t h a t  t h e  Hawthorne Formation serves as a f l o o r  fo r  t h e  
unconfined groundwater o f  t h e  area. Furthermore, when t h e  water budget i s  
considered on a s i n g l e  24-hour r a i n f a l l  event basis ,  deep p e r c o l a t i o n  as 
we1 1 as ET become neg l i g ib le .  I n  general , an e f f e c t i v e  r a i n f  a1 1 - runof f  
model should conta in  elements t o  address t h e  terms o f  t h i s  mass balance 
equation: r a i n f a l l  (P), evapot ransp i ra t ion  (ET), i n f i l t r a t i o n  and sur face 
storage (AS),  and elements o f  sur face and subsurface r o u t i n g  t o  descr ibe  
t h e  t i m e - d i s t r i b u t i o n  o f  r u n o f f  (RO) . 
P r e c i p i t a t i o n  

P r e c i p i t a t i o n ,  r a i n f a l l  i n  t h i s  case, i s  t h e  bas i c  i n p u t  t o  most run- 
o f f  models (Osborne e t  a1 ., 1982). Important f a c t o r s  a re  t h e  r a i n f a l l  
magnitude and i t s  time-space d i s t r i b u t i o n .  The modeling o f  these f a c t o r s  
i s  genera l l y  approached s t o c h a s t i c a l l y ,  bu t  can be handled d e t e r m i n i s t i c a l -  
ly. Echternacht (1982) po in t s  out t h a t  much more research w i l l  be requ i red  
be fore  p h y s i c a l l y  based meso-scale meteorological  models f o r  South F l o r i d a  
are rea l i zed.  General approaches t o  t h e  s tochas t i c  modeling o f  r a i n f a l l  
have been surveyed by Osborne e t  a l .  (1982). 

To address t h e  magnitude o f  r a i n f a l l  events, t h e  S o i l  Conservation 
Serv ice (SCS) has publ ished a depth-duration-frequency a t l a s  f o r  t h e  South- 
east  (USDA-SCS. 1979). SFWMD (1981) repo r t s  s i m i l  a r  i n fo rma t ion  developed 
more r e c e n t l y  and s p e c i f i c  t o  Central  and South Flor ida.  Table 1 presents 
i n fo rma t ion  f o r  t h e  Lower Kissimmee River  Basin der ived from bo th  these 
sources. 

R a i n f a l l  t ime-depth d i s t r i b u t i o n s  have been developed f o r  design r a i n -  
f a l l  events i n  Central  and South F l o r i d a  (SFWMD, 1983). The SCS a l so  r e -  
p o r t s  a s i m i l a r  d i s t r i b u t i o n  s p e c i f i c a l l y  in tended f o r  F lo r i da .  F igure  1 i s  
a graphical  representa t ion  o f  t h e  two d i s t r i b u t i o n s  and t h e  SCS Type I 1  
d i s t r i b u t i o n  (USDA-SCS. 1972b). The SCS-Florida curve presented here was 
developed by  p l o t t i n g  decreasing 30-minute du ra t i on  i n t e n s i t y  r a t i o s  sym- 
m e t r i c a l l y  about noon. These r a t i o s  are  t h e  accumulated r a i n f a l l  t o t a l  f o r  
a g iven t ime  d i v ided  by t h e  24-hour t o t a l  depth f o r  t h e  F l o r i d a  i n t e r i m  
d i s t r i b u t i o n  (USDA-SCS, 1980). 



Table  1. Po in t  r a i n f a l l  depths, . i n  inches, f o r  storms o f  given dura t ion  
and r e t u r n  periods f o r  t h e  Lower Kissimnee R iver  Basin area 
from A (USDA-SCS, 1979) and B (SFWMD, 1981). 

Dura t ion  R a i n f a l l  Event Return Period, i n  Years 

TIME, IN HOURS 
-------.- - __-__-_ _-- - -- -- _-_ _ - .  

Figure  1. Time-depth d l  s t r i b u t i o n s  f o r  24-hour design r a i n f a l l  'events. 



The depth-area d i s t r i b u t i o n  over a watershed can a l so  be an important  
f a c t o r  i n  es t ima t ing  runof f ,  p a r t i c u l a r l y  f o r  sho r t - l i ved  thunderstorms of 
l i m i t e d  area l  ex ten t  (Osborne e t  a1 ., 1980). Such thunderstorms are  repre- 
sen ta t i ve  o f  r a i n f a l l  pa t te rns  i n  F lo r ida .  Osborne and o thers  (1980) pre-  
sented c r i t e r i a  f o r  e s t a b l i s h i n g  raingage networks and accounting f o r  t h i s  
s p a t i a l  v a r i a b i l i t y  i n  areas where thunderstorms are  prevalent.  When mea- 
sured r a i n f a l l  from gaging l oca t i ons  i s  used as i npu t  t o  a r a i n f a l l - r u n o f f  
model, techniques such as Theissen weight ing o r  i sohyeta l  mapping a r e  o f ten  
employed (Viessman e t  a1 ., 1977). However f o r  small watersheds, uniform 
areal  r a i n f a l l  depth i s  o f t e n  assumed. 

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

I n f i l t r a t i o n  i s  t h a t  process which w i l l  determine t h e  amount and t ime- 
d i s t r i b u t i o n  o f  r a i n f a l l  excess t h a t  i s  ava i l ab le  f o r  r u n o f f  and sur face 
storage. The same p rope r t i es  which con t ro l  i n f i l t r a t i o n  w i l l  govern sub- 
sur face movement o f  water a f t e r  i n f i l t r a t i o n  (Skaggs and Khaleel, 1982). 

The physical  phenomenon o f  i n f i l t r a t i o n  i s  described by Richard 's  
Equation which combines Darcy's basic  porous media f l o w  equat ion w i t h  t h e  
conservat ion o f  mass p r i n c i p l e  as app l ied  t o  t h e  s o i l  water system. Ap- 
proximations o f  t h e  i n f i l  t r a t i o n  process as q u a n t i f i e d  by R ichard 's  Equa- 
t i o n  are  numerous and i nc lude  Hol tan 's  Equation. Horton's Method, P h i l i p ' s  
Equation, and t h e  Green and Ampt Model. Another method used t o  account f o r  
i n f i l t r a t i o n ,  as we l l  as a l l  o ther  abs t rac t ions  i n  t h e  r a i n f a l l - r u n o f f  
process, i s  t h e  SCS r u n o f f  equat ion (USOA-SCS, 1972b). 

S i g n i f i c a n t  c h a r a c t e r i s t i c s  i n f l u e n c i n g  i n f i l t r a t i o n  i n  F l o r i d a ' s  
f latwoods s o i l s  are t h e i r  discont inuous hyd rau l i c  p rope r t i es  i .e., layered 
s o i l s ,  h igh  pe rmeab i l i t y  o f  sandy sur face layers ,  and h i g h  water tables.  
Recent ly several s tud ies  have been repor ted where i n f i l  t r a t i o n  models were 
appl i e d  t o  s i t u a t i o n s  w i t h  one o r  more o f  these cha rac te r i s t i cs .  

Bruce and Thomas (1983) repo r t  r e s u l t s  o f  app ly ing  Richard's Equation 
and t h e  Green and Ampt Model t o  layered so i l s .  S h i r m h a m e d i  and Skaggs 
(1983abb) have conducted i n f i l t r a t i o n  experiments on sandy s o i l s  w i t h  h i g h  
water tables.  Included i n  t h e i r  research were i n v e s t i g a t i o n s  i n t o  t h e  
e f f e c t  o f  sur face cond i t i on  and entrapped a i r .  The f i r s t  study concluded 
t h a t  i n f i l t r a t i o n  capac i ty  increased w i t h  dens i ty  o f  sur face vegeta t ion  
(bare, soybean, and grass) as a r e s u l t  o f  t h e  i n t e r a c t i o n  o f  vegeta t ion  and 
a i r  movement. The second study invo lved m o d i f i c a t i o n  o f  t h e  Green and Ampt 
Model t o  account f o r  a i r  t rapped between an advancing w e t t i n g  f r o n t  and a 
water tab le .  Skaggs (1978a) po in ted  out  t h a t  entrapped a i r  i s  an important  
f a c t o r  i n  sandy s o i l s  w i t h  h igh  water t ab les  and r e s u l t s  i n  v a r i a b l e  d ra in -  
a b l e  p o r o s i t y  values. Research r e l a t e d  t o  t h e  modeling o f  water t ab les  i s  
described by King and Lambert (19761, Knoch e t  a l .  (1983), Oecoursey e t  a l .  
(1983) and Xue e t  a l .  (1983). These works address t h e  a d d i t i o n a l  problems 
o f  p r e d i c t i n g  water t a b l e  movements and drainage. 

Only l i m i t e d  s tud ies  have been conducted s p e c i f i c a l l y  on F l o r i d a  f l a t -  
woods water t ab les  and t h e i r  e f f e c t  upon i n f i l t r a t i o n  and a v a i l a b l e  ground 
storage. As p a r t  o f  a Taylor  Creek Basin hydro log ic  study, Spe i r  e t  a1 . 



(1969) publ ished curves descr ib ing  changes i n  water t a b l e  depths due t o  
water losses and gains (see F igure  2). Also presented as p a r t  o f  t h i s  
study i s  a regression equat ion descr ib ing  water t a b l e  response t o  r a i n f a l l  
a t  depths between 2.5 and 4.0 feet .  The South F l o r i d a  Water Management 
D i s t r i c t  (1983) pub1 ished a general curve which determines a v a i l a b l e  s o i l  
p r o f i l e  storage as a d i r e c t  f unc t i on  o f  depth t o  t h e  water t a b l e  (see F ig -  
u re  3). Observations by Parker (1982) noted t h a t  t h e  degree of f l o o d i n g  
r e s u l t i n g  from t r o p i c a l  storms i s  h i g h l y  dependent upon t h e  water t a b l e  
depth preceding t h e  event. He c i t e s  t h e  low water t a b l e  (6  f e e t )  as t h e  
reason f o r  t h e  l a c k  o f  a devastat ing f l o o d  which cou ld  have resu l ted  from 
t h e  18+ inches which Hurr icane Dennis dumped upon south Dade County i n  
1980. 

The recent  research i n t o  app l i ca t i ons  o f  Richard 's  Equation and t h e  
Green and Ampt Model i s  important  t o  models which consider t h e  i n f i l t r a t i o n  
process i n  d e t a i l .  However, El-Kadi and van der He i jde  (1983) po in ted  out  
t h a t  t h e  technique most o f t e n  used i n  general watershed hydro log ic  models 
t o  account f o r  i n f i l t r a t i o n  i s  t h e  SCS r u n o f f  equat ion and curve number 
method (USDA-SCS, 1972b). 

Among t h e  reasons why t h e  SCS approach i s  so w ide ly  used i s  i t s  sim- 
p l i c i t y  and range o f  app l ica t ion .  R a i n f a l l - r u n o f f  models based upon i n f i l -  
t r a t i o n  equations r e q u i r e  components t o  account f o r  o ther  abs t rac t ions  i n  
t h e  process i .e., i n t e r c e p t i o n  and sur face storage. A l l  these abs t rac t i on  
terms c o n t r i b u t e  t o  t h e  storage term o f  Viessman's model (AS). However t h e  
SCS r u n o f f  equat ion (described l a t e r )  lumps a l l  abs t rac t ions  i n  a d i f f e r e n t  
model formulat ion.  

Brakensiek and Rawls (1982) present an excel l e n t  qua1 i t a t i v e  compari- 
son between t h e  i n f i l t r a t i o n  approach t o  r u n o f f  modeling and t h e  curve 
number approach. Recently, an attempt has been made a t  combining elements 
o f  these two approaches i n t o  a new model (Chu and Engman, 1983). Huddleson 
e t  a l .  (1983) a l so  reformulate t h e  SCS equation i n t o  an intensity-dependent 
f unc t i on  and f u r t h e r  i n t o  a Darcy-type i n f i l t r a t i o n  equation. Such models 
w i  11 requ i re  f u r t h e r  research before  general app l ica t ion .  



DEPTH TO CHANGING WATER TABLE, IN FEET 

Figure 2. Absorpt ion/desorpt ion c h a r a c t e r i s t i c s  f o r  sandy s o i l s  o f  t h e  
Taylor  Creek area (Speir e t  a1 . , 1969). 

CUIULATIVE AVAILABLE S T O R U E  I U C N M  

Figure 3. Ava i l ab le  s o i l  p r o f i l e  s torage f o r  na tu ra l  and developed 
watersheds o f  South F lo r i da  ( S M D ,  1983). 



Evapotranspi rat ion 

Evapotranspi rat ion (ET) i s  t h e  process which re tu rns  water t o  t h e  
atmosphere e i t h e r  by evaporat ion from f r e e  water and ground surfaces o r  by 
t r a n s p i r a t i o n  from plants.  Several techniques are a v a i l a b l e  f o r  t h e  e s t i -  
mation o f  p o t e n t i a l  ET ( t h a t  ET r a t e  which would occur g iven s u f f i c i e n t  
water a v a i l a b i l i t y ) .  Such techniques i nc lude  t h e  Penman, Thornthwaite, 
B1 aney-Criddl e, Jensen-Hai se, Stephens-Steward. and r a d i a t i o n  methods 
(Clark and Smajstr la,  1984). A l l  a re  parametr ic models based upon var ious 
combinations and formulat ions o f  ET d r i v i n g  f a c t o r s  ( rad ia t i on ,  tempera- 
t u re ,  wind speed, and vapor pressure). Shih e t  a l .  (1983) repor ted t h a t  
f o r  South F l o r i d a  a mod i f ied  Penman technique gave good resu l t s .  A l te rna-  
t i v e l y ,  p o t e n t i a l  ET may be determined from measured pan evaporation. 
Smajst r la  e t  a1 . (1983) publ ished an ET summary f o r  F l o r i d a  based upon such 
data. 

Po ten t i a l  ET der ived from models o r  data must be f u r t h e r  modif ied t o  
a r r i v e  a t  est imates o f  t h e  actual  ET rate. Phys i ca l l y  based models and 
empi r ica l  techniques are  a v a i l a b l e  which 1 i m i t  t h e  p o t e n t i a l  r a t e  w i t h  
moisture and crop c o n d i t i o n  f a c t o r s  (Burman e t  a1 .. 1982). Skaggs (1978b) 
repo r t s  on a computer model, DRAINMOD, capable o f  us ing s o i l  p rope r t i es  and 
water t a b l e  depths i n  t h e  determinat ion o f  actual  ET. 

A l l e n  (1982) observed t h a t  i n  F lo r i da ,  ET i s  t h e  most constant compon- 
en t  o f  t h e  annual hydro log ic  cyc le,  bu t  t h a t  i t does vary depending upon 
r a i n f a l l .  For t h e  Kissimnee R iver  Basin and South F l o r i d a  i n  general, a 
minimum o f  30-35 and 35-40 annual r a i n f a l l  inches, respec t i ve l y  a re  r e q u i r -  
ed before appreciable r u n o f f  w i l l  be observed (Huber, 1982). Heaney (1982) 
and A l l en  (1982) repo r t  32-34 and 32-35 i nch  th resho ld  values f o r  t h e  Lower 
Kissimnee R ive r  and Tay lor  Creek Basins respect ive ly .  Spei r  e t  a l .  (1969) 
presents a curve which i n d i r e c t l y  descr ibes t h e  ET demand upon water s to red  
i n  t h e  Tay lor  Creek Basin. The curves i n  F igure  4 present t h e  general 
water t a b l e  recession c h a r a c t e r i s t i c s  f o r  f latwoods s o i l s  o f  t h e  area. 
Given Speir and o thers  observat ions o f  t h e  aquiclude under ly ing  t h e  ground- 
water and a l ack  o f  r u n o f f  w i t h  water t a b l e  depths greater  than 2.5 fee t ,  
t h i s  deeper recession can be a t t r i b u t e d  t o  ET ex t rac t ion .  

Surface Runoff Rou t i ng  

The es t imat ion  o f  sur face runof f ,  as de f ined e a r l i e r ,  requ i res  t h e  
cons idera t ion  o f  over1 and, subsurface and channel f l o w  regimes. The f l o w  
c h a r a c t e r i s t i c s  o f  these t ranspor t  mechanisms w i l l  d i c t a t e  bo th  t h e  quant i -  
t y  o f  excess r a i n f a l l  which appears a t  t h e  watershed o u t l e t  and i t s  t ime  
d i s t r i b u t i o n  w i t h  respect t o  t h a t  po in t .  Fo l lowing i s  a review of methods 
used t o  quan t i f y  sur face r u n o f f  which consider  t h e  processes i n d i v i d u a l l y  
and i n  lumped o r  approximate fashions. 
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F igure  4. Water t a b l e  recession curves (Speir e t  a1 . , 1969). 

Process Techniques 

Overland. Huggins and Burney (1982) emphasize the  importance o f  
overland f l ow  i n  models used f o r  small watersheds. They exp la in  t h a t  as 
the  s ize  o f  the  watersheds decreases, the  dominant f low regime s h i f t s  from 
channel t o  over1 and. 

The basis o f  rou t i ng  methods are the  concepts o f  conservat ion o f  mass 
and conservat ion o f  momentum, comnonly re fe r red  t o  as t h e  S t .  Venant Equa- 
t ions .  Because the  imp1 ementation i s  compl lcated,  requ i r i ng  much data and 
computing capacity,  t he  kinematic approximation i s  o f t e n  appl ied (Fleming, 
1975). Such an approach neglects dynamic terms, l i k e  backwater e f fec ts ,  i n  
the  momentum equation and reduces the  overland so lu t i on  t o  the  form: 

where q = discharge rate,  
m = 1.67 ( f o r  t u rbu len t  f low using Manning's Equation), 
y = f low depth, and 
a = a f low parameter. 



The other  component o f  t h e  model, con t i nu i t y ,  invo lves  accounting f o r  
watershed in f lows,  out f lows,  and storage cha rac te r i s t i cs .  Various l e v e l s  
o f  implementation o f  these submodels have been used. Usual ly  they vary i n  
t h e  degree o f  d i sc re t i on .  Heatwole e t  a1 . (1982) repo r t  an a p p l i c a t i o n  o f  
t h e  FESHM ( F i n i t e  Element Storm Hydrograph Model) m d e l  which uses f i n i t e  
element techniques t o  in t roduce areal  d i s t r i b u t i o n  o f  t h e  f l ow  parameter 
and ca lcu la tes  c o n t i n u i t y  on a small elemental basis. Other models ap- 
proximate t h e  watershed as a s i n g l e  f l ow  plane u t i l i z i n g  lumped f l ow  para- 
meters and c o n t i n u i t y  ca lcu la ted  on a watershed scale (Huggins, 1976). 
S t i l l  o ther  methods use overland theory as t h e  basis  f o r  a r r i v i n g  a t  water- 
shed t ime parameters f o r  use i n  more simple r o u t i n g  approximations 
(Gregory, 1982). 

Subsurface. Given t h e  h igh s o i l  permeabi l i ty ,  low r e l i e f ,  and h igh 
water t ab les  o f  f latwoods watersheds, subsurface f low may be t h e  mechanism 
by which s i g n i f i c a n t  q u a n t i t i e s  o f  r u n o f f  a r r i v e  i n  t h e  drainage system. 
Huber e t  a l .  (1976) pointed out t h a t  data are not  ava i l ab le  t o  a l low t h e  
p a r t i t i o n i n g  o f  observed r u n o f f  quan t i t y  between the  overland and subsur- 
face regimes. For t h e  Southeast Coastal P l a i n  w i t h  which t h e  F l o r i d a  f l a t -  
woods are genera l l y  associated, Knisel (1980) est imates t h a t  80% o f  stream- 
f low has a t  one t ime been subsurface flow. Models designed t o  a i d  i n  an- 
swering such questions o f  f l ow  paths are ava i l ab le  (Skaggs, 1978b), however 
s tud ies  descr ib ing  t h e i r  a p p l i c a t i o n  t o  f latwoods s o i l s  have not  been con- 
ducted. Subsurface f l ow  models are based upon Darcy's equat ion and given a 
drainage system, t h e  Van Schi l fgaarde equat ion (1974). 

Channel. On small f latwoods watersheds, channel f l ow  can be a 
nebulous term. Channels are o f t e n  wide, shallow, heav i l y  vegetated, and 
have very l i t t l e  slope. They o f ten  operate under backwater cond i t ions  and * 
a t  v e l o c i t i e s  l ess  than 0.1 feet  per second (Mierau, 1981). Because o f  
these condi t ions,  it i s  d i f f i c u l t  t o  apply t h e  standard techniques o f  chan- 
nel rout ing.  

Approximate Techniques 

Because o f  t h e  d i f f i c u l t y  i n  separat ing and descr ib ing  f l ow  regimes 
and t h e  e f f o r t  and expense invo lved w i t h  d e f i n i n g  parameters and implement- 
i n g  t h e i r  r o u t i n g  techniques, simpler, m r e  approximate r o u t i n g  methods are 
o f ten  employed. Such techniques inc lude parametr ic regression equations, 
u n i t  hydrograph methods, and 1 i nea r  rese rvo i r  models. 

L inear  Reservoir. The concept o f  l i n e a r  rese rvo i r  r o u t i n g  i s  
based upon a d i r e c t  r e l a t i o n s h i p  between storage and discharge. This  con- 
cept can be extended t o  "n" l i n e a r  reservo i rs ,  each d ischarging i n t o  t h e  
next, and the  ou t f l ow  hydrograph o f  t h e  l a s t  being observed. This  scheme 
i s  o f t e n  r e f e r r e d  t o  as t h e  Nash model. The f l e x i b i l i t y  in t roduced by t h e  
v a r i a b l e  "nu a l lows i t s  a p p l i c a t i o n  t o  small urban areas as wel l  as l a r g e  
f l a t  a g r i c u l t u r a l  watersheds (Huggi ns and Burney, 1982). 

Regression Equations. Parametric r o u t i n g  equations t y p i c a l l y  
y i e l d  a ~ e a k  discharae as tf6e func t i on  o f  r a i n f a l l  excess and watershed 
i h a r a c t e r j s t i c s .  ~xamples  o f  these are the  Cypress Creek Formula (Speir  e t  



a1 ., 1969) and an equat ion contained i n  t h e  CREAMS hydro log ic  model 
(Knisel.  1980). Both equations w i l l  be discussed i n  d e t a i l  l a t e r .  Huggins 
and Burney (1982) exp la in  t h a t  small a g r i c u l t u r a l  watersheds tend t o  have 
"noisy"  hydrographs (mu1 t i p l e  peaks). They conclude t h a t  t h e  smal ler  
watersheds are not  amenable t o  t r a n s f e r  f unc t i on  ana lys is  due t o  t h e i r  l ack  
o f  modulat ing in f luences ( rese rvo i r  e f f ec t s ) .  However, f o r  the  f l a t ,  h igh-  
water- table watersheds o f  F lo r ida ,  t h i s  may not be a reasonable conclusion. 

Bridges (1982) describes th ree  reg iona l ized peak discharge equat ions 
f o r  F l o r i d a  and repor ts  a standard e r r o r  o f  est imate o f  about 50% over- 
a l l .  The equat ion app l icab le  t o  Central  and South F l o r i d a  i s :  

where QT = peak discharge f o r  a r u n o f f  event o f  T r e t u r n  period, 

DA = drainage area, 
SL = channel slope, 
LK = percent lakes, and 
C, 81, 82, 83 are regression values f o r  the  r u n o f f  event o f  T 
r e t u r n  period. 

The fo rmula t ion  o f  t h i s  model i s  "black box" ie., no phys ica l  r e l a -  
t i onsh ips  are  imp l i ed  by t h e  equat ion formulat ion.  I n  f ac t ,  r a i n f a l l  i s  
on l y  an i n d i r e c t  i npu t  r e l a t e d  t o  the  r e t u r n  per iod of t h e  storm. The 
parameters and regression values are those values which Bridges found most 
accounted f o r  t h e  v a r i a b i l i t y  i n  the  ava i l ab le  data base. Parametric equa- 
t i o n s  o f  t h e  s tochas t i c  va r i e t y ,  l i k e  t h i s  one, are simple and can be use- 
f u l  f o r  c e r t a i n  app l i ca t i ons  (Haan, 1977). 

Un i t  Hydrographs. The basis  o f  u n i t  hydrograph theory i s  t h a t  f o r  
a aiven du ra t i on  o f  r a j n f a l l  excess and constant land use and watershed 
c o h i t i o n s ,  response t o  a u n i t  r a i n f a l l  i npu t  w i l l  be constant. The v a l i d -  
i t y  o f  i t s  a p p l i c a t i o n  i s  a lso  dependent upon t h e  assumption of watershed 
l i n e a r i t y  ie.. t h a t  the  superposi t ion p r i n c i p l e  i s  v a l i d  fo r  runo f f .  Over- 
t on  and Meadows (1976) c i t e  numerous studies which concluded t h a t  t h i s  i s  
not  t h e  case. S t i l l ,  u n i t  hydrograph theory and a p p l i c a t i o n  remain a basic  
t o o l  i n  es t imat ing  runof f .  Un i t  hydrographs represent t h e  discharge pat -  
t e r n  r e s u l t i n g  from a r a i n f a l l  excess o f  one depth u n i t  app l ied  un i fo rm ly  
t o  the  watershed over a given t ime span. Synthet ic  u n i t  hydrograph curves 
are  t y p i c a l l y  approximated by a s i n g l e  t r i a n g l e  (SCS approach) o r  m u l t i p l e  
t r i a n g l e s  (TVA approach). The mu1 t i p l e  t r i a n g l e  scheme has t h e  advantage 
o f  accounting f o r  d i f f e r i n g  i n i t i a l  and delayed response c h a r a c t e r i s t i c s  
(Overton and Meadows, 1976). Both approaches r e q u i r e  t h e  es t ima t ion  o f  
t ime parameters which d i c t a t e  the  shape and r e l a t i v e  peak o f  t h e  hydro- 
graph. Studies i n t o  such t o p i c s  are presented by Duru (1980), Welle e t  a l .  
(1980). and t h e  U.S. Army Corps o f  Engineers (1955). 



S p e c i f i c  R a i n f a l l  -Runoff Techniques 

As shown i n  t h e  preceding dicussion, a v a r i e t y  o f  approaches and 
l e v e l s  o f  implementation are ava i l ab le  t o  est imate stormwater r u n o f f  vo l -  
umes and ra tes  on an event basis. Fol lowing are desc r ip t i ons  o f  s p e c i f i c  
techniques comonly  employed t o  perform t h i s  task. 

Storm Runoff Volume 

As an a1 t e r n a t i v e  t o  t h e  i n f i l  t ra t ion-based models, t h e  So i l  Conserva- 
t i o n  Service developed a method which lumps a l l  s i g n i f i c a n t  losses i n  t h e  
r a i n f a l l - r u n o f f  process i n t o  a s i n g l e  equation. The bas is  o f  t h i s  method 
developed by Mockus (USDA-SCS, 1972b) i s  t h e  re1 a t ionsh ip :  

where F = actual  r e t e n t i o n  ( r a i n f a l l  not  appearing as r u n o f f ) ,  
S '  = p o t e n t i a l  maximum storage. 
Q  = actual  runof f ,  and 
P  = p o t e n t i a l  maximum r u n o f f  ( t o t a l  r a i n f a l l  ). 

1 f  actual  re ten t ion ,  F, i s  expressed as: - 

F = P - Q  C61 

and t h e  concept o f  i n i t i a l  abs t rac t i on  i s  in t roduced v i a  t h e  f o l l o w i n g  
subs t i t u t i ons :  

where la = i n i t i a l  abs t rac t i on  and 

S = a storage parameter which accounts f o r  i n i t i a l  
abs t rac t i on  ie.. S = S1+Ia q u a l i t a t i v e l y ,  bu t  no t  
e x p l i c i t l y ,  

then the  Mockus r e l a t i o n s h i p  can be w r i t t e n  as: 



McGurk (1982) presents a usefu l  graphical i n t e r p r e t a t i o n  o f  t h i s  r e -  
l a t i onsh ip .  Equation 9 can be rearranged i n t o  t h e  form: 

Runoff  i s  t he re fo re  reduced t o  'a f unc t i on  o f  t h ree  q u a n t i t i e s :  r a i n -  
f a l l ,  a watershed storage parameter, and i n i t i a l  abstract ion.  Mockus de- 
f ines  i n i t i a l  abs t rac t i on  as i n c l u d i n g  i n te rcep t i on ,  sur face storage, and 
i n f i l t r a t i o n  occur r ing  p r i o r  t o  the  i n i t i a t i o n  o f  runof f .  To f u r t h e r  sim- 
p l i f y  the  r u n o f f  method, data from experimental p l o t s  throughout t h e  U.S. 
were analyzed and a r e l a t i o n s h i p  was general ized t o :  

Mockus accounts fo r  t h e  observed s c a t t e r  (see F igure  5) as e r r o r  as- 
sociated w i t h  data c o l l e c t i o n  and subsequent est imates o f  I, and S. A l t e r -  
na t i ves  t o  t h e  SCS I -S r e l a t i o n s h i p  are presented by Aron e t  a l .  (1979) 
and Golding (1979). a ~ u b s t i t u t i o n  of the  i n i t i a l  abs t rac t i on  r e l a t i o n  i n t o  
equat ion 10 y i e l d s  t h e  f a m i l i a r  SCS r u n o f f  formula: 

where P = 24-hour r a i n f a l l  depth and 
S = watershed storage parameter. 

This SCS runof f  equation w i l l  serve as the basis for the t o t a l  volume 
es t imat ion  methods examined i n  t h i s  repor t  and analyzed by Konyha e t  a l .  
(1982). Each o f  t h e  f o l l o w i n g  methods uses a d i s t i n c t  technique f o r  a r r i v -  
i n g  a t  t h e  storage parameter, S. 

NEH-4. The SCS National Engineering Handbook-Section 4, Hydrology 
(~~0~=1972b),  o u t l i n e s  a procedure f o r  t h e  determinat ion o f  a water- 
shed storage parameter. I n  t h i s  technique, S i s  ca l cu la ted  as a f u n c t i o n  
o f  r u n o f f  curve number (CN), where: 



This CN parameter var ies  between 0 and 100 as a func t i on  of several 
watershed fac tors ,  namely: 1)  t h e  predominant s o i l  types, 2) t h e  s o i l s '  
i n f i l t r a t i o n  proper t ies,  3) t h e  vegetat ive cover cond i t i on  o f  t h e  s o i l  , 4) 
t h e  antecedent moisture cond i t i on  o f  t h e  s o i l ,  and 5) land use and prac- 
t i ces .  Changes i n  watershed cond i t ions  impact r u n o f f  volume through chan- 
ges i n  these cha rac te r i s t i cs .  Guidel ines f o r  t h e  determinat ion o f  t h e  
r u n o f f  curve number are documented i n  Appendix I. 

The number r e s u l t i n g  from t h i s  procedure i s  sa id  t o  apply t o  "average" 
watershed antecedent m i s t u r e  cond i t i on  (AMC.11). NEH-4 provides c r i t e r i a  
f o r  vary ing  t h i s  AMC based upon t h e  cumulat ive r a i n f a l l  occur r ing  du r ing  
t h e  f i v e  days p r i o r  t o  the  r a i n f a l l  event being examined. Table 2 presents 
c r i t e r i a  f o r  t h e  d i s c r e t e  p a r t i t i o n i n g  between wet cond i t ions  w i t h  h igh  
r u n o f f  p o t e n t i a l  (AMC=III) and d ry  cond i t ions  w i t h  low r u n o f f  p o t e n t i a l  
(AMC=I). Thus t h e  NEH-4 method provides est imates f o r  maximum, minimum and 
median r u n o f f  volume. F igure  6 presents t h e  s o l u t i o n  t o  t h e  combination o f  
equations 12 and 13. 

SCS-Florida. The AMC p a r t i t i o n i n g  method was developed f o r  c l a y  o r  
loamy s o i l s  which expand upon we t t i ng  thus reducing i n f i l t r a t i o n .  For t h e  
sandy cond i t ions  o f  F l o r i d a  the  NEH-4 AMC method was not  f e l t  t o  be a r e l i -  
ab le  i n d i c a t o r  o f  watershed wetness. The SCS, i n  t h e i r  F l o r i d a  I n t e r i m  
Procedure repo r t  (USDA-SCS, 1980), t h e r e f o r e  recommended t h a t  AMC=II be 
used f o r  a l l  storm events. Given t h i s  s i n g l e  curve number value, t h e  SCS- 
F l o r i d a  method does not  account f o r  vary ing  watershed wetness condi t ions,  
but  simply gives an est imate o f  a median r u n o f f  volume determined us ing t h e  
storage equation: 

where CNII = SCS curve number a t  AMC=II. 

E f f o r t s  t o  r e f i n e  t h e  curve number method are i n  progress i n  o ther  
regions o f  t h e  Uni ted States. Ha i ley  and McGi l l  (1983) repo r t  t ha t ,  f o r  
Texas, a c l i m a t i c  index served as a good curve number index o f  var ia t ion .  

DRM. The South F l o r i d a  Water Management D i s t r i c t  i n  t h e i r  D i s t r i c t  
Regulatory Manual (SFWMD. 1983) o u t l i n e  a procedure whereby t h e  storage 
parameter, S, i s  a d i r e c t  f unc t i on  o f  t h e  depth t o  t h e  water t a b l e  (DWT) as 
shown i n  F igure  3. This approach c i t e s  t h e  water t a b l e  depth as t h e  p r l -  
nary  f a c t o r  c o n t r o l l i n g  runof f .  While t h e  curve number attempts t o  account 
f o r  i n f i l t r a t i o n  rate,  t h e  DRM approach considers on ly  t h e  t o t a l  ava i l ab le  
storage capac i ty  o f  t h e  s o i l .  L a t i t u d e  f o r  assessing t h e  i n f l uence  of 
development a c t i v i t y  i s  a v a i l  ab le  through the  presenta t ion  o f  two ava i l ab le  
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Figure 5. Initial abstraction versus the SCS vatershed storage 
parameter (USDA-SCS, 1972b). 

Table 2. Seasonal rainfall limits for determining AMC (antecedent ' 
moisture condition) in the NEB-4 method (USM-SCS, 1972b). 

Total 5-Day Antecedent Rainfall 
AMC Group 

Dormant Season Growing Seaeon 

Inches Inches 

Less than 0.5 Less than 1.4 

0.5 t o  1.1 1.4 to 2.1 

111 Over 1.1 Over 2.1 
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Figure 6. Solut ion o f  the SCS runo f f  equation (USDA-SCS, 1972b). 



s o i l  storage curves; one represent ing na tura l  s o i l  cond i t ions  and another 
represent ing t h e  impact o f  development a c t i v i t i e s  upon s o i l  compaction. 
Fur ther  mod i f i ca t i ons  can be introduced by weight ing t h e  o v e r a l l  watershed 
parameter w i t h  t h e  watershed percent impervious area. The DRM method c a l -  
cu la tes  S as: 

S = SDRM(l - IMP) 

where SnRM = ove ra l l  watershed s o i l  storage as a func t i on  o f  depth -. .. . 

t o  t h e  water tab le ,  from Figure 3 and 
IMP = f r a c t i o n  o f  watershed covered by impervious surfaces. 

This  method i s  t a i l o r e d  s p e c i f i c a l l y  f o r  use on watersheds w i t h i n  t h e  
D i s t r i c t .  I t  does not  a l l ow  f o r  the  assessment o f  impacts upon r u n o f f  due 
t o  crop cover, hydro1 ogic  condi t ion,  o r  a g r i c u l t u r a l  management pract ices.  

CR-1. The CR-1 method as developed by Konyha e t  al. (1982). employs 
a watershed storage parameter weight ing func t i on  ex t rac ted  from t h e  CREAMS 
hydro log ic  s imu la t ion  model. CREAMS (A F i e l d  Scale Model f o r  Chemicals, 
Runoff, and Erosion from A g r i c u l t u r a l  Management Systems) as described i n  
Knisel (1980), conta ins the  a lgor i thm: 

where UL = upper l i m i t  o f  s o i l  water storage, 
SM = s o i l  moisture content, and 

SmaX = maximum value o f  S; 

where CNI = SCS curve number a t  AMC=I. 

The numerator o f  equat ion 16 represents an ava i l ab le  s o i l  moisture 
term and t h e  denominator a maximum storage term. For the  F l o r i d a  f latwoods 
watersheds, Konyha assumed an upper l i m i t  s o i l  water storage value o f  5.0 
inches. Two reasons were c i t e d  f o r  t h i s  choice o f  e f f e c t i v e  storage 1 i m i t ,  
desp i te  the  SFWMD curve's i n d i c a t i o n  o f  add i t i ona l  ava i l ab le  storage a t  low 
water t a b l e  condi t ions.  F i r s t ,  the  f latwoods s o i l s  genera l l y  have an i m -  
peding l a y e r  a t  a depth of 2 t o  3 fee t  below t h e  surface which can decrease 
i n f i l t r a t i o n  capacity.  Secondly, entrapped a i r  can fu r the r  slow i n f i l t r a -  
t i on .  The 5.0 i nch  l i m i t  in t roduces i n f i l t r a t i o n  r a t e  r a t h e r  than t o t a l  



a v a i l a b l e  storage as t h e  l i m i t i n g  storage fac tor  when h igh  r a i n f a l l  events 
f a l l  upon d ry  ( low water t a b l e )  condit ions. The equat ion used by the  CR-1 
method i s :  

where SDRM < 5.0 as determined from Figure 3. 

This  method combines t h e  depth t o  t h e  water t a b l e  s o i l  storage func- 
t i o n  w i t h  t h e  f l e x i b i l i t y  o f  t h e  curve number approach, thus accounting f o r  
t h e  in f luence o f  watershed wetness and a g r i c u l t u r a l  management p rac t ices  on 
r u n o f f  volume. 

CR-2. L i ke  CR-1, t h e  CR-2 technique i s  based upon the  CREAMS weight- 
i n g  a lgor i thm (equat ion 16). However, ins tead o f  us ing a depth t o  t h e  
water t a b l e  funct ion,  Konyha e t  a l .  (1982) employed a s i m p l i f i e d  s o i l  mois- 
t u r e  accounting model. The CR-2 vers ion  o f  t h e  CREAMS storage parameter 
equat ion i s :  

where It = s o i l  moisture, i n  inches. 

The It term i s  determined us ing t h e  storage dep le t i on  model developed 
by Stephens and M i l l s  (1965) i n  a s t a t i s t i c a l  study o f  southern F l o r i d a  
f latwoods watersheds. The s o i l  moisture s ta tus  a t  any t ime can be deter -  
mined by: 

where I, = water i n i t i a l l y  i n  storage, 

K = a recession f a c t o r  (0.96 i n  dormant season, 0.94 
otherwise) , and 

t = r a i n l e s s  days. 

I n  t h i s  procedure, s o i l  moisture i s  assigned a maximum e f f e c t i v e  value 
o f  5.0 inches a t  30 days p r i o r  t o  t h e  event being examined. The decay 
model then determines t h e  moisture s ta tus  a t  the  t ime o f  the  next r a i n -  
f a l l .  This r a i n f a l l  r a i ses  t h e  s o i l  moisture t o  a new value not t o  exceed 



5.0 inches. The accounting procedure (shown g raph ica l l y  i n  F igure 7) con- 
t inues  u n t i l  t h e  date o f  t h e  r a i n f a l l  event being examined. 

The CR-2 method does not  requ i re  an assumed o r  measured water t a b l e  
depth as does the  CR-1  technique. Instead, an assumed o r  measured r a i n f a l l  
h i s t o r y  i s  used t o  a r r i v e  a t  an est imate o f  watershed wetness a t  t h e  t ime 
o f  a storm event. 

CR-WT. Both o f  the prev ious ly  described methods employ t h e  storage 
p a r a m s  weight ing func t i on  as ex t rac ted  from t h e  CREAMS hydro log ic  
model., The CR-WT method a lso  uses equat ion 16, but  i n  the  context  o f  t h e  
e n t i r e  s imu la t ion  model i.e., t h e  f u l l  model determines s o i l  moisture sta-  
tus. 

Heatwole e t  a l .  (1984) describe a vers ion o f  t h e  CREAMS model adapted 
t o  account f o r  a f l u c t u a t i n g  water table.  The e f f e c t  o f  these modi f i ca-  
t i o n s  was t o  prevent deep pe rco la t i on  out o f  the  s o i l  p r o f i l e .  S o i l  mois- 
t u r e  dep le t ions  are modeled as i n t e r f l o w ,  ET, and s l i g h t  amounts o f  slow, 
l a t e r a l  drainage. Implementation o f  t h e  CREAMS-WT (Option I) model re-  
qu i res  i npu ts  o f  d a i l y  r a i n f a l l  and temperature, monthly rad ia t i on ,  and 
land use parameters. Resul ts  can i nc lude  water q u a l i t y  as we l l  as storm- 
water r u n o f f  volumes. 

Storm Runoff Peak Rate 

As described e a r l i e r ,  a v a r i e t y  o f  approaches are a v a i l a b l e  f o r  the  
r o u t i n g  o f  stormwater t o  a r r i v e  a t  peak discharge rates. Several t echn i -  
ques represent ing a range o f  complexity l e v e l s  have been app l ied  t o  t h e  
F l o r i d a  f latwoods. They are presented as fo l lows beginning w i t h  t h e  very 
empi r ica l  and progressing through t o  the  more t h e o r e t i c a l  approaches. 

Cypress Creek Formula. The Cypress Creek Formula was developed t o  
a i d  i n  the  design o f  drainage systems f o r  small a g r i c u l t u r a l  watersheds 
(Stephens and M i l l s ,  1965). This formula does not  p r e d i c t  t h e  instantane-  
ous peak of a stormwater hydrograph, but  est imates a maximum 24-hour-aver- 
age discharge us ing t h e  fo l low ing equation: 

where q = maximum 24-hour-average discharge r a t e  i n  c f s ,  

M = watershed area i n  m i2 ,  and 
C = a coe f f i c i en t  based upon topography and r a i n f a l l .  

Spei r  e t  a l .  (1969) analyzed t h i s  formula as app l ied  t o  t h e  Taylor  
Creek Basin and a r r i v e d  a t :  



Figure 7. Example of CR-2 soil moisture accounting method application 
(Konyha et a1 . , 1982). 
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Figure 8. Design peak rate curve for use in the SCS Graphical Method 
(USDA-SCS , 1980) . 
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where Re - 24-hour r a i n f a l l  excess i n  inches. 

Given equat ions 21 and 22, the  Cypress Creek Formula a l lows on l y  r a i n -  
f a l l  excess and watershed area as va r iab le  factors. The r e s u l t i n g  peak 
should underestimate t h e  instantaneous peak r a t e  s ince t h e  24-hour-average 
w i l l  be equal t o  o r  l ess  than any instantaneous r a t e  w i t h i n  t h e  same t ime  
period. Stephens and M i l l s  (1965) present a curve r e l a t i n g  instantaneous 
peak t o  the  average 24-hour r a t e  as a func t i on  o f  drainage area. An equi-  
v a l  en t  expression i s :  

where r = instantaneous peakfmaximum 24-hour-average rate.  

(mi s;;rAy;8quation. 
The a lgor i thm used i n  the  CREAMS hydro log ic  model 

t o  est imate peak d a i l y  f lows i s :  

where qp = peak r u n o f f  r a t e  i n  c fs ,  .. 
DA = drainage area i n  m iz ,  
CS = main channel slope i n  f t / m i ,  
LW = watershed length  t o  width r a t i o ,  and 

Q = d a i l y  r u n o f f  volume i n  inches. 

This  empir ica l  formula was developed w i t h  data from 304 storms occurr-  
i n g  on 56 watersheds i n  14 s ta tes  (none i n  F l o r i d a )  (Smith and Wil l iams, 
1980). I t s  fo rmula t ion  i s  s i m i l a r  t o  t h a t  of t h e  Cypress Creek Formula, 
but  has channel slope and length  t o  w id th  r a t i o  as added independent 
var iab les .  

SCS Graphical Method. The Soi 1 Conservation Service (USDA-SCS, 1980) 
publ ished an i n t e r i m  peak discharge curve fo r  F l o r i d a  (F igure  8). Associ- 
ated w i t h  t h i s  graph i s  the  polynomial equation: 

where 
QP 

= peak discharge i n  csm (c fs  Per m i 2  per i nch  o f  r u n o f f )  and 

Tc = t ime o f  concentrat ion i n  hours. 



Figure  8 and equat ion 25 d i f f e r  from t h a t  publ ished i n  TR-55 (USDA- 
SCS. 1975) due t o  t h e  r a i n f a l l  t i m e - d i s t r i b u t i o n  used t o  generate each 
(see Figure 1). SCS hyd ro log i s t s  observed t h a t  us ing the  standard SCS Type 
I 1  r a i n f a l l  d i s t r i b u t i o n  resu l ted  i n  unreal i s t i c a l l y  h igh  r u n o f f  peak e s t i -  
mates and, therefore,  t h e  F l o r i d a  i n t e r i m  r a i n f a l l  d i s t r i b u t i o n  was deve- 
loped t o  more accura te ly  r e f l e c t  r a i n f a l l  pa t te rns  i n  South F lo r ida .  Both 
t h e  TR-55 and F l o r i d a  curves represent s i m p l i f i e d  r e s u l t s  from execut ion o f  
t h e  SCS TR-20 computer model. This  graphical  approach i s  app l i cab le  f o r  
watersheds where channel r o u t i n g  i s  no t  requi red and t h e  watershed i s  
homogeneous. 

TR-55 presents two techniques f o r  es t imat ing  t ime o f  concentrat ion 
(Tc) which i s  a hyd rau l i c  wave's t r a v e l  t ime through a watershed. NEH-4 
approximates Tc as t h a t  t ime requ i red  f o r  r u n o f f  t o  t r a v e l  from t h e  hydrau- 
l i c a l l y  most remote p a r t  o f  t h e  watershed t o  t h e  po in t  o f  reference. The 
s impler  o f  t h e  two techniques r e l a t e s  t ime o f  concentrat ion t o  a watershed 
t ime l a g  parameter: 

where L = watershed l a g  ( t ime from r a i n f a l l  excess center  o f  mass 
t o  peak r a t e  o f  r u n o f f ) ;  

where 1 = hyd rau l i c  l eng th  o f  watershed i n -  feet, 
S = SCS watershed storage parameter from equation 14, and 
Y = average watershed land slope i n  percent. 

The a l t e r n a t e  SCS method f o r  es t imat ing  Tc r e l i e s  upon the  c a l c u l a t i o n  
o f  watershed t o t a l  t r a v e l  time. For a na tura l  watershed t h i s  inc ludes  
overland and channel f l ow  times. Estimates o f  f l o w  v e l o c i t y  f o r  each 
regime are f i r s t  made and then combined w i t h  t h e  respect ive  f l ow  lengths t o  
a r r i v e  a t  t o t a l  t r a v e l  time. F igure  9 o f f e r s  est imates o f  overland f l ow  
v e l o c i t y  f o r  var ious sur face cond i t ions  and slopes. The recomnended pro-  
cedure f o r  es t imat ing  channel v e l o c i t y  i s  t h e  Manning equat ion appl ied t o  
bank- fu l l  condit ions. However, as discussed e a r l i e r ,  Mierau (1981) pointed 
out  t h a t  t h i s  i s  not  always an easy task  f o r  f latwoods watersheds. 

Compared t o  t h e  two empi r ica l  r e l a t i o n s  described prev iously ,  t h e  SCS 
Graphical Method represents a s l i g h t l y  h igher  l e v e l  approach t o  runoff peak 
r a t e  est imation. 

SCS Chart Method. The SCS Chart Method i s  comparable t o  the  graphic- 
a l  method. However, ins tead o f  c a l c u l a t i n g  t h e  watershed l a g  d i r e c t l y ,  
general slope and length  considerat ions are i n t e r n a l  t o  t h e  chart .  For t h e  
F l o r i d a  f latwoods cond i t ions  t h e  appropr ia te  cha r t  i s  t h a t  f o r  t h e  F l o r i d a  



OVERLAND FLOW VELOCITY Ih: FT/SEC 

Figure 9. Overland f l o w  v e l o c i t y  es t imat ion  curves f o r  use i n  t h e  SCS 
Graphical Method (USDA-SCS, 1972b). 
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Figure  10. Design peak r a t e  curves f o r  use i n  t h e  SCS Chart Method 
(USDA-SCS , 1980). 



Table 3. Peak r a t e  adjustment fac to rs  f o r  swamps and ponds (spread 
throughout the  watershed) f o r  use i n  the  SCS Chart Method 
(USOA-SCS, 1972). Values corresponding t o  frequencies l ess  
than 1-year were determined by extrapol  at ion. 

% Swamps Storm Frequency i n  Years 
and Ponds 0.1 0.5 1.0 2.0 5.0 10. 25. 50. 100. 

Table 4. Peak r a t e  adjustment fac to rs  f o r  watershed slope f o r  use i n  
the  SCS Chart Method (USOA-SCS, 1975). Values corresponding 
t o  slopes less  than 0.1% were determined by extrapolat ion.  

Watershed Orainage Area i n  Acres 
% Slope 10 20 50 100 200 500 1000 2000 



i n t e r i m  r a i n f a l l  d i s t r i b u t i o n  and f l a t  watershed slopes i n  F igure  10 (SCS, 
1980). Given t h e  watershed curve number and drainage area, an i n i t i a l  peak 
discharge est imate i s  f i r s t  determined. This quan t i t y  i s  then mod i f ied  
w i t h  adjustment f ac to rs  f o r  s p e c i f i c  watershed slope (Table 3) and t h e  
d i s t r i b u t i o n  and ex ten t  o f  swamps and ponds w i t h i n  t h e  drainage b a l l n  
(Table 4). 

The SCS cha r t  method can be sumnarized as: 

where 
q~ 

peak discharge i n  c f s  per i nch  o f  runof f ,  

q~ 
' = peak discharge from Figure 10. 

FS = slope adjustment f a c t o r  frm Table 3, and 

F~ 
= swamps and ponds adjustment f a c t o r  from Table 4. 

SCS Un i t  Hydrograph Method. The SCS u n i t  hydrograph approach t o  
es t ima t ing  s t o n w a t e r  peak discharges u t i l  i r e s  a t r i a n g u l a r  approximation 
o f  a r u n o f f  u n i t  hydrograph (F igure 11). Synthet ic  u n i t  hydrographs o f  
t h i s  shape can be created us ing watershed and storm c h a r a c t e r i s t i c s  t o  
est imate t ime parameters o f  t h e  t r i a n g u l a r  hydrograph. The basic  r e l a t i o n -  
sh ip  o f  t h e  t r i a n g l e  r e l a t e s  t h e  geometry o f  i t s  shape: 

where Q = u n i t  r u n o f f  volume (L3), 

4~ 
= peak discharge r a t e  ( L 3 / ~ ) ,  and 

Tb = hydrograph t ime base (T). 

no t i ng  t h a t :  Tb = Tp + Tr and rearranging y i e l d s :  

where Tp = t ime t o  peak (T) and 

Tr = recession t ime (T). 



I f  the  r e l a t i o n s h i p  between the  t ime parameters i s  lumped i n t o  a s in -  
g le  fac tor ,  K, such t h a t :  

then equation 30 can be w r i t t e n  as: 

I f  s p e c i f i c  u n i t s  are introduced f o r  these quan t i t i es ,  then the  tri- 
angular hydrograph func t ion  becomes: 

- - 645.33(K) (A) (9) 
q~ T 

where 
q~ 

= peak r u n o f f  r a t e  i n  cfs, 
A 

A = Area i n  miL ,  
Q = r a i n f a l l  excess depth i n  inches, 

T, = t ime t o  peak i n  hours, 

K = hydrograph shape fac tor ,  and 
645.33 = u n i t  conversion factor.  

By lumping the  shape and u n i t  conversion fac to rs  i n t o  a s ing le  quant i -  
t y ,  K '  , the  SCS t r i a n g u l a r  u n i t  hydrograph equation simp1 i f i e s  t o :  

Therefore, synthesis o f  an SCS u n i t  hydrograph requires the  es t imat ion  
of two t ime parameters. The standard est imate f o r  K' (484) describes a 
hydrograph whose recession i s  1.67 t imes as long as i t s  t ime t o  peak. 
Mockus (USDA-SCS, 1972b) notes t h a t  t h i s  K '  value has been known t o  vary 
Prow 600 i n  steep t e r r a i n  t o  300 i n  f l a t  swampy country. For the  Delmarvl 
peninsula, which inc ludes Delaware and pa r t s  o f  Maryland, Welle e t  a l .  
(1980) concluded t h a t  a value o f  256 i s  more appropriate. The watersheds 
examined were small w i t h  sandy s o i l s  and slopes i n  the  range o f  2%. The 
U.S. Army Corps o f  Engineers (1955) studied records from several l a r g e  



Figure 11. SCS triangular unit hydrograph approximation and time 
parameter interpretations (USDA-SCS, 1972b). 

Figure 12. Generation of a composite discharge hydrograph by the 
superposition of incremental unit hydrographs (Kent, 1973). 



watersheds i n  Central and South F l o r i d a  ( the  e n t i r e  Kissimmee River Basin 
being one) and determined an appropr ia te  t ime f a c t o r  f o r  use i n  a s i m i l a r  
peak discharge equation. M i l l e r  and Einhouse (1984) t r a n s l a t e d  t h i s  f a c t o r  
i n t o  the  SCS form, a r r i v i n g  a t  a value o f  284 f o r  K'. 

The other  t ime parameter i n  equat ion 34, To, i s  def ined as: 

where L = watershed t ime l a g  and 
AD = r a i n f a l l  excess durat ion.  

The SCS recommends us ing a du ra t i on  not exceeding 20% o f  t h e  t ime t o  
peak. Lag can be ca lcu la ted  w i t h  equat ion 27 o r  a l t e r n a t i v e l y  can be de- 
termined using a t o t a l  t r a v e l  t ime est imate and equation, 26. 

Given a t r i a n g u l a r  u n i t  hydrograph t a i l o r e d  t o  a s p e c i f i c  watershed 
and r a i n f a l l  excess durat ion,  a composite storm hydrograph can be deve- 
loped. Kent (1973) describes such a procedure. F i r s t ,  t h e  r a i n f a l l  mass 
curve (F igure 1) i s  d i s c r e t i z e d  i n t o  equal increments o f  AD. The r a i n f a l l  
excess f o r  each increment i s  then ca l cu la ted  w i t h  equat ion 13 and an i n d i -  
v idual  hydrograph developed f o r  each. Superposit ion i s  app l ied  t o  t h e  
ser ies  o f  hydrographs r e s u l t i n g  i n  a composite storm discharge hydrograph 
(F igure 12). An est imate o f  peak discharge can be ex t rac ted  from t h i s  
composite hydrograph. 

SFWMD Model. The South F l o r i d a  Water Management D i s t r i c t  (SFWMD) 
uses a graphical ly-based technique t o  determine peak discharges f o r  water- 
sheds w i t h i n  i t s  j u r i s d i c t i o n .  The graphs i n  t h e  D i s t r i c t  Regulatory 
Manual I V  (SFWMD, 1983) o r i g i n a t e  from output  o f  an overland f low computer 
model as constructed by Higgins (1976) and implemented by SFWMD (1979). 

This program employs Manning's form o f  t h e  overland f l ow  momentum 
equation (equat ion 3) combined w i t h  an assumed r e t e n t i o n  depth: 

where q = watershed ou t f l ow  i n  c f s ,  
W = watershed width i n  ft, 

. . n = Manning's roughness c o e f f i c i e n t ,  
D = sur face water depth i n  ft, 
S = watershed groundslope i n  f t / f t ,  and 

Dr = watershed re ten t i on  depth i n  ft. 



The watershed i s  modeled as a s ing le  uni form i n c l i n e d  plane w i t h  con- 
t i n u i t y  ca l cu la ted  using the  fo l l ow ing  scheme: 

where Di = 
- 

Dt - 
A t  = 

R = 
f =  

D t t l  
= 

q(Di) = 

A = 

in termediary water depth i n  ft 

i n i t i a l  water depth i n  ft, 

s imu la t ion  t ime increment i n  hours, 
r a i n f a l l  r a t e  i n  f t l h r ,  
i n f i l t r a t i o n  rate,  i n  f t l h r ,  
f i n a l  water depth i n  ft, 

ou t f l ow  r a t e  ca lcu la ted  a t  D; i n  c fs ,  and 

watershed area i n  ft2. 

Watershed ou t f l ow  r a t e  c a l c u l a t i o n  begins when Di exceeds Or (2.0 
inches) and cont inues f o r  each t ime increment u n t i l  Oi again approaches Dr. 

The two components o f  the  c o n t i n u i t y  procedure other  than ou t f l ow  are 
r a i n f a l l  and i n f i l t r a t i o n .  R a i n f a l l  i s  assumed t o  f o l l o w  t h e  SFWMD d i s t r i -  
b u t i o n  shown i n  F igure 1. I n f i l t r a t i o n  i s  ca lcu la ted  us ing Horton's equa- 
t i o n  w i t h  an i n i t i a l  r a t e  o f  3.1 i n / h r  and a f i n a l  r a t e  o f  0.01 in /h r .  I n  
Horton 's  method, i n f i l t r a t i o n  r a t e  decays exponent ia l l y  w i t h  time. Higgins 
(1976) made t h e  exponent o f  t h i s  decay func t i on  dependent upon the  a v a i l -  
ab le  ground storage. However, once t h i s  ava i l ab le  ground storage i s  f i l -  
led, i n f i l t r a t i o n  cont inues t o  approach i t s  f i n a l  rate. 

Peak discharge can be determined from the  hydrograph produced by t h i s  
simulat ion. Runoff volume i s  ca lcu la ted  on ly  a f t e r  runoff r a t e  and i s  t h e  
i n t e g r a l  o f  the  discharge hydrograph. This  s imu la t ion  of over land f l o w  and 
i n f i l t r a t i o n  represents a more t h e o r e t i c a l  approach t o  stormwater modeling. 
bu t  s t i l l  inc ludes many approximations of the  rea l  watershed system. 



CHAPTER 111 

SITE AND DATA DESCRIPTION 

Approximately one t h i r d  o f  F l o r i d a  i s  c l a s s i f i e d  as having f latwoods 
s o i l s .  These are o f  t h e  Spodosol order,  meaning amorphous ma te r ia l s  ( o r -  
ganic matter,  aluminum and i r o n  oxides) i n  subsurface horizons. The speci-  
f i c  suborder i n  F l o r i d a  i s  Aquods, common t o  areas which are seasonal ly 
sa tura ted  w i t h  water, gen t l y  r o l l i n g  range o r  woodland and, where drained, 
can support c i t r u s  and o ther  specia l  crops (Brady, 1974). Three general 
geographic c l a s s i f i c a t i o n s  o f  f latwoods occur i n  F lo r i da :  t h e  Gu l f  Coast 
and A t l a n t i c  Coast Flatwoods ( thermic zone) and t h e  Southern F l o r i d a  F l a t -  
woods (hyperthermic zone) as shown i n  F igure  13. 

Data c o l l e c t i o n  s i t e s  f o r  t h i s  study are w i t h i n  t h e  Lower Kissimmee 
R ive r  and Taylor  Creek-Nubbin Slough Basins (see F igure  14). The predomin- 
ant s o i l  associat ions f o r  bo th  basins are  Myakka-Imnokalee-Waveland and 
Wabasso-Felda-Pompano (Caldwel l  and Johnson, 1982). Despite t h e  h igh  hy- 
d r a u l i c  c o n d u c t i v i t i e s  o f  these s o i l s  ( > I 6  cm/hr), drainage i s  poor unless 
augmented by extensive d i tch ing .  Hydrologic  c l a s s i f i c a t i o n  i s  A/D o r  B/D, 
t h e  exact c lass  determined by t h e  ef fect iveness o f  drainage improvements a t  
lower ing  t h e  water t ab le .  

Land use c a p a b i l i t y  i s  c l a s s i f i e d  as I V w  over 70-80% o f  t h e  two bas- 
i ns ,  descr ib ing  lands o f  1 i m i t e d  p r o d u c t i v i t y  due t o  water r e l a t e d  pro-  
blems. Approximately 10-20% o f  t h e  basins are ra ted  as Class I I I w ,  r equ i r -  
i n g  extensive treatment f o r  c u l t i v a t i o n  (Huber e t  a1 ., 1976; Speir  e t  al., 
1969). Natural  vegetat ion cons is ts  p r i m a r i l y  o f  wet and dry  p r a i r i e  grass- 
lands and pine-palmetto fo res ts .  I n  t h e  depressional areas, wetlands spec- 
i es predominate and i nc lude  maidencane, cordgrass, S t .  Johnswort , pond 
pine, and var ious hardwoods. Land use i n  t h e  two basins i s  dominated by 
improved and unimproved pasture, c la im ing  about 75% o f  t h e  t o t a l  area i n  
1980 (Huber e t  a1 . , 1976; A1 1 en e t  a1 . , 1982). 

The means o f  t rans format ion  from a na tu ra l  marsh and slough system t o  
a g r i c u l t u r a l  use has been drainage improvement achieved through d i t ch ing .  
Extensive channel networks combined w i t h  extreme1 y 1 ow watershed slopes 
(<0.5%) make de l i nea t i on  o f  watershed boundaries a d i f f i c u l t  task  i n  some 
cases. Drainage pat te rns  can, i n  f a c t ,  s h i f t  depending upon r a i n f a l l  pat-  
t e r n s  and r u n o f f  magnitude. 

The c l ima te  o f  South F l o r i d a  i s  sub- t rop ica l  w i t h  an average tempera- 
t u r e  o f  73-degrees Fahrenheit  and average annual r a i n f a l l  o f  56 inches. 
The m a j o r i t y  o f  r a i n f a l l  occurs i n  t h e  summer, however h i g h - i n t e n s i t y  
storms can occur throughout t h e  year (Speir  e t  a1 ., 1969). F igures 15, 16, 
and 17 present t y p i c a l  r a i n f a l l ,  temperature, and r a d i a t i o n  pa t te rns  f o r  
South Central  F lo r ida .  

Hydrologic data from f i v e  watersheds loca ted w i t h i n  t h e  Lower 
Kissimnee R ive r  and Tay lor  Creek-Nubbin Slough Basins were c o l l e c t e d  be t -  
ween 1979 and 1983 i n  con junc t ion  w i t h  t h e  Upland Detent ion/Retent ion De- 
monstrat ion Pro jec t  conducted by t h e  Kissimnee Coordinat ing Council and t h e  
South F l o r i d a  Water Management D i s t r i c t .  Primary emphasis o f  t h e  p r o j e c t  
was t o  assess t h e  water q u a l i t y  c h a r a c t e r i s t i c s  o f  t h e  area and p o t e n t i a l  
henef i t s  from t h e  c r e a t i o n  o f  a r t i  f i c i  a1 impoundments/wetl ands. 
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Figure 13. General Classification and distribution of flatwoods so i l s  
in Florida (Brady, 1974) and study area location. 



Figure 14. Location of data collection sites and auxiliary rain gauges. 
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Figure 15. Study area monthly r a i n f a l l  (Huber e t  a l . ,  1976).  
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Figure 16. Study area average temperatures (USDC-NOAA, 1972-82). 
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Figure 17. Study area average d a i l y  r a d i a t i o n  (USDC-NOAA, 1972-82). 
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The U.S. Geological Survey i n s t a l l e d  and maintained ins t rumenta t ion  
f o r  t h e  a c q u i s i t i o n  o f  r a i n f a l l  and water t a b l e  data. Measurement was on a 
continuous bas is  us ing automatic-feed s t r i p  cha r t  recorders. Water t a b l e  
e leva t ions  were measured i n  shal low we l l s  ( < I 0  ft deep) equipped w i t h  f l o a t  
devices. R a i n f a l l  was recorded as weighing bucket t races  recorded between 
monthly serv ice  i n t e r v a l s .  

The South F l o r i d a  Water Management D i s t r i c t  maintained r e s p o n s i b i l i t y  
f o r  gather ing discharge data. Inst rumentat ion consis ted p r i m a r i l y  o f  stage 
recorders loca ted upstream and downstream from c r i t i c a l  depth flumes and 
drop i n l e t  cu lver ts .  Readings were taken a t  30-minute i n t e r v a l s  a t  each 
s i t e .  Mierau (1981) describes t h e  c r i t e r i a  governing t h e  design o f  these 
s t ruc tu res  and a D i s t r i c t  repo r t  (SFWMD, 1980) prov ides cons t ruc t i on  speci -  
f i c a t i o n s  f o r  each s t ruc ture .  Operat ional schematics o f  t h e  two runof f  
measurement systems are shown i n  F igures 18 and 19. 

C r i t i c a l  depth flumes were selected as pr imary f l o w  measurement de- 
v ices as they  prov ide  accurate measurement over a wide range o f  opera t ing  
condi t ions.  Flow through these s t ruc tu res  can be re1 i a b l y  ca l cu la ted  from 
physical  dimensions, thus removing t h e  need f o r  empi r ica l  c a l i b r a t i o n  
(SFWMD, 1980). Another b e n e f i t  o f  c r i t i c a l  depth flumes i s  t h e  small head 
d i f f e r e n t i a l  requ i red  between upstream and downstream water l e v e l s  f o r  
accurate f l ow  measurement du r ing  h igh  r u n o f f  events. The stage and r e l a -  
t i v e  d i f f e rences  between t h e  upstream and downstream water surfaces d i c t a t e  
which f l o w  c o n d i t i o n  ( f r e e  f l o w  o r  submerged) i s  i n  e f f e c t .  Given f r e e  
f l ow ing  condi t ions,  t h e  upstream e leva t i on  i s  s u f f i c i e n t  f o r  determinat ion 
o f  f l o w  ra te .  Under submerged cond i t ions ,  both water sur face e leva t i ons  
are requ i red  t o  est imate discharge. 

Fol lowing i s  a b r i e f  d e s c r i p t i o n  o f  each study s i t e ,  i t s  phys ica l  
c h a r a c t e r i s t i c s ,  inst rumentat ion,  and any s i g n i f i c a n t  observat ions associ-  
ated w i t h  each. Table 5, which fo l l ows  these sect ions, prov ides a summary 
o f  general watershed cha rac te r i s t i cs .  

Armstrong Slough 

A 3600 acre subbasin o f  t h e  12.000-acre Armstrong Slough watershed 
served as t h e  l a r g e s t  s i t e  examined i n  t h i s  study (F igure  20). Runoff 
measurements were from a flume loca ted a t  t h e  watershed's ou t f l ow  p o i n t  
i n t o  an a r t i f i c i a l  de ten t ion lwet land area. O f f s i t e ,  bu t  near t h e  de ten t i on  
area, was t h e  pr imary raingage used f o r  t h i s  watershed. Due t o  the  l e n g t h  
o f  t h e  drainage bas in  (5  mi les) ,  records from t h i s  gage were supplemented 
w i t h  data from raingages a t  t h e  Peavine Pasture s i t e  and t h e  S-65A 
Kissimnee R iver  con t ro l  s t r u c t u r e  (MRF32). Also o f f s i t e  was t h e  ground- 
water we l l  used f o r  es t imat ing  water t a b l e  depths on Armstrong. Konyha e t  
a l .  (1982) repor ted t h a t  t h i s  we l l  was poss ib l y  in f luenced by water l e v e l s  
i n  the  c o n t r o l l e d  de tent ion  area. Based upon l a t e r  a e r i a l  inspect ion,  t h e  
observat ion we l l  f a r t h e s t  from t h e  impoundment was judged an adequate rep- 
resenta t ion  o f  t h e  general basin water t a b l e  condi t ions.  

The main channel s e r v i c i n g  t h i s  basin i s  blocked a t  i t s  f a r  end, ap- 
prox imate ly  f o u r  m i l es  upstream o f  t h e  flume. The upland boundaries are  
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Figure 18. Critical depth flume discharge measurement system. 
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Figure 19. Culvert and riser discharge measurement system. 

36 



Figure 20. Armstrong Slough sub-watershed data collection site. 



poor l y  de f ined due t o  l i t t l e  v a r i a t i o n  i n  r e l i e f .  Basin de l i nea t i ons  were, 
there fore ,  s u b j e c t i v e l y  based upon drainage pat te rns  as i n t e r p r e t e d  from 
a e r i a l  photographs and USGS topographic maps. 

Armstrong Slough i s  described as a na tura l  watershed c o n s i s t i n g  p r i -  
m a r i l y  o f  unimproved pasture and approximately 13% wetlands. The predomin- 
an t  s o i l  t ype  i s  Smyrna f i n e  sand (41%) w i t h  Malabar, Pompano. Eaugal l ie ,  
and Oldsmar combined accounting f o r  an add i t i ona l  46% o f  t h e  watershed. 

Periods o f  data records are: r a i n f a l l ,  A p r i l  1979 t o  February 1983; 
water tab le ,  January 1980 t o  October 1983; runof f ,  August 1979 t o  February 
1983. Runoff records between September 1979 and March 1980 a r e  coded as 
"estimated" due t o  a p a r t i a l  f a i l u r e  o f  t h e  flume s t r u c t u r e  caused by heavy 
r u n o f f  associated w i t h  Hurr icane David. 

Peavine Pasture 

The drainage area c o n t r i b u t i n g  t o  f l ow  a t  t h e  Peavine Pasture f lume 
va r ied  depending upon r u n o f f  event magnitude. Under normal cond i t i ons  
(when r u n o f f  was conf ined t o  t h e  d i t c h )  an a r t i f i c i a l  channel b lock  l i m i t e d  
t h e  c o n t r i b u t i n g  area t o  775 acres. During f l o o d  f lows, however, over land 
f l o w  dominated and t h e  watershed rever ted  back t o  i t s  na tu ra l  drainage area 
o f  approximately 1800 acres (see F igure  21). 

One raingage and observat ion we l l  are loca ted w i t h i n  t h e  smal le r  bas- 
in .  For t h e  l a r g e  r u n o f f  events, r a i n f a l l  records from a SFWMD r a i n f a l l  
network s i t e ,  MRF155, supplemented the  USGS data. 

Peavine Pasture i s  a r e l a t i v e l y  na tu ra l  s i t e  c o n s i s t i n g  o f  improved 
pasture and 21-23% wetlands. Eauga l l ie  f i n e  sand accounts f o r  33% o f  t h e  
watershed's s o i l  w i t h  Smyrna, Myakka. Malabar, and Pompano combined repre-  
sent ing  an add i t i ona l  45%. 

Periods o f  data records are: r a i n f a l l ,  A p r i l  1979 t o  August 1982; 
water tab le ,  January 1980 t o  September 1982; runo f f ,  June 1979 t o  February 
1983. Because o f  t h e  add i t i ona l  area c o n t r i b u t i n g  t o  f low du r ing  l a r g e r  
r u n o f f  events, t h e  flume was described as 90% submerged du r ing  most s i g n i -  
f i c a n t  runo f f  events (+30% accuracy). By necessi ty ,  these events were 
inc luded i n  t h e  analysis.  



Figure 21. Peavine Pasture watershed data collection site. 
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SEZ D A I R Y  

SEZ Da i ry  i s  an elongated 710-acre watershed loca ted i n  t h e  Taylor  
Creek Basin. A wel l -def ined per imeter  d i t c h  d ra ins  t h i s  improved pasture 
and d a i r y  opera t ion  (see F igure  22). Discharge measurement i s  by a small 
c u l v e r t  and r i s e r  loca ted  a t  t h e  d a i r y ' s  ou t f l ow  p o i n t  i n t o  a deep canal. 
This  measurement r e f l e c t s  stormwater r u n o f f  and lagoon e f f l u e n t  reaching 
t h e  drainage system. Discharge from a lagoon system used t o  t r e a t  d a i r y  
barn wash-water i s  measured w i t h  a flume as i t  f lows onto t h e  pasture 's  
seepage f i e l d .  

The s i t e  has east  and west observat ion w e l l s  and one r a i n  gage a t  t h e  
western w e l l  loca t ion .  The b u i l d i n g s  associated w i t h  t h e  d a i r y  opera t ion  
are  s i t u a t e d  a t  t h e  western end o f  t h e  two-mile long watershed. The re -  
mainder o f  t h e  land i s  devoted t o  improved pasture w i t h  7% occupied by 
wetlands. Immokalee f i n e  sand i s  the  dominant s o i l  t ype  (55%) w i t h  Myakka, 
Parkwood, Char1 o t t e ,  and Bass/Pl ac id  Complex combi ned accounting f o r  an 
add i t i ona l  26%. 

Periods o f  data records are: r a i n f a l l ,  May 1979 t o  February 1983; 
water tab le ,  May 1980 t o  August 1982; runo f f ,  November 1979 t o  February 
1983. The c u l v e r t  and r i s e r  ou t f l ow  con t ro l  from SEZ Da i ry  has a maximum 
capac i ty  o f  14 c fs .  This l i m i t  was reached several t imes du r ing  t h e  pe r iod  
o f  record, prevent ing t h e  occurrence o f  na tura l  f l o o d  peaks. Many o f  t h e  
s i g n i f i c a n t  r u n o f f  events were the re fo re  e l im ina ted from t h i s  analys is .  
Considering t h e  deep perimeter d i t c h ,  i t  i s  unknown whether s i g n i f i c a n t  
subsurface c o n t r i b u t i o n s  may have been int roduced from outs ide  t h e  d iked 
watershed. 

Bass West Pasture 

The Bass West pasture s i t e  i s  t h e  l a r g e r  o f  two basins c o n t r i b u t i n g  t o  
t h e  Ash Slough impoundment/wetlands area and cons is ts  of 160 wel l -dra ined 
acres (see F igure  23). A we l l -de f ined (3-4 f t )  per imeter  d i t c h  accepts 
f l o w  from a network o f  shal low ( 2  f t )  di tches. Outf low i s  measured a t  a 
flume where r u n o f f  en ters  t h e  impoundment area. A water t a b l e  observat ion 
we l l  and raingage are  loca ted onsite. Land use i s  e n t i r e l y  improved pas- 
t u r e  w i t h  no s i g n i f i c a n t  wetlands. So i l  t ype  i s  uni formly Myakka f i n e  
sand. 

Periods o f  data records are: r a i n f a l l ,  May 1979 t o  February 1983; 
water t ab le ,  January 1980 t o  Ju l y  1982; runof f ,  August 1979 t o  January 
1983. As w i t h  SEZ Dairy,  t h e  per imeter  d i t c h  may have in t roduced some 
subsurface f l o w  from outs ide  t h e  d iked area. I n  l a t e  1983 numerous brea- 
ches r e s u l t i n g  from l i v e s t o c k  t r a f f i c  were observed i n  t h e  low levee sur-  
rounding t h e  pasture. These breaches may have resu l ted  i n  unknown amounts 
o f  i n f l o w  t o  t h e  pasture as we l l  as f l ow  bypassing t h e  flume. Since i t  i s  
not  known when t h e  s i z e  of t h e  breaches became s i g n i f i c a n t  and which caused 
i n f l o w  and which caused out f low,  no attempt was made t o  q u a n t i f y  these 
poss ib le  e r ro rs .  



Figure 22. SEZ Dairy watershed data collection site. 
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F igu re  23. Ash Slough (Bass East  and Bass West) d a t a  c o l l e c t i o n  s i t e s .  



Bass East Pasture 

The Bass East pasture i s  across t h e  Ash Slough impoundment area from 
t h e  Bass West s i t e  (see Figure 23). Flow recorded a t  i t s  small flume i s  
est imated t o  be con t r i bu ted  by 20 acres o f  a much l a r g e r  pasture area. 
Runoff i s  c o l l e c t e d  i n  a s i n g l e  shal low d i t c h  o r i en ted  perpendicular  t o  t h e  
flume f l ow  d i rec t i on .  A water t a b l e  observat ion we l l  i s  loca ted  onsi te.  
R a i n f a l l  data are taken from t h e  Bass West gage loca ted approximately one- 
quar te r  m i l e  o f f s i t e .  L i k e  t h e  west s i t e ,  land use i s  e n t i r e l y  improved 
pasture w i t h  no s i g n i f i c a n t  wetlands. So i l  i s  un i fo rmly  Myakka f i n e  sand. 

Periods o f  data records are: r a i n f a l l ,  May 1979 t o  February 1983; 
January 1980 t o  J u l y  1982; runo f f ,  August 1979 t o  January 1983. A low 
levee d i r e c t s  t h e  standing water i n  t h e  d i t c h  toward t h e  flume. Again, 
l i k e  t h e  west s i t e ,  l i v e s t o c k  t r a f f i c  breached t h i s  embankment r e s u l t i n g  i n  
unmeasured outf low. Therefore r u n o f f  data taken a f t e r  t h e  i n t r o d u c t i o n  o f  
t h i s  e r r o r  ( e a r l y  1981) were not  inc luded i n  t h i s  study. 

Table 5. Watershed Charac ter is t i cs .  

Charac te r i s t i c  S i t e  

ARMS. PEAV. PEAV-S. SEZ ASH-W. ASH-E. 

Drainage Area 

(acres) 3600 1800 775 710 160 20 

Channel Slope 

( f t / m i  ) 1.6 0.8 1.1 1.1 5.3 1.1 

Over1 and Slope 

( f t / m i )  7.9 7.9 9.0 4.2 6.3 5.3 

Drainage Density 

(rnilmi2) 1.06 1.58 1.58 6.86 38.02 20.56 

Ponds and Marsh 

( % )  13 2 3 21 7 0 0 
LengthIWidth 

R a t i o  3.5 2.1 2.3 4.8 1.1 0.3 



CHAPTER I V  

METHODS 

Basic Hydrologic Analysis 

The eva lua t ion  o f  stormwater r u n o f f  es t imat ion  techniques requ i res  an 
accurate data base as a foundation. I n t e r p r e t a t i o n  and manipulat ion o f  raw 
data i n t o  forms usable f o r  such an ana lys is  can be a t ime consuming task  
r e q u i r i n g  t h e  a p p l i c a t i o n  o f  several basic  hydro log ic  t o o l s  and techn i -  
ques. Among these are: data c o l l a t i o n  and ed i t i ng ,  water budget ca l cu la -  
t i o n s ,  and hydrograph analysis.  Methods used t o  e s t a b l i s h  t h e  data base 
f o r  l a t e r  analyses are  described below. 

Data I n t e r p r e t a t i o n  

Watersheds i n  t h e  South F l o r i d a  area are not  conducive t o  p rec ise  
hydro log ic  measurement and, there fore ,  data c o l l e c t e d  from them must be 
examined c a r e f u l l y .  Acceptable data f o r  t h e  purposes o f  t e s t i n g  cu r ren t  
and proposed t o t a l  volume and peak r a t e  es t imat ion  techniques i nc lude  t h e  
fo l l ow ing :  1) an accurate record o f  r a i n f a l l  representa t ive  o f  t h a t  exper i -  
enced by t h e  e n t i r e  watershed, p re fe rab l y  w i t h  a t ime d i s t r i b u t i o n  o f  t h e  
r a i n f a l l  event, 2) a reasonable es t imat ion  o f  t h e  c o n t r i b u t i n g  area f o r  
each r u n o f f  event, 3) an accurate record o f  discharge ra tes  from t h e  water- 
shed, der ived from a measurement system which does n o t  s i g n i f i c a n t l y  a l t e r  
t h e  discharge ra te ,  4)  documentation o f  t h e  watershed's antecedent mois tu re  
cond i t ion ,  i n c l u d i n g  records o f  water t a b l e  e leva t ions  and recent  r a i n f a l l  
events, and 5) knowledge o f  o ther  watershed physical  c h a r a c t e r i s t i c s ,  such 
as drainage improvements, topography, so i  1 types, and 1 and use pat te rns .  

Table 6 i s  a sumnary o f  a l l  storm events used i n  t h i s  study. D a i l y  
r a i n f a l l  records were examined and a l l  events equal t o  o r  exceeding 0.70 
inches were recorded. Based upon t h e  ex is tence and q u a l i t y  o f  t h e  cor re-  
sponding r u n o f f  and water t a b l e  records, t h e  combined data were e i t h e r  
inc luded o r  excluded from t h e  event data base used i n  t h e  eva lua t i on  o f  t h e  
var ious runo f f  methods. Many o f  t h e  189 d a i l y  events l i s t e d  i n  Table 6 
occurred back-to-back and were, there fore ,  combined i n t o  mul t ip le -day  
events. The actual  number o f  separate events was approximately 160. The 
exact number used var ied  depending upon requirements of t h e  s p e c i f i c  method 
being evaluated. 

R a i n f a l l .  
suppl-the 
MRF155) repor ted 

D a i l y  sumnaries and continuous s t r i p  c h a r t  records were 
USGS f o r  each raingage s i t e .  SFWMD gages (MRF32 and 
r a i n f a l l  on a d a i l y  t o t a l  bas is  only. Armstrong and 

Peavine areal  average r a i n f a l l  depths were ca l cu la ted  f o r  each event us ing  
a Theissen weight ing technique. Since these events were i d e n t i f i e d  from 
t h e  USGS cont inuous records and SFWMD data are  repor ted as 24-hour t o t a l s  
(no t  beginning and ending a t  midnight) ,  the  c a l c u l a t i o n  o f  average water- 
shed r a i n f a l l  i n  some cases necessi tated t h a t  SFWMD records be s h i f t e d  by 
one day. This  was done t o  accomodate records which, al though represent ing  
t h e  same r a i n f a l l  event, were repor ted on d i f f e r e n t  days a t  each s i t e .  



Table 6. Event Data Summary. 

Data Parameter S i t e  Tota ls  

Arms Peav SEZ BassW RassE 

Total  Eventsa 91 53 85 7 5 7 5 379 

Events usedd 34 42 33 45 3 5 189 

> 1-Year  vent^ 2 2 1 1 1 7 

> 5-Year EventC 0 1 0 0 0 1 

With No Runoff 20 19 11 15 17 82 

With Runoff 14 23 22 30 18 107 

With >1 Inch Runoff 4 10 2 14 8 38 

Events Not Used 57 11 52 30 40 190 

No Runoff Data 0 2 17 0 9 28 

No Water Table Data 3 3 7 10 6 29 

Rain Data Problems 9 0 0 0 0 9 

Runoff Data Problems 26e qf 219 16h 21i 88 

Complex ~ ~ d r 0 ~ r a p h s . j  19 2 7 4 4 36 

a D a i l y  r a i n f a l l  t o t a l  equal o r  exceeding 0.70 inches. 

D a i l y  r a i n f a l l  equal t o  o r  exceeding 3.6 inches, based on SFWMD 
reported frequencies. 

D a i l y  r a i n f a l  equal t o  o r  exceeding 4.5 inches, based on SFWMD 
reported frequencies. 
Many o f  these events w i l l  be combined i n t o  m u l t i p l e  day events. 

e Mainly data coded as "estimated" and "*" (undetermined gage codes). 

Event data coded as 'I*" (undetermined gage codes). 

9 Main ly  r u n o f f  events where c u l v e r t  capaci ty  (14 c f s )  was reached. 

Main ly  data coded as "*" (undetermined gage codes). 

i Mainly due t o  f l o w  bypassing flume through d i k e  breach. 

j Many complex r u n o f f  events were separated and used, however t h e  number 
l i s t e d  here could not  be separated w i t h  confidence. 



The USGS s t r i p  cha r t  records were d i g i t i z e d  i n t o  breakpoint  f i l e s .  A 
computer r o u t i n e  converted these f i l e s  i n t o  equal increment r a i n f a l l  
records o f  15, 30, 60 and 120-minute i n te rva l s .  Equal increment r a i n f a l l  
d i s t r i b u t i o n s  were then adjusted by a  f a c t o r  t o  r e f l e c t  t h e  Theissen weigh- 
t e d  r a i n f a l l  t o t a l  as ca lcu la ted  f o r  t h e  s p e c i f i c  event. Adjustment was 
not  necessary f o r  t h e  SEZ and Bass s i t e s  as s i n g l e  gages represented r a l n -  
f a l l  on each. Incremental forms o f  t h e  SFWMD 1- and 3-day d i s t r i b u t i o n s  
rep1 aced measured d i s t r i b u t i o n s  f o r  events where on ly  d a i l y  r a i n f a l l  t o t a l  S 
were a v a i l a b l e  o r  usable. Figures 24 and 25 show example storms i n  break- 
p o i n t  and 60-minute incremental form f o r  both measured and assumed cases, 
respec t i ve l y  . 

Using t h e  data from t h e  fou r  USGS gages. r a i n f a l l  frequency histograms 
were developed f o r  t h e  per iod  o f  record o f  each. The histograms, shown i n  
F igure  26, were used t o  determine t h e  number o f  r a i n f a l l  events o f  a  g iven 
r e t u r n  pe r iod  occur r ing  dur ing  t h e  per iod  o f  record. 

Comparison o f  USDA-SCS (1979) and SFWMD (1981) publ ished r a i n f a l l  
r e t u r n  per iods f o r  t h e  Lower Kissimnee R iver  Basin showed s i g n i f f c a n t  d i s -  
agreement between t h e  two i.e., f o r  a  given r e t u r n  per iod,  t h e  SFWMD repor- 
t e d  a  much lower r a i n f a l l  depth than d i d  t h e  SCS. Values g iven Sn Table 6  
r e f l e c t  r a i n f a l l  f requencies repor ted by SFWMD. Only one 24-hour, 1-year 
r e t u r n  pe r iod  storm was recorded bu t  not  inc luded i n  t h e  f i n a l  event data 
base. This  was a  3.72-inch r a i n  a t  SEZ Da i ry  which occurred i n  1979 p r i o r  
t o  t h e  i n i t i a t i o n  of r u n o f f  data co l l ec t i on .  

Runoff. Continuous and event p l o t s  were generated from 30-minute 
discharge data f o r  t h e  determinat ion o f  r u n o f f  t o t a l  volumes and peak 
rates. Mierau (1981) describes t h e  design c r i t e r i a  f o r  r u n o f f  measurement 
s t ruc tu res  a t  a l l  s i t e s  as being p r i m a r i l y  t h e  accurate measurement o f  low- 
f l o w  events w i t h  acceptable s a c r i f i c e s  i n  t h e  measurement o f  r a r e  h igh  
r u n o f f  events. Low-flow events are most c r i t i c a l  f o r  t h e  c a l c u l a t i o n  o f  
n u t r i e n t  l oad ing  which was t h e  o r i g i n a l  t h r u s t  o f  SFWMD's r u n o f f  da ta  c o l -  
l e c t i o n  e f f o r t .  Based upon a  mod i f ied  f l o w  du ra t i on  ana lys i s  conducted on 
20 years o f  data from a  stream i n  t h e  study area, Mierau concluded t h a t  
l e s s  than 10% o f  r u n o f f  would occur a t  a  r a t e  i n  excess of 0.75 inchlday.  
This  ana lys is  served as t h e  basis  f o r  design of t h e  runo f f  measurement 
s t ruc tu res  a t  these s i t es .  Ca lcu la t ions  t o  compare measured r u n o f f  against  
Mierau's est imate showed t h a t  48% o f  runof f  from Bass West occurred a t  a 
r a t e  greater  than 0.75 inchlday as d i d  22% o f  r u n o f f  from Bass East. These 
percentages are  h i g h l y  dependent upon accurate knowledge of t h e  area con- 
t r i b u t i n g  r u n o f f  t o  each s t ruc ture .  Therefore, inaccura te  es t imat ions  o f  
c o n t r i b u t i n g  area may be t h e  cause of t h e  apparent disagreemelnt between 
observed r u n o f f  and t h e  f low du ra t i on  ana lys is  resu l t s .  The c u l v e r t  a t  SEZ 
Da i ry  has a  capac i ty  of on l y  0.47 inch/day and t h e  Peavine s t r u c t u r e  begins 
t o  submerge a t  a discharge r a t e  o f  0.15 inch lday  (due t o  t h e  increased 
c o n t r i b u t i n g  area). Nei ther  o f  these s i t e s  ever recorded r u n o f f  g rea ter  
than 0.75 inchlday. Armstrong s i t e  recorded on l y  5.5% o f  r u n o f f  above t h i s  
t h resho ld  value, we l l  w i t h i n  Mierau's estimate. 

Water Table. Da i l y  maximum water t a b l e  e leva t i ons  f o r  t h e  s i x  loca-  
t i o n s  i n  t h e  study area ( 2  w e l l s  f o r  SEZ Dairy,  l f o r  each o f  t h e  o the r  4 
s i t e s )  were p l o t t e d  f o r  v i sua l  inspect ion.  In fo rmat ion  .was separated i n t o  
recession and r i s i n g  data bases f o r  f u r t h e r  ana lys is  o f  water t a b l e  dynam- 
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Figure 24. Example measured breakpoint and 1 -hour incremental rainfall 
time-distributions. 

0 3 6 9 12 15 18 21 24 
TIME,  IN HOURS 

Figure 25. Example SFWMD assumed accumulated and 1 -hour incremental 
rainfall time-distri butions. 
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Figure 26. Rainfall record histograms for data collection sites. 



i c s  and comparisons t o  r e s u l t s  described by Speir e t  a l .  (1969). Continu- 
ous s t r i p  cha r t  records, al though ava i lab le ,  were not  copied and d i g i t i z e d  
because r e s o l u t i o n  beyond d a i l y  maximum water t a b l e  e leva t i on  was not  ne- 
cessary f o r  t h i s  study. 

A f t e r  graphical  i nspec t i on  o f  water t a b l e  t rends  f o r  t h e  pe r iod  o f  
record and consu l ta t i on  w i t h  USGS s t a f f ,  a  c o r r e c t i o n  o f  -0.88 ft. was 
app l ied  t o  1980 and 1981 water t a b l e  e leva t ions  recorded a t  t h e  Bass East 
we l l  loca t ion .  A s i m i l a r ,  bu t  u n o f f i c i a l ,  adjustment o f  -0.23 ft. was 
app l ied  t o  a l l  water t a b l e  e leva t ions  f o r  t h e  SEZ Da i ry  west we l l  loca-  
t i o n .  Recorded water t a b l e  e leva t ions  i n d i c a t e  t h a t  surface ponding of 3 
inches occurred f o r  per iods i n  excess o f  two weeks. Such prolonged pond- 
ing, assuming t h a t  i t  d i d  occur, does no t  accura te ly  represent o v e r a l l  
watershed condi t ions.  For t h e  purposes of represent ing general watershed 
water t a b l e  depth, t h e  two SEZ we l l  readings were averaged when both were 
ava i lab le .  

Pan Evaporation. D a i l y  and monthly t o t a l  evaporat ion from standard 
U.S. Weather Bureau Class A pans a t  Lake A l f r e d  AREC and B e l l e  Glade AREC 
( A g r i c u l t u r a l  Research and Education Center) were compiled as a v a i l a b l e  
from NOAA Cl imato log ica l  Data Sumnaries, F lo r i da ,  (USDC-NOAA, 1972-82). 
Average d a i l y  p o t e n t i a l  evapot ransp i ra t ion  (PET) ra tes  i n  inches per day 
were ca l cu la ted  f o r  each month based upon an 11-year average o f  t h e  monthly 
t o t a l  pan evaporat ion recorded a t  t h e  two s i t e s  and a p p l i c a t i o n  of an as- 
sumed c o e f f i c i e n t  o f  0.70 i .e. PET = 0.7 Pan Evap. (see F igure  27). Shown 
i n  F igure  28 are comparisons between t h e  monthly AREC average d a i l y  PET f o r  
t h e  years o f  t h i s  study and t h e  11-year average. D a i l y  evapot ransp i ra t ion  
est imates were a l s o  ca l cu la ted  based on an average o f  t h e  pan evaporat ion 
f o r  t h e  two s i t e s  f o r  t h e  per iod  o f  record concurrent w i t h  t h a t  o f  t h e  
r u n o f f  events being examined. - 

The d a i l y  est imates of ET based upon concurrent per iods of record 
proved t o  be u n r e l i a b l e  f o r  use a t  t h e  study s i t es .  D a i l y  pan evaporat ion 
showed a  h igh  degree o f  v a r i a b l i t y  between t h e  two AREC locat ions .  Evapor- 
a t i o n  i s  dependent upon l o c a l  weather cond i t ions  i.e., r a d i a t i o n ,  c loud 
cover, r a i n f a l l ,  and wind speed. On a  d a i l y  bas is  these f a c t o r s  vary con- 
s iderab ly  from l o c a t i o n  t o  loca t ion .  Due t o  t h i s  v a r i a b i l i t y ,  t h e  11-year 
average d a i l y  ET est imates f o r  t h e  appropr ia te  month were used i n  water 
budget c a l c u l a t i o n s  ins tead o f  t h e  ET est imates der ived from recorded d a i l y  
evaporat ion amounts a t  Lake A l f r e d  and B e l l e  Glade. 

Deep Seepage. Bimonthly water l e v e l s  o f  3 F lo r i dan  Aqu i fe r  w e l l s  i n  
t h e  Lower Kissimmee River  Basin, near t h e  study s i t e s  were compiled from 
USGS Water-Data Reports FL-79-26, FL-80-26, and FL-81-2B, (USDI-USGS, 1979- 
81). Average annual depths t o  t h e  p iezometr ic  sur face o f  t h e  F lo r i dan  
Aqu i fe r  beneath t h e  study area were calculated.  This in fo rmat ion  was used 
t o  est imate t h e  s i g n i f i c a n c e  o f  dbep seepage based upon t h e  grad ien t  be t -  
ween t h e  water t a b l e  and t h e  F lo r i dan  Aquifer.  The annual average grad ien t  
was approximately 2.5 f e e t  downward du r ing  1979 and 1980. Therefore, t h e  
deep seepage component o f  t h e  water budget was est imated t o  be n e g l i g i b l e  
f o r  t h e  purposes o f  t h i s  study as was a l so  t h e  conclus ion o f  Speir e t  a l .  
(1969) i n  t h e i r  hydro log ic  study o f  Taylor  Creek watersheds. 



Figure  

F igure  

27. P o t e n t i a l  ET ra tes  f o r  the  study area based upon an 11-year 
average o f  data from two loca t i ons  (USDC-NOAA, 1972-82). 
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28. Study area p o t e n t i a l  ET ra tes  between 1980 and 1982 
compared t o  t h e  11 -year average (USDC-NOAA, 1972-1 982). 



Soi ls .  Spat ia l  d i s t r i b u t i o n  o f  s o i l s  on each o f  t h e  s i x  watersheds - 
was assessed from USDA SCS s o i l  surveys o f  Osceola County (USDA-SCS, 1974) 
and Okeechobee County (USDA-SCS, 1972a). So i l  types and d i s t r i b u t i o n s  on 
each watershed were documented and d i g i t i z e d .  F rac t i ona l  area o f  watershed 
occupied by each s o i l  type aided i n  t h e  determinat ion o f  SCS r u n o f f  curve 
numbers as described i n  Appendix I. 

Hydrologic c l a s s i f i c a t i o n s  o f  s o i l s  were found f o r  each watershed i n  
t h e  SCS Nat ional  Engineering Handbook - Sect ion 4, Hydrology, (USDA-SCS, 
1972b). Hydrologic c l a s s i f i c a t i o n  ranges were combined w i t h  drainage char- 
a c t e r i s t i c s  f o r  each watershed t o  a r r i v e  a t  s p e c i f i c  hydro log ic  classes. 
A l l  but  a few o f  t h e  s o i l s  occur r ing  on the  watershed s i t e s  had publ ished 
hydro log ic  c l a s s i f i c a t i o n s .  Reasonable assumptions were made f o r  those 
s o i l  types no t  documented i n  SCS NEH-4. 

Topography / Land Use. Land sur face and channel e leva t ions  f o r  each 
watershed were determined from USGS Topographic Maps and ac tua l  s i t e  i n -  
spection. Approximate overland and channel slopes were ca l cu la ted  from t h e  
f i v e - f o o t  contour maps. Drainage basins were de l ineated based on topograp- 
hy and drainage pat te rns  as apparent on t h e  USGS maps. These data were 
supplemented w i t h  l i m i t e d  surveys conducted a t  Bass East watershed. Accur- 
acy o f  these i n t e r p r e t a t i o n s  i s  l i m i t e d  by t h e  r e s o l u t i o n  o f  t h e  contour 
maps, there fore ,  slopes and de l i nea t i ons  are sub jec t i ve  and somewhat ap- 
proximate. 

Basin de l i nea t i ons  were r e f i n e d  based upon drainage pat te rns  as appar- 
ent from Mark Hurd a e r i a l  photographs. Ponds, marshes, and swamps were 
de l ineated and d i g i t i z e d  t o  determine percent wet1 ands f o r  each water- 
shed. Land use pat te rns  combined w i t h  s o i l s  data helped determine t h e  
e f f e c t i v e  curve numbers f o r  each loca t ion .  

Water Budget 

A basic  water budget helped answer quest ions regarding data accuracy, 
drainage basin de l ineat ions ,  and r a i n f a l l  v a r i a b i l i t y .  Components inc luded 
were measured r a i n f a l l ,  r uno f f ,  and depth t o  water t a b l e  (change i n  s t o r -  
age) and est imates f o r  evapotranspi rat ion.  Deep seepage t o  t h e  F lo r i dan  
Aqu i fe r  was est imated t o  be neg l i g ib le .  The ana lys is  a l so  neglected possi-  
b l e  external  subsurface f l o w  i n t o  per imeter  d i tches.  

Long term water balance r e s u l t s  are shown i n  Table 7. The on l y  two 
complete years o f  record are 1980 and 1981 which, as po in ted  ou t  by Huber 
(1982). were p a r t  o f  a severe drought o f  approximately an 30 t o  50 year  
r e t u r n  period. General izat ions based upon t h i s  balance are there fore ,  
inconclus ive.  However c e r t a i n  observat ions can be made regarding t h e  
s i t es .  

Annual r a i n f a l l  a t  Peavine Pasture i s  s i g n i f i c a n t l y  lower (-10 inches) 
than t h a t  recorded a t  Armstrong Slough o n l y  f i v e  m i les  away. Evapotran- 
sp i  r a t i o n ,  ca l cu la ted  as t h e  remainder o f  t h e  water balance, was correspon- 
d i n g l y  lower than t h e  o ther  s i t e s  except Bass West. I n i t i a l  water balance 



Table 7. Water balance summary by calander year, a1 1 values i n  

inches. 

Year S i t e  Pa - R O ~  - SC a E T ~  

1980 Armstrong 37.8 1.65 0.86 35.3 

Peavine 25.7 1.62 -0.58 24.7 

SEZ Da i ry  36.2 4.1ge 0.29 31.7 

Bass West 43.8 23.9 0.00 19.0 

Bass East 43.8 12.4 0.00 31.4 

1981 Armstrong 36.5 5.58 -1.73 32.7 

Peavine 28.4 6.28 0.29 21.8 

SEZ Da i ry  33.2 5.0ge -0.86 29.0 

Bass West 25.0 0.20 -1.15 26.0 

Bass East 25.0 0.15 -1.15 26.0 

1982 Armstrong 55.0 30.2 - 24.8 

Peavine - 22.0 - - 
SEZ Da i ry  51.0 24.4e - 26.6 

Bass West - 35.1 - - 
Bass East - 14.3 - - 

a R a i n f a l l  measured by USGS gage. 

Calculated w i t h  SFWMD reported discharge and est imated drainage areas. 

c Change i n  storage as r e f l e c t e d  i n  water t a b l e  e leva t ions  as measured 

a t  USGS observat ion w e l l s  and storage change from F igure  2. 

Estimated as remainder o f  t h e  mass balance accounting. 

Runoff measured a t  drop i n l e t  c u l v e r t  minus discharge from lagoon. 

- Ind ica tes  i n s u f f i c i e n t  data f o r  determinat ion. 



ca lcu la t i ons  a t  Peavine i nd i ca ted  an area adjustment was necessary. These 
ca l cu la t i ons ,  combined w i t h  hydrograph analys is ,  l e d  t o  t h e  drainage area 
adjustment mentioned i n  t h e  s i t e  descr ip t ion .  

Runoff volume measured a t  t h e  Bass West flume was s i g n i f i c a n t l y  h igher  
than the  east s i t e  as we l l  as a l l  o ther  s i t e s  f o r  1980 and 1982. On an 
event basis,  several Bass West storms were de le ted  from t h e  ana lys is  be- 
cause measured r u n o f f  exceeded measured r a i n f a l l .  Considering t h e  s i z e  o f  
t h e  watershed (160 acres), t h e  cen t ra l  l o c a t i o n  o f  t h e  raingage on t h e  
watershed, and annual t o t a l s  comparable t o  t h e  o ther  s i t es ,  r a i n f a l l  i s  not  
a  l i k e l y  source o f  e r ro r .  The Bass West s i t e  does have t h e  most extensive 
drainage network o f  a l l  s i t e s  and a l so  a  3-4 ft. per imeter  d i t ch ,  f a c t o r s  
which might c o n t r i b u t e  t o  t h e  h igh  volume o f  observed runof f .  Breaches i n  
t h e  surrounding levee may a lso  have allowed i n f l o w  du r ing  some l a r g e  r u n o f f  
events. 

Hydrograph Analysis 

The SCS r u n o f f  equat ion i s  on l y  intended t o  p r e d i c t  d i r e c t  runoff. 
Therefore, t h e  s i g n i f i c a n c e  o f  base f l o w  f o r  the  study watersheds must be 
ascertained. Given base flow, t h i s  p o r t i o n  o f  t h e  discharge hydrograph 
must be separated before  t h e  c a l c u l a t i o n  o f  r u n o f f  volume. The standard 
terms o f  overland f low,  i n t e r f l o w ,  and base f l ow  are  d i f f i c u l t  t o  apply t o  
f latwoods watersheds. Accepted i n t e r p r e t a t i o n s  associate these terms w i t h  
p a r t i c u l a r  f l ow  processes and s p e c i f i c  t ime i n t e r v a l s  on discharge hydro- 
graphs. Although t h e  same f l o w  processes occur on f latwoods watersheds, 
they are o f t e n  d i f f i c u l t  t o  separate and not  associated w i t h  t h e  same hy- 
drograph t ime in te rp re ta t i ons .  D i r e c t  r u n o f f  i s  t y p i c a l l y  def ined as i n -  
c lud ing  overland f l o w  and i n t e r f l o w .  Base f l ow  i s  def ined as being nea r l y  
constant and o r i g i n a t i n g  from groundwater. The r u l e  o f  thumb u s u a l l y  em- 
ployed t o  separate d i r e c t  r u n o f f  from base f l ow  given by L i n s l e y  e t  a l .  
(1975) i s :  

where N = number o f  days a f t e r  t h e  hydrograph peak a t  which t ime 
d i r e c t  r u n o f f  i s  considered t o  have terminated and 

A = drainage area i n  square miles. 

For t h e  f i v e  watersheds inc luded i n  t h e  Upland Detent ion Pro jec t ,  t h i s  
N value ranges from 0.5 t o  1.5 days. However, data c o l l e c t e d  as  p a r t  o f  t h e  
p ro jec t ,  i n d i c a t e  t h a t  t h i s  d e f i n i t i o n  o f  d i r e c t  r u n o f f  would remove a  
s i g n i f i c a n t  amount o f  what appears t o  be d i r e c t  r u n o f f  (see F igure  29). A 
separat ion technique repor ted by I s t o k  e t  a l .  (1983) y i e l d s  very s i m i l a r  
resu l ts .  Much o f  t h e  r u n o f f  these methods would de f i ne  as base f l ow  i s  
probably groundwater by f lowpath, bu t  i s  d i r e c t l y  associated w i t h  t h e  re-  
cent r a i n f a l l  event and i s  s t i l l  d i s t i n c t l y  receding. More appropr ia te  
terms t o  descr ibe r u n o f f  from f latwoods watersheds are rapid,  in termediate,  
and slow flow. These terms do no t  attempt t o  exp la in  process, bu t  r e f e r  
on l y  t o  f l ow  r a t e  (Speir  e t  a1 ., 1969). 



TIME . IN HOURS 

Figure 29. Recorded r a i n f a l l  and runof f  for Peavine Pasture beginning 
4/25/82. The standard estimate of the  end o f  d i r e c t  runof f  
(1 day) for t h i s  775 acre watershed i s  shown. 



Speir e t  a l .  a l so  analyzed t h e  recession c h a r a c t e r i s t i c s  o f  Taylor  
Creek watershed hydrographs and r e p o r t e d K  values f o r  rapid, in te rmed ia te  
and slow flow. This K ranged from 2 t o  4 f o r  rap id ,  6 t o  9 f o r  in termedi-  
ate, and 10 t o  15 f o r  slow f l o w  and represents t h e  t ime i n  days f o r  f l o w  
r a t e  t o  decrease by one l o g  cycle. Analys is  o f  representa t ive  hydrographs 
from each study s i t e  y i e l d e d  rap id  K values o f  about 7 f o r  watersheds w i t h  
greater  than 20% wetlands (Peavine), 4  f o r  watersheds w i t h  7-13% wetlands 
(Armstrong and SEZ), and 2 f o r  watersheds w i t h  l e s s  than 1% wetlands (Bass 
East and West). SEZ  airy l i e s  w i t h i n  t h e  ARS watershed W-2. The ARS 
study repor ted a rap id  K o f  4.11 f o r  W-2 which agrees w i t h  t h e  value o f  
4.16 determined f o r  SEZ. 

Semi-log p l o t s  used t o  a r r i v e  a t  these K values showed t h a t  base f low 
was d iscernable on on l y  a few hydrographs and f o r  Peavine was nonexistent ,  
i.e., an extremely constant K character ized Peavine's hydrograph reces- 
sions. This can be expla ined by t h e  watershed's s i g n i f i c a n t  q u a n t i t y  o f  
wetlands from which f l ow  recedes i n  a manner described by a l i n e a r  reser-  
v o i r  model. The absence o f  base f l ow  from watersheds w i t h  h igh  percentages 
o f  wetlands agrees w i t h  t h e  conclusions o f  Carter  e t  a l .  (1978). This 
phenomenon i s  explained as r e s u l t i n g  from h igh  s o i l  storage capac i ty  com- 
bined w i t h  open water surfaces and dense vegetat ion. These features tend 
t o  consume a v a i l a b l e  water v i a  ET a t  t h e  expense o f  base flow. 

Based upon examination o f  hydrographs, base f l o w  was not  considered t o  
be s i g n i f i c a n t  f o r  these watersheds when examined on an event basis. 
Therefore, determinat ion o f  d i r e c t  r u n o f f  consis ted p r i m a r i l y  o f  t h e  separ- 
a t i o n  o f  complex hydrographs where reasonable (see Figure 30). Because o f  
slow response c h a r a c t e r i s t i c s  many hydrographs tended t o  merge together  
making separat ion impossible. Such cases were not  inc luded i n  t h e  event 
data base used i n  t h i s  study (see F igure  31). 

Hydrograph ana lys is  a1 so supported t h e  conclus ion o f  a v a r i a b l e  con- 
t r i b u t i n g  area f o r  Peavine Pasture. Runoff data documentation i nd i ca ted  
t h a t  a t  a discharge o f  about 8 c fs ,  upstream water sur face e leva t i on  was 
approximately equal t o  t h a t  o f  t h e  surrounding land, imp ly ing  bank - fu l l  
cond i t ions  and overland flow. I n i t i a l  basin d e l i n e a t i o n  was based upon t h e  
e f fec t iveness  o f  t h e  a r t i f i c i a l  b lock i n  one o f  two c o n t r i b u t i n g  chan- 
nels. However when t h e  watershed s h i f t e d  from a channel r u n o f f  mode t o  a 
sheetf low mode, t h i s  b lock  i s  be l ieved t o  have been i n e f f e c t i v e .  Rn e s t i -  
mate o f  watershed boundaries, i gno r ing  t h e  channel block, suggested a con- 
t r i b u t i n g  area of 1800 acres. 

Water Table 

Konyha e t  a l .  (1982) repor ted best est imates f o r  t o t a l  r u n o f f  volume 
were achieved by t h e  DRM method which uses measured water t a b l e  depths. 
The CR-2 method attempted t o  model s o i l  moisture as a s u b s t i t u t e  f o r  water 
t a b l e  measurements, but  d i d  no t  perform as wel l .  A s i m p l i f i e d  computer 
model was developed as p a r t  o f  t h i s  study i n  an e f f o r t  t o  p r e d i c t  water 
t a b l e  l e v e l s  f o r  use i n  r u n o f f  volume es t imat ion  techniques. The model 
a lso  serves t o  p o i n t  out  d i f f e rences  i n  t h e  water t a b l e  response character-  
i s t i c s  a t t r i b u t a b l e  t o  s i t e  s p e c i f i c  s o i l  and drainage c h a r a c t e r i s t i c s ,  



Figure  30. Runoff  recorded a t  Bass West Pasture beginning 6/18/82 
and showing a t y p i c a l  hydrograph separat ion. 

T I M E ,  IN HOURS 

Figure  31. Runoff  recorded a t  Peavine Pasture beginning 9/5/81 and 
showing a case where complex hydrographs cou ld  n o t  
reasonably be separated. 



independent o f  r a i n f a l l  v a r i a b i l i t y .  Water t a b l e  movements were d i v ided  
i n t o  two submodels, r i s e  and recession. Simulat ion was conducted on a 
d a i l y  t ime step. 

Rise i s  simulated as a f i l l i n g  o f  a v a i l a b l e  storage equal t o  t h e  r a i n -  
f a l l  depth wh i l e  s o i l  p r o f i l e  a v a i l a b l e  storage i s  ca l cu la ted  as a f u n c t i o n  
o f  t h e  s t a t e  v a r i a b l e  DWT (depth t o  t h e  water tab le ) .  F igure  32 shows t h e  
r e l a t i o n s h i p  between DWT and storage. This  curve was i n t e r p r e t e d  from 
in fo rmat ion  publ ished by Speir e t  a l .  (1969) shown i n  F igure  2. An average 
o f  t h e  o r i g i n a l  ARS absorpt ion curves was extended t o  a depth o f  s i x  f e e t  
and f i t t e d  w i t h  four  l i n e a r  segments: 

AS = 0.50(DWT) 0.5 > OWT > 0.0 

AS = 0.26 + 1.09(DWT - 0.5) 1.0 > DWT > 0.5 
C401 

AS = 0.81 + 1.26(DWT - 1.0) 1.5 > DWT > 1.0 

AS = 1.44 + 1.50(DWT - 1.5) 6.0 > OWT > 1.5 

where AS = s o i l  p r o f i l e  a v a i l a b l e  moisture storage i n  inches and 
DWT = depth t o  water t a b l e  i n  feet .  

The storage r e l a t i o n s h i p  does no t  account f o r  d i f f e r i n g  s o i l  types, 
bu t  simply represents an area median. 

Water t a b l e  recession i s  modeled as on ly  a time-dependent f unc t i on  as 
shown i n  F igure  4 from t h e  ARS study. An equat ion was f i t t e d  t o  t h i s  re -  
cession curve and has t h e  form: 

where DWT = depth t o  t h e  water t a b l e  and 
DAY = r a i n l e s s  days. 

The water t a b l e  depth f o r  each subsequent r a i n l e s s  day can be expres- 
sed as: 

where DWTt = i n i t i a l  depth t o  water tab le ,  

DWTt+l = next day's depth t o  water t ab le ,  

M = 0.918, and 
X = 0.355. 



To more r e a l  i s t i c a l l  y  represent recession cha rac te r i s t i cs ,  t h e  model 
holds water t a b l e  depth constant t h e  day f o l l o w i n g  a  r a i n f a l l  event. This  
i s  intended t o  r e f l e c t  t h e  l ack  o f  ET e x t r a c t i o n  from t h e  s o i l  due t o  i n -  
t e r c e p t i o n  moisture a v a i l a b i l i t y .  The slow r u n o f f  c h a r a c t e r i s t i c s  o f  these 
watersheds a l so  tends t o  main ta in  s o i l  sa tu ra t i on  f o r  a  day f o l l o w i n g  a  
l a r g e  r a i n f a l l .  No attempt was made i n  t h i s  model t o  account f o r  seasonal 
v a r i a b i l i t y ,  drainage improvements o r  s i t e  s p e c i f i c  s o i l  p roper t ies .  

Storm Runoff Tota l  Volume 

The event data base documented i n  Table 6 was subjected t o  t h e  storm- 
water vo l  ume techniques described i n  Chapter 11. The NEH-4, SCS-Fl o r ida ,  
and CR-2 methods were app l ied  unchanged from t h e  Konyha e t  a1 ., (1982) 
analysis.  A l l  methods were t r a n s l a t e d  i n t o  For t ran  code f o r  ease of execu- 
t i on .  Techniques which were in t roduced o r  mod i f ied  are o u t l i n e d  below. 

ARS 
7 

The technique here in  re fe r red  t o  as t h e  ARS method represents a  syn- 
t h e s i s  o f  t h e  DRM method and an avai 1  able storage re1 a t i onsh i  p  (equat ion 
40) adapted from the  ARS absorpt ion curve (F igure  2). Runoff  volume i s  
ca l cu la ted  us ing  t h e  SCS r u n o f f  formula (equat ion 12) and t h e  storage as 
determined by: 

where S = SCS watershed storage parameter and 
SARS = a v a i l a b l e  storage from equation 40 o r  F igure  32. 

The ARS-based storage curve was chosen as a  s u b s t i t u t e  f o r  t h e  SFWMD 
curve s ince  i t agreed more c l o s e l y  w i t h  maximum a v a i l a b l e  storage observa- 
t i o n s  made by A l l en  (1982). The r e l a t i o n s h i p  between runo f f  volume and 
r a i n f a l l  as quan t i f i ed  by t h e  SCS r u n o f f  equat ion and ARS storage curve i s  
expressed g r a p h i c a l l y  i n  F igure 34. 

The CR-1 method was modi f ied  t o  use t h e  ARS DWT-storage r e l a t i o n s h i p  
as opposed t o  t h e  SFWMD r e l a t i o n s h i p  as was used i n  t h e  o r i g i n a l  vers ion  o f  
t h i s  method. The modi f ied form o f  equat ion 18 i s :  



DEPTH TO WATER TABLE, IN FEET 

Figure 32. S o i l  p r o f i l e  moisture storage capac i ty  as a  f u n c t i o n  o f  
depth t o  the  water t a b l e  f o r  use i n  the  ARS Method. 
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Figure 33. Co r re la t i on  between watershed minimum observed t ime t o  peak 
and watershed percent wetlands which served as t h e  basis  f o r  
the  mod i f ied  l a g  es t imat ion  equat ion. 



DEPTH TO WATER TABLE, IN FEET 

Figure 34. Solution of the SCS runoff equation using watershed storage parameters as 
determined from Figure 32 (ARS Method). 



where S = SCS watershed storage parameter and 
smaX = maximum value o f  storage parameter from equation 17. 

CR-WT 

Implementation o f  t h e  CREAMS-WT model requ i res  weather data i npu ts  of 
d a i l y  r a i n f a l l  and temperature p lus  monthly rad ia t ion .  Temperature and 
r a d i a t i o n  data were no t  a v a i l a b l e  a t  t h e  study s i t e s ,  there fore ,  long-term 
average data from t h e  Fo r t  Pierce AREC and B e l l e  Glade AREC were used f o r  
a l l  years a t  a l l  s i t e s  (see Figures 16 and 17). Generalized s o i l  p o r o s i t y  
data were a lso  used, w i t h  Myakka f i n e  sand considered representa t ive  o f  a l l  
s i t es .  

Storm Runoff Peak Rate 

To avoid compounding e r ro rs ,  a l l  methods f o r  es t imat ing  stormwater 
peak discharge ra tes  were evaluated on t h e  bas i s  o f  measured r u n o f f  v o l -  
ume. D e t a i l s  o f  implementation and mod i f i ca t i ons  o f  s p e c i f i c  techniques 
o u t l i n e d  i n  Chapter I 1  are described i n  t h e  f o l l o w i n g  sect ions. 

Cypress Creek Formula 

The Cypress Creek Formula (equat ion 21) was app l ied  t o  each watershed 
and i t s  associated r a i n f a l l .  The formula i s  very simple and requ i res  on l y  
t h a t  drainage area and r a i n f a l l  excess be estimated. R a i n f a l l  excess was 
taken t o  be t h e  measured r u n o f f  volume f o r  each storm event and drainage 
areas are l i s t e d  i n  Table 5. Equation 23 was used t o  t ransform t h e  maximum 
24-hour r a t e  ca l cu la ted  by t h e  Cypress Creek Formula i n t o  an instantaneous 
peak rate. 

CREAMS Equation 

Procedures f o r  eva lua t ing  t h e  CREAMS peak r a t e  equat ion included: ( I ) ,  
t h e  implementation o f  t h e  equat ion i n  i t s  o r i g i n a l  form (equat ion 24), (2 ) ,  
a regression t o  determine b e s t - f i t  c o e f f i c i e n t s  f o r  t h e  study data base, 
and (3) ,  t h e  i n t r o d u c t i o n  and s u b s t i t u t i o n  o f  add i t i ona l  independent v a r i -  
ables i n t o  the  model. 

The S t a t i s t i c a l  Analys is  System (SAS) package performed t h e  regression 
and a r r i v e d  a t  est imates f o r  t h e  two f a c t o r s  and f i v e  exponents used i n  t h e  
CREAMS equation. The regression was conducted by t h e  SAS non l inear  proced- 
u re  (NLIN) solved w i t h  t h e  m u l t i v a r i a t e  secant method (DUD). This method 
est imates model p a r t i a l  d e r i v a t i v e s  from t h e  h i s t o r y  o f  i t e r a t i o n s  r a t h e r  
than being suppl ied a n a l y t i c a l l y  (Goodnight and Sarle, 1982). A n a l y t i c a l l y  
der ived p a r t i a l  d e r i v a t i v e s  were determined, but  a regression based upon 
them f a i l e d  t o  converge. The o r i g i n a l  CREAMS c o e f f i c i e n t s  served as t h e  
i n i t i a l  guesses requ i red  by t h e  DUD s o l u t i o n  procedure. 



E f f o r t s  a t  i n t roduc ing  add i t i ona l  independent va r i ab les  o f  poss ib le  
s i g n i f i c a n c e  on f latwoods watersheds (percent wet l  ands, drainage densi ty ,  
and overland slope), were inconclus ive.  Since on l y  f i v e  s i t e s  o r  degrees 
o f  freedom e x i s t  f o r  each watershed parameter, regression aga ins t  many 
independent va r i ab les  was no t  reasonable. Furthermore, some watershed 
parameters showed h igh  degrees o f  cross-corre lat ion,  p a r t i c u l a r l y  percent 
wet l  ands, channel slope, over1 and slope and drainage densi ty .  G i  ven t h i s  
c ross -co r re la t i on  l i t t l e  improvement i n  peak r a t e  est imates were seen when 
more than one o f  these independent var iab les  were in t roduced i n t o  t h e  mod- 
e l .  

SCS Graphical Method 

The SCS Graphical Method was not  appl ied t o  each storm event o f  t h e  
study data base. Instead, est imates f o r  t ime o f  concentrat ion,  Tc, were 
determined by hydrograph ana lys is  and p l o t t e d  against  measured peak d i  s- 
charges f o r  r u n o f f  events exceeding 0.50 inches. The r e s u l t i n g  p a t t e r n  f o r  
each s i t e  was de l ineated and compared against  t h e  SCS curve. Since Tc 
est imates were extremely subject ive,  est imates from t h e  l a g  method (equa- 
t i o n s  26 and 27) served as p l o t t i n g  pos i t i ons  f o r  t h e  average observed csm 
value f o r  each s i t e .  Given t h e  unusual c h a r a c t e r i s t i c s  o f  t h e  f la twoods 
watersheds, an attempt was made t o  b e t t e r  est imate T  . Minimum observed k hydrograph t imes t o  peak were p l o t t e d  against  waters ed percent wetlands 
(F igure  33). A l l  s i t e s  except Bass East appeared t o  f o l l o w  a  trend. 
Hydrographs from t h e  Bass East s i t e  d isp layed unusual ly  l ong  t imes t o  peak 
f o r  i t s  size. The apparent c o r r e l a t i o n  between Tp and percent wetlands 
served as t h e  bas is  f o r  t h e  equation: 

where L = watershed l a g  i n  hours, 
A = drainage area i n  acres, and 
W = percent wetlands. 

Tc estimates, determined from t h i s  equat ion and t h e  SCS r e l a t i o n s h i p  
between l a g  and Tc (equat ion 26). a l so  served as a l t e r n a t e  p l o t t i n g  pos i -  
t i o n s  f o r  t h e  average observed csm values. 

SCS Chart Method 

App l i ca t i on  o f  the SCS Chart Method y i e l d s  peak discharge estimates i n  
t e n s  o f  c f s  per  i n c h  of runof f .  Using t h e  SCS-Florida conclus ion t h a t  CN 
should on l y  be ca l cu la ted  a t  AMC.11, a  watershed w i l l  have a  unique c f s / i n  
fac tor .  Evaluat ion of t h e  char t  technique requ i red  f i r s t  t h e  es t imat ion  o f  
t h e  watershed fac to r  and then a p p l i c a t i o n  o f  t h a t  f a c t o r  t o  each storm 
event i n  t h e  study data base. 

The SCS Chart Method could not  be app l ied  d i r e c t l y  t o  t h e  s i t es .  
Determinat ion of t h e  watershed f a c t o r  requ i res  adjustment fac tors  f o r  slope 



and percent swamps and ponds (see equat ion 28). Standard SCS t a b l e s  used 
f o r  i d e n t i f y i n g  t h e  appropr ia te  slope f a c t o r  (F,) do not  i nc lude  t h e  ex t re -  
mely small slopes observed on t h e  study watersheds. Therefore, f a c t o r s  
repor ted i n  Table 3 corresponding t o  slopes l e s s  than 0.10% represent ex- 
t rapo la ted  values. Ex t rapo la t i on  invo lved p l o t t i n g  t h e  adjustment f ac to rs  
versus percent slope on log- log  paper. Lines f i t t e d  t o  these p l o t s  were 
then extended down t o  0.01%. 

The SCS swamps and ponds f a c t o r  (F ) t a b l e  (Table 4) a l so  requ i red  
ex t rapo la t i on  before being app l ied  t o  t 8 e  observed data. SCS techniques 
are  intended f o r  a p p l i c a t i o n  t o  l a r g e  design storm events w i t h  recurrence 
i n t e r v a l s  exceeding 2 years. The data base o f  t h i s  study inc luded very few 
storms o f  t h i s  magnitude (see F igure  26). The SCS t a b l e  app l icab le  t o  t h e  
Armstrong, SEZ Dairy, and Peavine s i t e s  i s  t h a t  f o r  watersheds w i t h  swamps 
and ponds spread throughout t h e  basin, as opposed t o  being loca ted e i t h e r  
near t h e  o u t l e t  o r  on l y  i n  t h e  remote po r t i ons  o f  t h e  basin. Values from 
t h i s  t a b l e  were p l o t t e d  on l og - log  paper w i t h  storm frequency, i n  years, as 
t h e  abscissa and adjustment f a c t o r  as t h e  ord inate.  The l i n e a r  f i t  t o  t h i s  
p l o t t i n g  was no t  as good as f o r  t h e  slope curve, bu t  was b e t t e r  than a t -  
tempted l i n e a r  f i t s  on l i n e a r ,  semi-log, and p r o b a b i l i t y  paper. The ex t ra -  
polated adjustment f a c t o r s  corresponding t o  a storm frequency o f  0.1 years 
d i f f e r e d  from SCS values by on ly  about 5%. Therefore, a un i fo rm Fp taken 
a t  1.0 years was app l ied  t o  a l l  events. 

SCS Un i t  Hydrograph Method 

App l i ca t i on  o f  t h e  SCS u n i t  hydrograph technique was conducted f i r s t  
by apply ing t h e  method as presented i n  t h e  SCS NEH-4 and second by modify- 
i n g  t h e  technique t o  b e t t e r  f i t  t h e  observed data. Analysis o f  a l l  t h e  
storm events requ i red  t h a t  several computer programs be employed t o  compute 
and combine t h e  incremental hydrographs. 

The SCS Un i t  Hydrograph Method here in  described as "standard" inc ludes  
a change i n  t h e  implementation described by NEH-4 (USDA-SCS, 1972b). I n -  
stead o f  apply ing t h e  SCS r u n o f f  volume equation t o  each increment o f  r a i n -  
f a l l ,  a l l  r a i n f a l l  not  appearing as r u n o f f  was ex t rac ted  from t h e  beginn- 
i n g  o f  t h e  storm. This was judged more appropr ia te  s ince t o t a l  s o i l  s t o r -  
age, not  i n f i l t r a t i o n  ra te ,  appears t o  be the  l i m i t i n g  f a c t o r  f o r  runof f .  
It was a l so  t h e  on ly  f e a s i b l e  implementation which would a l l ow  separat ion 
o f  t h e  model's r o u t i n g  component from i t s  volume component. 

Equation 34, descr ib ing  t h e  t r i a n g u l a r  u n i t  hydrograph r e l a t i o n s h i p ,  
conta ins two measured q u a n t i t i e s  (drainage area, A, and r u n o f f  volume, Q) 
and two est imated parameters (hydrograph fac to r ,  K 1 ,  and t ime t o  peak, 
Tp). The SCS est imates f o r  K '  (484 normal ly and 300 f o r  f l a t ,  swampy 
areas) and t ime  t o  peak from t h e  l a g  method were used t o  evaluate t h e  stan- 
dard approach. The watershed storage f a c t o r  inc luded i n  t h e  l a g  equat ion 
was ca l cu la ted  by two approaches. Storage determined a t  CNII gave a f i xed  
watershed lag,  w h i l e  S determined by S A ~ ~  (equat ion 43) allowed l a g  t o  vary 
w i t h  watershed wetness. 

R a i n f a l l  t i m e - d i s t r i b u t i o n s  used by t h e  computer program inc luded both  
t h e  SFWMD assumed and t h a t  measured by t h e  USGS. For t h e  l a r g e r  watersheds 



(Armstrong, SEZ Dairy,  and Peavine) a t ime increment (AD) o f  60-minutes was 
s u f f i c i e n t .  This value appeared reasonable a f t e r  t e s t  runs on se lec ted  
events showed l i t t l e  d i f f e rence  between peak est imates der ived from t h e  15, 
30, and 60-minute t ime increments. However, f o r  t h e  smal ler  watersheds 
(Bass West and East),  a 15-minute t ime increment was necessary t o  avoid 
miss ing t h e  hydrograph peak. 

I n  mod i fy ing  t h e  u n i t  hydrograph method, b e s t - f i t  hydrograph f a c t o r s  
( K t )  and rev ised t ime t o  peak est imates (T ) were subs t i t u ted  f o r  t h e  stan- 
dard SCS values. Time increments i d e n t i c a l  t o  those described above served 
as the  t ime step f o r  t h e  i t e r a t i v e  computer search program which was ap- 
p l i e d  t o  each storm event and y ie lded  b e s t - f i t  K' values. For each storm, 
bo th  t h e  assumed and measured r a i n f a l l  t i m e - d i s t r i b u t i o n s  p lus  var ious  t ime 
t o  peak est imates were considered i n  t h e  K' op t im iza t i on  program. Tp e s t i -  
mates f o r  each watershed were found by f i v e  methods. Two, as described 
above, are f i x e d  and v a r i a b l e  est imates from t h e  l a g  method. A t h i r d  se t  
was der ived from t h e  minimum observed t imes t o  peak as shown i n  F igure  
33. The f o u r t h  se t  of est imates i s  from equation 45 and t h e  f i f t h  from a 
v a r i a b l e  form o f  t h e  same equation: 

where S = SCS watershed storage parameter. 

The l a s t  term o f  t h i s  equat ion a l lows l a g  t o  vary over t h e  same range 
as does t h e  SCS v a r i a b l e  l a g  (1-3 t imes t h e  f i x e d  est imate).  No attempt 
was made t o  base t h e  v a r i a b i l i t y  o f  the  l a g  quan t i t y  on observed hydro- 
graphs. The v a r i a b l e  term used by t h e  SCS was simply added t o  t h e  mod i f ied  
1 ag equation. 

A computer s o l u t i o n  scheme app l ied  t o  a l l  these parameter combinations 
permi t ted  observat ion o f  changes i n  b e s t - f i t  K' a t t r i b u t a b l e  t o  t ime t o  
peak as we1 1 as r a i n f a l l  d i s t r i b u t i o n  estimates. 

SFWMD Model 

To evaluate stormwater r o u t i n g  ca l cu la t i ons  independent o f  t h e  t o t a l  
volume c a l c u l a t i o n s  requ i red  t h a t  po r t i ons  o f  t h e  SFWMD over land f l o w  model 
be shut down o r  modif ied. Other f a c t o r s  r e l a t i n g  t o  t h e  model's r a i n f a l l  
excess p r e d i c t i o n  method a l so  made t h i s  a c t i o n  necessary. 

F i r s t ,  as implemented, Horton's equat ion a l lows i n f i l t r a t i o n  t o  con- 
t i n u e  a f t e r  t h e  de f ined s o i l  storage has been f i l l e d .  Although t h e  f i n a l  
r a t e  i s  on ly  0.01 inchlhour ,  t h i s  can be s i g n i f i c a n t  over t h e  l ong  t ime- 
bases o f  t h e  observed discharge hydrographs (> I00  hours). This  does not  
s i g n i f i c a n t l y  impact the  r u n o f f  volume occur r ing  up t o  t h e  t ime o f  maximum 
discharge r a t e  (<24 hours), bu t  does make eva lua t ion  o f  e r r o r  a t t r i b u t a b l e  
t o  r o u t i n g  d i f f i c u l t  t o  d i f f e r e n t i a t e  from e r r o r  due t o  r u n o f f  volume. 



Secondly, t h e  h igh  sur face r e t e n t i o n  depth (2  inches) requ i res  t h a t  a t  
l e a s t  two inches o f  r a i n f a l l ,  over and above i n f i l t r a t i o n  ex t rac t i on ,  be 
ava i l ab le  before any r u n o f f  w i l l  be observed. Therefore, given t h e  p a r t i c -  
u l a r  i n f i l t r a t i o n  scheme employed and t h e  sur face r e t e n t i o n  depth, r u n o f f  
volume e r r o r s  on t h e  order  o f  4 inches can be expected i f ,  f o r  example, a 
r a i n f a l l  event f a l l s  upon a saturated s o i l  p r o f i l e  and r u n o f f  cont inues f o r  
a per iod  o f  200 hours. Such a model might be reasonable f o r  use on storms 
w i t h  r a i n f a l l  depths on t h e  order  o f  10 inches, bu t  i s  not  acceptable f o r  
t h e  data base o f  t h i s  study. 

To fo rce  t h e  overland f l ow  model t o  rou te  o f f  t h e  measured water vo l -  
ume, t h e  r e t e n t i o n  depth was reduced t o  0.25 inches. The i n f i l t r a t i o n  
procedure was a l so  mod i f ied  t o  h a l t  when t h e  remaining r a i n f a l l  equaled 
measured r u n o f f  volume, a f t e r  accounting f o r  t h e  r e t e n t i o n  depth and i n t e r -  
cept ion losses. 



CHAPTER V 

RESULTS 

Storm Runoff Tota l  Volume 

Seven techniques f o r  es t imat ing  stormwater r u n o f f  volume were app l ied  
and evaluated on an event basis.  The events which served as t h e  data base 
are sumnarized i n  Table 6 and d e t a i l e d  i n  Appendix 11. These selected 
storms measured 0.70 o r  more inches o f  r a i n f a l l  i n  24 hours and may o r  may 
not  have produced measurable runof f .  

The seven r u n o f f  volume es t imat ion  methods app l ied  t o  t h e  data se t  
were: NEH-4, SCS-Florida, DRM, ARS, CR-1, CR-2, and CR-WT as described i n  
Chapter I V .  These f a l l  i n t o  th ree  general groups a l l  o f  which use t h e  
bas ic  SCS r u n o f f  equation, bu t  d i f f e r  i n  t h e i r  determinat ion o f  t h e  water- 
shed storage parameter. The f i r s t  two, NEH-4 and SCS-Florida, employ v a r i -  
a t i ons  o f  t h e  curve number approach. The second two, DRM and ARS, s imply 
use measured depth t o  t h e  water t a b l e  and storage curves. The l a s t  three,  
CR-1, CR-2, and CR-WT, use v a r i a t i o n s  o f  t h e  CREAMS weight ing method. 
F igures 35 through 41 show how r e s u l t s  from each p r e d i c t i o n  method compared 
against  measured data. Results are presented f o r  i n d i v i d u a l  watershed 
l o c a t i o n  as we l l  as f o r  a l l  storm events combined. 

Tables 8 through 10 present t h e  same r e s u l t s  as standard e r r o r  o f  
est imates determined w i t h  the  f o l l o w i n g  equation: 

where E = standard e r r o r  o f  est imate i n  inches, 

Qi = pred ic ted  r u n o f f  volume f o r  event i i n  inches, 

Q i  = measured r u n o f f  volume f o r  event i i n  inches, and 
n = t o t a l  number o f  storm events. 

Each t a b l e  represents technique performance as app l ied  t o  selected classes 
o f  events: a l l  o f  t h e  r a i n f a l l  events from Table 6, t h e  subset which pro- 
duced measurable runoff, and a smal ler subset where measured r u n o f f  equaled 
o r  exceeded 0.50 inches. 

Standard e r r o r s  corresponding t o  " a l l "  s i t e s  do not  weight each water- 
shed equal ly .  Instead, t h e  ove ra l l  method standard e r r o r  o f  est imate i s  
most h e a v i l y  weighted toward t h e  s i t e s  which had more usable events. The 
ranking corresponding t o  " a l l "  s i t e s  was determined by comparing t h e  sum o f  
t h e  methods' performance ranking f o r  each s i t e  and, there fore ,  weights 
performance on each watershed equal ly.  
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Figure 35. Comparisons o f  measured r u n o f f  volumes and est imates from 
the  NEH-4 Method. 
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Figure  36. Comparisons o f  measured r u n o f f  volumes and est imates from 
t h e  SCS-Florida Method. 
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Figure  37. Comparisons o f  measured r u n o f f  volumes and est imates from 
the  DRM Method. 
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Figure  38. Comparisons o f  measured r u n o f f  volumes and est imates from 
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t h e  CR-1 Method. 
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the CR-2 Method. 
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Figure  41. Comparisons o f  measured runoff  volumes and est imates from 
the  CR-WT Method. 



Table 8. Standard e r ro rs  o f  r u n o f f  volume estimates, i n  inches, f o r  a l l  
events. 

S i t e  Method 

NEH-4 SCS-FL ORM ARS CR-1 CR-2 CR-WT 

Armstrong 0.57 0.52 0.40 0.38 0.44 0.70 0.52 
Peavine 0.66 0.57 0.45 0.45 0.45 0.70 0.61 
SEZ Dairy  0.31 0.57 0.52 0.40 0.46 0.61 0.30 
Bass West 1.12 0.86 0.50 0.46 0.53 0.64 1.11 
Bass East 0.64 0.54 0.57 0.55 0.57 0.69 0.84 

A1 1 0.73 0.63 0.47 0.44 0.48 0.66 0.74 

S i t e  Ranking (6) (4) (2) (1) (3 )  (7) (5 )  

Table 9.Standard e r r o r s  o f  r u n o f f  volume estimates, i n  inches, f o r  
events w i t h  measured runof f .  

S i t e  Method 

NEH-4 SCS-FL ORM ARS CR-1 CR-2 CR-WT 

Armstrong 0.86 0.53 0.61 0.47 0.66 0.60 0.71 
Peavine 0.85 0.61 0.57 0.55 0.56 0.88 0.78 
SEZ Da i ry  0.39 0.70 0.57 0.51 0.55 0.73 0.38 
Bass West 1.45 1.07 0.63 0.59 0.67 0.71 1.43 
Bass East 1.09 0.80 0.92 0.89 0.90 0.97 1.32 

S i t e  Ranking (7 )  (4 )  (3 )  (1)  (2) (6) (51 



Table  10. Standard e r r o r s  o f  r u n o f f  volume est imates,  i n  inches,  f o r  
events ~ i t h  measured r u n o f f  equal t o  o r  exceeding 0.50 inches. 

S i t e  Method 

NEH-4 SCS-FL DRM ARS CR-1 CR-2 CR-WT 

Armstrong 1.38 0.79 0.81 0.54 0.93 0.75 1.12 
Peavine 1.09 0.58 0.65 0.59 0.65 1.07 1.05 
SEZ Da i ry  0.71 0.64 0.71 0.47 0.76 0.60 0.72 
Bass West 1.85 1.37 0.78 0.72 0.83 0.88 1.62 
Bass East 1.31 0.91 1.01 1.04 1.08 1.06 1.53 

A1 1 1.36 0.93 0.76 0.67 0.79 0.90 1.32 

S i t e  Ranking (7 )  (2 )  ( 5 )  ( 1 )  ( 4 )  ( 3 )  ( 6 )  



General izat ions can be drawn from these rankings regarding technique 
ove ra l l  performance and t rends through changing r u n o f f  volume. The ARS 
method c o n s i s t e n t l y  performed b e t t e r  than a l l  o ther  methods. The SCS- 
F l o r i d a  method demonstrated improved accuracy as r u n o f f  volume increased, 
as would be expected o f  a  method intended f o r  design app l ica t ions .  The CR- 
1 method performed very we l l  on t h e  smal ler  events, b u t  no t  as we l l  on t h e  
l a r g e r  events. The DRM method gave r e s u l t s  very s i m i l a r  t o  ARS and CR-1 
f o r  small events and a lso  demonstrated decreased accuracy when app l ied  t o  
t h e  l a r g e r  r u n o f f  events. The CR-2 method performed poo r l y  on t h e  small 
events, bu t  improved somewhat on l a r g e r  events. Both t h e  NEH-4 and CR-WT 
methods produced cons i s ten t l y  inaccurate est imat ions o f  r u n o f f  volume. 

Water Table 

The t o t a l  volume r e s u l t s  demonstrate t h a t  water t a b l e  l e v e l s  can be 
used as a  good i n d i c a t o r  o f  stormwater r u n o f f  volume. However techniques 
which attempted t o  model t h e  water t a b l e  o r  s o i l  moisture d i d  not  y i e l d  
good est imates o f  r u n o f f  volume. 

Resu l ts  o f  t h e  s i m p l i f i e d  water t a b l e  model described i n  Chapter I V  
are shown i n  Figures 42 through 47. Per iod ic  gaps i n  r a i n f a l l  data are t h e  
cause o f  gaps i n  t h e  water t a b l e  depth s imu la t ion  traces. Fo l lowing such 
missing data, t h e  model would be r e i n i t i a l i z e d  i.e., t h e  s imulated water 
t a b l e  l e v e l  would again be se t  equal t o  the  measured value. The model a l so  
tended t o  re-synchronize w i t h  measured l e v e l s  du r ing  wet per iods when t h e  
s o i l  p r o f i l e  became completely saturated. Because o f  t h i s ,  t h e  model per- 
formed b e t t e r  du r ing  t h e  wet year o f  1982 than du r ing  t h e  drought years o f  
1980 and 1981. 

When t h e  water t a b l e  dropped t o  extremely low leve l s ,  t h e  model would 
a l l o c a t e  any r a i n f a l l  d i r e c t l y  t o  the  water t a b l e  and not  p rope r l y  account 
f o r  a v a i l a b l e  storage i n  the  d ry  p r o f i l e  above. This e r r o r  tended t o  be 
seasonal, occur r ing  dur ing  t h e  e a r l y  summer which coinc ides w i t h  t h e  begin- 
n ing  o f  t h e  r a i n y  season. Another seasonal t rend  was t h e  model's tendency 
t o  underpredic t  water t a b l e  responses t o  r a i n f a l l  du r i ng  t h e  w i n t e r  and 
e a r l y  sp r i ng  months. 

When examined s i t e  by s i t e ,  d i f f e rences  i n  water t a b l e  response char- 
a c t e r i s t i c s  became apparent. Since t h e  model i s  d r i ven  on l y  by r a i n f a l l ,  
d i f f e rences  i n  e r r o r  t rends can be associated w i t h  v a r i a t i o n s  i n  s o i l  pro- 
p e r t i e s  and drainage condit ions. 

Peavine's water t a b l e  t rends were c lose r  t o  model response character-  
i s t i c s  du r ing  t h e  drought o f  1981. However du r ing  1982. t h e  model deviated 
from Peavine measurements more so than from measurements a t  o the r  s i tes .  
During t h e  e a r l y  months o f  1982 and much o f  1980, Peavine's water t a b l e  
reacted more so than t h e  model i nd i ca ted  i t  would. This  may i n d i c a t e  a  
poss ib le  e r r o r  i n  r a i n f a l l  measurement which i s  suspected based upon t h e  
water budget analys is .  

The two SEZ observat ion we l l s  demonstrated a  d i s t i n c t  change i n  reces- 
s ion  r a t e  a t  a  depth of 2.5 feet .  This  i s  due t o  a  spodic hor izon which 
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t h e  SCS s o i l  survey describes as being present. SEZ a lso  tended t o  main- 
t a i n  h igher  water t ab les  immediately f o l l o w i n g  a storm than d i d  t h e  o the r  
s i t e s ,  an e f f e c t  a lso  a t t r i b u t a b l e  t o  t h e  impeding horizon. 

The two Bass s i t e s  demonstrated almost i d e n t i c a l  response cha rac te r i s -  
t i c s .  Such agreement i nd i ca tes  t h a t  f o r  a given s o i l  p r o f i l e  type, d ra in -  
age densi ty ,  and r a i n f a l l  condi t ions,  t h e  water t a b l e  should be reasonably 
uni form over an area. 

Armstrong Slough observat ion we1 1 demonstrated f a i r l y  we1 1-drained 
s o i l  cond i t ions  ( r e l a t i v e  t o  t h e  o ther  s i t e s )  and, o v e r a l l ,  most agreed 
w i t h  model resu l ts .  SCS s o i l  survey i n d i c a t e s  very s i m i l a r  s o i l  p r o f i l e s  
f o r  t h e  Armstrong and Peavine watersheds. The observed tendency f o r  Pea- 
v ine  t o  be more s luggish i n  drainage may the re fo re  be i n d i c a t i v e  o f  t h e i r  
d i f f e rences  i n  wet1 ands percentage. 

Storm Runoff Peak Rate 

The f o l l o w i n g  sect ions present r e s u l t s  o f  t h e  peak r a t e  es t ima t ion  
techniques as appl ied t o  each watershed and a l l  r u n o f f  events. Performance 
i s  q u a n t i f i e d  as standard e r r o r  o f  est imate, i n  percent, and average e r r o r  
o f  est imate, i n  percent: 

where E = standard e r r o r  o f  est imate i n  percent,  
5 = average e r r o r  o f  est imate i n  percent, 

q; = p red ic ted  peak r a t e  f o r  event i i n  c f s ,  

q i  = measured peak r a t e  f o r  event i i n  c f s ,  
n = t o t a l  number o f  r u n o f f  events. 

The average e r r o r  f o r  each s i t e  describes a method's tendency t o  over- 
p r e d i c t  o r  underpredict wh i l e  t h e  standard e r r o r  q u a n t i f i e s  e r r o r  absolute 
magnitude. R a i n f a l l  events greater  than 0.70 inches and having measurable 
r u n o f f  were inc luded i n  t h e  data base f o r  t h i s  analys is ,  as d e t a i l e d  i n  
Appendix 11. Results described as apply ing t o  " a l l "  s i t e s  are  biased t o -  
ward t h e  s i t e s  having more usable r u n o f f  events. 



Runoff events measuring l ess  than 0.50 inches tended t o  produce e r ra -  
t i c  r e s u l t s .  Because es t imat ion  e r r o r s  are expressed as a percent o f  mea- 
sured peak, very small events are prone t o  produce l a r g e  e r r o r s  o f  e s t i -  
mate. Another problem was t h a t  w i t h  small q u a n t i t i e s  o f  measured runof f ,  
ground water discharge becomes more s i g n i f i c a n t  and produces a typ i ca l  hy- 
drographs. For these reasons, emphasis i s  placed on peak r a t e s  p red i c ted  
f o r  r u n o f f  events equal t o  o r  exceeding 0.50 inches. 

I n  most o f  t h e  f o l l o w i n g  evaluat ions,  no d i f f e r e n t i a t i o n  i s  made be t -  
ween t h e  two drainage area cond i t ions  o f  Peavine Pasture. Most r e s u l t s  
corresponding t o  Peavine represent both r u n o f f  condi t ions;  however, i n  some 
cases, d i s t i n c t i o n  i s  made between the  two condi t ions.  

Cypress Creek Formula 

P red i c t i ons  from t h e  Cypress Creek Formula are compared against  mea- 
sured peaks i n  Table 11. Sumnaries are tabu la ted  f o r  a l l  r u n o f f  events and 
t h e  subset exceeding 0.50 inches. As prev ious ly  described, p r e d i c t i o n  
e r r o r s  associated w i t h  small events are extremely large. 

The standard and average e r r o r s  are comparable i n  magnitude and aver- 
age e r r o r s  are a l l  pos i t i ve .  Thus, t h e  method c o n s i s t e n t l y  r e s u l t e d  i n  
l a r g e  overpred ic t ions  o f  measured peak discharge. Standard e r r o r s  ranged 
from 200% f o r  Armstrong ( t h e  l a r g e s t  watershed) t o  1000% f o r  Bass East ( t h e  
smal lest  watershed). Even when t h e  e f f e c t  o f  t rans forming a 24-hour maxi- 
mum r a t e  i n t o  an instantaneous r a t e  was removed ( f a i l i n g  t o  apply equat ion 
23), t h e  method s t i l l  overpredicted. 

CREAMS Equation 

The standard CREAMS equation (equat ion 24) performed worse than any 
o the r  method examined i n  t h i s  study. It c o n s i s t e n t l y  overpredic ted by an 
order  of magnitude o r  more (see Table 12). The r e s u l t s  when examined 
g r a p h i c a l l y  (see F igure  48) i nd i ca ted  t h a t  t h e  es t imat ion  e r r o r  was f a i r l y  
cons is ten t  f o r  a l l  s i t es .  

A regression of the  CREAMS model fo rmula t ion  against  measured data 
y ie lded  a mod i f ied  vers ion o f  equat ion 24: 

where qp = peak r u n o f f  r a t e  i n  c fs .  

DA = drainage area i n  m i 2 ,  
CS = main channel slope i n  f t / m i ,  
LW = watershed l eng th  t o  w id th  r a t i o ,  and 
Q = d a i l y  runof f  volume i n  inches. 



Table 11. Percent e r r o r  o f  peak d ischarge est imates from t h e  Cypress Creek 
Formula. 

S i t e  Events w i t h  Runoff  Events w i t h  Runoff  >0.50 In.  

Std. E r r o r  Avg. E r r o r  Std. E r r o r  Avg. E r r o r  

Armst rong 2062. 1279. 256. 229. 
Peavine 3936. 2133. 946. 877. 
SEZ Da i ry  6067. 3652. 656. 548. 
Bass West 654. 509. 363. 324. 
Bass East 1159. 1000. 1050. 905. 

Table 12. Percent e r r o r  o f  peak d ischarge est imates from t h e  CREAMS equa- 
t i o n  f o r  events w i t h  measured r u n o f f  equal t o  o r  exceeding 0.50 
inches. 

S i t e  O r i g i n a l  Equat ion Revised Equat ion 

Std. E r r o r  Avg. E r r o r  Std. E r r o r  Avg. E r r o r  

Armstrong 1002. 887. 21.0 -1.3 
Peavine 2770. 2568. 33.0 10.6 
SEZ Da i r y  1764. 1443. 34.4 -5.3 
Bass West 2069. 1975. 20.8 -7.4 
Bass East 7166. 5943. 85.5 -1.8 



MEASURED PEAK, IN cfs 

Figure 48. Comparison o f  measured peak discharge r a t e s  t o  est imates 
from t h e  o r i g i n a l  CREAMS equation. 

MEASURED PEAK, IN cfs 

Figure  49. Comparison o f  measured peak discharge r a t e s  t o  est imates 
from the mod i f ied  CREAMS equation. 
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Figure  50. L inea r  sca le  comparisons o f  measured peak discharge ra tes  
t o  est imates from the  mod i f i ed  CREAMS equation. 



When reapp l ied  t o  t h e  data base, performance o f  t h i s  equat ion was 
good. Table 12 and Figures 49 and 50 do no t  represent independent evalua- 
t i o n s  o f  t h e  modi f ied CREAMS eqaution, but  sim l y  measure t h e  regression 9 f i t  t o  t h e  data. This  equat ion resu l ted  i n  an R o f  0.96. The non- l inear  
regression was a l so  conducted f i t t i n g  on ly  t h e  m u l t i p l i c a t i v e  f a c t o r  f o r  
t h e  equat ion wh i l e  main ta in ing  t h e  o r i g i n a l  exp nent values. The o r i g i n a l  S f a c t o r  o f  200 was replaced w i t h  14.3. The R measured 0.67 i n d i c a t i n g  
t h a t ,  al though t h e  o r i g i n a l  m u l t i p l i c a t i v e  f a c t o r  accounts f o r  most o f  t h e  
data v a r i a b i l i t y ,  mod i f i ca t i on  o f  t h e  o ther  model parameters was a l so  s i g -  
n i f i c a n t  i n  accounting f o r  much o f  t h e  data variance. 

The standard e r r o r  o f  est imate associated w i t h  equat ion 48 ranged from 
20% f o r  Bass West t o  85% f o r  Bass East. 

SCS Graphical Method 

F igu re  51 presents t h e  standard design peak es t imat ion  curve developed 
s p e c i f i c a l l y  f o r  F l o r i d a  by t h e  SCS. Also shown are t h e  pa t te rns  produced 
by p l o t t i n g  measured peak discharges, i n  csm ( c f s l i n c h  o f  runof f /square 
m i l e )  against  hydrograph ana lys is  est imates f o r  t ime o f  concent ra t ion  f o r  
r u n o f f  events exceeding 0.50 inches. Most observed hydrograph t ime  o f  
concentrat ions were out  o f  the  SCS curve range. Where they were i n  range, 
s i g n i f i c a n t  overpred ic t ions  were apparent. P l o t s  o f  t h e  data e x h i b i t  con- 
s iderab le  s c a t t e r  and do not  show c o r r e l a t i o n  between measured peaks and 
t ime  of concentrat ion. The upper l i m i t s  o f  a p a t t e r n  (h ighest  observed csm 
value) d i d  not  always coinc ide w i t h  t h e  l a r g e s t  observed r u n o f f  peak f o r  a 
s i t e .  

F igure  52 shows an average csm value f o r  each p a t t e r n  p l o t t e d  against  
t h e  SCS est imates o f  t ime o f  concentrat ion from t h e  l a g  method equat ion 
45. This  attempt showed l i m i t e d  improvement i n  generat ing a t rend  i n  t h e  
graph, bu t  a l so  resu l ted  i n  more severe overestimates of peak discharge. 
The same csm values were a lso  p l o t t e d  against  modi f ied est imates o f  Tc from 
equation 45. This p l o t  produced a d e f i n i t e  t rend  as  shown by t h e  subjec- 
t i v e l y  f i t t e d  curve. Apparently, employing t h e  modif ied t ime o f  concentra- 
t i o n  es t imat ion  method forced t h e  observed peak data i n t o  a general 
order. The t rend  i s  p a r a l l e l  t o  the  SCS curve bu t  i s  t r a n s l a t e d  down- 
ward. The rev ised curve may be usefu l  f o r  p r e d i c t i n g  peaks from t y p i c a l  
runo f f  events, however f o r  design app l ica t ions ,  t h e  upper extremes o f  scat-  
t e r  should be noted. 

SCS Chart Method 

Performance comparisons f o r  t h e  SCS Chart Method are presented i n  
Table 13. Un l ike  t h e  Cypress Creek Formula, l a r g e  events produced r e s u l t s  
s i m i l a r  t o  those f o r  a l l  events. This method a lso  tended t o  overpred ic t  
peak discharge. Maximum and minimum standard e r r o r s  o f  est imate were 1000% 
and 501, corresponding t o  Bass East and Armstrong Slough, respect ive ly .  
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Figure 51. Comparison o f  observed discharge hydrograph t ime o f  concent ra t ion  and peak r a t e  t o  
the  SCS Graphical Method design curve. The polygons shown represent  t h e  regions 
generated by the  runo f f  events f o r  each s i t e  measuring 0.5 inches o r  more and f o r  
which t ime o f  concent ra t ion  est imates cou ld  be made. 
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Figure 52. Comparison o f  the SCS Graphical Method design curve t o  p l o t t i n g s  o f  the average o f  
peaks f o r  each s i t e ,  as shown i n  Figure 51 against estimates f o r  time of concentration. 
These estimates are based on equation 26 and watershed lags ca lcu la ted by the SCS 
standard method (equation 27) and by the modif ied method (equation 45).  
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Table 13. Percent e r r o r  o f  peak discharge est imates from t h e  SCS Chart 
method. 

S i t e  Events w i t h  Runoff Events w i t h  Runoff >0.50 In. 

Std. E r ro r  Avg. E r ro r  Std. E r ro r  Avg. E r ro r  

Armstrong 49. 7.7 46. 22. 
Peavine 142. 129. 142. 102. 
SEZ Dairy  204. 146. 117. 80. 
Bass West 186. 172. 201. 189. 
Bass East 1021. 857. 1075. 887. 

Table 14. Resul ts  sumnary f o r  SCS u n i t  hydrograph method us ing SCS-fixed 
l a g  est imates (equat ions 27 and 14). Er ro rs  are repor ted i n  
percent. 

S i t e  K '  = 300 K t  = 484 

Std. E r ro r  Avg. E r ro r  Std. E r ro r  Avg. E r ro r  

Armst rong 106. 88. 230. 200. 
Peavine 430. 380. 724. 646. 
SEZ Dai ry  192. 142. 352. 272. 
Bass West 188. 175. 337. 316. 
Bass East 44. 28. 112. 94. 



SCS Un i t  Hydrograph Method 

Eva lua t ion  o f  t h e  u n i t  hydrograph method was conducted i n  t h r e e  steps: 
( I ) ,  eva lua t ion  o f  standard SCS methodology; (2).  eva lua t ion  and modi f i ca-  
t i o n  o f  c e r t a i n  aspects o f  the  method; and (3),  re-evaluat ion o f  t h e  u n i t  
hydrograph method implementing var ious modi f icat ions.  

Tables 14 and 15 present r e s u l t s  from a p p l i c a t i o n  o f  t h e  recomnended 
K '  f a c t o r s  (300 and 484) and two methods o f  c a l c u l a t i n g  t ime t o  peak ( f i x e d  
and v a r i a b l e  l a g  est imates from equations 27 and 35). SFWMD assumed r a i n -  
f a l l  d i s t r i b u t i o n s  were used f o r  a l l  events. Best peak est imates were 
obtained us ing a K' o f  300 and t h e  f i x e d  l a g  est imates f o r  each water- 
shed. However t h i s  method s t i l l  tended t o  overpred ic t  discharge peaks by 
about 200%. 

The second step o f  t h e  eva lua t ion  was t o  determine b e s t - f i t  K' f a c t o r s  
us ing var ious est imates o f  t ime t o  peak, bo th  measured and assumed r a i n f a l l  
t ime-d i s t r i bu t i ons ,  and d i f f e r e n t  classes o f  r u n o f f  events. Table 16 i s  a 
sumnary o f  t h e  K' op t im iza t i on  analysis.  The R values repor ted represent 
an average o f  t h e  b e s t - f i t  K '  values f o r  each s i t e .  The b e s t - f i t  K t  f o r  a 
g iven s i t e  i s  i t s e l f  an average taken over a l l  events w i t h i n  t h e  s i t e  and 
runoff  event class. The s (standard dev ia t i on )  q u a n t i f i e s  t h e  v a r i a b i l i t y  
o f  t h e  fac to r  over a l l  s i tes .  It i s  t h e  standard dev ia t i on  associated w i t h  
t h e  c a l c u l a t i o n  o f  R. 

General izat ions can be drawn from the  in fo rmat ion  presented i n  Table 
16. The most d e f i n i t e  conclusion i s  t h e  i n s i g n i f i c a n c e  o f  t h e  r a i n f a l l  
t i m e - d i s t r i b u t i o n  employed i n  the  c a l c u l a t i o n  o f  composite hydrographs. 
The SFWMD assumed r a i n f a l l  d i s t r i b u t i o n  y ie lded  almost i d e n t i c a l  r e s u l t s  t o  
those der ived from measured d i s t r i b u t i o n s .  The user should r e a l i z e ,  
however, t h a t  when working w i t h  more "responsive" watersheds, i.e. 
developed flatwoods watersheds o r  na tura l  watersheds w i t h  K values greater  
than 300, t ime d i s t r i b u t i o n  o f  r a i n f a l l  becomes a s i g n i f i c a n t  f a c t o r  i n  
peak r u n o f f  rates.  

D i f fe rences i n  b e s t - f i t  K' values were apparent when comparing the  two 
r u n o f f  event classes. Factors f o r  events l ess  than 0.50 inches were 20-30% 
h igher  than f a c t o r s  f o r  t h e  l a r g e r  c lass  o f  events. The s c a t t e r  among K' 
values f o r  each s i t e  i s  a l so  greater  f o r  smal ler  events. Focusing i n  on 
t h e  K '  solved us ing assumed r a i n f a l l  d i s t r i b u t i o n s  and events greater  than 
0.50 inches, a l l  were computed t o  be l e s s  than 100. Even when using t h e  
SCS f i xed  l a g  estimates, r e s u l t s  were s i g n i f i c a n t l y  lower than t h e  300 
value recomnended fo r  f l a t ,  swampy areas. Values were a1 so lower than t h e  
256 found t o  be appropr iate f o r  t h e  Delmarva Peninsula (Welle e t  al., 
1980). The Delmarva area, although having s i m i l a r  s o i l  types, s t i l l  has 
slopes (2%) which are  steeper than t h e  flatwoods watersheds examined i n  
t h i s  study. 

Having i s o l a t e d  a range of f ac to rs  between 75 and 100, t h e  next  step 
was t o  i s o l a t e  a technique f o r  es t imat ing  l a g  which would r e s u l t  i n  a f a i r -  
l y  cons is ten t  K '  f o r  a l l  s i t es .  For both t h e  mod i f ied  and standard l a g  
es t imat ion  techniques, no b e n e f i t  ( i n  terms o f  f a c t o r  u n i f o r m i t y )  was de- 



Table 15. Resu l ts  summary f o r  SCS u n i t  hydrograph method us ing  SCS-vari- 
a b l e  l a g  est imates (equa t ions  27 and 43). E r r o r s  a r e  repo r ted  
i n  percent.  

S i t e  K '  = 300 K '  = 484 

Std. E r r o r  Avg. E r r o r  Std. E r r o r  Avg. E r r o r  

Armst rong 201. 142. 367. 281. 
Peavine 602. 554. 985. 907. 
SEZ Dai ry  257. 139. 444. 272. 
Bass West 288. 264. 479. 442. 
Bass East 1125. 982. 1694. 1454. 

Table 16. Resu l ts  summary f o r  SCS u n i t  hydrograph K '  f a c t o r  op t im i za -  
t i o n .  I? values represent  an average f o r  a l l  s i t e s .  

Assumed D i s t r i b u t i o n s  Measured D i s t r i b u t i o n s  
Lag Method 

RO > 0.50" RO < 0.50' RO > 0.50" RO < 0.50" 

K s K s K s K s ---- -- -- 
MOD Fixeda 72. 13. 85. 29. 71. 14. 84. 28. 
MES ~ i x e d ~  95. 57. 122. 64. 98. 59. 118. 57. 
SCS FixedC 87. 53. 107. 80. 89. 52. 110. 77. 
MOD Var i  ab l  ed 85. 30. 122. 42. 82. 31. 133. 34. 
SCS Var iab lee 83. 62. 112. 94. 79. 61. 124. 86. 

a as c a l c u l a t e d  from equat ion 45. 

minimum observed t imes t o  peak from hydrograph ana lys is .  

as c a l c u l a t e d  from equat ions 27 and 14. 

as c a l c u l a t e d  from equat ions 46 and 43. 

as c a l c u l a t e d  from equat ions 27 and 43. 



Table 17. Resul ts  summary f o r  SCS u n i t  hydrograph K '  f a c t o r  op t im iza t i on  
us ing SFWMD assumed r a i n f a l l  d i s t r i b u t i o n ,  r u n o f f  events equal 
t o  o r  exceeding 0.50 inches, and modi f ied- f i xed  l a g  estimates. 

K values represent an average o f  a l l  events f o r  a s i t e .  

S i t e  n Events t4aximuma ~ i n i m u m ~  R s Davidc 

Armstrong 5 119. 62. 83. 22. 88. 
Peavine (1800) 10 74. 27. 50. 15. 66. 
Peavine (775) 3 76. 53. 66. 12. - 
SEZ 0air; 4 101. 39. 70. 26. - 
Bass West 16 107. 59. 88. 12. 118. 
Bass East 7 84. 66. 72. 8. 70. 

Average 72. 13. 

a Maximum observed opt imized event K '  factor .  

Minimum observed opt imized event K'  fac tor .  

c Based on a v a i l a b l e  data f o r  r a i n f a l l  associated w i t h  Hurr icane David 
(9-3-79). 

Table 18. Results summary f o r  SCS u n i t  hydrograph K '  f a c t o r  o p t i m i z a t i o n  
us ing SFWMD assumed r a i n f a l l  d i s t r i b u t i o n ,  runof f  events equal 
t o  o r  exceeding 0.50 inches, and SCS-fixed l a g  es t ima t ion  equa- 
t i on .  K values represent an average of a l l  events f o r  a s i t e .  

S i t e  n Events Maximuma ~ i n i r n u m ~  K s  avid' 
Armstrong 5 228. 121. 161. 41. 170. 
Peavine (1800) 10 90. 31. 59. 19. 79. 
Peavine (775) 3 74. 53. 65. 11. - 
SEZ Da i ry  4 185. 72. 129. 46. - 
Bass West 16 113. 62. 93. 13. 187. 
Bass East 7 14. 12. 14. 1.3 14. 

- - - - - - -- 

Average 87. 53. 

a Maximum observed opt imized event K '  factor .  

Minimum observed opt imized event K '  fac tor .  

c Based on a v a i l a b l e  data f o r  r a i n f a l l  associated w i t h  Hurr icane David 
(9-3-79). 



r i v e d  from the  use o f  a  v a r i a b l e  l a g  equation. For t h e  f i x e d  l a g  e s t i -  
mates, t h e  mod i f ied  method (equat ion 45) produced t h e  most cons is ten t  o p t i -  
mized K '  f o r  a l l  s i t es .  

Tables 17 and 18 show t h e  s i t e  v a r i a b i l i t y  o f  b e s t - f i t  f a c t o r s  f o r  t h e  
SCS and mod i f ied  f i x e d  l a g  cases. Here t h e  average K '  i s  ca l cu la ted  over n  
events f o r  each s i t e  and s  i s  t h e  standard d e v i a t i o n  associated w i t h  t h a t  
average. The t r e n d  among s i t e s  was f o r  an i nc reas ing  K '  value w i t h  decrea- 
s ing  watershed percent wetlands. Resul ts  repor ted  f o r  Peavine Pasture 
d i f f e r e n t i a t e  between t h e  l a r g e  and small drainage area condi t ions.  The 
smal ler  f a c t o r  associated w i t h  t h e  1800 acre watershed may be due t o  chan- 
nel  b lock  e f f ec t s .  

Also inc luded i n  Tables 17 and 18 are the  b e s t - f i t  f a c t o r s  f o r  t h e  
l a r g e  r u n o f f  events associated w i t h  Hurr icane David. Runoff  from t h i s  
event ranged between 2.5 and 5.2 inches, depending upon t h e  s p e c i f i c  
s i t e .  Armstrong data f o r  t h i s  pe r i od  are documented as being " e s t i -  
mated." Quest ions a l so  e x i s t  regard ing t h e  actual  c o n t r i b u t i n g  area f o r  
t h i s  event as we l l  as o ther  events a t  o the r  s i t es .  Examination o f  t h e  SCS 
u n i t  hydrograph equat ion shows t h a t  when measured r u n o f f  data are used, t h e  
i n f l uence  o f  e r r o r s  i n  drainage area est imates upon peak r a t e  c a l c u l a t i o n s  
i s  conf ined t o  t h e  Tp term. The m u l t i p l i c a t i o n  o f  t h e  depth and area terms 
i n  t h e  numerator o f  equat ion 34 y i e l d s  volume. This  i s  t h e  i nve rse  o f  t h e  
c a l c u l a t i o n  used t o  est imate r u n o f f  depth (measured volume d i v i d e d  by e s t i -  
mated c o n t r i b u t i n g  area) and thus  negates t h e  i n f l u e n c e  o f  drainage area 
est imates. 

Table 19 presents t h e  opt imized K '  r e s u l t s  f o r  events o f  sho r t  dura- 
t i o n  and h igh  i n t e n s i t y .  For a  g iven l a g  method, K '  f a c t o r s  tended t o  be 
cons i s ten t  among t h e  d i f f e r e n t  groups o f  r a i n f a l l  events ie., a l l  l a r g e  
events, la rge ,  shor t -dura t ion  events, and very l a r g e  events (Hurr icane 
David). 

I nco rpo ra t i ng  r e s u l t s  from the  K '  analys is ,  t h e  incremental  u n i t  hy- 
drograph method was re -app l ied  t o  t h e  data base. L i k e  t h e  i n i t i a l  evalua- 
t i o n ,  o n l y  SFWMD assumed r a i n f a l l  d i s t r i b u t i o n s  and r u n o f f  events g rea te r  
than 0.50 inches were examined. Tables 20 through 23 present r e s u l t s  us ing  
rev ised  K' f ac to rs .  Two combinations o f  d i s c r e t e  f a c t o r s  were used: 75 and 
100 f o r  t h e  f i x e d  l a g  est imates and 85 and 100 f o r  t h e  v a r i a b l e  l a g  e s t i -  
mates (which had h igher  opt imized l a g  values). These two se ts  o f  f a c t o r s  
were tes ted  us ing var ious  l a g  es t ima t i on  techniques. Best r e s u l t s  were 
achieved w i t h  t h e  mod i f ied  l a g  equat ion and a  K '  o f  75. 

SFWMD - 
The SFWMD over land f l o w  computer model (as mod i f ied)  was app l ied  t o  

r u n o f f  events exceeding 0.50 inches. Resul ts  are sumnarized i n  Table 24. 
The model underpredicted on most s i t es .  However, where i t  d i d  overpred ic t ,  
t he  percent e r r o r  was h igh  (Bass East). Best r e s u l t s  were associated w i t h  
t h e  Bass West and Peavine watersheds. The l a r g e  Peavine Pasture watershed 
i s  be l ieved t o  respond i n  a  sheet f low manner and should be descr ibed w e l l  



Table 19. Resul ts  sumnary f o r  SCS u n i t  hydrograph K'  f a c t o r  op t im iza t i on  
us ing r u n o f f  events equal t o  o r  exceeding 0.50 inches w i t h  shor t  
dura t ions  and measured r a i n f a l l  d i s t r i b u t i o n s .  K values repre- 
sent a s i t e  average. 

S i t e  MOD-Fi xed MES-Fixed SCS-Fi xed MOD-Var. SCS-Var. 

Armstrong 89. 79. 172. 105. 75. 
Peavine (1800) 74. 74. 90. 45. 50. 
Peavine (775) 72. 80. 71. 46. 68. 
SEZ Da i ry  64. 56. 121. 176. 118. 
Bass West 84. 133. 88. 75. 120. 
Bass East 77. 223. 14. 12. 82. 

Average 77. 108. 93. 77. 86. 
Std. Oev. 9. 62. 53. 58. 28. 

Table 20. Results summary f o r  SCS u n i t  hydrograph method us ing SCS-fixed 
l a g  est imates (equat ions 27 and 14). E r ro rs  a re  repor ted  i n  
percent. 

S i t e  K '  = 75 K '  = 100 

Std. E r ro r  Avg. E r ro r  Std. E r ro r  Avg. E r r o r  

Armstrong 57 -50. 41. -34. 
Peavine 55. 32. 96. 73. 
SEZ Da i ry  46. -33. 37. -12. 
Bass West 21. -16. 18. 7. 
Bass East 69. -64. 58. -53. 



Table  21. R e s u l t s  summary f o r  SCS u n i t  hydrograph method u s i n g  SCS-vari- 
a b l e  l a g  e s t i m a t e s  (equa t ions  27 and 43). E r r o r s  a r e  r e p o r t e d  
i n  percent .  

S i t e  K '  = 85 K' = 100 

Std. E r r o r  Avg. E r r o r  Std. E r r o r  Avg. E r r o r  

Armstrong 49. -25. 48. -13. 
Peavine 126. 110. 162. 144. 
SEZ D a i r y  71. -26. 76. -14. 
Bass West 40. 26. 57. 44. 
Bass East 387. 337. 448. 391. 

Tab le  22. R e s u l t s  sumnary f o r  SCS u n i t  hydrograph method u s i n g  m o d i f i e d -  
f i x e d  l a g  e s t i m a t e s  (equa t ions  45 and 43). E r r o r s  a r e  r e p o r t e d  
i n  percent .  

S i t e  K '  = 75 K '  = 100 

Std. E r r o r  Avg. E r r o r  Std. E r r o r  Avg. E r r o r  

Armst rong 21. -5. 38. 24. 
Peavine 77. 51. 126. 98. 
SEZ D a i r y  51. 19. 87. 55. 
Bass West 18. -12. 21. 12. 
Bass East 26. -4. 40. 22. 



Table 23. Results sumnary f o r  SCS u n i t  hydrograph method us ing  modi f ied-  
v a r i a b l e  l a g  est imates (equat ion 46 and 43). E r ro rs  a re  repor-  
t ed  i n  percent. 

S i t e  K '  = 85 K '  = 100 

Std. E r ro r  Avg. E r ro r  Std. E r ro r  Avg. E r r o r  

Armstrong 43. 7. 56. 24. 
Peavine 118. 98. 152. 130. 
SEZ Da i ry  69. -3. 81. 12. 
Bass West 263. 247. 319. 300. 
Bass East 33. -2. 40. 13. 

Tab l e  24. Results sumnary from SFWMO overland f l ow  computer model 
as app l ied  t o  r u n o f f  events w i t h  measured r u n o f f  equal 
t o  o r  exceeding 0.50 inches. Er rors  are repor ted  i n  
percent. 

S i t e  Standard E r ro r  Average E r r o r  

Armstrong 67. 

Peavine (1800) 59. 

Peavine (775) 50. 

SEZ Da i ry  64. 

Bass West 29. 
Bass East 479. 



by an overland f l ow  model. For t h e  l a r g e  watersheds w i t h  s i g n i f i c a n t  chan- 
nel  e f f e c t s  (Armstrong Slough and SEZ Da i r y ) ,  t h e  model underpredicted as 
would be expected. However f o r  t h e  smal lest  watershed (Bass East),  where 
t h e  over1 and f l ow  approximation would appear most app l icab le ,  r e s u l t s  were 
not  good. The observed overpred ic t ion  i s  probably due t o  t h e  length- to-  
w id th  r a t i o  o f  t h e  pasture. It i s  wide, about 1700 fee t ,  and on ly  500 f e e t  
long. This shape would s imulate as a very h igh  peak-producing watershed. 

Sunary  

When compared w i t h  one another (see Table 25), t h e  methods demonstrate 
magnitudes o f  e r r o r  i nve rse l y  p ropo r t i ona l  t o  t h e i r  degree o f  complexity.  
With decreasing ove ra l l  standard e r r o r  o f  est imate, t h e  o r i g i n a l  methods 
l i n e  up as: CREAMS, 3500%; Cypress Creek Formula, 700%; SCS Chart, 400%, 
SCS u n i t  hydrograph, 250%; SFWMD, 180%. The CREAMS and Cypress Creek Form- 
u l  a should be reversed based upon complexity l e v e l  , however t h e  CREAMS 
equation was no t  developed us ing F l o r i d a  data, w h i l e  t h e  Cypress Creek 
Formula i s  described as being app l i cab le  t o  t h e  F l o r i d a  flatwoods. 

Mod i f i ca t i ons  t o  t h e  CREAMS equat ion and t h e  SCS u n i t  hydrograph ap- 
proach s i g n i f i c a n t l y  improved t h e  performance o f  both methods. Each achie- 
ved between 40% and 45% standard e r r o r  o f  estimate. 

Table 25. Results sumnary f o r  peak r a t e  es t imat ion  techniques as app l ied  
t o  events w i t h  measured r u n o f f  equal t o  o r  exceeding 0.50 
inches. Resul ts  a re  repor ted as standard e r r o r  o f  est imate, i n  
percent. 

- - 

S i t e  Peak Rate Est imat ion Technique 

Cypress CREAMS SCS-Chart SCS-UH SFWMD CR-Mod UH-Mod 

Armstrong 256. 1002. 46. 106. 67. 21. 21. 
Peavine 946. 2770. 142. 430. 55. 33. 77. 

SEZ Da i ry  656. 1764. 117. 192. 64. 34. 51. 

Bass West 363. 2069. 201. 188. 29. 21. 18. 

Bass East 1050. 7166. 1075. 44. 479. 86. 26. 

A1 1 715. 3511. 461. 254. 181. 42. 45. 



CHAPTER V I  

SUMMARY AND DISCUSSION 

Study Overview 

Object ives o f  t h i s  study were t o  evaluate t h e  performance o f  storm- 
water r u n o f f  volume and peak r a t e  es t imat ion  techniques as app l i ed  t o  
F l o r i d a ' s  f latwoods watersheds. Charac te r i s t i cs  o f  these watersheds i n -  
c lude extremely f l a t  r e l i e f ,  sandy s o i l s ,  h i g h l y  dynamic water tab les ,  and 
scat te red  wet1 ands. 

The U.S. Geological Survey and South F l o r i d a  Water Management D i s t r i c t  
c o l l e c t e d  r a i n f a l l ,  water t ab le ,  and r u n o f f  data from f i v e  a g r i c u l t u r a l  
(improved and unimproved pasture) watersheds i n  t h e  Lower Kissimmee River  
and Taylor  CreekINubbin Slough Basins. Drainage areas f o r  t h e  watersheds 
ranged from 20 t o  3600 acres. The data c o l l e c t i o n  process began i n  l a t e  
1979, cont inued through e a r l y  1983, and inc luded two severe drought years, 
1980 and 1981. 

Data i n t e r p r e t a t i o n  and ana lys is  produced an event data base which 
inc luded a l l  24-hour r a i n f a l l  events equal t o  o r  exceeding 0.70 inches and 
having r e l i a b l e  concurrent r u n o f f  and water t a b l e  data. The t o t a l  number 
o f  events meeting these c r i t e r i a  were about 160 events, ranging from 15 t o  
30 events per s i t e .  

Seven methods o f  es t imat ing  stormwater r u n o f f  volume, a l l  r e l y i n g  upon 
t h e  SCS r u n o f f  equation, were app l ied  t o  t h e  event data base and t h e i r  
performances evaluated. Bu i l d ing  upon research conducted by t h e  USDA-ARS, 
a s i m p l i f i e d  water t a b l e  model was developed i n  an e f f o r t  t o  s imulate ob- 
served water t a b l e  f l u c t u a t i o n s  usefu l  i n  es t imat ing  r u n o f f  volume. 

S ix  d i s t i n c t  methods o f  es t imat ing  s t o m a t e r  peak discharge ra tes  
were app l ied  t o  t h e  subset o f  t h e  data base having measured r u n o f f  (approx- 
imate ly  80 events). Each method's performance was documented and two were 
selected f o r  mod i f i ca t i ons  designed t o  improve est imate r e l i a b i l i t y .  A 
regression of t h e  CREAMS equat ion formulat ion against  t h e  observed data 
y ie lded  an improved algori thm. The SCS u n i t  hydrograph method was a l s o  
adjusted t o  incorpora te  t r i a n g u l a r  u n i t  hydrograph r e l a t i o n s h i p s  as obser- 
ved f o r  f latwoods watersheds. 

As discussed e a r l i e r ,  accurate data from f latwoods watersheds can be 
very e lus ive .  R a i n f a l l  events associated w i t h  t h i s  study were genera l l y  
small. Runoff from on ly  one 24-hour, 5-year r e t u r n  pe r iod  r a i n f a l l  event 
was recorded. However w i t h i n  the  data se t  were several l a r g e  r u n o f f  pro- 
ducing events, i n c l u d i n g  r a i n f a l l  associated w i t h  Hurr icane David. 



The measurement o f  very h igh  r u n o f f  events i s  made d i f f i c u l t  by t h e  
t o t a l  watershed submergence which occurs dur ing  these periods. Backwater 
e f f e c t s  complicate r u n o f f  measurement s ince  s t ruc tu res  o r  mod i f i ca t i ons  
designed f o r  measurements under such cond i t ions  can o f t e n  induce changes i n  
drainage pat te rns  o r  r u n o f f  t ime-d i s t r i bu t i ons .  As a r e s u l t ,  p rec ise  data 
c o l l e c t i o n  from f latwoods s i t e s  i s  very expensive and may simply no t  be 
feas ib le  f o r  very l a r g e  "design" events. 

The h igh  areal  v a r i a b i l i t y  o f  thunderstorm a c t i v i t y  area a l so  makes 
average watershed r a i n f a l l  d i f f i c u l t  t o  quant i fy .  Where t h i s  problem was 
considered s i g n i f i c a n t ,  data from add i t i ona l  raingages supplemented o n s i t e  
measurements. C o l l e c t i o n  o f  water t a b l e  e leva t ions  i s  l ess  complicated and 
subsequently, greater  conf idence can be assigned t o  these data. 

I n  general, t h e  data demonstrated hydro log ic  response c h a r a c t e r i s t i c s  
which are d i s t i n c t  from those t y p i c a l  o f  most small watersheds i n  t h e  
Uni ted States. 

To ta l  Volume Eva1 ua t i on  

The SCS r u n o f f  equat ion was developed f o r  a p p l i c a t i o n  t o  l a r g e  design 
events occur r ing  on small watersheds. However, i n  many instances i t  has 
been app l ied  t o  smal ler  r a i n f a l l  events w i t h  l i t t l e  o r  no cons idera t ion  
given t o  accuracy imp l ica t ions .  Spec i f i c  techniques employed t o  determine 
t h e  watershed storage parameter, an i n p u t  t o  t h e  SCS r u n o f f  equation, have 
no t  been s u f f i c i e n t l y  evaluated as t o  t h e i r  s u i t a b i l i t y  f o r  a t yp i ca l  water- 
shed condi t ions.  

Evaluat ions o f  t h e  SCS equat ion and s p e c i f i c  methods f o r  determin ing 
i t s  i npu ts  demonstrate t h a t  l a r g e  e r r o r s  can be associated w i t h  r u n o f f  
est imates f o r  smal ler  events. For t h e  seven methods examined, o v e r a l l  
standard e r r o r  o f  est imates ranged from several hundred t o  f i f t y  percent. 
For bo th  t h e  l a r g e r  and smal ler  events, best est imates o f  r u n o f f  volume 
resu l ted  from techniques which incorporated antecedent water t a b l e  condi- 
t i ons .  

Three o f  t h e  methods (DRM, ARS, and CR-1) r e l i e d  upon measured water 
t a b l e  e leva t ions  and performed s i m i l a r l y  on small events. The ARS method 
c o n s i s t e n t l y  performed best on a l l  event classes. The CR-1 method i n c o r -  
porates t h e  ARS storage r e l a t i o n s h i p ,  bu t  has t h e  added advantage o f  ac- 
count ing f o r  f a c t o r s  o ther  than water t a b l e  depth v i a  t h e  SCS curve num- 
ber. This o f f e r s  l a t i t u d e  usefu l  i n  eva lua t ing  changes i n  r u n o f f  volume 
r e s u l t i n g  from a l t e r n a t i v e  land use pat te rns  and a g r i c u l t u r a l  p rac t ices .  
The CR-2 method has t h e  same advantages, bu t  r a t h e r  than water t a b l e  h i s -  
t o r y  o r  assumptions, a r a i n f a l l  h i s t o r y  i s  required. This  method d i d  no t  
perform as we l l  as CR-1. The SCS-Florida method considers s t r i c t l y  land 
use and s o i l s ,  i gno r ing  v a r i a t i o n s  i n  watershed wetness. Therefore i t s  use 
could lead t o  s i g n i f i c a n t  r u n o f f  es t imat ion  e r r o r s  when app l ied  t o  l a r g e  
events f a l l i n g  upon saturated watersheds. Nei ther  t h e  NEH-4 nor CR-WT 
methods should be used f o r  r u n o f f  es t imat ion  on an event basis. 



Estimates o f  r u n o f f  volume and t h e  eva lua t ion  o f  p r e d i c t i o n  methods 
are more s e n s i t i v e  t o  e r r o r s  i n  data c o l l e c t i o n  and drainage area d e t e n i n -  
a t i o n  than are peak rates. However r e s u l t s  demonstrate t h a t  techniques 
which incorpora te  water t a b l e  l e v e l s  ( t o t a l  ava i l ab le  s o i l  storage) can be 
expected t o  y i e l d  more accurate est imates o f  r u n o f f  volume f o r  f latwoods 
watersheds. 

Water Table Model 

Since water t a b l e  dynamics are  such a  c r i t i c a l  f a c t o r  i n  t h e  hydro- 
l o g i c  responses o f  f latwoods watersheds, an e f f o r t  was made t o  q u a n t i f y  
t h i s  phenomenon. The simp1 i f i e d  model developed i n  t h i s  study performed 
reasonably w e l l  du r i ng  t h e  wet years. However du r ing  t h e  end o f  prolonged 
d r y  periods, s i g n i f i c a n t  e r r o r s  were apparent. With added soph is t i ca t i on ,  
a  re1 i a b l e  water t a b l e  model appears feasib le.  

The model developed here in  was not  l i n k e d  t o  a  r u n o f f  p r e d i c t i o n  met- 
hod s ince t h e  usefulness o f  water t a b l e  e leva t ions  i n  r u n o f f  est imates has 
a l ready been demonstrated. Reappl icat ion o f  model r e s u l t s  t o  r u n o f f  e s t i -  
mates would simply be another measure o f  e r r o r  i n  water t a b l e  s imulat ion.  

Peak Rate Evaluat ion 

Resul ts  o f  t h i s  study demonstrate t h a t  more accurate est imates o f  
r u n o f f  peak r a t e s  can be expected as models progress from t h e  empi r ica l  t o  
t h e  more p h y s i c a l l y  based. However when empi r ica l  models a re  t a i l o r e d  t o  
s p e c i f i c  watershed condi t ions,  r e s u l t s  may be comparable t o  those from more 
complex models. As watershed cond i t ions  change o r  changes are an t ic ipa ted ,  
p h y s i c a l l y  based models again become more re1 i a b l e  than empi r ica l  t echn i -  
ques. 

The two extremes o f  empir ica l  and physical.  models a re  represented by 
t h e  CREAMS equation and t h e  SFWMD overland f l o w  computer program. The 
overland f l o w  model performed best of a l l  t h e  o r i g i n a l  methods examined, 
however, i t  s t i  11 demonstrated considerable o v e r a l l  e r ro r .  

With mod i f i ca t ions ,  es t imat ion  e r r o r  was s i g n i f i c a n t l y  reduced i n  t h e  
CREAMS equat ion and SCS u n i t  hydrograph method. For t h e  CREAMS equation, 
o v e r a l l  standard e r r o r  o f  est imate was reduced from 3500% t o  42%. For t h e  
u n i t  hydrograph method, mod i f i ca t i ons  reduced t h e  o v e r a l l  standard e r r o r  
est imate from 250% t o  45%. Between the  two modif ied methods, t h e  SCS met- 
hod i s  more v e r s a t i l e  and should be more t ranspor tab le  t o  o the r  f latwoods 
watersheds. The SCS technique i s  capable o f  handl ing mul t ip le-day (comp- 
l e x )  events, whereas t h e  CREAMS equation does not  a l l ow  superposi t ion.  

Eva lua t ion  o f  t h e  SCS u n i t  hydrograph method demonstrated t h e  need f o r  
improved a lgor i thms f o r  es t imat ing  t ime t o  peak. A s i m p l i f i e d  a lgo r i t hm 
based upon data from the  f i v e  study s i t e s  i s  presented, but  i t s  t ranspor t -  
a b i l i t y  has not  been v e r i f i e d .  S i g n i f i c a n t  u n i t  hydrograph r e s u l t s  a l s o  



i n d i c a t e  t h a t  t h e  SCS recommended t r i a n g u l a r  hydrograph fac to r ,  300, i s  t o o  
high. Analysis i nd i ca tes  t h a t  a value l ess  than 100 i s  more appropr ia te  
f o r  F l o r i d a ' s  f latwoods watersheds. Also noteworthy were the  almost iden- 
t i c a l  peak r a t e  est imates der ived from measured and assumed r a i n f a l l  t ime- 
d i s t r i b u t i o n s .  Discharge hydrographs from f latwoods watersheds are  much 
more attenuated and produce much lower peaks than most o ther  small water- 
sheds o f  the  United States. 

Future Research 

Conclusions regarding cu r ren t  techniques and mod i f i ca t i ons  t o  e x i s t i n g  
r u n o f f  volume and peak r a t e  es t imat ion  methods are  based on ly  upon t h e  
c u r r e n t l y  ava i l ab le  data. These conclusions and mod i f i ca t i ons  should be 
v e r i f i e d  by independent data c o l l e c t i o n  as we l l  as fu r the r  s tud ies  i n t o  the  
s p e c i f i c  hydro log ic  processes which charac ter ize  f latwoods watersheds. 
E f f o r t  a t  acqu i r ing  data from l a r g e r  r a i n f a l l - r u n o f f  events should be pur- 
sued. However, given t h e  expense and d i f f i c u l t y  associated w i t h  such data 
c o l l e c t i o n ,  t h i s  may not  be feas ib le .  

Water t a b l e  data c o l l e c t e d  by t h e  USGS are good and upon f u r t h e r  exam- 
i n a t i o n  should serve as t h e  basis  f o r  p roduct ive  research i n t o  water t a b l e  
processes. Models o f  poss ib le  a p p l i c a t i o n  i nc lude  DRAINMOD (Skaggs, 1978) 
and t h e  Green and Ampt, sandy s o i l  i n f i l t r a t i o n  models c u r r e n t l y  being 
developed by Shi romahedi and Skaggs (1983a&b). These model s  should no t  
on ly  he1 p quan t i f y  t h e  hydro1 ogic  processes con t ro l  1  i n g  r u n o f f  volume, bu t  
should a1 so he1 p q u a n t i f y  subsurface and surface f l o w  processes. 

Models, l i k e  those noted, approach hydrology from a more phys ica l  
perspect ive, an approach which has been shown t o  produce more accurate 
resu l ts .  Physical models f o r  i n f i l t r a t i o n ,  i n t e r f l o w  and drainage, i f  
combined w i t h  overland f l o w  models as used by t h e  South F l o r i d a  Water 
Management D i s t r i c t  should do a good j o b  o f  s imu la t ing  r u n o f f  processes on 
f l  atwoods watersheds. Such a model should i d e a l l y  i nc lude  wetland and 
channel e f f e c t s  p lus  s u f f i c i e n t  d i s t r i b u t i o n  t o  permi t  i t s  a p p l i c a t i o n  t o  a 
range o f  watershed sizes, land uses, and c u l t u r a l  pract ices.  Another 
modeling approach which may be su i ted  f o r  handl ing t h e  e f f e c t s  o f  watershed 
percent wetlands upon discharge hydrographs i s  t h e  cascaded l i n e a r  reser-  
v o i r  (Nash) model. 

This degree o f  s o p h i s t i c a t i o n  i s  n e i t h e r  necessary nor  reasonable f o r  
a l l  app l ica t ions ,  y e t  would be useful fo r  t h e  design and opera t ion  o f  water 
con t ro l  s t ruc tures ,  t h e  eva lua t ion  o f  crop management s t ra teg ies  ( c o n t r o l  - 
l e d  water tab1 e cond i t ions) ,  t h e  development o f  water qua1 i t y  1 oading 
model s, t h e  eval ua t ion  of wet1 ands a1 t e r a t i  on scenarios, and t h e  develop- 
ment o f  reg iona l  land use/ runof f  models. 



APPENDIX I 

CURVE NUMBER SELECTION PROCEDURE 

SCS NEH-4, Chapter 9 (USDA-SCS, 1972b) presents a standard procedure 
f o r  determin ing r u n o f f  curve numbers. The f o l l o w i n g  out1 i n e  descr ibes t h e  
SCS procedure as adapted f o r  and appl ied t o  t h e  f latwoods watersheds of 
t h i s  study. 

I. Informat ion  and Equipment 

A. SCS s o i l  survey map o f  watershed. 

B. S o i l  types and hydrologic  c l a s s i f i c a t i o n s  (NEH-4 Table 7.1) 

C. Watershed crop cover and s o i l  cond i t i on  information. 

D. Runoff curve numbers f o r  hydro log ic  so i l -cover  complex (NEH-4 
Table 9.1). 

E. Curve number adjustment t a b l e  f o r  AMC (NEH-4 Table 10.1). 

F. A planimeter,  d i g i t i z e r ,  o r  g r i d  overlay. 

11. Curve Number Est imat ion Procedure 

A. Document each s o i l  t ype  occur r ing  on t h e  watershed. 

B. Document hydro log ic  c lass  ( o r  classes) f o r  each s o i l  t ype  from 
Table N o f  SCS NEH-4. 

C. Est imate hydro log ic  c lass  based upon e f fec t iveness  o f  drainage 
improvements. For a s o i l  c lassed as A/D, assign A i f  very w e l l  
dra ined and D i f  drainage i s  not  s u f f i c i e n t  t o  main ta in  t h e  water- 
t a b l e  we l l  below t h e  surface. Aer ia l  photographs and USGS topo- 
graphic maps are usefu l  i n  determining t h e  ex ten t  o f  drainage 
improvements. 

0. Est imate hydro log ic  cond i t i on  as judged from s i t e  i nspec t i on  and 
Table 26. 

E. Determine land use pat te rns  over watershed from a e r i a l  photo- 
graphs, USGS topographic maps or  s i t e  inspect ion.  

F. Determine appropr iate curve number f o r  each cover -so i l  complex 
( s o i l  c lass,  cond i t i on  and land use combination) from Table 27 o r  
SCS NEH-4 Table 9.1. 

G. Determine f r a c t i o n a l  area occupied by each cover -so i l  complex. 

H. Ca lcu la te  ove ra l l  watershed curve number (CNI I )  

I 11. Antecedent Moisture Condi t ion Adjustment (as requ i red  by t h e  s p e c i f i c  
method being implemented). 

A. NEH-4: CNI, CNII, o r  CNIII as determined from Table 2. 

B. SCS-Florida: CNII. 
C. CR-1. CR-2, o r  CR-WT: CNI. 



This procedure was used t o  est imate t h e  r u n o f f  curve numbers f o r  each 
o f  t h e  study watersheds summarized i n  Table 28. F igure  53 shows t h e  SCS 
s o i l  survey de l i nea t i on  o f  t h e  s o i l  types occur r ing  on SEZ Dairy. The s o i l  
types were lumped i n t o  f o u r  general groupings based upon s i m i l a r  s o i l  types 
hydro log ic  c l a s s i f i c a t i o n  range and land use. These subareas were d i g i -  
t i z e d  and a s p e c i f i c  hydro log ic  c l a s s i f i c a t i o n  was assigned t o  each as 
shown i n  Table 29. For t h e  purposes o f  t h i s  study, wetlands were assigned 
a curve number o f  100 a t  AMC=II and 111 and t h e  curve number o f  t h e  sur -  
rounding pasture a t  AMC=I. 

Table 26. C r i t e r i a  f o r  determinat ion o f  hydro log ic  cond i t i on  from Table 
8.1 o f  NEH-4 (USDA-SCS, 1972b). 

Vegetat ive Condi t ion Hydro1 og ic  Condi t ion 

Heavi ly  Grazed (p lan t  cover <50%) Poor 

Not Heavi ly  Grazed (50%< p l a n t  cover <75%) F a i r  

L i g h t l y  Grazed ( p l a n t  cover >75%) Good 

Table 27. SCS r u n o f f  curve numbers a t  AMC=II f o r  se lected land uses 
from Table 9.1 o f  NEH-4 (USDA-SCS, 1972b). 

Land Use Hydrologic Condi t ion Hydrologic So i l  Group 

Range o r  Pasture Poor 68 79 86 89 
( w i t h  no mechanical t reatment)  

Same F a i r  49 69 79 84 

Same Good 39 61 74 80 



Table 28. Runoff curve numbers determined f o r  study watersheds. 

Watershed Antecedent Moisture Condi t ion 

- 

Armstrong 63 82 91 
Peavine (775) 63 84 93 
Peavine (1800) 63 84 93 
SEZ Da i ry  63 81 92 
Bass West 63 80 91 
Bass East 63 80 91 

Table 29. Curve number determinat ion f o r  SEZ Dairy.  

Group Class S o i l  Ser ies Land Use % o f  Area Cond. Group CNII 

A/D Mvakka 
AID h rkwood  
A10 Char lo t t e  Pasture 25.7 G D 80 

AID BassIPl a c i d  

2 B I D  Imnokalee Pasture 53.2 G 0 80 

3 A/D Bass/Pompano Pasture 14.1 G D 80 

4 A/D Bass/Pompano Wetlands 7.0 100 

SEZ Da i ry  E f f e c t i v e  Curve Number 81 



COVER -SOIL COMPLEX I COVER-SOIL CCMPLEX 3 

COVER-SOIL COMPLEX 2 I... . COVER-S(WL COMPLEX 4 

Q SCS SOIL SURVEY, SOIL TYPE DELINEATION 

Figure 53. SEZ Dairy soil-cover complex delineation for use in determining the SCS runoff 
curve number. Soil types and distributions were identified from SCS soil survey 
(USDA-SCS, 1972a). 



APPENDIX I 1  

EVENT DATA AND EVALUATION RESULTS 

Fo l lowing are th ree  sets o f  tables.  The f i r s t  se t  (Tables 30-34) i s  a 
sumnary o f  in fo rmat ion  f o r  each o f  t h e  events inc luded i n  t h e  eva lua t ion  
data base. I n  t h e  second se t  (Tables 35-39) are documentation o f  each 
r u n o f f  volume es t imat ion  technique performance. The t h i r d  se t  (Tables 40- 
44) inc ludes r e s u l t s  o f  r u n o f f  peak r a t e  est imat ion techniques as app l ied  
t o  t h e  event data base. 

Not every event was subjected t o  a given es t imat ion  technique. Some 
had i n s u f f i c i e n t  data f o r  implementation o f  c e r t a i n  es t ima t ion  methods 
wh i l e  others were judged t o  conta in unacceptable measurement e r ro r .  

The numbering system f o r  r a i n f a l l - r u n o f f  events began a t  "01" f o r  t h e  
r u n o f f  event w i t h  t h e  h ighest  observed peak f o r  each s i t e .  The l a r g e  Pea- 
v ine  Pasture events begin a t  "21" t o  d i s t i n g u i s h  them from r u n o f f  events 
considered t o  have resu l ted  from t h e  smal ler  c o n t r i b u t i n g  area. Events 
designated "51" o r  greater  are r a i n f a l l  events f o r  which no r u n o f f  was 
recorded. 



- 
Table 30. Annstrong Slough events. 

E U W  MTE S A Y  DAYS WIN ROW. PEM M TP TC 
IN IN CFS R I R  HI 



Table 31. Peavlne Pasture events. 



Table 32. SEZ Dairy events. 

N M T  DATE JDhY MY'S Rl l I l l  ROUQ PWI WT TP TC 
IN IN as n m  m 



Table 33. Bass West Pasture events. 

EVENT DATE JDAY MYS RAIN RW(IL 
IN m ---- 

R1-01 9-3-79 246 2 520 5.200 
BW2 9-15-80 259 2 3.84 3.tZO 
W 3  8-314 2 4  2 2.70 2.700 
M 4  6-18-81 168 2 3.36 2,840 
BWS 8-15-87. 227 1 3,s 2,110 
W-06 7-164 1W 3 2.46 2.300 
BY-07 8-30-80 243 12t82 2.090 
W 4 0  2-18-80 49 2 1.56 1.490 
BY-09 9- 2-80 246 1 leu 1,310 
W-10 7-20-82 201 1 1.02 1.670 
w-11 9- 7-82 250 1 1.98 2,140 
111-12 9- 7-80 251 1 1.50 1elSO ' 
BY-13 5-31-82 151 1 In32 1,000 
BY-14 9- 8-82 251 2 1e08 1.C40 
BY-15 3-31-80 91 1 130 0*520 
1 7- 6-82 187 1 0.84 0.710 
W-17 4- 7-80 98 1 1t08 0.500 
111-18 7-19-82 100 1 0.90 0.610 
W-19 3- 1-80 61 1 o.n 0.3~0 
BY-20 9- 1-82 214 1 1.02 0.260 
W-21 4-19-60 110 1 1.02 0.280 
W22 b23-80 236 1 1.08 0.170 
BY23 1C 5-82 278 2 0.84 0~070 
BY-51 7-15-80 197 1 2.52 00000 
W52 7-17-81 198 1 2.46 0~000 
BY53 %24-81 234 1 1.56 0.000 
BY54 7-14-80 196 1 1.30 0.000 
W-55 2-10-82 41 1 1.20 0.W 
BY56 2- 2-81 33 1 1.20 0~000 
~7 2- s-81 n 1 1.20 0.000 
BYS k 2-81 214 1 1~02 0*000 
rCSP 1-2640 26 1 0.96 0.W 
sYdO 11-15-80 320 1 0.96 0~000 
Wl 3- 7-82 6 1 0.90 0.000 
H2 7-11-81 192 1 0.84 0.000 
IM-63 2-17-82 4E 1 0.84 0.000 
BU-M 9-21-82 ZM 1 0.84 0.000 
~ 3 5  6-28-81 179 1 o.n 0.000 



Table 34. Bass East Pasture events. 

EWT DATE SAY DAYS RAIN Rwa 
IN I N  ---- 

BE+~ e 3-n 246 3 4.56 4.090 
BE42 2-8-80 39 2 1.68 3.340 
E-03 B-31-80 244 2 2$70 1.820 
4 9-2-80 246 1 1.32 1.220 
IE-05 9-15-BO 259 1 3 J 6  1.140 
%-oh 9-7-80 ni i i.so 0 . w  
BE47 3- 1-80 61 1 0.72 0*350 
BE48 8-30-79 242 2 0.96 1.330 
BE-09 9-21-79 264 3 2.16 2.600 
BE-10 4- 1 4 0  92 1 1,26 0.640 
BE-11 7-16-80 1 3 2.44 0.510 
BE-12 8-30-80 243 1 2.82 0.350 
BE-13 1-26-80 26 2 1e32 0.400 
BE-51 7-15-80 197 1 2.52 0.000 
BE-52 7-17-81 198 1 2.46 0.000 
E-55 8-24-81 236 1 1.56 0.000 
BE-54 3-31-80 91 1 1.50 0.000 

7-1440 196 1 1.38 0.000 
B E -  2- 2-81 33 1 1.20 0.000 
Im 2- eel 39 1 1.20 0.000 
E-58 2-10-82 41 1 1.20 0.000 
E* 4- 7-80 98 1 1.08 0.000 
E-60 8-23-80 236 1 1.08 0.000 
BE41 4-19-80 110 1 1.02 0+000 
BE-62 11-15-80 320 1 0.96 0.000 
BE* 6-2190 173 1 0.90 0.000 
B E  3- 7* Y 1 0.90 0.000 
BE* Elti82 48 1 0.84 0.000 
IE-U 7-11-81 in 1 o . ~  0.000 
7 1-27-81 179 1 o.n o.ooo - 



Tab1 e 35. Armstrong Slough total  volume evaluatlon results. 



Table 36. Peavine Pasture t o t a l  volume evaluation resul ts .  

NMT RAIN DUT AIY: Mmt RO W 4  SW DRH MS CR-1 111-2 U-UT 
III n IN IN IN IN IN IN IN IN ------------- -- 

PWZ 1~93  0.86 1 84.00 Oe70 0.09 0.69 1$49 1.32 1.42 0.44 0.21 
W-04 1.67 1.76 2 87.00 0.68 0.52 0.52 0.50 0.M 00.41 0.12 0.12 
W-05 0B71 0e18 1 95+00 O$34 0.04 0.05 0.69 0.61 0.69 0.61 0~07  
W-06 1.49 0.44 1 78e00 0.24 0.02 0.41 1.24 1.09 1.20 0.71 0.04 
W 0 7  2.86 2.42 1 58.00 0.24 0.38 1.40 0.68 1.03 0.53 1.28 0.88 
w-on 1.43 1.22 1 96.00 1.00 0.01 0.37 0 . n  o . ~  0.64 0.12 0.35 
W 0 9  Oe74 0.32 3 92.00 0.22 0.26 0.06 Ob68 Oa57 0.67 0.52 0s.37 
W-10 3.03 3.00 1 50.00 0.10 0.45 1.54 0 . D  0.88 0.24 0.81 0.86 
F'J-11 1.33 3+12 1 80.00 0.20 0.00 0.32 0.00 0.07 0.01 0 . 0 ~  0,CO 
PV-12 0.78 1.41 1 77.00 0.01 0.03 0.07 0.16 0.14 4.12 0.00 O.OG 
PI-13 1.05 2.19 1 77.00 0.06 0.00 0.17 0$05 0.10 0.02 0.00 0.00 
W-14 1.23 225 1 69.00 0.02 0.00 0.26 0.08 0.16 0.04 0.01 0.00 
~ 2 1  3.93 0.01 1 m.00 2.40 0,88 2.31 3-93 5.92 3.93 0.19 1.83 
W-22 3,08 0.01 3 93.00 2.55 2.33 1.58 3.08 3.07 3.08 0.04 2.27 
W 2 3  1.22 0.01 1 W.00 1.06 0.00 0.26 It22 1e21 1.22 0.12 0.21 
W 2 4  334 1-80 1 91.00 2.60 0.68 1.97 1.87 1.98 1,69 2.07 0.85 
WZS 3.00 0.95 1 86.00 1.70 0.43 1.52 2.43 2.26 2.35 1.24 0.31 
w-26 1.72 0.70 1 96.00 1.30 0.6 0.55 1.42 1.26 1 . n  0.90 0.10 
W2B 1-98 0.W 3 92e00 1.20 1.30 0.73 1.59 1.42 1.55 1.42 0.00 
PU-30 0.96 0.01 1 100.00 0.93 0.01 0.13 0.96 0.95 0~96 0.19 0.05 
PV-32 1.18 0.69 1 99.00 1.02 0 4 0  0.24 0.90 0.76 0.86 0.12 0.06 
W-51 2.71 2.95 1 42.00 0.00 0.32 1-20 0.26 0.70 0~17  0.81 0.02 
wsz ~ $ 1 8  4-35 1 4e,oo om 0.15 0.w 0.01 0.16 0.04 0.19 0.00 
W-53 1.52 3.32 1 57.00 0.00 0.02 0.43 0.00 0.10 0.01 0.04 0.09 
WM 1.49 3.04 1 a,oo 0.00 0.02 0.41 0.00 0.12 o , ~  0.10 0.37 
W-55 1.47 3.49 1 5840 0.00 0.01 0.40 0.01 0.07 0.03 0.16 0.15 
WS6 1.42 3e16 1 58.00 0.00 0.01 0.31 Oe00 0.W 0.01 0.04 0.11 
PV-57 1.W 3.46 1 us00 Oe00 0.00 0.20 0.02 0.03 0*06 0.01 0.03 
WSB 1.20 3e56 1 63.00 0.00 0.00 0.25 OeO2 0.03 0.06 0.08 0.00 
M It19 3.99 1 63.00 0.00 0.00 0.24 0.10 0.00 0,16 0.05 0.05 
A 6 0  1,17 2e29 1 63,W 0.00 0.00 0.23 0*05 0.13 0.03 0.05 0.02 
PVdl 1.U 2.60 1 63.00 0.00 0.00 0.22. 0.01 0.08 0.00 0.12 0.02 
Pv-62 1.12 2.54 1 64.00 0,w 0.00 0.21 0.01 0.08 0.00 0.09 0.00 
PVd3 1.10 4.36 1 6Se00 0.00 0.00 0.20 0.17 Oe00 0.26 0.W 0.00 
PV-M 0.W 3.91 1 67eW 0+00 0.01 0.15 0.13 0.00 0.20 0,M 0.02 



Table 37. SEZ Dairy to ta l  volume evaluation results. 

- 

MHT RAIN DM1 AI(C CNEFFt RO nm4 SCSFL Wl US CR-1 CR-2 CRY1 
IN n IN IN IN IN IN IN IN IN 



Table 38. Bass West Pasture total volume evaluation results. 

NMT RAIN M MC OEFFt IW Ell4 SCSFl DM kRS CR-1 CR-2 CR-UT 
IN n u .  IN IN IM IM 11 IN IN 



Table 39. Bass East Pasture total volume evaluatlon results. 

EUMT #IN M MC clrmt RO E l l 4  S#FL DM MS CR-1 CR-2 CR-YT 
IN n IN IN IN II IN III IN IN --- - 

E-01 4e56 1100 1 96100 4009 1b24 241 3-91 3.72 3e80 3.42 1.17 
K-OS 2.70 0.41 3 91.00 1.82 1179 1.03 2*59 2~46 2.51 2b70 1.06 
B E 4  1.32 0.23 3 99.00 .l.ZZ 00.60 0.20 1*29 1.19 1.28 1.32 0.27 
E-Q5 3-36 0.96 1 74.00 1.14 0.59 1.53 2.77 239 2h9 2e29 2.23 
BE-06 130 0.08 2 93.00 0.86 0.29 Oe29 It50 1~45 1.S 1.50 0.42 
~ - 0 7  o,n 2.os 1 9s.w o,a o,o4 0.02 0.01 0.03 0.00 o.oo o,oo 
BE-10 1.26 It15 2 93,M 0.64 On18 0*18 0.63 Ot55 Oe56 On18 0.19 
BE-11 2.45 0.01 3 7 4 4  0.57 1-51 0.86 2.46 2.45 2.46 2.46 0.16 
BE-12 2.82 2.58 1 62.00 0.33 0.36 1e12 0.52 Ot93 0*39 1.56 0.S 
BE-13 1.32 3-38 1 87.00 0.40 0.00 0.20 0.01 0.45 0.04 0,02 0.W 
BE-si 2.52 3.21 1 u m  0~00 o.n o,90 0.12 0.52 o,o6 1.4s o.a 
E-52 2.45 5.00 1 45.00 0.00 0.23 046 0~02 0.16 0.07 o.n o,zs 
BE-S 1.36 3.69 1 56.00 0.00 0.02 0032 0,Ol 0.07 0.04 1.09 0.07 
EE-9 1.50 1.9 i 9.00 0.00 0.02 0.29 o.ss o,n 0.4 o.oa 0.11 
IE-55 1.38 3.73 1 59.00 0.00 0.01 0.23 0.04 0.03 0.08 0.18 0.00 
I€-% 1.20 3e43 1 63.00 0.W 0.00 0.15 Ot03 Oe02 0.07 0.00 0.03 
BE-57 1+20 3.01 1 63.00 0.00 0.00 On15 0e00 0a05 0.02 0.02 0.10 
BE-58 1.20 3.86 1 63~00 0.00 0.00 0.15 0.08 0.01 0.14 0.01 0.00 
E-!W 1.08 1*21 1 65~00 0.00 0.00 0.11 Ot45 0639 0.39 Oel8 0.21 
WdO 1.08 2,s 1 65.00 0.00 0.06 Oe11 0.01 0a07 0.00 0.20 0.00 
BE-61 1.02 2.S 1 6640 0.00 0.00 0.09 Oe00 0.JS 0.00 0,Oe 0.04 
EdZ 0.96 3,78 1 68.00 0*00 0.01 0.07 0.12 0.00 0.10 0.00 0.30 
E43 0.90 3t76 1 6 9 M  0.00 0.01 0.06 0.13 0.60 0.20 Ob00 0.00 
Ed4 0.90 3.14 2 6 9 d  0.00 0.06 0.06 0.04 0.00 0.08 On03 0.00 
BE* 0184 322 1 70*00 0.00 0.02 0 4  0.07 0.60 0.11 0.00 0.00 
lE-44 0.84 I,% 1 ?Om00 0.00 0002 0.04 0.36 0.04 0.48 0601 0.00 
~ 4 7  o.n 4.97 1 74.00 o a  om o,oz 0.41 0.04 0.s 0.00 0.00 



Table 40. Annstrong Slough peak r a t e  evaluation results.  

Table 41. SEZ Dal y peak r a t e  evaluation results.  



Table 42. Peavlne Pasture peak r a t e  evaluatlon results. 

- - 
NMT PW( ClPAESS WT OLDCMIY(S IEUCXM UNIT-SeS UNIT-HOD YSHS 

?V-O1 8.50 ~ ~ 2 7  25.20 1 6 9 ~ 5  4-96  OM 7a78 5.00 
PYQZ be50 6151 21*00 143.03 5697 2*82  6.51 2.00 
N-03 5.70 38-80 18.60 117.92 5.39 4.00 
PVO( 4.95 60.83 20-40 139.26 5.83 22.11 6631 St00 
M 4.20 49J9 10.20 73.61 3n26 11.07 3t15 
RcQ6 3.30 45-09 7.20 55.43 2.44 8.20 2 a  
N-07 5-10 43-89 7.20 55.43 2.44 8.74 2t31 
PVQP 1.80 45-21 6.60 49.32 2.26 7t23 245  
Wll OtP6 44.53 6.00 45.18 2'09 
W12 On70 0+30 2.87 0.17 4.47 1 b23 
PV-13 0.60 39$78 la80 14.93 0.76 2.24 0.58 
W l 4  0.24 58.42 0.60 5.43 0.30 0.78 0.20 
W21 42.00 22leSB 45hO 78549 27.39 144*23 Me78 45.00 
wzz am 21e,n u,& 7a,45 n.19 1 4 2 , ~  45.78 42.00 
W23  20.50 136.89 20.14 W.65 1SA8 64.64 20.63 10.00 
W24 18,S  2215.99 49A0 We45 29,20 157.76 50.65 49.00 
W25 16.00 177,25 32.30 568.12 21.62 101.86 33.14 26.00 
W26 1640 ISLO3 24e70 442134 17.88 79.00 25J2 18*00 
W27 16,00 141n31 21.47 S88.13 16.19 68.18 22,02 15.00 
wm 15.00 i4s.n z z , ~  410.~1 i6.m n.87 23.28 16.00 
WZP 13.W 120.70 17.0 323.64 14-11 9.00 
RC30 12a50 128.70 17.67 32LM 14ell 56e26 18,M 940  
W31 lo*% 117.35 14.25 264.79 12e12 6eM) 
W ~ Z  8.n  1u.n i 9 , a  m , 7 6  1s.u 42.21 19.85 10.00 



Table 43. Bass Yest Pasture peak r a t e  evaluation results.  

Table 44. Bass East Pasture peak r a t e  evaluation results.  
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