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EXECUTIVE SUMMARY 

The Engineering Report presents a p l a n  f o r  improving the  e x i s t i n g  poor d ra in -  

age i n  the  180 acre area j u s t  south o f  Briarwood Road and eas t  o f  S ta te  Route 

50 i n  the  southern p o r t i o n  o f  Sarasota County r e f e r r e d  t o  t h e r e i n  as the  South 

Venice Gardens area. The area c u r r e n t l y  d ra ins  through an e x i s t i n g  poo r l y  

mainta ined o u t l e t  canal t o  a branch o f  A l l i g a t o r  Creek. 

As p a r t  o f  the  work invo lved i n  the  prepara t ion  o f  t h i s  Report, two p r i n c i p a l  

a l t e r n a t i v e  storm water management p lans f o r  improving drainage i n  the  general 

area were considered. The f i r s t  a l t e r n a t i v e  i nvo l ved  improving t h e  e x i s t i n g  

o u t l e t  canal which runs e a s t e r l y  from Sta te  Route 41 t o  a branch o f  A l l i g a t o r  

Creek. The second a l t e r n a t i v e  invo lved the  cons t ruc t i on  o f  a new storm sewer 

system running wester ly  t o  t h e  I n t r a c o a s t a l  Waterway v i a  Shamrock Dr ive.  

The second a l t e r n a t i v e  was predicated on t h e  assumption t h a t  the  proposed 

drainage system and detent ion  basins, being constructed as p a r t  o f  t h e  

proposed Venetian Plaza Shopping Center, would s t i l l  a l l ow  a subs tant ia l  f l o w  

t o  en ter  the  upper (western) end o f  t h e  o u t l e t  canal du r ing  a major  r a i n f a l l .  

Thus, t h e  cons t ruc t i on  o f  a new storm sewer system t o  t h e  I n t r a c o a s t a l  

Waterway, t o  e l im ina te  o r  lessen t h e  impact o f  r u n o f f  from t h e  shopping cen te r  

on the  o u t l e t  canal, would have been requi red.  However, upon analys is ,  t h e  

proposed detent ion  basin and o u t l e t  storm sewer d ischarg ing  t o  S ta te  Route 41 

was found t o  be adequate such t h a t  a c t u a l l y  - no r u n o f f  t o  the  o u t l e t  canal from 

the  shopping center  area would r e s u l t  from a 25 Year Frequency - 24 Hour 

Dura t i on  R a i n f a l l .  Thus, cons t ruc t i on  o f  the  Venetian Plaza Shopping Center 



storm drainage system i s  a c t u a l l y  an improvement over t h e  p r i o r  s i t u a t i o n  

(predevelopment cond i t i ons )  where some r u n o f f  from the  shopping center  area 

d i d  a c t u a l l y  en ter  the  o u t l e t  canal. 

Therefore, based on the  adequacy o f  the proposed shopping center  storm water  

management f a c i l i t i e s  and the  very h igh  cos t  o f  cons t ruc t i on  o f  a new storm 

sewer system, which c o s t  was est imated t o  be i n  excess o f  $500,000, the  f i r s t  

a l t e r n a t i v e  storm water  management p lan,  improving the  e x i s t i n g  o u t l e t  canal,  

was adopted. T h i s  a l t e r n a t i v e  was studied i n  d e t a i l  and i s  recommended i n  the  

Engineering Report. The est imated cons t ruc t i on  c o s t  o f  the  recomnended storm 

water management p lan  i s  $390,500. 

The recommended storm water p lan  presented i n  t h e  Report, i n  a d d i t i o n  t o  

en la rg ing  and deepening o f  t h e  e x i s t i n g  o u t l e t  canal w i l l  a l so  r e q u i r e  t h e  

l o w e r i n g  o f  t h e  e x i s t i n g  w a t e r  s u r f a c e  l e v e l  o f  f o u r  e x i s t i n g  l a k e s  

(designated Lakes A, B, C and D )  through which storm drainage passes, and an 

add i t i ona l  l ake  (Lake E )  i n  t h e  area which o u t l e t s  by a d i t c h  t o  t h e  o u t l e t  

canal. The lower ing  o f  these lakes  w i l l  p rov ide  t h e  a d d i t i o n a l  r e s e r v o i r  

storage f o r  peak f l ow  a t tenua t i on  over t h a t  which i s  now a v a i l a b l e  i n  t h e  

1 akes. 

The proposed recommended improvements w i l l  n o t  have any adverse impact on t h e  

environment. It i s  no t  a n t i c i p a t e d  t h a t  the  lower ing  o f  t h e  l a k e  l e v e l s  o f  

approximately 1.5 t o  2 f e e t  w i l l  adversely a f f e c t  t h e  sho re l i ne  vegetat ion.  

A1 so, i n  90 percent  o f  the  r a i n f a l l s  which occur, the  r u n o f f  w i l l  be conveyed 

i n  approximately t h e  same manner and a t  approximately t h e  same r a t e  as before. 

I n  major  r a i n f a l l  events, t h e  t o t a l  r u n o f f  w i l l  necessar i l y  be conveyed a t  a 



h igher  r a t e  t o  A l l i g a t o r  Creek than prev ious ly ,  b u t  w i t h  the  area being almost 

e n t i r e l y  developed and extremely f l a t ,  on ly  a minimum amount o f  e ros ion  w i l l  

occur. 

The l o c a t i o n  o f  the o u t l e t  canal, designated i n  the  Report as t h e  South Venice 

Gardens O u t l e t  Canal, and the  f i v e  lakes  i nvo l ved  are  shown on Drawings No. 1 

and No. 2. The approximate area sub jec t  t o  f l ood ing  from the  25 Year 

Frequency - 24 Hour Dura t ion  R a i n f a l l  has been de l ineated on Drawing No. 1. 

Drawing No. 2 shows a p lan  o f  the  proposed improvements t o  the  e x i s t i n g  O u t l e t  

Canal. Also presented i s  Drawing No. 3 which cons i s t s  o f  a p r o f i l e  along t h e  

improved O u t l e t  Canal showing t h e  e x i s t i n g  and proposed canal bottom and water  

sur face e leva t i ons  t h e r e i n  du r ing  the  25 Year Frequency R a i n f a l l  and t h e  

average e x i s t i n g  and proposed water sur face e leva t i ons  i n  t h e  var ious e x i s t i n g  

lakes.  The average e x i s t i n g  and proposed water sur face e leva t i ons  i n  t h e  

var ious e x i s t i n g  lakes  are tabu la ted  below: 

Average E x i s t i n g  
Water Surface Proposed Water Surface E l e v a t i o n  

Lake Designat ion E l e v a t i o n  Low Water 25 Year Frequency 

(I '  Under the  proposed storm water management plan, Lakes A and B w i l l  be 
connected and a c t  as a s i n g l e  lake.  
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Under the  proposed storm water management p lan  presented i n  the  Engineering 

Report, the  fo l l ow ing  changes t o  the e x i s t i n g  drainage system would be made: 

1 )  The e x i s t i n g  South Venice O u t l e t  Canal would be improved (4.0 f e e t  

bottom width,  2 : l  s i d e  slopes) frm i t s  o r i g i n  a t  S t a t i o n  71+80 j u s t  

south o f  Briarwood Road a t  the  i n t e r s e c t i o n  o f  Briarwood and Banya 

D r i v e  t o  S t a t i o n  64+00 a t  which p o i n t  i t  enters  Lake A. 

2 )  Lakes A and B would be connected w i t h  a new channel ( 8  f e e t  t o  20 

f e e t  bottom width,  2 : l  s i d e  slopes) so t h a t  t h e  Lakes would a c t  as a 

s i n g l e  storage u n i t  (Lake AIB). 

3)  The normal d ry  weather l e v e l  o f  Lake AIB would be lowered frm 

E leva t i on  13.0+ - ( t h e  present  water sur face l e v e l )  t o  E leva t i on  11.5 

t o  p rov ide  add i t i ona l  r e s e r v o i r  storage. 

4 )  A 25' l o n g  54"x34" oval  concrete p ipe  would be p laced a t  t h e  o u t l e t  

o f  Lake A/B a t  S t a t i o n  41+50 ( I n v e r t  E leva t i on  11.5). T h i s  o u t l e t  

s t r u c t u r e  would c o n t r o l  the  water sur face l e v e l  o f  Lake AIB. 

5 )  The e x i s t i n g  South Venice O u t l e t  Canal would be widened and deepened 

(8.0 f e e t  bottom width, 2 : l  s i d e  slopes) from t h e  proposed c o n t r o l  

s t r u c t u r e  a S t a t i o n  41+50 (bottom e l e v a t i o n  10.5) j u s t  west o f  Dagon 

Road t o  a p o i n t  j u s t  south o f  Rosedale Road a t  S t a t i o n  22+50. A new 

(shor t -cu t )  channel f o r  t h e  O u t l e t  Canal i n t o  Lake C would be 

constructed i n  t h i s  area. 

6 )  The e x i s t i n g  c u l v e r t  under Valencia Road would be replaced w i t h  a 

100 f e e t  l o n g  6BUx43" oval p ipe  c u l v e r t .  

7)  A new 50 f e e t  long 68"x43" oval p ipe  c u l v e r t  would be p laced under 

Rosedale Road a t  the new l o c a t i o n  o f  the  O u t l e t  Canal. 



8)  A new wide channel connect ion from t h e  e x i t  o f  t h e  proposed new 

c u l v e r t  under Rosedale Road t o  Lake C would be excavated. 

9)  A new wide approach channel connect ion from Lake C t o  the  proposed 

o u t l e t  s t r u c t u r e  under F i e s t a  D r i v e  would be excavated. 

10)  The n o n a l  d ry  weather l e v e l  of Lake C would be lowered from 

E leva t i on  10.0+ - t o  E l e v a t i o n  8.5 t o  p rov ide  add i t i ona l  r e s e r v o i r  

s torage and t o  p e n i t  a h igher  head ( a d d i t i o n a l  p o t e n t i a l  energy) a t  

the  i n l e t  o f  t h e  proposed o u t l e t  s t ruc tu re .  

11)  The normal d ry  weather l e v e l  o f  Lake E would a lso  be lowered from 

Eleva t i on  13.0+ - t o  E leva t i on  11.5 t o  p rov ide  add i t i ona l  r e s e r v o i r  

storage and t o  pe rm i t  a h igher  head ( a d d i t i o n a l  p o t e n t i a l  energy) a t  

the proposed new o u t l e t  s t ruc tu re .  

12)  A new o u t l e t  s t r u c t u r e  from Lake E t o  Lake C (600 f e e t  of 36" RCP) 

from Serpula Road t o  C a n i n e  Road would be i n s t a l l e d .  The e x i s t i n g  

clogged o u t l e t  running n o r t h  t o  the  O u t l e t  Canal would be sealed. 

13)  A new wide approach channel connect ion from Lake E t o  the  proposed 

entrance o f  t h e  new o u t l e t  s t r u c t u r e  a t  Serpula Road would be 

excavated. 

1 4 )  A new channel connect ion a t  t h e  e x i t  o f  t h e  new o u t l e t  s t r u c t u r e  

from Lake E would be excavated i n  Lake C. 

15)  The e x i s t i n g  open channel o u t l e t  from Lake C t o  Lake D would be 

replaced w i t h  a 450 f e e t  long, 68"x43" oval pipe, the  i n l e t  o f  which 

( I n v e r t  E l e v a t i o n  8.5) would a c t  t o  c o n t r o l  t h e  l e v e l  o f  Lake C. 

Th is  p ipe  would c a r r y  c o n t r o l l e d  f l o w  from Lake C under F i e s t a  D r i v e  

and Mohegan Road t o  Lake 0. 

1 6 )  A new channel connect ion from the  e x i t  o f  the  above mentioned o u t l e t  

s t r u c t u r e  a t  Mohegan Road t o  Lake 0 would be constructed. 



1 7 )  The normal d ry  weather l e v e l  o f  Lake D would be lowered from 

E leva t i on  9.0+ - t o  E leva t i on  7.0 t o  p rov ide  add i t i ona l  storage and t o  

p rov ide  more head on the  o u t l e t  s t ruc ture .  

1 8 )  A 50 f e e t  l o n g  68"x43" oval p ipe  would be constructed a t  t h e  o u t l e t  

of Lake D ( l ead ing  t o  t h e  arm o f  A l l i g a t o r  Creek), t h e  i n l e t s  o f  

which ( I n v e r t  E leva t i on  7.01 would a c t  t o  c o n t r o l  t h e  l e v e l  o f  Lake 

D. 

19)  The e x i s t i n g  o u t l e t  from Lake D would be f i l l e d  and t h e  immediate 

area regraded. 

The above l i s t e d  improvements t o  t h e  e x i s t i n g  O u t l e t  Canal and t h e  lower ing  of 

the  l akes  w i l l  e l i m i n a t e  l ong  d u r a t i o n  f l o o d i n g  o f  those " lower" areas i n  t h e  

v i c i n i t y  o f  the  lakes.  However, l o c a l  s t r e e t  f l ood ing  ( t o  a depth o f  several 

inches) and swales f l o o d i n g  w i l l  s t i l l  occur f o r  s h o r t  per iods  o f  t ime due t o  

t h e  l i m i t e d  capac i ty  o f  t h e  t r a n s p o r t  system. Improvements t o  l o c a l  s t r e e t  

d r a i n a g e  ( i  .e., new l a r g e r  c u l v e r t s  under  c e r t a i n  d r i v e w a y s )  s h o u l d  be  

constructed. 

The above l i s t e d  improvements t o  the  e x i s t i n g  O u t l e t  Canal w i l l  r e q u i r e  t h e  

a c q u i s i t i o n  by the  County o f  a cons t ruc t i on  and maintenance easement approxi-  

mately 40 f e e t  i n  width from Dagon Road t o  Rosedale Road (30 f e e t  f o r  t h e  

canal p l u s  10 f e e t  f o r  a maintenance easement). I n  a d d i t i o n  t o  t h i s  easement, 

the  purchase o f  th ree  double l o t s  would be requi red.  

I n  a d d i t i o n  t o  t h e  above proposed improvements, t h e  E n g i n e e r i n g  R e p o r t  

recommends t h a t  two small areas, one 5.7 acres i n  s i ze  and one 4.3 acres i n  

s i z e  ( b o t h  a d j a c e n t  t o  Englewood Road) be  d r a i n e d  s e p a r a t e l y  b y  t h e  



construction o f  small detention basins the re in  wi th  o u t l e t s  t o  the  Sta te  Route 

drainage system as these areas were noncontributary t o  the  O u t l e t  Canal. The 

construction o f  detention basins i n  each o f  these areas would also requi re  the  

purchase o f  double l o t s  i n  each f o r  the basfns. 



PART A 

PROJECT DESCRIPTION 



SECTION I 

BASIN DESCRIPTION 

General : 

The drainage bas in  s tud ied  i n  t h i s  r e p o r t  cons i s t s  o f  an 183 acre e s s e n t i a l l y  

urbanized, f l a t  sandy area j u s t  eas t  of S ta te  Route 41 and n o r t h  o f  A l l i g a t o r  

Creek i n  the  south Venice area o f  Sarasota County. 

Th i s  drainage bas in  i s  p resen t l y  dra ined by a canal ( d i t c h ) ,  hencefor th 

r e f e r r e d  t o  as the  South Venice Gardens O u t l e t  Canal o r  O u t l e t  Canal, which 

s t a r t s  j u s t  eas t  o f  S ta te  Route 41 and f l ows  eas te r l y  through f o u r  l akes  

approximately 7,500 f e e t  t o  a branch o f  A l l i g a t o r  Creek and hence t h e r e i n  

south t o  A l l i g a t o r  Creek i t s e l f .  The drainage bas in  and o u t l e t  channel a re  
. - 

shown on Drawings No. 1 and 2 which are  loca ted a t  t h e  end o f  t h i s  repo r t .  

The drainage bas in  a t  t h e  present  t ime i s  e s s e n t i a l l y  developed c o n s i s t i n g  

p r i n c i p a l l y  o f  small s i n g l e  fam i l y  residences loca ted on 80 f e e t  x 100 f e e t  

double l o t s  except f o r  an approximate 16 acre area on the  extreme western end 

o f  the  drainage bas in  which i s  p resen t l y  being developed as a p a r t  o f  t h e  

Venetian Plaza Shopping Center. 

As p resen t l y  proposed, r u n o f f  from t h e  16 acre  eastern area o f  t h i s  proposed 

shopping center  w i l l  en te r  a de ten t ion  bas in  t o  be constructed there in .  

Out f low from t h i s  de ten t ion  basin w i l l  be by small storm sewer p ipes t o  t h e  

e x i s t i n g  S ta te  Route 41 sewer system. 



P r i o r  t o  development, r u n o f f  from the  16 acre area f lowed s lowly toward t h e  

(1 ) p rev ious l y  mentioned O u t l e t  Canal . 

An add i t i ona l  10 acres o f  t h e  proposed Venetian Plaza Shopping Center w i l l  

f l o w  wester ly  toward the  e x i s t i n g  S ta te  Route 41 storm sewer system and hence 

t h e r e i n  souther ly  t o  A l l i g a t o r  Creek. T h i s  10 acre area d i d  n o t  and w i l l  n o t  

c o n t r i b u t e  r u n o f f  t o  t h e  p rev ious l y  mentioned South Venice Gardens O u t l e t  

Canal. 

For  purpose o f  computing hydrographs f o r  storm water  management p l a n  analys is ,  

t h e  183 acre drainage bas in  c o n t r i b u t i n g  t o  t h e  O u t l e t  Canal was subdiv ided 

i n t o  8 subbasins designated Subbasins No. 1 and 2, Subbasin No. 3/4 and 

-.. Subbasins No.5 through 9 as shown on Drawings No. 1 and 2. 

Physical  Charac te r i s t i cs :  

Both the 183 acre drainage bas in  c o n t r i b u t i n g  t o  t h i s  South Venice O u t l e t  

Canal and the  10 acre area c o n t r i b u t i n g  t o  the  Sta te  Route 41 storm sewer 

system a r e  e x t r e m e l y  f l a t  w i t h  no p redomina te  s l o p e  i n  any d i r e c t i o n .  

However, t h i s  ground l e v e l  does genera l l y  f a l l  from E leva t i on  16.0 a t  t h e  

eastern end o f  t h e  183 acre  bas in  a t  the  s t a r t  o f  t h i s  O u t l e t  Canal t o  

E leva t i on  14.0 a t  the  o u t l e t  thereof ;  a  drop o f  2 f e e t  i n  7,000 f e e t  - a s lope 

o f  0.0002 ft l ft. 

( I '  Ava i l ab le  grad ien t  was so small t h a t  long term ponding probably r e s u l t e d  
w i t h  much o f  t h e  ponded r u n o f f  being removed by evapotranspi rat ion.  



I n t e r i o r  drainage o f  t h e  bas in  i s  by roadway swales on both  s ides o f  t h e  

var ious  roadways i n  the  area toward t h e  O u t l e t  Canal and/or lakes  i n  the  bas in  

du r ing  small r a i n f a l l s .  However, i n  a p o r t i o n  o f  the  basin, the  swales i n  

f r o n t  o f  the house have been f i l l e d  i n  and t h e  small diameter l i m i t e d  capaci- 

ty, c u l v e r t  p ipes ( i n s t a l l e d  t o  convey water adjacent  t o  t h e  roads) a re  

p a r t i a l l y  o r  completely blocked. Therefore, dur ing  major r a i n f a l l s ,  t h e  swales 

adjacent t o  the  roadways a c t u a l l y  a c t  as small de ten t ion  basins w i t h  the  roads 

a d d i t i o n a l l y  ac t i ng  as 30-40 f e e t  wide shal low depth conveyance channels which 

t ransmi t  r u n o f f  t o  the  O u t l e t  Canal and lakes. 

I n  c e r t a i n  areas, the  swales adjacent  t o  the  roadway and t h e  roadway them- 

selves slope i n  opposi te d i r e c t i o n s  (however so s l i g h t )  such t h a t  storm water 

runof f  cou ld  and probably does a c t u a l l y  f l o w  i n  two d i r e c t i o n s  dur ing  major 

r a i n f a l l  events. 

For  purposes o f  hydrograph computation, as w i l l  be subsequently discussed, t h e  

excess storage i n  the  roadway swales was t r e a t e d  as depression storage and t h e  

depression storage used i n  the  model f o r  hydrograph computation increased from 

the standard 0.1 i nch  t o  0.5 i nch  t o  account f o r  t h i s  s i t u a t i o n .  

The increased home cons t ruc t i on  i n  the  bas in  over t h e  l a s t  ten  yea r  p e r i o d  has 

e l im ina ted  many vacant l o t s  o f  lower e l e v a t i o n  where r u n o f f  from o the r  

adjacent  areas i n  the  basin was temporar i l y  stored. T h i s  process i s  obviously  

cont inu ing  and w i l l  u l t i m a t e l y  compound the  drainage problems i n  t h e  general 

area. 



The drainage basin c o n t r i b u t a r y  t o  t h e  O u t l e t  Canal and the  subbasins the reo f  

shown on Drawings No. 1 and 2 were de l ineated by actual  f i e l d  survey and 

v i s u a l  inspect ion.  However, because o f  the  extreme f l a t n e s s  o f  t h e  t e r r a i n ,  

the  i nd i ca ted  boundaries must be considered approximate. 

Land Use: 

For  purposes o f  computing hydrographs o f  r u n o f f  from each o f  t h e  subbasins o f  

t h e  183 acre bas in  requ i red  f o r  determining e x i s t i n g  f l o o d i n g  cond i t i ons  and 

f o r  eva lua t ing  t h e  proposed stonn water  management p l a n  f o r  t h e  area, t h e  

e x i s t i n g  t o t a l  impervious area and d i r e c t l y  connected impervious area (DCIA) 

o f  each subbasin was computed and t h e  percent  o f  each type l a n d  cover and 

ad jus ted  growth'''. The r e s u l t s  o f  these computations are  shown on Table 1. 

Also l i s t e d  on Table 1 a r e  the  computed t imes o f  concentraion o f  each of t h e  

subbasins. 

Non-contr ibutary Areas: 

Based on the f i e l d  survey and v i sua l  inspect ion,  two areas, one 5.7 acres i n  

s i z e  and one 4.3 acres i n  s i z e  on t h e  western end o f  Subbasin No. 3/4 bo th  

adjacent  t o  Englewood Road were found t o  be non-contr ibutary t o  t h e  O u t l e t  

Canal. Rain f a l l i n g  on these areas ponds i n  roadway swales o r  adjacent  vacant 

l o t s  u n t i l  removed by i n f i l t r a t i o n  and/or evapotranspi rat ion.  As bo th  areas 
~- 

were l oca ted  a considerable d is tance from any l ake  such t h a t  a l t e r i n g  t h e  

general area t o  make run  o f f  from these areas f low eastward was deemed 

The p r i n c i p a l  adjustment f o r  f u t u r e  growth was made i n  Subbasin No. 
8, the l e a s t  b u i l t  up o f  the  subbasins. 



Subbasin 

Number 

Area 

(acres )  

TABLE 1 

DRAINAGE BASIN PROPERTIES 

T o t a l  Imp. Area DCIA' - Lake Area 

Acres - % - Acres % Acres X - - -  - 

D i r e c t l y  Connected Impervious Area 

Eastern Subbasin o f  Venice Gardens Shopping Center  

Includes Detent ion  Basin 

c 
Hours - 



imprac t ica l ;  the  cons t ruc t i on  o f  small de ten t ion  basins i n  each area w i t h  

o u t l e t s  t o  the  S t a t e  Route 41 drainage system i s  subsequently recommended t o  

reso lve  drainage problems i n  these areas. 

E x i s t i n g  Drainage Pat te rn :  

As p rev ious l y  s tated,  t h e  e x i s t i n g  183 area drainage bas in  i s  dra ined by a 

canal, the  South Venice O u t l e t  Canal, which s t a r t s  j u s t  eas t  o f  S ta te  Route 41 

and f lows e a s t e r l y  approximately 7,500 f e e t  t o  a branch o f  A l l i g a t o r  Creek. 

I n  t h i s  7,500 f e e t  length ,  t h e  O u t l e t  Canal passes through f o u r  l akes  

(designated Lakes A through 0, as shown on Drawing No. 1 and 2 ) .  These l akes  

serve as r e s e r v o i r  storage t o  a t tenuate  f lows i n  the  canal system. Also, a 

25.2 acre cen t ra l  p o r t i o n  o f  the  bas in  f lows t o  another l ake  designated Lake 

E. Outf low from Lake E i s  by a small d i t c h  which f lows n o r t h  t o  the  South 

Venice Gardens O u t l e t  Canal. However, f o r  a l l  p r a c t i c a l  purposes, t h i s  d i t c h  

from Lake E t o  the  O u t l e t  Canal i s  blocked a t  t h e  present  t ime. 

The South Venice Gardens O u t l e t  Canal and the  Lake E o u t l e t  d i t c h  pass under 

roadways and embankments v i a  cu l ve r t s .  These c u l v e r t s  are i d e n t i f i e d  by s ize,  

type, l o c a t i o n  and i n v e r t  e leva t i on  on Table 2. Also l i s t e d  on Tab le  2 a r e  

t h e  approximate bottom e leva t i ons  o f  the  O u t l e t  Canal a t  t h e  var ious  l a k e  

i n l e t s  and o u t l e t s .  

The e x i s t i n g  South Venice Gardens O u t l e t  Canal i s  approximately t rapezo ida l  i n  

shape w i t h  2 : l  s i de  slopes. The bottom o f  the  canal v a r i e s  i n  w id th  from 

approximately 5 f e e t  a t  i t s  s t a r t  near S t a t e  Route 41 ( S t a t i o n  71+80) t o  1 0  

f e e t  a t  Valencia Road ( S t a t i o n  28+00). 



CULVERT AND LAKE ELEVATIONS 

Locat ion  
o r  Inv./El . Inv. /El  . 

S t a t i o n  D e s c r i p t i o n  Des ignat ion  Types I n  Ou t  

5+00 Lake 0 - - 9.4 8.9 

8+00 Cu lve r t  Mohegan Rd. 36'-30" CMP 9.62 9.33 

1 2 a O  C u l v e r t  F i e s t a  Dr. 40'-24"x30M RCP 10.71 10.04 

16+00 Lake C -- 10.4 10.7 

72+00 

Lake E 

O u t l e t  

Lake E 

Out1 e t  

C u l v e r t  

C u l v e r t  

Lake 

Lake 

C u l v e r t  

C u l v e r t  

C u l v e r t  

Cul v e r t  

Rosedale Rd. 38'-24" CMP 

Valencia Rd. 36'-27"x42" CMP 

B - - 

A - - 

I n l e t  Lake A 10'-27"x42" CMP 

Briarwood Rd. 36'-12"x18" RCP 

Morningside 38'-14"x23" RCP 

Road 

Driveway 20'-12"x18" RCP 

Lake E Lake 



From the Lake C o u t l e t  t o  Lake D, the  bottom w id th  o f  t h e  O u t l e t  Canal i s  

approximately 4 f e e t  w i t h  1:l s i d e  slopes. 

The approximate e x i s t i n g  sur face area o f  each o f  the  f i v e  lakes  i s  l i s t e d  

be1 ow: 

Lake - 
A 

B 

C 

D 

E 

Area (Acres) 

1.4 

2.2 

3.7 

2.1 

2.5 

For  purposes o f  determining e x i s t i n g  f l ood ing  cond i t ion ,  Lakes A and B were 

assumed t o  be a s i n g l e  l a k e  - Lake A/B. Also f o r  purposes o f  determin ing 

e x i s t i n g  f l ood ing  cond i t ions ,  i t  was assumed t h a t  because t h e  d i t c h  i s  f o r  a l l  

p r a c t i c a l  purposes blocked, - no f l o w  passes from Lake E v i a  t h e  Lake E o u t l e t  

d i t c h  t o  the South Venice Gardens O u t l e t  Canal. 

Shopping P 1 az,a Drainage System: 

As prev ious ly  s tated,  t h e  proposed Venetian Plaza Shopping Center was d i v i d e d  

b y  t h e  shopp ing  c e n t e r  c o n s u l t i n g  e n g i n e e r  i n t o  t w o  subbas ins ;  one 

approximately 16 acres i n  s ize ,  h e r e i n a f t e r  r e f e r r e d  t o  as the  Eastern 

Subbasin, and one approximately 10 acres i n  s ize ,  h e r e i n a f t e r  r e f e r r e d  t o  as 

t h e  Western Subbasin. Both subbasins i n c l u d e  t h e  r e a r  p o r t i o n  o f  t h e  l o t s  o f  

adjacent s ing le  f a m i l y  residences. 



The plan of the Venetian Plaza Shopping Center (now under construction) and 

the  proposed drainage system thereof a re  shown on Drawings No. 1 and 2 .  

Storm water runoff from the Eastern Subbasin, which i s  Subbasin No. 1 of the 

Venice Gardens Outfall  Canal basin, will flow by overland sheet flow and s t o n  

sewers eas ter ly  t o  a detention basin t o  be constructed i n  this subbasin a t  the  

rear  of the proposd Venetian Plaza Shopping Center. 

As w i l l  be subsequently s ta ted,  t h i s  detention basin i s  large enough (7.2 acre  

f e e t  a t  Elevation 16.5 - the  overflow elevation) t o  contain runoff from the 25 

Year Frequency - 24 Hour Duration Design Rainfall ,  such t h a t  - no discharge from 

Subbasin No. 1 t o  the  Out le t  Canal will occur. 

As previously s ta ted,  s t o n  water runoff ponded i n  t h i s  detention basin will 

ou le t  i n  two pipes, one 15" i n  diameter and one 18" i n  diameter. These pipes 

will transmit runoff across the drainage divide t o  the  exis t ing SR 41 storm 

drain system through the  drainage system being constructed t o  drain the 10 

acre Western Subbasin of the Shopping Center. Water i n  t h i s  detention basin 

may be ponded fo r  a s ign i f ican t  period of time before completely running out 

through t h i s  system. 

Runoff from the 10 acre Western Subbasin will flow westerly and en te r  the  

S ta te  Route 41 storm sewer system through two pipes, one 15" i n  diameter and 

one 18" in diameter, which pipes a c t  t o  control flow t o  t h i s  system. 



Design Hydrographs: 

The hydrographs o f  r u n o f f  from each o f  t h e  e i g h t  subbasins comprising the  

t o t a l  183 acre bas in  from the  25 Year Frequency - 24 Hour Dura t ion  Design 

R a i n f a l l  are shown on F igu res  1 through 8 which c o n s t i t u t e  Sect ion  1 o f  t h e  
- 

Appendix o f  t h i s  Report. The procedures used i n  the  computation o f  these 

hydrographs are subsequently described i n  P a r t  B o f  t h i s  Report. As p rev ious l y  

s tated,  the hydrograph o f  r u n o f f  from Subbasin No. 1, shown on F igu re  1, as 

the  16  acre Eastern Subbasin o f  Venetian Gardens Shopping Plaza, which amounts 

t o  4.2 inches, w i l l  be completely contained i n  t h e  de tent ion  bas in  t o  be 

constructed there in.  

The design hydrographs o f  r u n o f f  from each subbasin as shown on F igures  1 

through 8 i n  the Appendix were used t o  evaluate both the  e x i s t i n g  f l o o d i n g  

c o n d i t i o n  and the  proposed stormwater management p l a n  ( a s  on ly  a l t e r a t i o n s  t o  

the  e x i s t i n g  rece i v ing  lakes  and conveyance system was contemplated). 



SECTION I 1  

EXISTING FLOODING CONDITIONS 

General : 

I n  order  t o  asce r ta in  the  a f f e c t  o f  t h e  25 Year Frequency - 24 Hour Dura t i on  

Design R a i n f a l l  on the  183 acre drainage bas in  under e x i s t i n g  cond i t i ons  (no 

improvements t o  the  e x i s t i n g  South Venice O u t l e t  Canal b u t  w i t h  t h e  proposed 

Shopping Center i n  p lace) ,  hydrographs o f  r u n o f f  from each o f  t h e  e i g h t  

subbasins from t h e  25 Year Frequency - 24 Hour Dura t i on  R a i n f a l l  were summed 

and/or r o u t i n g  through l a k e  storage (by the  s to rage- ind ica t ion  working curve  

method) o r  through channel storage (by t h e  Muskingum Method) t o  determine the  

peak f lows a t  va r i ous  l o c a t i o n s  along t h e  e x i s t i n g  O u t l e t  Canal and t o  

determine the  i n f l o w  hydrographs t o  and t h e  ou t f l ow  hydrographs from t h e  

var ious e x i s t i n g  lakes. 

The r e s u l t s  o f  these ac t ions  are shown on F igu res  9 through 20 i n  Sect ion  2 o f  

the Appendix t o  t h i s  Report. The approximate areas f looded by the  25 Year 

Frequency r a i n f a l l  are shown on Drawing No. 2. 



SECTION 111 

STORM WATER MANAGEMENT PLAN 

General : 

Under the  proposed storm water  management plan, t h e  f o l l o w i n g  changes t o  t h e  

e x i s t i n g  drainage system would be made: 

1 )  The e x i s t i n g  South Venice O u t l e t  Canal would be improved (4.0 f e e t  

bottom width, 2 : l  s ide  s lopes)  from i t s  s t a r t  from S t a t i o n  71+80 j u s t  

south o f  Briarwood Road a t  t h e  i n t e r s e c t i o n  o f  Briarwood and Banya 

D r i v e  t o  S t a t i o n  64+00 a t  which p o i n t  i t  enters  Lake A. 

2) Lakes A and B  would be connected w i t h  a  new channel (8 f e e t  t o  20 f e e t  

bottom width, 2 : l  s i de  slopes) so t h a t  t h e  Lakes would a c t  as a  s i n g l e  

u n i t  (Lake A/B). 

3)  The l e v e l  o f  Lake A/B would be lowered from E l e v a t i o n  13.0+ - ( t h e  

present  water sur face l e v e l )  t o  E leva t i on  11.5 t o  p rov ide  a d d i t i o n a l  

r e s e r v o i r  storage. 
5 

y 3b. 09 @rl~%*' 
41 A 25 fee t  l o n g 9 x 3 4 "  oval concrete p ipe  would be p laced a t  t h e  

o u t l e t  o f  Lake A/B a t  S t a t i o n  41+50 ( I n v e r t  E l e v a t i o n  11.5). T h i s  out- 

l e t  s t r u c t u r e  would con t ro l  the  water sur face l e v e l  o f  Lake A/B. 

5) The e x i s t i n g  South Venice O u t l e t  Canal would be widened and deepened 

(8.0 f e e t  bottom width,  2 : l  s i de  slopes) from the  proposed c o n t r o l  

s t r u c t u r e  a t  S t a t i o n  41+50 (Bottom E leva t i on  10.5) t o  a  p o i n t  j u s t  



south of Rosedale Road a t  Station 22t50. A new (short-cut)  channel 

fo r  the  Outlet  Canal in to  Lake C will be constructed i n  t h i s  area. 

6 )  The exist ing lencia  Road would be replaced with a 100 

f e e t  long 68" 

7 )  A new 50 f e e t  long 68"x43" oval ipe culver t  will be placed under 
, jrz~ 2.,~~0~~0 

Rosedale Road a t  the new loca ion of the  Outlet  Canal i n  this area. 

8) A new wide channel connection from the e x i t  of the  proposed new 

cu lver t  under Rosedale Road t o  Lake C would be excavated. 

9 )  A new wide approach channel connection from Lake C t o  the proposed 

o u t l e t  s t ructure  under Fies ta  Drive would be excavated. 

10)  The level of Lake C would be lowered from Elevation 10.0+ - t o  Elevation 

8.5 t o  provide additional reservoir  storage and t o  permit a higher 

head (additional potential energy) a t  the i n l e t  of the  proposed ou t l e t  

s t ructure .  

11) The level of Lake E would be lowered from Elevation 13.0+ - t o  Elevation 

11.5 t o  provide additional reservoir  storage and t o  permit a higher 

head (additional potential energy) a t  the  i n l e t  end of the  proposed 

new o u t l e t  s t ructure .  
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12)  A new o u t l e t  s t r u c t u r e  from Lake E t o  Lake C (600 f e e t  o f  36" RCP) 

from Serpula Road t o  Carmine Road would be i n s t a l l e d .  The e x i s t i n g  

clogged o u t l e t  running n o r t h  t o  t h e  O u t l e t  Canal would be sealed. 

13) A new wide approach channel connect ion from Lake E t o  t h e  proposed 

e n t r a n c e  o f  t h e  new o u t l e t  s t r u c t u r e  a t  S e r p u l a  Road wou ld  be  

excavated. 

14)  A new channel connect ion a t  t h e  e x i t  o f  t h e  new o u t l e t  s t r u c t u r e  from 

Lake E would be excavated i n  Lake C.  

15)  The e x i s t i n g  open channel o u t l e t  from Lake C t o  Lake D would be 
~ 1 ~ 7 . 2 1 e  a as,74 4.50 

replaced w i t h  a 450 f e e t  long, 68"x43" oval pipe; the  i n l e t  o f  which 

( I n v e r t  E leva t i on  8.5) would a c t  t o  c o n t r o l  the  l e v e l  o f  Lake C.  T h i s  

p ipe  would c a r r y  c o n t r o l l e d  f l o w  from Lake C under F i e s t a  D r i v e  and 

Mohegan Road t o  Lake D. 

16)  A new channel connect ion from t h e  e x i t  o f  t h e  above mentioned o u t l e t  

s t r u c t u r e  a t  Mohegan Road t o  Lake D would be constructed. 

1 7 )  The l e v e l  o f  Lake D would be lowered from E leva t i on  9.0+ - t o  E l e v a t i o n  

7.0 t o  p rov ide  add i t i ona l  storage and t o  p rov ide  more head on t h e  

out1 e t  s t ruc ture .  p 

18 )  A 50 f e e t  long 68"x43" oval p ipe would be constructed a t  the  o u t l e t  o f  

Lake D ( l e a d i n g  t o  the  arm o f  A l l i g a t o r  Creek), the  i n l e t s  o f  which 

( I n v e r t  E leva t i on  7.0) would a c t  t o  c o n t r o l  the  l e v e l  o f  Lake D. 



19) The e x i s t i n g  o u t l e t  frm Lake D would be f i l l e d  and t h e  immediate area 

regraded. 

The above l i s t e d  improvements t o  the  e x i s t i n g  O u t l e t  Canal and t h e  lower ing  o f  

the  l akes  w i l l  e l i m i n a t e  l ong  d u r a t i o n  f l o o d i n g  o f  those " lower" areas i n  t h e  

v i c i n i t y  o f  t h e  lakes  and conveyance system. However, as a lso  p rev ious l y  

s tated.  l o c a l  s t r e e t  f l o o d i n g  ( t o  a depth o f  several inches) and swales 

completely f i l l e d  w i t h  water w i l l  s t i l l  occur f o r  s h o r t  per iods  o f  t ime due t o  

t h e  l i m i t e d  capaci ty  o f  t h e  t r a n s p o r t  system. Improvements t o  l o c a l  s t r e e t  

drainage ( i  .e., new, 1 arger  c u l v e r t s  under c e r t a i n  driveways) could, and 

probably should, be placed. These improvements should be done j u d i c i o u s l y  t o  

prevent  acce lera t ing  storm water  r u n o f f  t o  the  lakes  and O u t l e t  Canal, thus 

compounding t h e  f l o o d i n g  problem. However, the  lower ing  o f  t h e  l akes  and 

improvements t o  the  O u t l e t  Canal w i l l  increase the  hyd rau l i c  g rad ien t  and so 

undoubtedly have a b e n e f i c i a l  a f f e c t  on l o c a l  s t r e e t  f lood ing .  

The above l i s t e d  proposed changes t o  the  e x i s t i n g  O u t l e t  Canal drainage system 

are shown on Drawing No. 2. A p r o f i l e  along t h e  center  l i n e  o f  t h e  improved 

O u t l e t  Canal which shows t h e  proposed bottom o f  the  improved O u t l e t  Canal 

channel, the  water sur face e leva t i on  i n  t h i s  channel and t h e  var ious  l akes  

r e s u l t i n g  from the  25 Year Frequency - 24 Hour R a i n f a l l  i s  shown on Drawing 

No. 3. 



Analys is  (F lood Con t ro l  E f fec t iveness) :  

I n  order  t o  determine the  e f fec t i veness  o f  t h e  above proposed system, t h e  

hydrographs o f  r u n o f f  from the  va r ious  subbasins from the  25 Year Frequency - 
24 Hour Dura t i on  R a i n f a l l  were summed and/or routed through l a k e  storage (by 

the  s to rage- ind ica t ion  working curve  method) o r  through channel storage (by 

t h e  Muskingum Method) t o  determine t h e  peak f lows a t  var ious  l o c a t i o n s  along 

the  O u t l e t  Canal and t o  determine t h e  i n f l o w  hydrographs t o  and t h e  o u t f l o w  

hydrographs from the  var ious lakes. The r e s u l t s  o f  these var ious  smmations 

and rou t i ngs  are shown on F igures  22 through 32. These f i g u r e s  c o n s t i t u t e  

Sect ion  3 o f  the  Appendix o f  t h i s  Report. The peak f l o w  r a t e s  o f  t h e  var ious  

hydrographs are l i s t e d  on Tabl-e .- 3. 

As can be observed from Drawing No. 3, t h e  peak f lows from t h e  25 Year 

Frequency - 24 Hour Dura t ion  Design R a i n f a l l  w i l l  be almost completely 

contained w i t h i n  the  banks o f  t h e  improved O u t l e t  Canal and lakes. 

A1 t e r n a t i v e  Plan: 

I n  a d d i t i o n  t o  the  above p lan,  a second a l t e r n a t i v e  p l a n  was studied. T h i s  

p l a n  i nvo l ved  the  cons t ruc t i on  o f  a new storm sewer system runn ing  wester ly  t o  

t h e  I n t r a c o a s t a l  Waterway v i a  Shamrock Dr ive.  T h i s  second a l t e r n a t i v e  p l a n  

was pred ica ted  on t h e  assumption t h a t  t h e  proposed drainage system and 

detent ion  bas in  being constructed as p a r t  o f  t h e  proposed Venetian Plaza 

Shopping Center would s t i l l  a l l ow  a subs tan t i a l  f l o w  t o  en te r  t h e  upper 

(western) end o f  the  O u t l e t  Canal dur ing  a major r a i n f a l l .  Thus, t h e  

cons t ruc t i on  o f  a new storm sewer system t o  t h e  I n t r a c o a s t a l  Waterway t o  

e l i m i n a t e  o r  lessen the impact o f  r u n o f f  from t h e  shopping center  on t h e  

O u t l e t  Canal would have been requi red.  However, as p rev ious l y  stated, t h e  

A I I I - 5  
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TABLE 3 

PEAK FLOWS IN  OUTLET CANAL 

FUTURE CONDITION 

Time 
Loca t i on  - Hours 

O u t l e t  Lake A18 17.0 
( S t a t i o n  51 & 50) 

S t a t i o n  41 & 50 17.0 

S t a t i o n  41 & 59 17.0 

S t a t i o n  28 & 00 17.0 

S t a t i o n  1 8  & 00 17.0 

S t a t i o n  1 9  & 00 16.5 

Entrance Lake C 17.0 

O u t l e t  Lake C 18.0 

Entrance Lake D 17.5 

O u t l e t  Lake D 18.0 

Peak Flow 
CFS 



- proposed detent ion bas in  being constructed as p a r t  o f  the  shopping center  w i l l  

f u l l y  conta in  a l l  r u n o f f  from a 25 Year Frequency - 24 Hour Durat ion R a i n f a l l .  

As a lso prev ious ly  stated, t h i s  cons t ruc t i on  i s  an improvement over  t h e  

e x i s t i n g  predevelopnent s i t ua t i on .  The adequacy o f  t he  proposed shopping 

center  storm drainage system, p lus  the  estimated cos t  o f  a new storm sewer 

- system (est imated a t  over $500,000), r u l e d  o u t  t h i s  poss ib le  a l t e r n a t i v e .  



PART B 

HYDROLOGIC DESIGN 





SECTION I 

SOIL CONDITIONS 

General : 

The s o i l  mantle i n  t h e  drainage bas in  has been c l a s s i f i e d  by t h e  S o i l  

Conservation Serv ice  (SCS)as predominately Leon f i n e  sand. Small pockets o f  

Rut ledge f i n e  sand and P lmmer  f i n e  sand are  a lso  loca ted i n  t h e  basin. These 

s o i l  pockets were considered t o  be too  small t o  have any s i g n i f i c a n t  e f f e c t  on 
. ~ 

t h e  general hydro log ic  c h a r a c t e r i s t i c s  o f  t h e  basin. 

The Leon f i n e  sand l oca ted  w i t h i n  t h e  bas in  i s  made up o f  l a y e r s  o f  f a i r l y  
. - 

perv ious sand t o  a depth o f  approximately 50 inches. The t o p  1 8  t o  30 inches 

i s  q u i t e  perv ious (2-5% passing t h e  No. 200 sieve) and so has been c l a s s i f i e d  

by the  SCS i n  the  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System as SP. However, immedi- 

a t e l y  below the  t o p  18-30 inches i s  a l e s s  perv ious semi-hard organic l a y e r  3 

t o  6 inches i n  th ickness (7-15% passing the  No. 200 s ieve) ,  which has been 

c l a s s i f i e d  by the  SCS i n  t h e  U n i f i e d  System as SP, SP-SM. Th is  l a y e r  tends t o  

reduce v e r t i c a l  pe rco la t i ons  and cause perched water t a b l e s  i n  t h e  bas in  a t  

c e r t a i n  t imes o f  t h e  year.  Underneath the  top  50 inches o f  f i n e  sandy s o i l  i s  

a r e l a t i v e l y  impervious clayey l a y e r  c l a s s i f i e d  by t h e  SCS i n  t h e  I m i f i e d  Sys- 

tem as SM. 

Hydrologic  S o i l  C l a s s i f i c a t i o n :  

F o r  t h e  purposes o f  comput ing  d i r e c t  r u n o f f ' ' ) ,  t h e  H y d r o l o g i c  S o i l  

C l a s s i f i c a t i o n  system o f  the  S o i l  Conservation Serv ice was used. I n  t h i s  

D i r e c t  r u n o f f  ( r a i n f a l l - e x c e s s )  i s  t h a t  p o r t i o n  o f  r a i n f a l l  w h i c h  
a c t u a l l y  runs o f f  t h e  l and  and becomes sheet f l ow  and u l t i m a t e l y  stream 
f low. 



system, the Soil Conservation Service c l a s s i f i e s  s o i l s  in to  four groups, 

depending on t h e i r  runoff potential .  This potential i s  measured by two 

factors ;  i n f i l t r a t i o n  r a t e  i n to  the  so i l  which i s  controlled by surface 

conditions and transmission r a t e  through the  soi l  which i s  controlled by the  

soi l  horizons. These four hydrologic so i l  groups a re  as follows: 

A.  (Low runoff potential .)  S o i l s  having high i n f i l t r a t i o n  ra tes  even when 

thoroughly wetted and consist ing chief ly  of deep, we1 1 t o  excessively 

drained sands o r  gravels. These s o i l s  have a high r a t e  of water 

transmission. 

B. S o i l s  having moderate i n f i l t r a t i o n  r a t e s  when thoroughly wet ted and 

c o n s i s t i n g  c h i e f l y  of moderately deep t o  deep, moderately we1 1 t o  

we1 1-drained soi l  s w i t h  moderately f ine  t o  moderately coarse textures.  

These s o i l s  have a moderate r a t e  of water transmission. 

C .  So i l s  having slow i n f i l t r a t i o n  ra tes  when thoroughly wetted and consisting 

chief ly  of s o i l s  with a layer  t ha t  impedes downward movement of water, o r  

s o i l s  with moderately f i ne  t o  f ine  texture. These s o i l s  have a slow r a t e  

of water transmission. 

0. (H igh  runoff potent ia l . )  S o i l s  having very slow i n f i l t r a t i o n  r a t e s  when 

thoroughly wet ted and c o n s i s t i n g  c h i e f l y  o f  c l a y  s o i l s  w i t h  a  h i g h  

swelling potent ia l ,  s o i l s  w i t h  a permanent high water table ,  s o i l s  w i t h  a 

clay pan or clay layer  a t  o r  near the surface, and shallow so i ld  over 

nearly impervious material.  These s o i l s  have a very slow r a t e  of water 

transmission. 



The Leon f i n e  sand has been g iven t h e  dual c l a s s i f i c a t i o n  A/D by t h e  SCS. The 

f i r s t  l e t t e r  (A) app l i es  t o  the  drained c o n d i t i o n  as would be t h e  expected 

s i t u a t i o n  i n  sandy s o i l s  w i t h  a small amount o f  f i n e s  when the  groundwater 

t a b l e  i s  below t h e  surface. The second l a t t e r  (D) app l i es  t o  t h e  undrained 

c o n d i t i o n  which would normal ly be the  c o n d i t i o n  i n  a r u r a l  (undeveloped) ve ry  

f l a t  basin dur ing  the  wet season when the  groundwater t a b l e  i s  near o r  a t  t h e  

ground sur face ( o r  water  i s  s tanding on the  ground sur face) .  Under such 

circumstances the  p lac ing  o f  t h e  s o i l  i n  Hydrologic  Group D c l a s s i f i c a t i o n  

would be mandatory s ince  most o f  the  r a i n f a l l  occurs durng the  sumner season 

when the  groundwater t a b l e  i s  high. 

However, the  u rban iza t i on  o f  an area does lower t h e  groundwater t a b l e  as a 

r e s u l t  o f  grading and paving thereof  which causes r a i n f a l l  t o  r u n  of f  more 

r a p i d l y  r a t h e r  than ponding on t h e  ground sur face and supply ing t h e  ground- 

water tab le .  Also, the  cons t ruc t i on  o f  lakes,  de ten t ion  ponds, storm sewers, 

san i ta ry  sewer systems, water mains, d i tches ,  underdrains, etc., which d r a i n  

the upper p o r t i o n  o f  t h e  s o i l  mant le a c t  t o  keep the  groundwater t a b l e  several 

f e e t  below the  sur face by p rov id ing  p o s i t i v e  drainage o f  t h e  upper l aye rs .  

T h e r e f o r e ,  f o r  purposes o f  comput ing  r u n o f f  under  e x i s t i n g  deve loped  

cond i t ions ,  the  s o i l s  i n  the  drainage basin were considered t o  be t h e  

Hydrologic  S o i l  Group C category, except f o r  the  s o i l s  i n  Subbasin No. 1 

(Venetian Plaza Shopping Center Area). These s o i l s  were assumed t o  be i n  

Hydrologic  S o i l  Group A f o r  t h e  developed cond i t ion .  The l a t t e r  developed 

c o n d i t i o n  c l a s s i f i c a t i o n  i n  Subbasin No. 1 was the  r e s u l t  o f  t h e  proposed 

extensive underdra in/s tormdrain system t o  be constructed there in .  



Groundwater Level  : 

F o r  purposes o f  computing r u n o f f  from Subbasin Nos. 2 through 9 ( f rom those 

subbasins w i t h  Group C s o i l s ) ,  i t  was assuned t h a t  u rban iza t i on  thereof  would 

keep the  groundwater t a b l e  ( t o p  o f  sa tura ted  zone) a minimum o f  2.0 f e e t  below 

the  ground sur face a t  a l l  t imes. For  the  purposes o f  computing r u n o f f  f rom 

Subbasin No. 1 ( f rom t h a t  subbasin w i t h  an assumed Group A s o i l ) ,  i t  was 

- determined t h a t  u rban iza t i on  the reo f  would keep t h e  groundwater t a b l e  a 

minimum o f  2.5 t o  3.0 f e e t  below t h e  ground sur face a t  a l l  times. 
.- 

The computed a v a i l a b l e  water storage volune i n  t h e  s o i l  ( i n  inches) was 

computed by m u l t i p l y i n g  t h e  est imated water ho ld ing  capac i ty  o f  t h e  s o i l  

.- (which equals 0.25 i n l i n )  by the  depth t o  t h e  sa tura ted  zone i n  inches i s  as 

fo l lows:  
- 

Depth t o  Water Tab le  

2.0 

3.0 

Cumulative Water Storage 

6.0" 

9.0" 



SECTION I 1  

HYDROLOGIC DESIGN PROCEDURES 

General : 

The procedures used i n  t h e  computation o f  f lows ( su r face  r u n o f f )  from t h e  

v a r i o u s  d r a i n a g e  b a s i n s  c o n s i d e r e d  i n  t h i s  r e p o r t  f o l l o w e d  t h e  g e n e r a l  

procedures c u r r e n t l y  used i n  the  computation o f  f lows from most small drainage 

basins; t h e  e s t a b l i s h i n g  o f  a design r a i n f a l l  f o r  a p a r t i c u l a r  frequency; t h e  

computation o f  d i r e c t  r u n o f f  ( r a i n f a l l - e x c e s s  increments) from t h e  design 

r a i n f a l l  and t h e  computation o f  a design hydrograph o f  r u n o f f  u t i l i z i n g  t h e  

computed ra in fa l l - excess  increments. 

The computed design hydrographs were then combined (summed), rou ted  through 

r e s e r v o i r  storage i n  the  l akes  by the  s to rage - ind i ca t i on  working curve  method, 

and through storage i n  the  channel reaches by t h e  Muskingum Method, t o  o b t a i n  

the f i n a l  design hydrographs a t  var ious  p o i n t s  along t h e  O u t l e t  Canal. 

The actual  method used t o  compute the  design hydrographs o f  r u n o f f  was the  

HNV-Santa Barba ra  Urban Hydrograph Method (HNV-SBUH Method),  a t e s t e d  

s imu la t i on  model, which i s  described i n  d e t a i l  i n  t h e  subsequent sec t i on  o f  

t h i s  p a r t  o f  the  repor t .  

Computer programs were a c t u a l l y  used t o  compute t h e  design hydrographs and t o  

perform the necessary f l o o d  rou t i ngs  and hydrograph sumnations. 



Design R a i n f a l l :  

For  purposes o f  ana lys is  and design, and i n  accordance w i t h  the  requirements 

- o f  Sa raso ta  C o u n t y ' s  Land Development R e g u l a t i o n s ,  a 25 Year Frequency 

R a i n f a l l  was used i n  hydrograph computation. 

From a study o f  pas t  major  storms t h a t  have occurred i n  t h e  southeastern 

p o r t i o n  o f  the  Un i ted  Sta tes  and i n  t h e  southwestern sec t i on  o f  t h e  S t a t e  o f  

F l o r i d a  i n  p a r t i c u l a r ,  i t  was apparent t h a t  a l a r g e  p o r t i o n  o f  t h e  t o t a l  

r a i n f a l l  o f  major stonns f e l l  w i t h i n  a 24 hour  p e r i o d  such tha t ,  f o r  purposes 

o f  t h i s  engineer ing repo r t ,  t h i s  t ime pe r iod  was adopted as t h e  t ime p e r i o d  

f o r  the  25 Year Frequency R a i n f a l l .  The t o t a l  r a i n f a l l  depth f o r  t h e  25 Year 

Frequency - 24 Hour Dura t ion  R a i n f a l l  taken from Weather Bureau Technical 

Paper No. 40"' amounted t o  9.5 inches. 

I n  o rder  t o  be ab le  t o  e s t a b l i s h  a reasonable design r a i n f a l l  i n t e n s i t y ,  mass 

r a i n f a l l  curves o f  pas t  major r a i n f a l l s  t h a t  have occurred i n  t h e  West Cent ra l  

F l o r i d a  area were p l o t t e d  as dimensionless r a t i o s  and are shown on F i g u r e  1. 

I n  order  t o  compare these ac tua l  i n t e n s i t i e s  w i t h  t h e  standard r a i n f a l l  

i n t e n s i t i e s  used by t h e  Corps  o f  Eng inee rs ,  and t h e  S o i l  C o n s e r v a t i o n  

Services, dimensionless r a t i o s  o f  t h e  var ious  design r a i n f a l l  s used by 

( I '  Technical Paper No. 40, R a i n f a l l  Frequency A t l a s  o f  t h e  Un i ted  Sta tes  f o r  
Durat ions from 30 Minutes t o  24 Hours and Return Per iods from 1 t o  100 
Years" Weather Bureau (Now NOAA), U.S. Dept. o f  Commerce, Washington, 
D.C., i a y  1961. 



M A S S  CURVES - MAJOR RAIN'FALLS 
WEST-CENTRAL FLORIDA 

DURATIONS =< 1 D A Y  

TIME RAT'IO 



these agencies, o r  suggested by these agencies f o r  general use, were a l s o  

- computed and p l o t t e d ,  and are shown on F igu re  2 f o r  a one-day durat ion. 

From t h i s  F igure,  i t  was imned ia te ly  apparent t h a t  the  r a i n f a l l  i n t e n s i t y  o f  

t h e  Corps o f  Engineers Standard P r o j e c t  Storm (SPS) d i s t r i b u t i o n  more nea r l y  

matched t h e  r a i n f a l l  i n t e n s i t i e s  o f  p a s t  m a j o r  e v e n t s  f o r  t h e  one-day 

durat ion.  Based on t h i s  canparison t h e  r a i n f a l l  d i s t i b u t i o n  o f  t h e  Corps o f  

Engineers as shown on F igu re  2 was adopted f o r  use i n  computing t h e  design 

f l o o d  hydrographs i n  t h i s  repor t .  

Successive t h i r t y  minute r a i n f a l l  increments ( A  P ' s )  f o r  t h e  25 Year Frequency 

.. 
- 24 Hour Dura t ion  R a i n f a l l  and sumnation ( P ' s )  o f  these r a i n f a l l  

increments d i s t r i b u t e d  i n  general accordance w i t h  t h e  Corps o f  Engineers 

Standard P r o j e c t  Storm (SPS) d i s t r i b u t i o n  are  l i s t e d  on Table 4. A hyetograph 
. . 

o f  these r a i n f a l l  increments i s  p l o t t e d  on F igu re  3. 
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TABLE 4 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 

(ONE HALF HOUR INCREMENTS) 

Time E P A P Time z P A P 
Hours - Inches Inches Hours Inches Inches 





SECTION 111 

HNV-SANTA BARBARA URBAN HYDROGRAPH METHOD 

.- 

General : 

The HNV-Santa Barbara Urban Hydrograph Method (HNV-SBUH Method) i s  a modi f ica-  

t i o n  o f  a method o r i g i n a l l y  developed by Mr .  James M. Stubchaer, F. ASCE, o f  

t h e  Santa Barbara County ( C a l i f o r n i a )  F lood Con t ro l  and Water Conservat ion 

D i s t r i c t .  ( I )  The method as descr ibed he re in  computes a hydrograph d i r e c t l y  

w i t h o u t  going through any in te rmed ia te  process, as does t h e  u n i t  hydrograph 

method. 

The HNV-SBUH Method i s  i n  many respects s i m i l a r  t o  some o f  t h e  time-area- 

c o n c e n t r a t i o n  c u r v e  p rocedures  f o r  hyd rog raph  c o m p u t a t i o n  i n  w h i c h  an 

instantaneous hydrograph i n  a bas in  i s  developed and then rou ted through an 

- 
element o f  l i n e a r  storage t o  determine basin response. However, i n  t h e  HNV- 

SBUH Method, the  f i n a l  design (ou t f l ow)  hydrograph i s  obta ined by r o u t i n g  t h e  

instantaneous hydrograph f o r  each t ime pe r iod  (ob ta ined by mu1 t i p l y i n g  t h e  

var ious  incremental r a i n f a l l  excesses by the  e n t i r e  water-shed area i n  acres) 

through an imaginary l i n e a r  r e s e r v o i r  w i t h  a r o u t i n g  constant  equ iva len t  t o  

t h e  t ime o f  concent ra t ion  o f  the  drainage basin. Therefore, t h e  d i f f i c u l  t and 

t ime consuming process o f  p repar ing  a t ime-area-concentrat ion curve  f o r  t h e  

bas in  i s  el iminated. 

S tubchaer .  J. M., "The Santa  Ba rba ra  Urban Hydrograph Methods",  
Proceedings. Nat ional  Symposium on Hydrology and Sediment Conrol, ORES 
P u b l i c a t i o n  Co l lege o f  Engineering, U n i v e r s i t y  o f  Kentucky, November 1975. 



Model Descr ip t ion :  

A step-by-step d e s c r i p t i o n  o f  the  bas ic  HNV-SBUH Method i s  g iven below: 

1. Runoff  depths f o r  each t ime pe r iod  are  ca l cu la ted  us ing  t h e  f o l l o w i n g  

equations: 

D i r e c t l y  Connected Impervious Area Runoff  - 
R(O) = I P ( t )  ( inches)  (1 ) 

Perv ious Area Runoff  - 
R(1) = P ( t )  (1-1- I l l - f ( 1 - I t -  Ill (inches)  (2 )  

Lake Area Runoff  - 

To ta l  Runoff  Depth - 
~ ( t )  = R(O) + R(1) + R(2) ( inches)  ( 4 )  

where 

P ( t )  = R a i n f a l l  depth dur ing  t ime increment t ( inches)  

f = I n f i l t r a t i o n  du r ing  t ime increment t ( inches)  

It = T o t a l  impervious p o r t i o n  o f  drainage bas in  (decimal) 

I = D i r e c t l y  connected impervious p o r t i o n  o f  bas in  (decimal)  

I1 = Lake Area (decimal) 

~t = Incremental t ime p e r i o d  (hours, i.e., 0.25, 0.50, etc.) 

The d i r e c t l y  connec ted  i m p e r v i o u s  a r e a  (I o r  D C I A ) ,  sometimes r e f e r r e d  

t o  i n  l i t e r a t u r e  as the  h y d r a u l i c a l l y  e f f e c t i v e  impervious area, a re  those 

impervious areas where r u n o f f  theref rom does - n o t  f l o w  over a perv ious area 

before  reaching and en te r i ng  an element o f  t h e  drainage system ( s t r e e t s  w i t h  

curbs, catch basins, storm dra ins,  e tc . ) .  



I n  the  d e r i v a t i o n  o f  Equation (2 )  and as shown on F igu re  4, the  r a i n f a l l  on 

t h e  perv ious area i s  considered t o  be made o f  two pa r t s ,  t h e  r a i n f a l l  on t h e  

non -d i rec t l y  connected impervious area ( I t - I ) P ( t )  which i s  assuned t o  r u n  o f f  

un i fo rm ly  onto and t o  be d i s t r i b u t e d  un i fo rmly  over t h e  perv ious area and t h e  

r a i n f a l l  on the  perv ious area (1-It-I1 ) P ( t )  which, when added together ,  g i ves  

t h e  equat ion (1 - I - I l  )P ( t ) .  The r u n o f f  from t h e  perv ious area i s  then obta ined 

-. by sub t rac t i ng  i n f i l t r a t i o n  f (1- I t - I l l  from t h i s  t o t a l  r a i n f a l l  o r  R ( I )  = 

2. The instantaneous hydrograph o f  r u n o f f  frm t h e  l and  area i s  then computed 

by  m u l t i p l y i n g  t h e  t o t a l  r u n o f f  depth R ( t )  i n  each t ime increment by t h e  

drainage basin area A i n  acres and d i v i d i n g  by t h e  t ime increment t i n  

hours. 

~ ( t )  = ~ ( t )  ' A/A t ( c f s )  

As i n  t h e  Rat ional  Method, t h e  conversion f a c t o r  1.008 was ignored. 

3. The f i n a l  runoff hydrograph Q ( t )  frm the l and  area i s  then obta ined by 

r o u t i n g  t h e  instantaneous hydrograph I ( t )  through an imaginary r e s e r v o i r  

w i t h  a t ime delay equal t o  the  t ime o f  concent ra t ion  (Tc) o f  t h e  drainage 

basin. Th i s  f l o o d  r o u t i n g  may be done by use o f  t h e  f o l l o w i n g  equat ion 

which i s  subsequently der ived on Table 5. 

Q(t) = Q ( t - 1 )  + K C I ( t - l ) + I ( t ) - 2 Q ( t - l ) 1  ( c ~ s )  (6 

where 

and where Tc = t ime o f  concent ra t ion  o f  the  bas in  (hours) .  



AREA" ( I - I T - I L ) + ( I T - I ) + I + I L m  I 

R ( 0 )  = P ( t 1 . I  

R ( I )  = P ( t ) - ( I - I T - I L  ) + P ( t ) ( I T - 1 ) - f  ( I -  IT- IL)  

R ( I 1  P ( t ) - I - P ( t ) I T - P ( t )  IL t  P ( t ) I T  - P ( t ) I  - f ( l - I T - I L )  

R ( I )  ~ ( t ) ( l - I - I ~ ) - f ( l - I ~ - ~ ~ )  

R(2) = P ( t )  IL 

R ( t )  R ( O ) + R ( I ) +  R(2) = P ( t )  I+P(t)(l-I-IL)-t(l-IT-IL)+P(t) 1,- 

Total Impervious Area 
IT + * 

DERIVATION OF EQUATIONS 

HNV- SANTA BARBARA URBAN HYDROGRAPH METHOD 

FIGURE 4 

- -- .- - 

AREA = I 

P ( t ) . I  

pGGq 
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4 
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Table 5 
Santa Barbara Urban Hydrograph Method 

Derivation of Routing Equation 

1. Consider a linear reservoir with a definite storage S such that the storage is directly 
proportional to the outflow, A S a 0 

E - 
3 
0 
E 

5 
0 

1' Sl  S2 

Storage (S) 

2 Slope of Storage Curve Tc = AS 

0 2  - Q1 

Time I S2-S l  

Q2 - Q1 

= Flow Travel Time 

in Reach = Time Delay 

in Reservoir 

where Tc = Time of concentration 

3. Substituting in the General Storage Equation - 

Tc (Q2-Q l )  = A S  = (11 +.I21 A t -  (Q1 + Q 2 )  A t  

2 2 

4. From which can be derived - 

Where K = A t  and where 
2Tc + A t  

Tc = time of concentration of the basin (hours) 

Flow Travel Time = K in Muskingum Method 



4. The r a i n f a l l  f a l l i n g  on the l ake  area P ( t ) ( I 1 . A ) / h  t i n  each t ime inc re -  

ment i s  then added t o  the  rou ted  ou t f l ow  hydrograph from t h e  l and  area i n  

t h a t  increment t o  g i v e  t h e  t o t a l  f i n a l  ou t f l ow  design hydrograph from t h e  

drainage basin. 
- 

I n  t h e  HNV-SBUH Method, normal ly a l l  o f  t h e  r a i n  which f a l l s  on t h e  l and  area 

i s  considered r u n o f f  except f o r  t h e  f i r s t  0.1 i n c h  (depression storage) which 

- i s  au tomat ica l l y  subtracted from the  r a i n f a l l  i n  t h e  programs. 

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

I n  us ing t h e  HNV-SBUH Method t o  c m p u t e  design f l o o d  hydrographs, i n f i l  t r a t i o n  

i s  computed i n  accordance w i t h  t h e  r e l a t i o n s h i p s  i l l u s t r a t e d  on F igu re  5 as 

f i r s t  described by Ho l tan  and developed and presented by T e r s t r i e p  and 

S t a l l  . ( 2 )  I n  t h i s  methodology, i t  i s  assuned t h a t  an i n i t i a l  (Maximum) 

I n f i l t r a t i o n  Rate fo i n  inches per  hour i s  a v a i l a b l e  i n  t h e  s o i l  mantle when 

r a i n f a l l  s t a r t s  which drops o f f  exponent ia l l y  w i t h  t ime as t h e  voids i n  t h e  

s o i l  become f i l l e d  w i t h  water t o  some F i n a l  (Constant) I n f i l t r a t i o n  fc - i n  

inches per  hour. The t o t a l  cross-hatched area below t h e  I n f i l t r a t i o n  Curve 

and above the  F i n a l  (Constant) I n f i l t r a t i o n  Rate l i n e  (=S) represents t h e  
- 

t o t a l  a v a i l a b l e  water storage i n  t h e  s o i l  mantle. As shown on F igu re  5, t h i s  

To ta l  Ava i l ab le  Water Storage Capacity, S, i n  t h e  s o i l  i n  inches i s  d i v i d e d  

i n t o  par ts ;  1) the  water already s to red i n  t h e  s o i l  when r a i n f a l l  begins (F) 

which i s  the r e s u l t  o f  previous r a i n f a l l s ,  and 2 )  t h e  actual  a v a i l a b l e  Storage 

( 2 )  T e r s t r i e p ,  M. L. and S t a l l ,  J. B., "The I l l i n o i s  Urban Drainage Area 
Simulator  "ILLUDAS" I l l i n o i s  S ta te  Water Survey, B u l l e t i n  58, Sta te  o f  
I l l i n o i s ,  Department o f  R e g i s t r a t i o n  and Education, 1974. 



i n  the S o i l  (S-F). O f  course, i f  a long dry  p e r i o d  preceded t h e  s t a r t  o f  

r a i n f a l l ,  t h e  t o t a l  area ( a c t u a l l y  a volume) under t h e  I n f i l t r a t i o n  Curve ( 4 )  

would be a v a i l a b l e  f o r  water storage. I n  t h e  computer programs, t h e  i n f i l  t r a -  

t i o n  f shown on F i g u r e  5 i s  computed by the  Horton equation: 

where 

f = i n f i l t r a t i o n  r a t e  a t  some t ime t a f t e r  t h e  s t a r t  o f  r a i n f a l l ,  

inches per  hour 

fo = i n i t i a l  i n f i l t r a t i o n  ra te ,  inches per  hour 

fc = f i n a l  constant  i n f i l t r a t i o n  ra te ,  inches per  hour 

k = a shape (decay) f a c t o r  (=2) 

e = base o f  na tura l  l o g s  

I n  us ing the  HNV-SBUH Method t o  compute hydrographs, t h e  Standard I n f i l t r a -  

t i o n  Curves f o r  each o f  t h e  f o u r  general S o i l  Conservat ion Serv ice  (SCS) 

groups (A, 9, C and D) shown on F igu re  6 as o r i g i n a l l y  es tab l ished by 

T e r s t r i e p  and S t a l l  and as mod i f i ed  by ~ o l d i n g , ' ~ )  a re  used t o  compute 

i n f i l t r a t i o n .  Standard Antecedent Moisture Cond i t ions  f o r  these f o u r  types o f  

s o i l s ,  as a1 so es tab l ished by T e r s t r i e p  and S t a l l  and which are  subsequently 

( 3 )  Golding, B. L., Personal communication w i t h  M. L. T e r s t r i e p ,  January 18, 
1978. 
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Figure 6 Standard infiltration curves for bluegrass turf 



.- discussed, can be used t o  determine F. The var ious  f a c t o r s  used t o  compute 

t h e  Standard I n f i l t r a t i o n  Curves shown on F igu re  6 f o r  each o f  the  f o u r  SCS 

.- Standard Hydrologic  S o i l  Groups are  l i s t e d  on Table 6. 

- 

The fou r  antecedent moisture cond i t i ons  l i s t e d  i n  t h i s  t a b l e  - Bone Dry  

(Cond i t ion  11, Rather Dry (Cond i t ion  2). Rather Wet (Cond i t ion  3 )  and 

Saturated (Condi t ion 4 1 ,  are dependent on the  t o t a l  r a i n f a l l  t h a t  occurred 

. . dur ing  the f i v e  days preceding t h e  p a r t i c u l a r  storm (Antecedent Mois tu re  

Cond i t ion)  as shown on Tab le  7. 

I n  us ing the HNV-SBUH Method t o  compute hydrographs, t h e  i n f i l t r a t i o n  f, a t  

some p a r t i c u l a r  va lue o f  F, i s  f i r s t  computed f o r  the  p a r t i c u l a r  Antecedent 

Mois tu re  cond i t i on  by f i r s t  summing up incremental volumes under the  curve f o r  

increments o f  0.01 hour, computing a second va lue  o f  i n f i l t r a t i o n  f2 a t  

incremental t ime A t  l a t e r  and then averaging t h e  two computed i n f i l t r a t i o n  

values. To compute r a i n f a l l - e x c e s s  from t h e  perv ious areas, t h e  average 

i n f i l t r a t i o n  over the  A t  t ime p e r i o d  i s  then normal ly app l ied  t o  t h a t  r a i n f a l l -  

excess increment du r ing  which t ime element a t o t a l  r a i n f a l l  o f  0.1 i n c h  has 

fa1 l e n  (depression storage. 

Theore t i ca l l y ,  the  i n i t i a l  depression storage should be subtracted from t h e  

r a i n f a l l  and the i n f i l t r a t i o n  curve app l ied  only  a t  t h a t  subsequent t ime a f t e r  

r a i n f a l l  has star ted,  a t  which t ime t h e  t o t a l  volume o f  r a i n f a l l  and the  t o t a l  

volume o f  i n f i l t r a t i o n  s t o r a g e  under  t h e  i n f i l t r a t i o n  c u r v e  a r e  e q u a l .  

However, i n  us ing the  HNV-SBUH Method t o  compute hydrographs, t h e  i n f i l t r a t i o n  

curve  i s  app l i ed  imnediate ly  a f t e r  r a i n f a l l  begins and t h e  depression storage 

has been s a t i s f i e d .  Therefore, a storm w i t h  small i n i t i a l  amounts o f  r a i n f a l l  

B I I I - 7  



TABLE 6 

FACTORS USED FOR CALCULATING THE STANDARD 
kOR GRASSED AREAS 

I tem - Value - 
Hydrologic s o i l  group USDA designat ion A B C D 
F i n a l  constant i n f i l t r a t i o n  rate,f  ,in. per  hour 1.0 0.50 0.25 0.10 
I n i t i a l  i n f i l t r a t i o n  ra te ,  f , incfies pe r  hour 10  8 5 3 
Shape fac tor ,  k, o r  i n f i l  t r a? ion  curve 2 2 2 2 

Ava i lab le  storage capacity,  S, i n  s o i l  mantle, 

inches, f o r  f ou r  antecedent cond i t ions  
Bone dry, Condi t ion 1 
Rather dry, Condi t ion 2 
Rather wet, Condi t ion 3 
Saturated, Cond i t ion  4 

I n f i l t r a t i o n  accumulated, F, i n  s o i l  mantle, 

inches, a t  s t a r t  o f  r a i n f a l l  
Bone dry, Condi t ion 1 
Rather dry, Condi t ion 2 
Rather wet, Cond i t ion  3 
Saturated, Condi t ion 4 

TABLE 7 

Cond i t i on  

ANTECEDENT MIISTURE CONDITIONS FOR 
PERVIOUS AREAS (GRASS I 

Descr ip t i on  

Bone Dry 
Rather Dry 
Rather Wet 
Saturated 

To ta l  R a i n f a l l  Dur ing 
5 Days Preceding Storm 

( inches)  

0 
0 t o  0.5 
0.5 t o  1 
Over 1 



- f a l l i ng  over an extended period of time will cause a premature reduction of 

the  i n f i l t r a t i o n  r a t e  ( a  decay of the  i n f i l t r a t i o n  r a t e  w i t h  time), which will 

r e su l t  i n  higher runoff than would actually be the  case. However, since the  

i n f i l t r a t i o n  accumulated i n  the soi l  mantle due t o  antecedent ra infal l  (=F)  i s  

very broadly defined and since the pervious area contribution i s  generally 

small, t h i s  induced e r ror  i s  normally not s ignif icant .  

As previously s ta ted,  normally 0.1 inch depression storage i s  subtracted from 

the  i n i t i a l  r a in fa l l  increments before the  average i n f i l t r a t i o n  r a t e  i s  

appl ied thereto. In t h i s  par t i cu la r  drainage basin, the  i n i t i a l  depression 

storage was increased t o  0.5 inch t o  account fo r  the large amount of storage 

i n  the adjacent roadway swal es.  

Design Flood Hydrographs: 

The Design Flood Hydrographs of runoff from the various subbasins in  t h i s  

report  ( resu l t ing  from the various design r a in fa l l s  f a l l i ng  on the subbasins) 

a re  shown on Figures 1 through 8 in Section 1 of the Appendix t o  this report. 



SECTION I V  

FLOOD ROUTING 

Lake F lood  Routing: 
- 

As p rev ious l y  mentioned, t h e  e f f e c t  o f  r e s e r v o i r  storage i n  t h e  lakes  f o r  bo th  

t h e  e x i s t i n g  and proposed f u t u r e  cond i t i ons  was determined by f l o o d  r o u t i n g  - 

us ing the "Modi f ied P u l s  Method" which f l o o d  r o u t i n g  was performed by use o f  a  

computer program. 

The computer program f o r  the  "Modi f ied P u l s  Method" used i n  t h e  r e p o r t  was 

based on the  f o l l o w i n g  equations: 

I - O = A S  

where 

I = volume o f  i n f l o w  i n t o  the  r e s e r v o i r  f o r  a  g iven t ime i n t e r v a l  

0 = volune o f  o u t f l o w  o u r t  o f  the  r e s e r v o i r  f o r  t h a t  t ime i n t e r v a l  

S = change i n  the  volume o f  storage f o r  t h a t  t ime i n t e r v a l  

Th is  equat ion i s  a1 so w r i t t e n  as: 

(1 +I ) A t  - (0 +O ) A t  S2 -S14S 4-4- 2 4-4- 2 
where 

A t  = t ime i n t e r v a l  ( ~ t  = t2-tl) 

I1 = the i n f l o w  a t  t ime 1 ( r a t e )  

I2 = t h e  i n f l o w  a t  t ime 2  

O1 = the ou t f l ow  a t  t ime 1 

O2 = the  ou t f l ow  a t  t ime 2  



S1 = the  storage a t  t ime 1 ( v o l  m e )  

S2 = the  storage a t  t ime 2 

AS = the  change i n  volume o f  storage f o r  t he  t ime i n t e r v a l .  

For the  purposes o f  t h i s  repor t ,  the  preceding equation was r e w r i t t e n  i n  the  

f o l l o w i n g  : 

I n  r o u t i n g  the Design Flood through r e s e r v o i r  storage i n  a l ake  by t h i s  

procedure, the  storage i n  the  l a k e  i s  assuned d i r e c t l y  p ropot iona l  t o  the  

ou t f l ow  form the 1 ake. Therefore, knowing the  re1 a t i onsh ip  between the  water 

surface e levat ions  (heads) and discharge f o r  t h e  p a r t i c u l a r  o u t l e t  p i p e  ( t h e  

sp i l lway  r a t i n g  curve) and the  e levat ion-storage curve f o r  t he  lake, i t  was 

then poss ib le  t o  p l o t  a curve showing the  r e l a t i o n s h i p  between ou t f l ow  through 

s t he  sp i l lway and the  storage i n d i c a t i o n  factoriT t!& which i s  the  storage 

i n d i c a t i o n  working curve f o r  t he  lake.  The s torage- ind ica t ion  working curves 

made f l o o d  rou t ing  through the  lakes d i r e c t l y  solveable as a l l  known terms o f  

Equation (3 )  are on the  l e f t  s ide  o f  t he  equation and a l l  unknown terms on t h e  

r i g h t .  

Channel F lood Routing: 

F lood r o u t i n g  through channel storage i n  the  var ious reaches o f  t he  O u t l e t  

Canal was accompl i shed by the Muski ngum Method. 

I n  t h i s  method, wedge and prism storage are used t o  r e l a t e  out l fow t o  storage 

and i n f l o w  (see F igure  7 ) .  During the  advance o f  the  f l o o d  wave i n f l o w  always 

exceeds out f low thus producing the  wedge storage shown i n  F igu re  7 .  Converse- 

l y ,  dur ing  the  recession o f  the  f l o o d  wave, ou t f l ow  exceeds i n f l o w  r e s u l t i n g  

BIV-Z 
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i n  negative wedge storage. The wedge storage i s  represented by KX(1-0) and 

the prism storage by KO; therefore, the t o t a l  storage S i s  equal t o  KO p lus 

KX(1-0). 

S = KO+KX(l-0) (6) 

where 

S = storage i n  the channel reach 

I = in f low t o  the channel reach 

0 = outf low from the channel reach 

K = discharge-storage p ropor t iona l i t y  fac to r  

X = Discharge weighting factor  (storage parameter) 

Combining the above equation w i th  the storage-continuity equation resu l ts  i n  

the t rad i t iona l  Muski ngum f lood rout ing equation. 

where 

and where 

Equation (11) must be equal t o  1.0 i f  the required steady s ta te  f low condi t ion 

exists.  



I n  the  Muskingum Method, K, t he  discharge storage p o r t i o n a l  i t y  fac tor ,  has the  

dimension o f  t ime and i s  general ly  assumed t o  be equal t o  the  f low t r a v e l  t ime 

i n  the  reach which was determined by d i v i d i n g  the  reach l e n g t h  by the  v e l o c i t y  

i n  t h a t  reach o f  t he  O u t l e t  Canal. V e l o c i t i e s  i n  a l l  cases were determined by 

water sur face p r o f i l e  computation. For bo th  the  e x i s t i n g  and proposed 

cod i t i ons ,  a discharge weight ing f a c t o r  ( X )  o f  0.3 was used. 



SECTION V 

WATER ACCOUNTING 

I n  order  t o  asce r ta in  i f  t h e  assumed amount o f  water t h a t  i s  expected t o  

, i n f i l t r a t e  i n t o  perv ious areas o f  t h e  va r ious  subbasins du r ing  t h e  Design 

R a i n f a l l  a c t u a l l y  does so, an accounting o f  the  a v a i l a b l e  storage i n  t h e  s o i l  

vo ids and the  water assuned t o  i n f i l t r a t e  t h e r e i n  was made f o r  Subbasin No. 

3/4. T h i s  ana lys is  i s  requ i red  t o  determine i f  the re  i s  enough storage i n  t h e  

s o i l  i n  o rder  t o  accomnodate t h e  water assuned i n f i l t r a t i n g  t h e r e i n  du r ing  t h e  

25 Year Frequency94 Hour Dura t i on  R a i n f a l l  such t h a t  100% r u n o f f  would n o t  

occur T h i s  water accounting, sumnarized on Table 8 below, showed t h a t  t he re  

i s  j u s t  s u f f i c i e n t  storage t o  accommodate the  assumed t o t a l  i n f i l t r a t i o n .  

BASIN 

TABLE 8 

STORAGE REQUIRED 
( INFILTRATION ) AVAILABLE STORAGE 

NO. SOIL GROUP CONSTANT - (INCHES ) (INCHES ) 

3 /4 C 1.08 6.22 6.0" 

The computation o f  t h e  t o t a l  volume o f  r a i n f a l l  c o n t r i b u t i n g  t o  storm water  

r u n o f f  and i n f i l t r a t i o n  on  t h e  p e r v i o u s  s u r f a c e s  d u r i n g  t h e  25 Year  

Frequency-24 Hour D u r a t i o n  R a i n f a l l  e v e n t  was made by  m u l t i p l y i n g  t h e  

incremental r a i n f a l l s  by a constant  t o  account f o r  t h e  storm water f l o w i n g  t o  

t h e  perv ious areas from the nond i rec t l y  connected impervious areas. The 

constant  used i n  t h i s  ana lys is  i s  as fol lows: 



where 

I = D i r e c t l y  connected impervious area ( decimal) 

.- It = To ta l  impervious area (decimal ) 

The constant  as computed f o r  Subbasin 3/4 i s  g iven on the  above table.  

-. The t o t a l  amount o f  water  e n t e r i n g  t h e  groundwater t a b l e  from the  perv ious  

p o r t i o n  o f  t h e  subbasin and the  t o t a l  r u n o f f  from the  prev ious  po r t i ons  are  

- computed on Table 6 f o r  Subbasin 3/4. The procedure as i l l u s t r a t e d  i n  t h i s  

t a b l e  uses the  p rev ious l y  described Hor ton  i n f i l t r a t i o n  equat ion t o  determine 

t h e  i n f i l t r a t i o n  - which i n f i l t r a t i o n  r a t e  v a r i e s  w i t h  time. As can be 

- observed from Table 8, r u n o f f  ( r a i n f a l  1-excess) on l y  occurs from t h e  perv ious  

areas when the  incremental r a i n f a l l  increment ( increased by t h e  above de r i ved  

- constant) i s  g rea ter  than the  i n f i l t r a t i o n  ra te .  As can be observed from 

Table 9 (Subbasin 3/4, S o i l  Group C ) ,  r u n o f f  f rom t h e  perv ious p o r t i o n  of t h i s  

subbasin on ly  occurred dur ing  t h e  12 hour  p e r i o d  (Hour 7.5 through Hour 19.0). 

As sumnarized on the  bottom o f  Table 9, t h e  t o t a l  amount o f  water en te r i ng  t h e  

groundwater t a b l e  dur ing the  design storm i n  Subbasin 3/4 amounts t o  5.12 

inches. 

However, the  above analys is ,  which computes vo lmes ,  i n  inches, f o r  a u n i t  

area o f  perv ious land, does no t  consider  t h e  a v a i l a b l e  water ho ld ing  capac i ty  

o f  t h e  s o i l  p r o f i l e  l oca ted  under t h e  impervious l a n d  segments. T h i s  

a d d i t i o n a l  s t o r a g e  volume i s  g e n e r a l l y  i g n o r e d  i n  s t o r m  w a t e r  r u n o f f  

computations, as i s  the  case w i t h  t h i s  study. Since t h i s  i s  a s i g n i f i c a n t  and 

v i a b l e  storage v o l m e ,  t h e  water ho ld ing  capac i ty  o f  t h e  s o i l  p r o f i l e  under 

t h e  impervious areas can be considered t o  increase t h e  water ho ld ing  capac i ty  

o f  the  perv ious l a n d  segment s o i l  p r o f i l e .  
BV-2 



TABLE 9 

Computation o f  I n f l o w  t o  G.W.T. and 

Runoff, Basin 314") S o i l  Type C 
- the r  Wet 

f, = 500, f, = 0.25, F = 1.80 
. . 

Water t o  

Time A P I n f .  Rate G.W.T. A P1 
(Hrsl - ( I n )  - ( I n )  (11110.5 h r )  ( I n )  

( l )  Basin Area = 56.9 acres, It = 17%, I = 10% 

Runoff 

( I n )  

- 

( 2 )  1 s t  0.5" t o  depression storage. C = 1.08 
AP1 = A P X c  



TABLE 9 - Cont 'd  

Computation o f  I n f l o w  t o  G.W.T. and 

Runoff, Basin 314'' ) S o i l  Type C 
Condit ion 3 - Rather  Wet 

fa = 500, f, = 0.25. F = 1.80 
" " 

Water t o  

Time AP I n f .  Rate G.W.T. Runoff 
A P1 

( I n )  - - ( I n )  ( I n l 0 . 5  h r )  ( I n )  ( I n )  

Total s = 5.10" 



Accordingly,  f o r  a t o t a l  percent impervious area o f  17% f o r  Subbasin 3/4, and 

assuming t h a t  75% o f  t h e  water ho ld ing  capac i ty  o f  t h e  s o i l  p r o f i l e  under 

these impervious areas i s  a v a i l a b l e  f o r  t h e  storage o f  storm water,  t h e  

computed volume o f  storm water s to red  i n  t h e  s o i l  p r o f i l e  o f  a perv ious  l a n d  
- 

segment may by reduced by t h e  f o l l o w i n g  constant:  

The constant  f o r  Basin 3/4 was computed t o  be 0.87. 

Therefore the  t o t a l  volune o f  storm water  (infiltration) requ i red  t o  be s to red  

i n  t h e  s o i l  p r o f i l e  o f  t h e  subbasin from t h e  25 Year Frequencey-24 Hour 

Dura t ion  R a i n f a l l  i s  computed as fo l lows:  

5.10" x 0.87 = 4.42" 

Added t o  t h i s  volume must be the  water already assumed t o  be the re  o r  i n f i l t r a -  

t i o n  F i n  t h e  s o i l  p r o f i l e  a t  the  s t a r t  o f  design r a i n f a l l  f o r  the  Rather Wet 

Cond i t ion  as l i s t e d  on Table 8. T h i s  a d d i t i o n  i s  as fo l lows:  

4.42" + 1.80" = 6.22" 

- T h i s  volume i s  t h e  t o t a l  volume f o r  which storage must be a v a i l a b l e  i n  t h e  

s o i l  vo ids and i s  l i s t e d  i n  Table 6. It should be noted t h a t  t h i s  computation 
- 

does n o t  take i n t o  account the  evapot ransp i ra t ion  ( =  .10 i n . )  t h a t  occurs 

du r ing  the  24 Hour Dura t ion  R a i n f a l l  per iod.  



PART C 

COST ESTIMATE AND CONCLUSIONS 



SECTION I 

COST ESTIMATE 

The cons t ruc t i on  c o s t  est imates presented f o r  t h e  improvements t o  t h e  Venice 

Gardens Drainage System were computed i n  t h e  standard manner o f  mu1 t i p l y i  ng 

t h e  var ious computed q u a n t i t i e s  o f  work by s u i t a b l e  u n i t  p r i c e s  f o r  each 

q u a n t i t y  and referenced by  Engineering News Record (ENR) cons t ruc t i on  c o s t  

index. The est imated cos ts  f o r  the  cons t ruc t i on  o f  improvements t o  t h e  O u t l e t  

Canal, proposed i n  t h i s  repor t ,  a re  sumnarized below: 

I tem D e s c r i p t i o n  Cost  

1. Clear  and Grub 
2. Channel Excavat ion 
3. F ine  Grading (Channel) 
4. Sodding (Channel 
5. 36"RCP 
6. 53" x 34" Oval RCP 
7. 68" x 43" Oval RCP 
8. Special  Manhole 
9. Concrete Slope P r o t e c t i o n  

10. Concrete i n  Headwall s 
11. Dredge Excavat ion 
12. Pavement Removal 
13. Pavement Restora t ion  
14. Sheet P i l e  R e t a i n i n  Wal ls  
15. F ine  Grading (Lawns 3 
16. Seeding and Mulching (Lawns) 
17. Re1 ocate/Restore - Fences 
18. Re1 ocate/Restore - S t ruc tu res  
19. Oewateri ng 
20. U t i l i t y  Re locat ion  
21. Proper ty  (3 l o t s  @ $10,000 per  l o t )  

Subtota l  Cost  $360,500 



The estimated cost o f  constructing drainage f a c i l i t i e s  t o  serve the  two small 

noncontributary aeareas a re  s u n a r i z e d  below: 

I tern Descr ip t ion  Cost 

1. Excavation $ 5,000 
2. 15"  RCP 4,000 
3. U t i l i t y  Relocation 1,000 
4.  Property Acquisi t ion (2 l o t s  @ $10,000 p e r  l o t )  20,000 

Subtotal Cost f 30,000 

To ta l  Cost $390,500 

The above c o s t s  do - n o t  i n c l u d e  t h e  c o s t s  o f  a c q u i r i n g  any d ra inage ,  

construction o r  maintenance easements. 



SECTION I 1  

CONCLUSIONS 

1. Runoff  from t h e  16-acre eastern p o r t i o n  o f  t h e  proposed Venetian Plaza 

Shopping Center from a 25-Year Frequency - 24 Hour Dura t ion  R a i n f a l l  w i l l  

be  c o n t a i n e d  w i t h i n  t h e  p roposed  d e t e n t i o n  b a s i n  b e i n g  c o n s t r u c t e d  

there in .  Ponded r u n o f f  from t h i s  de ten t ion  bas in  w i l l  f l o w  wester ly  t o  

t h e  e x i s t i n g  S t a t e  Route  41 d r a i n a g e  system i n  s t o r m  sewer t o  b e  

constructed as p a r t  o f  t h e  shopping center  drainage system and then 

sou the r l y  i n  the  S t a t e  Route 41 drainage system t o  A l l i g a t o r  Creek. T h i s  

de ten t i on  bas in  and o u t l e t  p ipes  t h a t  discharge t o  t h e  Sta te  Route 41 

system w i l l  a c t u a l l y  improve t h e  o v e r a l l  drainage s i t u a t i o n  as some r u n o f f  

from t h i s  area d i d  i n  t h e  p a s t  u l t i m a t e l y  c o n t r i b u t e  t o  the  South Venice 

Gardens O u t l e t  Canal from the  shopping center  area. 

2. Accelerated home b u i l d i n g  i n  t h e  180-acre South Venice Gardens area 

s tud ied  i n  t h i s  r e p o r t  has e l im ina ted  many o f  t h e  low vacant l o t s  where 

r u n o f f  from adjacent  areas i n  the  bas in  was temporar i l y  s to red  and a l s o  

increased t h e  amount o f  imperious area. T h i s  r e s u l t s  i n  increased 

f l o o d i n g  o f  the  ove ra l l  area. 

3. The en larg ing  o f  the  o u t l e t  canal as described i n  t h i s  Report w i l l ,  a long 

w i t h  lower ing  o f  the lakes  t o  prov ide  add i t i ona l  water storage, e l im ina te  

f l ood ing  o f  the  areas adjacent t o  the  lakes  and along t h e  O u t l e t  Canal 

from a 25-Year Frequency - 24 Hour Dura t ion  R a i n f a l l .  
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SECTION 1 

SUBBASIN HYDROGRAPHS 



DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 1 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 
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DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 2 

25 YEAR FREQUENCY - 24 HOUR RAINFALL  



DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 314 

25 YEAR FREQUENCY - 24 HOUR RAINFALL  



DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 314 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 



D E S I G N  FLOOD HYDROGRAPH 

SUBBASIN NO. 5 

25  YEAR FREQUENCY - 24  HOUR R A I N F A L L  



DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 6 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 



D E S I G N  FLOOD !iYDROGRAPY 

S U B B A S I N  NO. 7 

25 YEAR FREQUENCY - 24 YOUR R A I N F A L L  



DES IGr4  FLOOD HYDROGRAPH 

SUSBASIN NO. 8 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 
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DESIGN FLOOD HYDROGRAPH 

SUBBASIN NO. 9 

25 YEAR FREQUENCY - 24 HOUR RAINFALL 



SECTION 2 

DESIGN FLOOD HYDROGRAPHS 

EXISTING CONDITIONS 



D E S I G N  FLOOD HYDROGRAPH 

INFL0I.I HYDROGRAPH TO L A K E  A I B  

S U B B A S I N S  NO. 2 & 314 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  

E X I S T I N G  CONDITIOF4S 



D E S I G N  FLOOD HYDROGRAPH 

OUTFLOW HYDROGRAPH FROM LAKE .h/B 

S U B B A S I N S  110. 2 & 3 f 4  

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  

E X I S T I N G  C O N D I T I O N S  - 



D E S I G N  FLOOD HYDROGRAPH 

HYDROGRAP9 @ S T A T I O N  41 + 5 0  

S U B B A S I N S  NO. 2 & 314 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  

E X I S T I N G  CONDIT IONS 



D E S I  GFI FLOOD HYDROGRAPH 

OUTFLOll HYDROGRAPH FROM SUBBASIN NO. 5 

25 YEAR FREQUENCY - 24  OUR RAINFALL  

E X I S T I N G  CONDITIONS - 



D E S I G N  FLOOD HYDROGRAPH 

HYDROGRAPH O STATION 41 + 50 

S U B B A S I N S  NO. 2 ,  314 & 5  

2 5  YEAR FREQUENCY - 24 HOUR R A I N F A L L  

E X I S T I N G  CONDIT IONS - 



D E S I G N  FLOOD 9YDROGRAPH 

HYDROGRAPH @ S T q T I O N  28 + 00 

S U B B A S I N S  140. 2 , 3 1 4  & 5 

25 YEAR FREQUENCY - 2 4  HOUR R A I N F A L L  

E X I S T I N G  C O N D I T I O N S  - 



DESIGN FLOCD HYDROGRAPH 

HYDROGRAPH @ STATION 18 + 0 0  (LAKE C)  

SUBBASINS NO. 2,3/4,5 & 6 

25 YEAR FREQUENCY - 24 HOUR RAINFALL  * * 
E X I S T I N G  CONDITIONS 



DESIGN FLOOD HYDROGRAPH 

HYDROGRAPH @ STATION 28 + 0 0  

SUBBASINS NO. 2 , 3 / 4 , 5  & 6 

25 YEAR FREQUENCY - 24 HOUR RA INFALL  * * 
E X I S T I N G  CONDITIONS 
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DESIGN FLOOD HYDROGRAPH 

ROUTED HYDROGRAPH LEAVING LAKE C 

SUBBASINS NO. 2,3/4,5,6 & 7 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  * * * *  
* 

E X I S T 1  NG CONDITIONS - 



D E S I G N  FLOOD HYDROGRAPH 

TOTAL HYDROGRAPY ENTERING LAKE D 

SUBBASINS N O .  2,3/4,5,6,7 & 8 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  

E X I S T I N G  CONDIT IONS * 
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DESIGN FLOOD HYDROGRAPH 

ROUTED HYOROGRAPH LEAVING LAKE D 

SUBBASINS NO. 2,3/4,5,6,7 & 8 

2 5  YEAR FREQUENCY - 2 4  HOUR RA INFALL  

E X I S T I N G  CONDITIONS * , 
* * 



SECTION 3 

DESIGN FLOOD HYDROGRAPHS 

FUTURE CONDITIONS 



D E S I G N  FLOOD HYDROGRAPH 

INFLOW !iYDROGRAPH TO L A K E  A / B  

S U X B A S I N S  NO. 2 & 314 

25 YEAR FREOUENCY - 24 HOUR R A I N F A L L  

F U T U R E  CONDIT IONS - 



DESIGN FLOOD HYDROGRAPH 

SIJBBPSINS & 3 / 4  

AT O U T L E T  LAKE A/B 

25 YEAR FREQUENCY - 2 4  HOUR R A I N F A L L  

FUTURE CONDIT IONS - 
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DESIGN FLOOD HYDROGRAPH 

HYDROGRAPH @ STATION 5 1  + 5 0  

SUBBASINS NO. 2 & 314 

25 YEAR FREQUENCY - 24 HOUR RA INFALL  

FUTURE CONDITIONS 
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DESIGN FLOOD YYOROGRAPI-1 

HYDROGRAPH @ STATION 4 1  + 5 0  

S U B B A S I N S  NO. 2 , 3 1 4  & 5 

2 5  YEAR FREQUENCY - 2 4  HOUR R A I N F A L L  

FUTURE CONDITIONS 



DESIGN FLOOD HYDROGRAPH 

HYDROGRAPH @ STATION 28 + 00 

SUBBASIFIS NO. 2,314 & 5 

25 YEAR FREQUENCY - 24 ilOUR R A I N F A L L  

FUTURE CONDITIOPIS 
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DESIGN FLCOD 3YDROGRAPH 

HYDROGRAPH @ STATION 28 + 0 0  

SUBSASINS NO. 2 , 3 / 4 , 5  & 6 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  

FUTURE CONDIT IONS 



DESIGN FLOOD YYDROGRAPH 

HYDROGRAPH @ STATION 18 + 00 

SUBBASI?IS N O .  2,3,4,5 & 6 

25 YEP.R FRC2VENCY - 24 HOYR R A I N F A L L  * 
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OESIGII  FLOOD HYDROGRAPH 

SU3BASINS NO. 2,3/4,5,6 & 7 

25 YEAR F R E Q U E K Y  - 24 HOUR RAINFALL 

FUTURE CONDIT IONS 



DESIGN FLOOD HYDROGRAPH 

E?ITERING LAKE C 

SUBBASINS NO. 2,3/4,5,6,7 & 8 

25 YEAR FREQUENCY - 24 HOUR R A I N F A L L  * 1: 

FUTURE C O N D I T I O n S  
i 



D E S I G N  FLOOD IiYDROGRAPH 

ROUTED !iYDROCRAPH LCAVING L A K E  C 

SUBBASINS N O .  1,?,3/4,5,6,7 & 8 

25 YEAR FREQUENCY - 24 !{OUR R A I N F A L L  

FUTURE CONDIT IONS 
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DESIGN FLOOD HYDEOGRAPH 

TOTAL HYDROGRAPH ENTERIYG LAKF C 

SUBSASINS ! !0.  2,3/4,5,5,7,8 & 9 

YEAR FREQUENCY - 24 HOUR RA INFALL  

FUTURE CONDITIONS 
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- 
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D E S I G N  FLOOD HYDROGRAPH 

ROUTED HYDROGRAPH L E A V I N G  L A K E  D 

S U S S A S I N S  b!O. 2,314.5.6.7.8 h 9 

25 YE.4R FRCQUENCY - 24 HOUR R A I N F A L L L  

* * 
FUTURE CO! iDITIONS 
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WE ARE SENDING YOU: lPl Attached C7 Under seprate wver via the following items: 

0 Shap drawings 0 Prints 0 Plans 0 Samples 0 Specifications 
'E Copy of letter 0 Change order 0 

THESE ARE TRANSMITTED as checked below: 

COPIES 
1 

D For apprcwal 
0 For ywr use 
(XI As requested 

tl Appmved as submitted 0 R e s u b m i t c o p i e s  for approval 
tl Approved as noted 0 Submit-wpies for distribution 
tl Rehuned for corrections 0  corrected prints 

DATE 
3-27-98 

D For review and comment 0 
0 FOR BIDS DUE 19 - IXI RETURNED AITER LOAN TO US 

REMARKS: 

No. 

COPY TO: Scon Passmore, P.E 

DESCRIPTION 
South Venice Gardens Area Stormwater Management Plan - Final Report 
by CDM June, 1983 

SIGNED: 

Kreg E. Maheu, P.E. 
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