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Re:  S u l p h u r  S p r i n g s  P o o l  
Dye  T e s t  and  W a t e r  Q u a l i t y  S a m p l i n g  
F i n a l  R e p o r t  

D e a r  M r .  J o n e s :  

I n  a c c o r d a n c e  w i t h  t h e  A g r e e m e n t  b e t w e e n  t h e  SWFWMD a n d  t h e  SSAL 
d a t e d  S e p t e m b e r ,  1 9 8 8  we a r e  f o r w a r d i n g  f o r  y o u r  r e v i e w  t e n  ( 1 0 )  
c o p i e s  o f  t h e  f i n a l  r e p o r t .  

We a p p r e c i a t e  t h e  c o o p e r a t i o n  o f  t h e  H i l l s b o r o u g h  R i v e r  B a s i n  
B o a r d  i n  s u p p o r t i n g  o u r  e f f o r t s  t o  o p e n  up  t h e  S u l p h u r  S p r i n g s  
P o o l .  T h i s  s t u d y  p r o v i d e s  d e t a i l e d  i n f o r m a t i o n  h e r e t o f o r e  
u n a v a i l a b l e  a b o u t  t h e  s i n k h o l e / s p r i n g  s y s t e m  i n  N o r t h  Tampa.  We 
s u g g e s t  a  d i r e c t i o n  t o  u t i l i z e  t h e  p o o l  s a f e l y  i n  t h e  s h o r t  t e r m  
w h i l e  t h e  l o n g  t e r m  s o l u t i o n  t o  u p g r a d i n g  p r o b l e m  s t o r m w a t e r  
f a c i l i t i e s  i s  u n d e r t a k e n .  

T h a n k  y o u  f o r  y o u r  a s s i s t a n c e  and  a d v i c e  i n  t h e  d i r e c t i o n  t h i s  
s t u d y  t o o k .  

S i n c e r e l y ,  

m 

H i l l s b o r o u g h  R i v e r  & P o o l  C o m m i t t e e  

R~rnnrnherinn the ~ a s t  - Workinq for the future 
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C O N C L U S I O N S  
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DYE TEST AND WATER QUALITY SAMPLING F I N A L  REPORT 
SULPHUR SPRINGS POOL 

I. BACKGROUND: 

The  S u l p h u r  S p r i n g s  A c t i o n  L e a g u e  (SSAL)  u n d e r  a  g r a n t  f r o m  

t h e  H i l l s b o r o u g h  R i v e r  B a s i n  B o a r d  h a s  p e r f o r m e d  f l u o r e s c e n t  d y e  

t e s t s  a n d  w a t e r  q u a l i t y  t e s t i n g  o f  t h e  S u l p h u r  S p r i n g s  P o o l  a n d  

u p s t r e a m  s i n k h o l e s  t o  u n d e r s t a n d  m o r e  o f  t h e  h y d r o g e o l o g y  o f  t h e  

s y s t e m  a s  a  means  o f  i s o l a t i n g  t h e  b a c t e r i a l  c o n t a m i n a t i o n  t h a t  

h a s  c l o s e d  t h e  p o o l .  T h i s  w o r k  was a n  e x t e n s i o n  o f  t h e  e f f o r t  

c o n t e m p l a t e d  i n  C i t y  C o u n c i l  R e s o l u t i o n  8 8 - 6 4 7  r e g a r d i n g  t h e  

S u l p h u r  S p r i n g s  P o o l  r e v i t a l  i z a t i o n .  

As an  e x t e n s i o n  o f  t h e  c o o p e r a t i v e  e f f o r t  H i l l s b o r o u g h  

C o u n t y  E n v i r o n m e n t a l  P r o t e c t i o n  C o m m i s s i o n  h a s  p e r f o r m e d  

a n a l y t i c a l  w a t e r  q u a l i t y  t e s t i n g  o f  s a m p l e s  t a k e n  b y  t h e  S u l p h u r  

S p r i n g s  A c t i o n  L e a g u e .  T h r o u g h  t h e  c o o p e r a t i o n  o f  M r .  Tom 

C a r d i n a l e ,  L a b  M a n a g e r ,  t h e  f r e q u e n c y  a n d  s c o p e  o f  t h e  o r i g i n a l  

w a t e r  q u a l i t y  t e s t i n g  h a s  b e e n  e x t e n d e d  s i g n i f i c a n t l y .  Mr. G r e g  

J o n e s ,  P r o j e c t  M a n a g e r  f o r  S o u t h w e s t  F l o r i d a  W a t e r  Management  

D i s t r i c t ,  was a b l e  t o  p r o c u r e  t h e  l o a n  o f  a  f l u o r o m e t e r  f r o m  t h e  

U .  S .  G e o l o g i c a l  S u r v e y  w h i c h  a l l o w e d  m o r e  f r e q u e n t  d y e  t e s t i n g  

t o  b e  p e r f o r m e d .  Mr. M i k e  B u r w e l l  o f  t h e  C i t y  o f  Tampa p r o v i d e d  

k e y s  f o r  a c c e s s  t o  t h e  S u l p h u r  S p r i n g s  P o o l ,  J a s m i n e  a n d  O r c h i d  

S i n k  a r e a s  t o  b e  u s e d  b y  S u l p h u r  S p r i n g s  A c t i o n  L e a g u e  a n d  a l s o  

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

r e a d i n g s .  
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We a r e  a l s o  g r a t e f u l  t o  M r .  L e o n  B e r r y  o f  8 2 0 8  N .  1 3 t h  

S t r e e t  who h a s  s h a r e d  r a i n f a l l  d a t a  t a k e n  a t  h i s  r e s i d e n c e  s i n c e  

J a n u a r y ,  1 9 8 8 .  A t  t h e  e n d  o f  t h i s  r e p o r t  we a c k n o w l e d g e  a l l  t h e  

g o v e r n m e n t  a n d  v o l u n t e e r  p e r s o n n e l  who a s s i s t e d  i n  t h i s  e f f o r t .  

T h i s  r e p o r t  w i l l  s u m m a r i z e  t h e  t e s t i n g  p e r f o r m e d  t o  d a t e  and  

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

c o n c l u s i o n s  c a n  b e  d r a w n  a t  t h i s  t i m e .  

SUMMARY O F  TESTS 

Dye  T e s t  A l a s k a  t o  S u l p h u r  S p r i n g s  1 / 1 4 - 1 5 / 8 9  

Dye  T e s t  J a s m i n e  t o  S u l p h u r  S p r i n g s  1 / 2 0 - 2 1 / 8 9  

Dye  T e s t  A l a s k a  t o  S u l p h u r  S p r i n g s  2 / 1 1 / 8 9  

Dye  T e s t  J a s m i n e  t o  S u l p h u r  S p r i n g s  5 / 1 9 , 2 0 , 2 1 / 8 9  

W a t e r  Q u a l  i t y  
T e s t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a , S u l p h u r  6 / 5 , 6 , 7 / 8 9  

Dye  & W a t e r  
Q u a l i t y  T e s t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a , S u l p h u r  7 / 1 8 , 1 9 , 2 0 / 8 9  

Dye  & W a t e r  
Q u a l i t y  T e s t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a ,  S u l p h u r  9 / 2 2 , 2 3 , 2 4 / 8 9  

W a t e r  
Q u a 1  i t y  T e s t  J a s m i n e ,  A l a s k a ,  S u l p h u r  1 0 / 1 6 , 1 7 , 1 8 / 8 9  

See S u l p h u r  S p r i n g s  S y s t e m  D i a g r a m  Page 5  
a n d  A p p e n d i x  A  f o r  Map 

11. H I S T O R Y  O F  P R E V I O U S  T E S T S :  

I n  1 9 5 8  Dye  t e s t s  w e r e  c o n d u c t e d  b y  t h e  C i t y  o f  Tampa W a t e r  

D e p a r t m e n t  a n d  l a t e r  p u b l i s h e d  b y  t h e  USGS. The  v e l o c i t i e s  o f  

3 2 0  - 3 8 0  f t / h r  w e r e  e s t a b l i s h e d  f r o m  t h e  C u r i o s i t y / B l u e  S i n k  
_ -- 

a r e a  t o  S u l p h u r  S p r i n g s  ( 2 8  t o  40  h r s ) .  L o w e r  v e l o c i t i e s  o f  210  

f t / h r  w e r e  e s t a b l i s h e d  f o r  f l o w s  f r o m  C u r i o s i t y / B l u e  S i n k  t o  

- 5 -  



RESOLUTION NO. 88- 647 

A RESOLUTION OF THE CITY COUNCIL OF THE CITY OF TAMPA, FLORIDA; 
EXPRESSING ENCOURAGEMENT AND SUPPORT FOR THE REVITALIZATION AND 
REOPENING OF THE SULPHUR SPRINGS POOL AND RIVERFRONT PARK; 
PROVIDING AN EFFECTIVE DATE. 

WHEREAS, the Sulphur Springs Pool is a natural landmark and a 
cultural and historic resource of the City of Tampa, which 
formerly brought great recreational enjoyment to the citizens of 
the area for more than a century; and 

b 
WHERfrS, the Pool and adjacent Riverfront Park have been 

closed s nce June, 1986 on advice of the Hillsborough County 
Health Department due to unacceptable bacteria levels; and 

WHEREAS, Sulphur Springs is known to be hydrogeologically 
connected to several upstream natural springs and sinkholes which 
have been affected by urban stormwater runoff and other activities 
of man; and 

WHEREAS, concerned citizens of the City of Tampa, including 
the Sulphur Springs Action league, consider the pool's reopening 
to be a key element to the revitalization of the area and a 
deserving goal which will benefit all citizens of the City of 
Tampa. 

NOW, THEREFORE, 

BE IT RESOLVED BY THE CITY COUNCIL 
OF THE CITY OF TAMPA, FLORIDA: 

Section 1. That the City Council of the City of Tampa 
does hereby express its encouragement and support for the 
revitalization and reopening of the Sulphur Springs Pool and 
Riverfront Park. 

Section 2. That the City Clerk of the City of Tampa send 
copies of this Resolution to the Southwest Florida Water 
Management District, the Hillsborough County Environmental 
Protection Commission and the Florida Department of Environmental 
Regulation. 

Section 3. That all proper officers of the City of Tampa do 
all things necessary and proper in order to carry out and make 
effective the provisions of this Resolution. 

Section 4. That this Resolution. shall take effect 
immediately upon its adoption. 

PASSED AND ADOPTED BY THE CITY COUNCIL OF THE CITY OF TAMPA, 
FLORIDA, ON 

ATTEST : I IRMAN, CITY COUNCIL 

FLORIDA, ON 

ATTEST : I IRMAN, CITY COUNCIL 

W I D  M. CARR 
CITY COUNCIL ATTORNEY 

El lv lnONrnEl lTAL  E l lG l l iEERl l lO  
CONSULTRNTS, IIIC. 



P o i n s e t t i a  ( J a s m i n e )  ( 2 5  h r s ) .  The d y e  was v i s i b l e  a t  S u l p h u r  

S p r i n g s  f o r  2 3  h o u r s  a f t e r  a r r i v a l .  S e e  A p p e n d i x  J .  

I n  1 9 8 7  - Mr. Mike B u r w e l l  o f  t h e  C i t y  o f  Tampa D e p a r t m e n t  o f  

P u b l i c  Works S t o r m w a t e r  Management  D i v i s i o n  t r i e d  t o  r e c r e a t e  t h e  

1 9 5 8  t e s t .  No c o n n e c t i o n  c o u l d  be d y e  - t r a c e d  f r o m  C u r i o s i t y  t o  

S u l p h u r  a n d  p l u g g i n g  o f  t h e  s i n k  was s u r m i s e d .  A p o s i t i v e  

c o n n e c t i o n  b e t w e e n  O r c h i d  S i n k  a n d  S u l p h u r  S p r i n g s  w i t h  a  
, - ~. . - .- - -- 

v e l o c i t y  o f  3 2 0  f t / h r  a n d  a  20  h o u r  t i m e  o f  a r r i v a l  was 

e s t a b l i s h e d .  The  d y e  t o o k  about-2-6 h o u r s  t o  f l u s h  o u t  o f  t h e  

S u l p h u r  S p r i n g s  P o o l .  S e e  A p p e n d i x  L .  

The C i t y  a l s o  c o m m i s s i o n e d  a  m i c r o b i a l  s t u d y  o f  t h e  
,-- - 

C u r i o s i t y ,  J a s m i n e ,  O r c h i d ,  A l a s k a  S i n k s  and  S u l p h u r  S p r i n g s  i n  

1 9 8 7 .  S e e  A p p e n d i x  M .  I t  c o n c l u d e d  t h a t  J a s m i n e  - and  O r c h i d  
- -- - - 
pp - -  

c o u l d  be  c o n t a m i n a t i n g  S u l p h u r  S p r i n g s  w i t h  b a c t e r i a  b u t  t h a t  
-- 

C u r i o s i t y  and  A l a s k a  w e r e  n o t .  

11. D Y E  T E S T  ALASKA I: 

On J a n u a r y  1 4 ,  1 9 8 9  d i v e r s  e q u i p p e d  w i t h  s p e c i a l  d r y  s u i t s  

f o r  h a z a r d  p r o t e c t i o n  d e s c e n d e d  t o  t h e  b a s e  o f  A l a s k a  S i n k  and  

i n t r o d u c e d  1 g a l l o n  o f  c o n c e n t r a t e d  g r e e n  d y e .  The S u l p h u r  

S p r i n g s  P o o l ,  t h e  r i v e r  and  t h e  Gazebo w e l l s  w e r e  t h e n  o b s e r v e d  

f o r  t h e  p r e s e n c e  o f  d y e .  

P r e v i o u s  t e s t s  by t h e  C i t y  o f  Tampa i n  1 9 5 8  and  1 9 8 7  y i e l d e d  

u n d e r g r o u n d  v e l o c i t i e s  o f  315  and  320  f t / h r  f o r  t h e  s y s t e m .  

T h e r e f o r e  t o  t r a v e r s e  t h e  1 , 8 0 0  f e e t  t h e  t i m e  was e s t i m a t e d  t o  be  

a b o u t  5 . 6 7  h o u r s  o r  5  h o u r s  40  m i n u t e s .  



No v i s i b l e  d y e  was o b s e r v e d  a t  t h e  p o o l  i n  t h e  t i m e  

e s t i m a t e d  a n d  a t  f i r s t  t h e r e  was d i s a p p o i n t m e n t  t h a t  t h e  A l a s k a  

S i n k  may n o t  b e  d i r e c t l y  c o n n e c t e d .  T h e r e  was a  s i g h t i n g  o f  

g r e e n  w a t e r  i n  t h e  r i v e r  n e a r  t h e  H a r b o r  C l u b  b u t  i t  was n o t  

c o m p l e t e l y  p o s i t i v e .  See map i n  A p p e n d i x  A. 

Dye  was i n t r o d u c e d  a t  9 : 5 9  AM. S i g h t i n g s  w e r e  made 

t h e r e a f t e r  a n d  r e c o r d e d .  S a m p l e s  w e r e  t a k e n  and  b o t t l e s  k e p t  

c o o l  a n d  f r e e  o f  s u n l i g h t .  A  b l a n k  was t a k e n  a t  S u l p h u r  S p r i n g s  

P o o l  f o r  b a c k g r o u n d  f l u o r e s c e n c e  s a m p l e s .  

The  f o l l o w i n g  T a b l e  s u m m a r i z e s  f i e l d  o b s e r v a t i o n s .  

A l a s k a  Dye T e s t  S a t u r d a y ,  J a n u a r y  1 4 ,  1 9 8 9  

F l  u o r e s c e n c e  
R e a d i  n q s  

- 
0  
0  
- 

1 1 0  

0  
0 

1 0 0  
50  

T i m e  
9 : 5 9  am 

1 1 : 4 5  am 
1 2 : 4 5  pm 
1 2 : 4 5  pm 

1 : 1 5  pm 

1 : 5 5  pm 
2 : 5 5  pm 

3 : 5 9  pm 
5 : 0 0  pm 

Comments 
Dye i n t r o d u c e d  b y  d i v e r s  i n  A l a s k a  
No c o l o r  S S  s a m p l e  # 1  h a n d  g r a b  
No c o l o r  SS s a m p l e  # 2  h a n d  g r a b  
G r e e n  d y e  n o t e d  i n  R i v e r  a t  H a r b o r  
C l u b  b y  D e x t e r ,  D a r w i n  & J e f f  
H i l l s b o r o u g h  R i v e r  a t  H a r b o r  C l u b  
S a m p l e  # 3  
No c o l o r  SS s a m p l e  # 4  h a n d  g r a b  
No c o l o r  SS s a m p l e  # 5  t e m p e r a t u r e  
24OC h a n d  g r a b  
No c o l o r  SS s a m p l e  # 6  
No c o l o r  SS s a m p l e  # 7  
On Sunday ,  J a n u a r y  1 5 ,  1 9 8 9 ,  M r .  
J o e  S t e w a r t  t o o k  f o u r  m o r e  g r a b  
s a m p l e s  
No c o l o r  SS 
No c o l o r  SS 
No c o l o r  SS 
No c o l o r  SS 

D u r i n g  t h e  t e s t  t h e  g a u g e  h e i g h t  was 7 . 6 3  and  7 . 6 4  w h i c h  

c o n t i n u o u s l y  h e l d  f l o w s  f r o m  4 0 . 4  t o  4 0 . 6  c f s  ( 2 6 . 1 7  m g d ) .  See 

USGS D a t a  f r o m  SS P o o l  i n  A p p e n d i x  I. W a t e r  l e v e l  a t  A l a s k a  was 

a b o u t  8 . 6  f t  a n d  a t  t h e  SS P o o l  7 . 6 3 .  A b o u t  a  1 . 0  f t  g r a d i e n t  

e x i s t e d .  
- 8  - 
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I t  was n o t  u n t i l  t h e  f o l l o w i n g  m o n t h  when s a m p l e s  w e r e  t a k e n  

t o  t h e  C i t y  o f  Tampa l a b  t h a t  f l u o r o m e t e r  r e a d i n g s  c o n f i r m e d  t h a t  

n o n - v i s i b l e  a m o u n t s  o f  d y e  w e r e  i n d e e d  p r e s e n t .  The  t i m e  o f  

a r r i v a l  was 6 h o u r s  a n d  c o u l d  h a v e  b e e n  l e s s  b e c a u s e  s a m p l e s  w e r e  

o n l y  t a k e n  on  t h e  h o u r .  

I n  a d d i t i o n ,  t h e  r i v e r  s a m p l e  t a k e n  a t  t h e  t i m e  o f  t h e  g r e e n  

w a t e r  s i g h t i n g  c o n f i r m e d  d y e  b e i n g  p r e s e n t  o n l y  3 . 2 5  h o u r s  a f t e r  

p l a c e m e n t .  O t h e r  s a m p l e s  c o l l e c t e d  a t  t h e  p o o l  t h e  f o l l o w i n g  d a y  

i n d i c a t e  t h a t  a s  much a s  25 h o u r s  a f t e r  i n t r o d u c t i o n  t h a t  d y e  was 

s t i l l  a r r i v i n g  a t  t h e  p o o l .  

I n  t h a t  d y e  was n o t  p l a i n l y  v i s i b l e  b u t  o n l y  p r e s e n t  i n  n o n -  

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

n o r m a l  c o n d i t i o n s  o n l y  a  s l i g h t  f l o w  c o n n e c t i o n  f r o m  A l a s k a  

e x i s t s .  Dye  s e e p s  s l o w l y  s i n c e  s m a l l  a m o u n t s  o f  w a t e r  f l o w  i n t o  

t h e  s i n k  d i s p l a c i n g  w a t e r s  c o n t a i n e d  w i t h i n  i t .  

T h e  t i m e  o f  a r r i v a l  was v e r y  c l o s e  t o  t h a t  p r e d i c t e d  6 . 0  v s  

5 . 6 7  h r s  a n d  i n d i c a t e s  A l a s k a  i s  i n  t h e  f l o w  l i n e  o f  C u r i o s i t y  

a n d  O r c h i d .  The  1 9 5 8  d y e  t e s t  o f  C u r i o s i t y  y i e l d e d  n o n - v i s i b l e  

c o n c e n t r a t i o n s  o f  d y e  i n  A l a s k a  ( 1 0 t h  S t r e e t )  some 2 5 . 6 7  h o u r s  

a f t e r  i n t r o d u c t i o n .  The  q u i c k n e s s  w i t h  w h i c h  w a t e r  r e a c h e d  t h e  

r i v e r  3 . 2 5  h o u r s  t r a v e l i n g  a  d i s t a n c e  o f  some 1 , 7 5 0  f e e t  y i e l d s  a  

v e l o c i t y  o f  538  f t / h r .  The  r i v e r  w a t e r  l e v e l  b e i n g  a b o u t  5 t o  7 

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

h y d r a u l i c  g r a d i e n t  and  w o u l d  c o r r o b o r a t e  USGS l i t e r a t u r e  w h i c h  

c i t e s  g r e a t e r  v e l o c i t i e s  a s  f l o w s  n e a r  t h e  H i l l s b o r o u g h  R i v e r .  

See A p p e n d i x  K .  

- 1 0 -  



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

w a t e r  m o v i n g  i n t o  o r  o u t  o f  t h e  b a s e  o f  t h e  s i n k .  The  s i n k  h a d  a  

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

i n f l o w / o u t f l o w  i n  t h e  s p r i n g / s y p h o n  i s  u n k n o w n .  T h i s  d y e  t e s t  

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

m o r e  d a t a  o n  t r a v e l  t i m e  a n d  p a t h w a y s .  I n  a d d i t i o n ,  t h e  

i n t e r c o n n e c t i o n  o f  A l a s k a  t o  S u l p h u r  h a d  n e v e r  b e e n  p r o v e d  

b e f o r e .  

I V .  D Y E  T E S T  J A S M I N E  I: 

F a i l i n g  t o  g e t  C i t y  o f  Tampa l e g a l  p e r m i s s i o n  f o r  d i v e r s  t o  

a c c e s s  t h e  J a s m i n e  S i n k  b y  t h e  t e s t  d a t e  o f  J a n u a r y  20 ,  1 9 8 9 ,  t h e  

dye  h a d  t o  b e  i n t r o d u c e d  v i a  b o a t .  The  d y e  was l o w e r e d  t o  t h e  

s y p h o n  b a s e  i n  a  c o n t a i n e r  v i a  a  r o p e .  See A p p e n d i x  E f o r  Map.  

T h i s  m e t h o d  a c c o u n t e d  f o r  a  l a g  t i m e  o f  d y e  t o  e x i t  t h e  s i n k  o f  

u p  t o  1 h o u r .  

M r .  M i k e  B u r w e l l  o f  t h e  C i t y  o f  Tampa, who c o n d u c t e d  t h e  d y e  

t e s t  a t  O r c h i d  i n  1 9 8 7 ,  g a v e  a d v i c e  on  p r o c e d u r e s .  See A p p e n d i x  

B f o r  C o r r e s p o n d e n c e .  

W a t e r  s a m p l e s  w e r e  t a k e n  a t  1 2  l o c a t i o n s  o v e r  v a r y i n g  t i m e  

p e r i o d s  u p  t o  48 h o u r s .  A  t o t a l  o f  1 5 5  w a t e r  s a m p l e s  w e r e  t a k e n  

a n d  a n a l y z e d  f o r  f l u o r e s c e n c e  b y  t h e  C i t y  o f  Tampa H o o k e r ' s  P o i n t  

l a b .  The  l o c a t i o n s  w e r e  J a s m i n e  S i n k ,  J a s m i n e  W e l l s  1 ,  2 ,  3 ,  

P l e s s  W e l l ,  C h u r c h  W e l l ,  O r c h i d  S i n k  W e l l  1 a n d  2 ,  A l a s k a  S i n k ,  

H a r b o r  House  ( T o u r i s t  C l u b )  W e l l ,  Gazebo  W e l l  a n d  S u l p h u r  

S p r i n g s .  

- 1 1 -  



The Sampling/Location Matrix was as follows: 

1  - Jasmine Sink 8  - Orchid Well # 2  
2  - Well # 1  9  - Alaska 
3 - Well # 2  1 0  - Harbor House (Tourist Club) Well 
4 - Well # 3  1 1  - Gazebo Well 
5 - Pless Well # 4  1 2  - Sulphur Springs 
6  - Church Well # 5  0 = Gallon 
7 - Orchid Well # 1  X  = 5 0 0  ml 

1 / 2 0 / 8 9  S a m ~ l  es 
10 am Initial 0 0 0 0 0 0  0  0  0 0 0 0  I 

1 1  am 1 hr. X X X X X X  X  X  
1 2  pm 2  hr. X X X X X X  X  X Gal Of Ea. 
2 pm 4 hr. X X X X X X  X  X  X  X  X X  JB & R P  
4 p m  6 hr. X X X X X X  X  X  
6  pm 8  hr. X  X  X  X  X  X  X  X  1 

Sunset 
8  pm 1 0  hr. X X X X X X  X  X  RW 

12 pm 1 4  hr. X  X X X X  

1 / 2 1 / 8 9  
4  am 1 8  hr. X  x x x x  - 

Sunrise RW & F R  
8  am 2 2  hr. X  X  X  X  X  X  

1 0  am 24  hr. X  
X  X  X  X  X  X  

X X X X  + 
1 2  am 2 6  hr. X  X X X X  F R 
2 pm 2 8  hr. X  X  X  X X  X  X  X  X  X  X  X  L 

4  pm 3 0  hr. X  X  X  X  X  RW & D C  
6 pm 3 2  hr. X X X X X X  X  X  X X X X  ? 

Sunset 
1 0  pm 36 hr. X  

2 a m  4 0  hr. X  
6  am 4 4  hr. X  

x x x x  
X X - X  + 

RW 
Sunrise 
1 0  am 4 8  hr. X X X X X X  X  X  X X X X  4 

* Isco Automatic Samplers in Use @ Sulphur Springs. 



T h e  f o l l o w i n g  T a b l e  s u m m a r i z e s  f i e l d  o b s e r v a t i o n s .  J a s m i n e  D y e  T e s t  F r i d a y  
J a n u a r y  2 0 ,  S a t u r d a y ,  J a n u a r y  2 1  a n d  S u n d a y ,  J a n u a r y  2 2 ,  1 9 8 9 .  

L o c a t i o n  

J a s m i n e  
( P o i n s e t t i a  o r  T r i n i t y )  

11 

R e m a r k  

D y e  s e t  v i a  J o h n  B u r k a r t  
B o a t  & S e a l e d  b o w l  o n  S t r i n g .  
I n i t i a l  S a m p l i n g  Run c o m p l e t e  
b y  J B  & R a f a e l  P e r e z .  
D y e  e v e n l y  d i s p e r s e d  i n  
S i n k h o l e .  
D y e  d o e s  n o t  a p p e a r  t o  b e  
e x i t i n g  t h e  s i n k .  
D y e  a p p e a r s  t o  h a v e  c e n t r a l i z e  
i n  t h e  s i n k  p e r  RP. 
R a i n f a l l  s t a r t s ,  Rob  W a l l a c e .  
W a t e r  l e v e l  a t  J a s m i n e  1 2 . 0 + f t  
No v i s i b l e  d y e  b u t  t h e r e  i s  
p o o r  v i s i b i l i t y  a f t e r  d a r k  i n  
c e n t e r  o f  s p r i n g .  
O r c h i d  w a t e r  l e v e l  1 . 5  f t  
b e l o w  s p i l l w a y  o n  e a s t  s i d e  o f  
s i n k .  R a i n f a l l  s t o p s .  

J a s m i n e  w a t e r  l e v e l  1 1 . 7 5  + 
O r c h i d  w a t e r  l e v e l  2 . 5  f t .  + 
b e l o w  s p i l l w a y  o n  e a s t  s i d e .  
J a s m i n e  R a i n  s t a r t s .  
J a s m i n e  R a i n  s t o p s .  
J a s m i n e  W a t e r  L e v e l  1 2 . 0  + 
R a i n i n g  a g a i n .  
J a s m i n e  W a t e r  L e v e l  1 3 . 5  R a i n  
S t e a d y  - Dan C h e s s e r .  
J a s m i n e  W a t e r  L e v e l  1 . 5 - 2 . 0  
( 1 1 . 5  - 1 2 . 0 )  f t .  - N o t  
r a i n i n g .  

J a s m i n e  W a t e r  L e v e l  
Up a b o u t  1  f o o t  ( 1 2 . 5  - 1 3 . 0 )  
s i n c e  l a s t  r e a d i n g .  R a i n i n g  
A g a i n .  DC 
M i s s e d  G a z e b o  W e l l  S a m p l e  - RW 
C l e a r  s k y  f o r  f i n a l  r o u n d  o f  
s a m p l e s  RW. 
O r c h i d  W a t e r  L e v e l  4 . 0  + f t  
a b o v e  s p i l l w a y  ( e s t .  e l .  2 2 . 0 )  
RW 
J a s m i n e  W a t e r  L e v e l  1 2 . 2 5  RW 

N o t e :  
A l l  s a m p l e s  t a k e n  t o  E E C  f o r  s t o r a g e  a n d  t r a n s f e r  t o  C i t y  o f  Tampa L a b .  



W e l l  D a t a :  See A p p e n d i x  E  f o r  L o c a t i o n  Maps.  

P l e s s  W e l l  0 - 1 7  f t  s a n d ,  2  f t  c l a y ,  8 f t  l i m e r o c k ,  27 f t  d e e p  - 2 "  s t e e l  
c a s i n g  - h a n d  d r i v e n  u s e d  f o r  y a r d  s p r i n k l e r  s y s t e m .  Good f l o w .  

J a s m i n e  W e l l  1 - T o t a l  D e p t h  f o r  c a s i n g  3 3 . 1  f t .  S t a t i c  WL 1 6 . 6  
2  - T o t a l  D e p t h  f o r  c a s i n g  3 1 . 6  f t .  S t a t i c  WL 1 6 . 9  

O r c h i d  W e l l  1 - T o t a l  D e p t h  f o r  c a s i n g  4 2 . 6  f t .  S t a t i c  WL 1 9 . 8  
2 - T o t a l  D e p t h  f o r  c a s i n g  3 6 . 5  f t .  S t a t i c  WL 2 2 . 5  

Dye p l a c e d  i n  t h e  w a t e r  a t  J a s m i n e  t o o k  o v e r  24 h o u r s  t o  d i s s i p a t e  

b a s e d  o n  f l u o r o m e t e r  r e a d i n g s .  A s h a l l o w  u p s t r e a m  w e l l  ( J a s m i n e  1 )  p l a c e d  

b y  t h e  C i t y  o f  Tampa showed no  e v i d e n c e  o f  d y e .  

The  f o l l o w i n g  t a b l e  shows t h e  w e l l s  i n  t h e  v i c i n i t y  o f  J a s m i n e  

f l o u r o m e t e r  r e a d i n g s :  ( F o r  L o c a t i o n s  See Map A p p e n d i x  E . )  

J a s m i n e  3  J a s m i n e  4  J a s m i n e  5  
J a s m i n e  2 EEC P l e s s  W e l l  C h u r c h  O r c h i d  O r c h i d  

J a s m i n e  1 D o w n s t r e a m  W e l l p o i n t  S o u t h  o f  We1 1  S i n k  S i n k  
H o u r  U p s t r e a m  S o u t h  SW o f  S i n k  S i n k  SW W e l l  1 W e l l  2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n i t i a l  0  0  0  0 0  0  0 

- = No t e s t .  



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

a t  t h e s e  l o c a t i o n s :  

A1 a s k a  H a r b o r  H o u s e  G a z e b o  S u l p h u r  
H o u r  S i n k  ( T o u r i s t  C l u b )  Wel l  We1 1  S p r i n g s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n i t i a l  0  5 0  0 0 

3 0  0  0  - 

8  0 0  0 - 

1 4  0  - 0  0  

1 8  0  0 0  - 

2  2 0  5 0  0 2  

2 4 0 6 0  0  1 2  

2 6  0  8 0  0  1 8  

2 8  0  1 2 0  0 1 5  

3 0 0  1 5 0  0  1 0  

3 2 0  1 5 0  0  8  

3 6  0 - 0  4  

4 0  0  1 5 0  0  3 

4 4 0  2  2  0  4  

4 8  0 3 2 0  0 2 

- - - Not  t e s t e d .  



O t h e r  d o w n s t r e a m  s h a l l o w  w e l l s  i n  t h e  v i c i n i t y  showed  d y e  

w i t h i n  1 t o  6 h o u r s  o f  p l a c e m e n t .  A c h u r c h  l o c a t e d  n e x t  d o o r  

h a v i n g  a  w e l l  o f  u n k n o w n  d e p t h  showed t h e  p r e s e n c e  o f  d y e  i n  8 

h o u r s .  

S h a l l o w  m o n i t o r i n g  w e l l s  a r o u n d  O r c h i d  S i n k  showed  d y e  a t  2 2  

a n d  3 2  h o u r s .  A l a s k a  S i n k  a n d  Gazebo  w e l l s  n e v e r  showed a n y  t r a c e  

o f  d y e .  T h e  H a r b o r  C l u b  ( T o u r i s t  C l u b )  W e l l  showed  d y e  a t  2 4  h o u r  

t i m e  a r r i v a l  w i t h  t h e  c o n c e n t r a t i o n  s t i l l  r i s i n g  a t  4 8  h o u r s .  

S u l p h u r  S p r i n g s  P o o l  showed a  t i m e  o f  a r r i v a l  o f  22  h o u r s  

w i t h  a  p e a k  a t  26 h o u r s .  Dye was s t i l l  d i s s i p a t i n g  a t  48  h o u r s  

a n d  t h e  c o n c l u s i o n  o f  t h e  t e s t .  A t  n o  t i m e  was t h e  d y e  v i s i b l e  

d u r i n g  t h e  s a m p l i n g .  

B a s e d  u p o n  a  d i s t a n c e  o f  7 , 5 0 0  f e e t  b e t w e e n  J a s m i n e  a n d  

S u l p h u r  S p r i n g s ,  t h e  t r a v e l  t i m e  n e t s  a  v e l o c i t y  o f  3 4 1  f t / h r .  

The  h e a d  d i f f e r e n t i a l  was f r o m  12  - 1 3 . 5  a t  J a s m i n e  t o  7 . 6 6  - 7 . 6 7  

a t  S u l p h u r  S p r i n g s .  F l o w  was 4 1 . 0  - 4 1 . 2  c f s .  ( 2 6 . 5 6  m g d ) .  A b o u t  

a t  4 . 5  - 6 . 0  f t .  g r a d i e n t  e x i s t e d  d u r i n g  t h e  t e s t .  

The  d i r e c t  c o n n e c t i o n  o f  J a s m i n e  S i n k  and  S u l p h u r  S p r i n g s  h a d  

b e e n  s u r m i s e d  b e f o r e ,  b u t  n e v e r  p r o v e d .  T h i s  was t h e  f i r s t  t e s t  

t o  do  s o .  I t  a l s o  c o r r e l a t e d  w e l l  w i t h  t h e  C i t y  o f  T a m p a ' s  t e s t  

i n  1 9 8 7  f r o m  O r c h i d  t o  S u l p h u r  w h e r e i n  a  20 h o u r  t i m e  o f  a r r i v a l  

was e s t a b l i s h e d .  



V .  D Y E  TEST A L A S K A  11:  

On F e b r u a r y  11, 1 9 8 9  d i v e r s  a g a i n  d e s c e n d e d  i n t o  A l a s k a  S i n k  

a n d  r e l e a s e d  2  g a l l o n s  o f  c o n c e n t r a t e d  g r e e n  d y e  a t  t h e  b a s e  o f t h e  

s i n k  a b o u t  2 8  f e e t  b e l o w  w a t e r  s u r f a c e .  T h e  t i m e  o f  r e l e a s e  was 

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

m i c r o p h o n e s  a n d  t h e n  s i g n a l  s e n t  o v e r  s h o r t - w a v e  r a d i o  t o  S u l p h u r  

S p r i n g s  P o o l .  

As s o o n  a s  t h e  r e l e a s e  o f  d y e  was  s i g n a l e d  t h e  f l o o d  g a t e s  a t  

S u l p h u r  S p r i n g s  P o o l  w e r e  o p e n e d  t o  l o w e r  t h e  w a t e r  l e v e l  i n  t h e  

p o o l  s l i g h t l y  o v e r  5 . 1  f e e t  i n  2  h o u r s .  T h e  l e v e l  a t  A l a s k a  

s t a r t e d  r e c e d i n g  i m m e d i a t e l y  a n d  h a d  l o w e r e d  0 . 5  f e e t  i n  5  m i n u t e s  

a n d  a  m a x i m u m  o f  3 . 3  f e e t  i n  3  h o u r s .  

L i s t e d  b e l o w  a r e  t h e  r e l a t i v e  w a t e r  e l e v a t i o n s  r e c o r d e d  a s  

t h e  w a t e r  l e v e l s  a t  b o t h  l o c a t i o n s  f e l l :  

S u l ~ h u r  S ~ r i n q s  P o o l  A l a s k a  S i n k  

F e b r u a r y  1 1 ,  1 9 8 9  9 : 2 8  A .M.  7 . 6 4  f t .  9 : 2 7  A.M.  8 . 6 3  f t .  

9 : 3 0  A.M.  6 . 5 0  f t .  9 : 3 3  A . M .  8 . 1 5  f t .  

9 : 3 3  A . M .  5 . 8 0  f t .  9 : 3 7  A . M .  7 . 2 4  f t .  

9 : 3 5  A . M .  4 . 7 5  f t .  9 : 4 2  A.M. 6 . 3 1  f t .  

9 : 4 0  A.M.  3 . 0 3  f t .  9 : 4 7  A.M. 5 . 9 3  f t .  

9 : 4 3  A.M. 2 . 9 0  f t .  9 : 5 2  A.M. 5 . 8 3  f t .  

9 : 4 7  A.M. 2 . 7 5  f t .  9 : 5 7  A.M. 5 . 6 7  f t .  

9 : 5 3  A.M.  2 . 6 6  f t .  1 0 : 0 7  A.M. 5 . 6 0  f t .  

1 0 : 3 0  A.M. 2 . 5 1  f t .  1 0 : 1 7  A.M. 5 . 5 0  f t .  

1 1 : 3 0  A.M. 2 . 4 8  f t .  1 0 : 2 7  A.M. 5 . 4 9  f t .  



( C o n t i n u e d )  

S u l o h u r  S ~ r i n q s  P o o l  A l a s k a  S i n k  

F e b r u a r y  11, 1 9 8 9  3 : 4 6  P . M .  2 . 5 4  f t .  1 1 : 2 7  A .M.  5 . 3 5  f t .  

5 : 2 3  P.M. 2 . 5 2  f t .  1 2 : 2 7  A.M. 5 . 3 3  f t .  

5 . 3 6  P.M. 7 . 0 ~  f t .  

T h e  g a t e  a t  S u l p h u r  S p r i n g s  was c l o s e d  a t  5 : 2 3  P .M.  a n d  was  

b a c k  t o  n o r m a l  w a t e r  l e v e l  a t  5 : 3 7  P.M. a t  w h i c h  p o i n t  t h e  t e s t  

w a s  t e r m i n a t e d .  T h e  f l o w  a t  t h e  b e g i n n i n g  o f  t h e  t e s t  was  4 0 . 6  

c f s  o r  2 6 . 2  mgd .  When t h e  g a t e s  a r e  l o w e r e d  t h e  f l o w  i n c r e a s e s  

d u e  t o  t h e  d e w a t e r i n g  o f  t h e  a q u i f e r  s t o r a g e  a n d  a n  i n c r e a s e d  

h y d r a u l i c  h e a d  i s  e s t a b l i s h e d .  T h e  a m o u n t  o f  f l o w  i n c r e a s e  i s  n o t  

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

s l i d e g a t e  h a s  n o t  b e e n  c a l i b r a t e d .  T h e  USGS s t a f f  g a u g e  r e a d i n g s  

f o r  t h e  t e s t  d a t e s  a r e  i n  A p p e n d i x  I. 

F l u o r o m e t e r  a n d  b a c t e r i a  r e a d i n g s  w e r e  t a k e n  a t  t h e  p o o l  

a f t e r  t h e  d y e  was i n t r o d u c e d  i n  A l a s k a .  F o u r  p o i n t s  d o w n s t r e a m  

w e r e  o b s e r v e d ;  H i l l s b o r o u g h  R i v e r  a t  t h e  H a r b o r  H o u s e ,  H a r b o r  

H o u s e  W e l l ,  S u l p h u r  S p r i n g s  P o o l  a n d  t h e  G a z e b o  W e l l .  

A t  A l a s k a  t h e  d y e  d i s s i p a t e d  r a p i d l y  d u e  t o  t h e  d r a w d o w n  

a c t i o n .  An a t t e m p t  was  made t o  i n t r o d u c e  n e u t r a l  b u o y a n c y  s p h e r e s  

i n t o  t h e  b a s e  o f  t h e  s i n k  h o p i n g  t h e y  w o u l d  f i n d  t h e i r  way  t o  

S u l p h u r  S p r i n g s .  H o w e v e r ,  t h e  b a l l s  t h o u g h  a t  t h e  c o r r e c t  

s p e c i f i c  g r a v i t y ,  d i s p l a y e d  n o  m o v e m e n t  a s  t h e  v e l o c i t i e s  w e r e  

a l m o s t  i m p e r c e p t i b l e  t o  t h e  d i v e r s .  T h e  d i v e r s  i n d i c a t e d  t h e  dye 

d i d  a p p e a r  t o  m o v e  a w a y  f r o m  t h e m .  



The  f o l l o w i n g  t a b l e  r e f l e c t s  f l u o r o m e t e r  r e a d i n g s  t a k e n  and  

a n a l y z e d  a t  t h e  C i t y  o f  Tampa L a b o r a t o r y :  
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The  H a r b o r  H o u s e  w e l l  h a d  d y e  a p p e a r  w i t h i n  1 h o u r .  The  

H i l l s b o r o u g h  R i v e r  y i e l d e d  n o  v i s i b l e  o r  a n a l y t i c a l  t e s t  t o  show 

p r e s e n c e .  P r e s u m a b l y ,  l o w e r i n g  t h e  h e a d  made t h e  p o o l  t h e  

p r e f e r a b l e  r o u t e  f o r  t h e  d y e  d u e  t o  t h e  v i s i b l e  q u a n t i t i e s  

a p p a r e n t  a t  t h e  p o o l .  T r a c e s  o f  d y e  a p p e a r e d  a t  t h e  p o o l  i n  1 . 5  

h o u r s .  F i e l d  n o t e s  r e c o r d  a  s l i g h t  c o l o r  a t  2 . 5  h o u r s .  The  d y e  

was v i s i b l e  a t  t h e  3 . 5  - 4 . 0  h o u r s  r a n g e s  and  r e a c h e d  a  d e e p  g r e e n  

c o l o r  a t  4 .5  - 5 . 5  h o u r s .  When t h e  g a t e  was c l o s e d  a t  t h e  e n d  o f  

t h e  t e s t  g r e e n  c o l o r  was s t i l l  e v i d e n t  i n  t h e  p o o l  b a s i n .  The  

w a t e r  l e v e l  r o s e  r a p i d l y  a n d  was b a c k  o v e r  t h e  s p i l l w a y  i n  14  

m i n u t e s .  H o w e v e r ,  i t  t o o k  t h e  s y s t e m  o v e r  a  d a y  t o  a c h i e v e  t h e  

7 . 6 4  e l e v a t i o n  a t  w h i c h  t h e  t e s t  s t a r t e d .  T h i s  i s  d u e  t o  

r e p l e n i s h i n g  t h e  l o s t  s t o r a g e  c a p a c i t y  when t h e  g a t e s  l o w e r e d .  



F u r t h e r ,  r e a d i n g s  o f  w a t e r  l e v e l s  w e r e  t a k e n  i n  N o r t h  Tampa 

t o  h e l p  l o c a t e  i n t e r c o n n e c t e d  p o i n t s .  W a t e r  l e v e l s  a t  s t o r m w a t e r  

r e t e n t i o n  b a s i n s  a n d  s i n k s  a t  1 0 9 t h  A v e n u e  a n d  N .  B l v d .  (SRB), 

C u r i o s i t y  S i n k ,  S e n e c a  SRB, 9 9 t h  Avenue  a n d  C l u b  SRB, J a s m i n e  

S i n k ,  A l a s k a  S i n k  a n d  S u l p h u r  S p r i n g s  w e r e  o b s e r v e d .  

1 0 9 t h  & 
2 / 1 1 / 8 9  N .  B l v d .  

9 9 t h  & 
C u r i o s i t y  Seneca  C l u b  J a s m i n e  

F r o m  t h e  a b o v e  r e a d i n g s  i t  i s  a p p a r e n t  t h a t  1 0 9 t h ,  S e n e c a  and  

9 9 t h  S t o r m w a t e r  R e t e n t i o n  B a s i n s  a r e  n o t  i n f l u e n c e d  w i t h i n  a  7  

h o u r  p e r i o d .  J a s m i n e  S i n k  h o w e v e r ,  was v i s i b l y  d r a w n d o w n  w i t h i n  

1 .5  h o u r s  a n d  c o n t i n u e d  t o  r e c e d e  as  l o n g  as  t h e  g a t e  was o p e n  a t  

S u l p h u r  S p r i n g s .  S i n c e  J a s m i n e  i s  o v e r  7 ,500  f e e t  n o r t h  o f  

S u l p h u r  S p r i n g s  t h e  w a t e r  s t o r a g e  l o s t  i s  i n  a  1  f t .  ( J a s m i n e )  t o  

5  f t .  ( S u l p h u r )  d rawdown  o v e r  t h e  s y s t e m .  S i n c e  t h e  f l o w  h a s  n o t  

b e e n  c a l c u l a t e d  b e l o w  6 . 3  f t .  a t  S u l p h u r  S p r i n g s  t h e  w a t e r  f l o w  i s  

unknown  f o r  t h i s  d r a w d o w n .  

B a c t e r i a  s a m p l e s  w e r e  a l s o  t a k e n  a t  S u l p h u r  S p r i n g s  o n  a  o n e -  

h a l f  h o u r  b a s i s  f r o m  9 : 0 0  AM t o  3 : 3 0  P M .  T h i s  was d o n e  t o  s e e  i f  

i n d u c i n g  a  h e a d  a n d  c h a n g i n g  f l o w  c h a r a c t e r i s t i c s  w o u l d  h a v e  a n y  
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e f f e c t  o n  b a c t e r i a  l e v e l s .  H o w e v e r ,  t h e  t e s t  was c o n d u c t e d  on  a  

S a t u r d a y  a n d  when t h e  s a m p l e s  w e r e  d e l i v e r e d  t o  t h e  H i l l s b o r o u g h  

C o u n t y  H e a l t h  D e p a r t m e n t  t h e  f o l l o w i n g  Monday ,  t h e y  w e r e  b e y o n d  

t h e  3 0  h o u r  h o l d  t i m e  a n d  w o u l d  n o t  b e  r u n .  S a m p l e  s h e e t  i n  

A p p e n d i x  C .  

T h i s  e x p e r i m e n t  was t o  v a r y  t h e  h e a d  c o n d i t i o n s  t o  g a i n  m o r e  

d a t a  o n  t r a v e l  t i m e s  a n d  a q u i f e r  v e l o c i t i e s .  T h i s  t e s t  d r e w  u p o n  

a  J a n u a r y  9 ,  1988 d r a w d o w n  t e s t  w h i c h  e s t a b l i s h e d  a n  A l a s k a -  

S u l p h u r  c o n n e c t i o n .  See A p p e n d i x  C .  The  H a r b o r  C l u b  a n d  Gazebo  

w e l l s  c o n f i r m e d  d y e  p r e s e n c e  b u t  t h e  R i v e r  d i d  n o t  show v i s i b l e  o r  

a n a l y t i c a l  d y e  p r e s e n c e .  V i s i b l e  d y e  a p p e a r e d  a t  S u l p h u r  S p r i n g s  

i n  a  3 . 5  h o u r  t i m e  o f  a r r i v a l  a n d  p e a k e d  a t  5 . 0  h o u r s .  

U n l i k e  t h e  A l a s k a  I t e s t ,  g r e e n  d y e  was p l a i n l y  e v i d e n t  a t  

S u l p h u r  S p r i n g s  P o o l .  A p p a r e n t l y  t h e  s u c t i o n  p r o v i d e d  b y  l o w e r i n g  

t h e  f l o o d  g a t e s  d r e w  m o r e  d y e  o u t  o f  A l a s k a  S i n k  i n t o  t h e  f l o w  

s t r e a m  t o  S u l p h u r  S p r i n g s .  W i t h  t w o  v a r y i n g  t r a v e l  t i m e s  a t  t w o  

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

a q u i f e r  s y s t e m .  The  d r a m a t i c  c h a n g e  i n  e l e v a t i o n  a t  A l a s k a  p l u s  

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

o f  t h i s  s i n k  t o  S u l p h u r  S p r i n g s .  The d r o p  i n  e l e v a t i o n  a t  J a s m i n e  

f u r t h e r  e x t e n d s  t h e  i n t e r c o n n e c t i o n  o f  S u l p h u r  S p r i n g s  t o  u p s t r e a m  

s i n k s .  

V I .  D Y E  T E S T  J A S M I N E  11: 

A n o t h e r  d y e  t e s t  was c o n d u c t e d  a t  J a s m i n e  S i n k  w i t h  a  d i v e r  

p l a c i n g  d y e  a t  t h e  b a s e  o f  t h e  s i n k  d i r e c t l y  i n t o  t h e  s y p h o n .  

T h i s  s i n k  h a s  a  s p r i n g  a t  t h e  b a s e  o f  t h e  n o r t h  s i d e  a n d  a  s y p h o n  
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o n  t h e  s o u t h  s i d e .  On F r i d a y ,  May 19 ,  1 9 8 9  a t  5 : 0 0  P M  t h e  d i v e r  

r e l e a s e d  1  g a l l o n  o f  c o n c e n t r a t e d  d y e  w h i c h  i m m e d i a t e l y  f l o w e d  

i n t o  t h e  m a i n  f l o w  s y s t e m  on  i t s  way t o  S u l p h u r  S p r i n g s .  Some d y e  

r e m a i n e d  i n  t h e  s i n k  b u t  d u e  t o  t h i s  m e t h o d  o f  p l a c e m e n t  t h e r e  was 

n o  l a g  t i m e  i n  t h e  s i n k  i t s e l f  a s  o p p o s e d  t o  J a s m i n e  I. 

I t  was i n i t i a l l y  p l a n n e d  t o  c h a n g e  t h e  h e a d  c o n d i t i o n  b y  

l o w e r i n g  t h e  g a t e  a t  t h e  p o o l  i n  t h e  same m a n n e r  a s  A l a s k a  1 1 .  

H o w e v e r ,  t h e r e  w e r e  d e l a y s  e n c o u n t e r e d  i n  g e t t i n g  C i t y  a p p r o v a l  t o  

c o n d u c t  t h e  t e s t  ( S e e  A p p e n d i x  D f o r  c o r r e s p o n d e n c e ) .  The  C i t y  

S t o r m w a t e r  D e p a r t m e n t  f i n a l l y  c o n s e n t e d  t o  t h e  t e s t  on  May 5 ,  

1 9 8 9 ,  b u t  b y  t h i s  t i m e  t h e  W a t e r  D e p a r t m e n t  h a d  s t a r t e d  p u m p i n g  

a n d  t h e  p o o l  was o n - l i n e  f o r  d r i n k i n g  w a t e r  u s a g e .  I n  t h i s  mode 

t h e  pump ( 1 9 . 8  m i l l i o n  g a l l o n s / d a y )  a d j a c e n t  t o  t h e  p o o l  l o w e r s  

t h e  l e v e l  o f  t h e  p o o l  a b o u t  a  f o o t  b y  i t s  s u c t i o n  a c t i o n .  When 

t h e  p o o l  i s  b e i n g  pumped w a t e r  q u a l i t y  i s  o f  c o n c e r n  t o  t h e  W a t e r  

D e p a r t m e n t  a n d  t h e y  w o u l d  n o t  a l l o w  t h e  g a t e s  t o  b e  o p e n e d  a t  

S u l p h u r  S p r i n g s .  O p e n i n g  t h e  g a t e  f o r  s u s t a i n e d  p e r i o d s  h a s  b e e n  

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

S i n c e  t h e  i n t e n t  o f  t h e  t e s t  was t o  o b t a i n  a n o t h e r  f l o w  

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

( J a s m i n e  I, 1 2 . 0 ~  t o  S u l p h u r  S p r i n g s  7 . 5 ~  = 4 . 5  f t )  t h i s  t e s t  was 

u n d e r t a k e n  w i t h  t h e  C i t y  W a t e r  D e p a r t m e n t  h a v i n g  b e e n  p u m p i n g  t h e  

p o o l  f o r  o v e r  a  w e e k .  T h u s  t h e  s y s t e m  was s t a b i l i z e d  a n d  n o  

r a i n f a l l  h a d  o c c u r r e d  f o r  t h e  p r e v i o u s  1 0  d a y s .  The  h e a d  

c o n d i t i o n s  a t  t h e  t i m e  o f  t h e  t e s t  w e r e  J a s m i n e  1 0 . 0 +  a n d  S u l p h u r  

S p r i n g s  6.3+. The h y d r a u l i c  h e a d  was t h u s  3 . 7  f e e t  f o r  t h i s  t e s t  
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w h e r e  i t  h a d  b e e n  4 . 5  f e e t  i n  t h e  p r i o r  t e s t  w h i c h  was a l s o  

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

U s i n g  a  s i m p l e  h y d r a u l i c  f o r m u l a ,  w h i c h  w i l l  b e  d i s c u s s e d  

l a t e r ,  a n  e s t i m a t e  was made o f  t h e  J a s m i n e  t o  S u l p h u r  S p r i n g s  

t r a v e l  t i m e  a n d  v e l o c i t y  b a s e d  o n  t h e  h e a d  c o n d i t i o n s  o f  May 1 9 ,  

1 9 8 9 .  T h e  e s t i m a t e d  t i m e  o f  a r r i v a l  was 2 4 . 2 5  h o u r s  a s s u m i n g  n o  

r a i n f a l l .  J a s m i n e  I h a d  e s t a b l i s h e d  a  2 2  h o u r  t i m e  o f  a r r i v a l  

i n c l u d i n g  a  1 . 0 2  h o u r  l a g  t i m e  i n  t h e  s i n k  i t s e l f .  The  p r e v i o u s  

t e s t  y i e l d e d  a  3 4 1  f t / h r  v e l o c i t y  so  w i t h  t h e  l o w e r  d r i v i n g  h e a d  

t h e  v e l o c i t y  was p r e d i c t e d  t o  b e  a b o u t  3 1 0  f t / h r .  

A f t e r  d y e  p l a c e m e n t  w a t e r  s a m p l e s  w e r e  t a k e n  h o u r l y  f r o m  6 

w e l l s  a r o u n d  t h e  s i n k ,  i n  t h e  J a s m i n e  S i n k  and  i n  t h e  2 O r c h i d  

w e l l s  f o r  5 h o u r s .  S t a r t i n g  a t  2  P M  o n  S a t u r d a y ,  May 2 0 t h  w a t e r  

s a m p l e s  w e r e  t a k e n  e v e r y  2  h o u r s  u n t i l  1 0  P M .  An I S C O  a u t o m a t i c  

s a m p l e r  was s e t  t o  r u n  e v e r y  h a l f  h o u r  f o r  24 s a m p l e s  f r o m  1 0 : 3 0  

AM t o  10:OO PM o n  S a t u r d a y .  A  t o t a l  o f  85  s a m p l e s  w e r e  t a k e n  a n d  

p r e s e r v e d  f o r  f l u o r e s c e n c e  a n a l y s i s .  

M r .  G r e g  J o n e s  h a d  o b t a i n e d  t h e  l o a n  o f  a  f l u o r o m e t e r  f r o m  

t h e  USGS i n  Tampa. The  h o p e  was t h a t  t h e  S u l p h u r  S p r i n g s  d y e  

t e s t i n g  e f f o r t  c o u l d  b e  e n h a n c e d  i f  a  f l u o r o m e t e r  was r e a d i l y  

a v a i l a b l e .  U n f o r t u n a t e l y ,  t h e  p i e c e  o f  e q u i p m e n t  was o l d  a n d  

d i f f i c u l t y  was o b t a i n e d  f i r s t  i n  g e t t i n g  i t  t o  r u n  a n d  t h e n  i n  

h a v i n g  r e l i a b i l i t y .  E v e n t u a l l y ,  i t  was c o e r c e d  i n t o  p r o d u c i n g  

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

c o n c e n t r a t i o n  t e s t i n g  was n o t  p o s s i b l e .  



F i e l d  N o t e s  a n d  O b s e r v a t i o n s  
F r i d a y ,  May 1 9 ,  1 9 8 9  
5 : 0 0  PM D e x t e r  Huc s e t  d y e  i n  J a s m i n e  S i n k ,  RW 
6 : 0 0  PM J a s m i n e ,  J a s m i n e  1 ,  2,  3 ,  P l e s s ,  C h u r c h ,  9 2 4 ,  O r c h i d  1 ,  

2 ,  RW 
7 : 0 0  PM I n i t i a l  s a m p l e s  t a k e n  A l a s k a ,  H a r b o r  H o u s e  a n d  S u l p h u r ,  

J a s m i n e ,  1,  2,  & 3 ,  P l e s s ,  C h u r c h ,  9 2 4 ,  O r c h i d  1  & 2  RW. 
8 : 0 0  PM J a s m i n e ,  1, 2,  & 3 ,  P l e s s ,  C h u r c h ,  9 2 4 ,  O r c h i d  1  & 2  RW. 
9 : 0 0  PM J a s m i n e ,  1,  2 ,  & 3 ,  P l e s s ,  C h u r c h ,  9 2 4 ,  O r c h i d  1  & 2  RW. 
10:OO PM J a s m i n e ,  1, 2 ,  & 3 ,  P l e s s ,  C h u r c h ,  9 2 4 ,  O r c h i d  1 & 2  RW. 

J a s m i n e ,  A1 a s k a ,  S u l p h u r ,  RW 
S a t u r d a y ,  May 20 ,  1 9 8 9  
2 : 0 0  PM J a s m i n e  WL r a i s e d  a n d  l o w e r e d  0 . 2 5  f t .  W a t e r  s t a i n  

e v i d e n t  r e a s o n  u n k n o w n ?  R a i n ?  No g r e e n  d y e  i s  e v i d e n t  
a t  S u l p h u r .  Dye  i s  g o n e  f r o m  s i n k  FR. 

7 : 3 0  PM Need t o  g e t  C i t y  W a t e r  D e p a r t m e n t  pump f l o w r a t e .  F l o w  
o v e r  s p i l l w a y  a b o u t  3 . 4  c f s  o r  2 . 2  mgd. S o u t h e r n  h a l f  
o f  p o o l  h a s  u n u s u a l  g r e e n  t i n t  m o r e  so  t h a n  n o r t h  h a l f .  
T o o k  g r a b  s a m p l e  2 6 . 5  h r s . ,  RW 

7 : 4 0  PM Opened  p l u g  a t  H a r b o r  House  W e l l  - a b o u t  1 . 0  gpm, RW 
9 : 3 0  PM D e f i n i t e  v i s u a l  c o n f i r m a t i o n  o f  g r e e n  d y e !  2 8 . 5  h r . + ,  RW 
1 1 : l O  PM Dye  s t i l l  v i s i b l e ,  RW & DC 
1 1 : 3 0  PM J a s m i n e  WL 1 0 . 0  C u r i o s i t y  WL 2 0 . 3 ,  RW 
S u n d a y ,  May 21 ,  1 9 8 9  
4 : 0 0  AM P o o l  s t i l l  h a s  g r e e n  c o l o r ,  DC 

Due t o  p r o b l e m s  g e t t i n g  t h e  USGS f l u o r o m e t e r  t o  f u n c t i o n  f o r  

t h e  t e s t ,  an  a t t e m p t  was made t o  e s t i m a t e  t h e  c o r r e c t  t i m e  o f  

a r r i v a l  b y  c o m p a r i s o n s  t o  t h e  1 9 8 7  O r c h i d  t e s t .  D u r i n g  t h a t  t e s t  

d y e  i n t r o d u c e d  a t  O r c h i d  S i n k  was v i s i b l e  a t  S u l p h u r  S p r i n g s  f o r  

a b o u t  9 . 0  h o u r s .  The  d y e  p e a k e d  i n  c o n c e n t r a t i o n  a b o u t  6 . 0  h o u r s  

a f t e r  t i m e  o f  a r r i v a l .  The  p e a k  t o o k  p l a c e  3 . 0  h o u r s  a f t e r  a 

v i s i b l e  c o n c e n t r a t i o n  was r e a c h e d .  See A p p e n d i x  L .  

U s i n g  t h i s  p r e v i o u s  C i t y  t e s t  a s  a  g u i d e  t h e  f o l l o w i n g  

c o m p a r i s o n  was made.  

T i m e  o f  V i s i b i l i t y  V i s i b i l i t y  
A r r i v a l  S t a r t  P e a k  End  



T h e r e f o r e ,  f r o m  t h i s  c u r v e  f i t t i n g  c o m p a r i s o n  t o  t h e  O r c h i d  

t e s t  o f  1987 a n d  i n  t h e  a b s e n c e  o f  f l u o r o m e t e r  a n a l y s i s  i t  i s  

e s t i m a t e d  t h e  t i m e  o f  a r r i v a l  was a b o u t  2 3 . 5  h o u r s .  A  2 4 . 2 5  t i m e  

o f  a r r i v a l  h a d  b e e n  p r e d i c t e d  s o  t h i s  was e x c e l l e n t  c o r r e l a t i o n  o f  

d a t a  o f  t h e  J a s m i n e  t o  S u l p h u r  S p r i n g s  c o n n e c t i o n .  S i n c e  a  r i s e  

i n  w a t e r  l e v e l  a t  J a s m i n e  o c c u r r e d  a f t e r  t h e  d y e  h a d  b e e n  s e t  i t  

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

t h a t  w e n t  u n d e t e c t e d .  R e g a r d l e s s ,  a s l i g h t  r i s e  i n  w a t e r  l e v e l  

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

r e d u c e d  t r a v e l  t i m e  s l i g h t l y .  P r e c i s i o n  o f  1 - 2  h o u r s  i n  

p r e d i c t a b i l i t y  o v e r  7 , 5 0 0  f e e t  a t  t h i s  p o i n t  was deemed a c c e p t a b l e  

r e s u l t s .  

The  d y e  a r r i v e d  a t  S u l p h u r  S p r i n g s  b a s e d  on  v i s u a l  e s t i m a t e s  

a t  2 6 . 5  h o u r s .  The  d y e  was p l a i n l y  v i s i b l e  up  t o  3 5  h o u r s  a f t e r  

p l a c e m e n t .  The  C i t y  W a t e r  D e p a r t m e n t  h a d  b e e n  p u m p i n g  t h e  p o o l  

f o r  a t  l e a s t  a  week  s o  t h e  w h o l e  N o r t h  Tampa s y s t e m  up  t o  

C u r i o s i t y  S i n k  h a d  s t a b i l i z e d .  T h i s  t e s t  t h o u g h  n o t  p e r f o r m e d  a t  

e x p e c t e d  h e a d  c o n d i t i o n s  y i e l d e d  m o r e  d a t a  on t h e  s y s t e m .  

Much m o r e  c o n f i d e n c e  as t o  t r a v e l  t i m e  p r e d i c t a b i l i t y  h a s  

b e e n  g a i n e d  t h r o u g h  t h e s e  d y e  t e s t s .  

V I I .  T R A V E L  T I M E  C A L C U L A T I O N S :  

I n  a n  e f f o r t  t o  b e t t e r  u n d e r s t a n d  t h e  a q u i f e r  s y s t e m  and  t o  

p r e d i c t  t h e  f l o w r a t e s  o f  w a t e r  f r o m  u p s t r e a m  s i n k h o l e s  t o  S u l p h u r  

S p r i n g s ,  a  c r u d e  m o d e l i n g  a t t e m p t  was made.  S i m p l i f y i n g  

a s s u m p t i o n s  i n c l u d e d  t h a t  t h e  f l o w  c o n d u i t  f r o m  C u r i o s i t y  t o  

J a s m i n e  t o  O r c h i d  t o  A l a s k a  t o  S u l p h u r  was f a i r l y  w e l l  d e v e l o p e d .  
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T h i s  h a d  b e e n  e v i d e n c e d  b y  t h e  h i s t o r i c  d y e  t e s t  a n d  t h e  

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

T h e r e f o r e ,  s i n c e  t h e  s y s t e m  seemed t o  a c t  a s  an  u n d e r g r o u n d  

c o n d u i t  w i t h  s e v e r a l  " w i n d o w s "  t o  t h e  a q u i f e r  M a n n i n g ' s  e q u a t i o n  

was t e s t e d  f o r  g e n e r a 1  a p p l i c a b i l i t y .  

M a n n i n g ' s  e q u a t i o n  i s  a n  e m p i r i c a l l y  d e r i v e d  r e l a t i o n s h i p  

b e t w e e n  t h e  f o l l o w i n g  c o m p o n e n t s :  

Where  V = v e l o c i t y  f t / t i m e  u n i t  
n  = c o e f f i c i e n t  o f  r o u g h n e s s  
R = h y d r a u l i c  r a d i u s  = w e t t e d  p e r i m e t e r  

d i a m e t e r  
S = s l o p e  f t / f t  

V e l o c i t i e s  h a v e  b e e n  e s t a b l i s h e d  q u i t e  e a s i l y  a n d  seem t o  b e  

f a i r l y  c o n s t a n t  o v e r  a  3 0  y e a r  s p a n .  The  s l o p e  o r  h y d r a u l i c  

g r a d i e n t  i s  known  b a s e d  on  s u r v e y  d a t u m  e x i s t i n g  t h r o u g h o u t  N o r t h  

Tampa a t  t h e  a q u i f e r  " w i n d o w s " .  The c o e f f i c i e n t  o f  r o u g h n e s s  and  

h y d r a u l i c  r a d i u s  a r e  unknown  d u e  t o  t h e  s u b t e r r a n e a n  n a t u r e  o f  t h e  

c o n d u i t .  Y e t  t h e  t w o  knowns  c a n  b e  c a l c u l a t e d  i n  t o  t h e  e q u a t i o n  

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

f o r  t h e  s y s t e m .  

H e n c e  f o r  t h e  J a s m i n e  I t e s t  t h e  f o l l o w i n g  was c a l c u l a t e d .  

V e l o c i t y :  7 , 5 0 0  f t  d i v i d e d  b y  22  h r s .  = 3 4 1  f t / h r  

S l o p e :  J a s m i n e  1 2 . 0  - SS 7 . 4 5  = 4 . 5 5  f t  

4 . 5 5  f t  d i v i d e d  b y  7 , 5 0 0  = 0 . 0 6 0 6 7 %  

R e c o n f i g u r i n g  t h e  e q u a t i o n  t o  s o l v e  f o r  t h e  u n k n o w n  we f i n d :  

RU C o n s t a n t  = - v 
n  1 . 4 8 6 ( ~ ) ~ \ ~  



T h e r e f o r e ,  t h e  u n k n o w n  c o e f f i c i e n t  o f  r o u g h n e s s  a n d  h y d r a u l i c  

r a d i u s  o f  t h e  a q u i f e r  f l o w  s y s t e m  h a v e  a  c o n s t a n t  v a l u e  i n  t h e  

J a s m i n e  t o  S u l p h u r  S p r i n g s  r u n  o f  ~ ~ \ ~ / n  = 9 3 1 6 .  

T a k i n g  t h i s  v a l u e  a n d  m a n i p u l a t i n g  t h e  S v a l u e  o r  h y d r a u l i c  

g r a d i e n t  we c a n  now s e e  v a r y i n g  v a l u e s  o f  v e l o c i t y .  I n  f a c t  t h i s  

was w h a t  was u s e d  t o  p r e d i c t  t h e  t r a v e l  t i m e  f o r  J a s m i n e  11. 

S = ( J a s m i n e  1 0 . 0 - S u l p h u r  6 . 2 5  f t )  d i v i d e d  b y  7 , 5 0 0  = 0 . 0 0 0 5  

V = 1 . 4 8 6  ( ~ ~ \ ~ / n )  s 1 j 2  

= 1 . 4 8 6  ( 9 3 1 6 )  ( o . o o o ~ ) ~ \ ~  

T a k i n g  t h e  p r e d i c t e d  v e l o c i t y  a n d  c a l c u l a t i n g  t h e  t r a v e l  t i m e  i s  

a s  f o l l o w s :  

D i s t a n c e  = V e l o c i t y  x T i m e  

T i m e  = D i s t a n c e  
V e l o c i t y  

T i m e  = 7 , 5 0 0  f t  d i v i d e d  b y  3 0 9 . 5  f t / h r  = 2 4 . 2 3  h r s  

s  aY 

2 4 . 2 5  h r s .  

T h i s  i s  how t h e  p r e v i o u s l y  p r e d i c t e d  t i m e  o f  a r r i v a l  f o r  J a s m i n e  

I 1  was c a l c u l  a t e d .  

The  same c a l c u l a t i o n s  w e r e  p e r f o r m e d  u p o n  t h e  A l a s k a  t o  

S u l p h u r  S p r i n g s  d y e  t e s t .  The A l a s k a  I t e s t  was i n i t i a t e d  w i t h  a  

h y d r a u l i c  g r a d i e n t  o f  A l a s k a  8 . 6 3 ~  t o  S u l p h u r  S p r i n g s  7 . 6 4  o r  a  

d e l t a  o f  1 . 0  f t .  T h i s  d i s t a n c e  i s  1 , 8 0 0  f e e t ,  t h e r e f o r e  t h e  s l o p e  

i s  0 . 0 0 0 5 5 6 .  The  v e l o c i t y  was 1 , 8 0 0  f e e t  d i v i d e d  b y  6  h o u r s  o r  

3 0 0  f t / h r .  



U s i n g  t h i s  i n f o r m a t i o n  and  s o l v i n g  f o r  t h e  unknown  a q u i f e r  

c o n s t a n t  n  a n d  R we f i n d .  

(@) c o n s t a n t  = V 
n  1 . 4 8 6 ( ~ ) ~ \ ~  

- - 3 0 0  
1 . 4 8 6  (O.OOO556) = 8 ,562  

D u r i n g  t h e  A l a s k a  I 1  t e s t  w i t h  t h e  S u l p h u r  S p r i n g s  g a t e s  o p e n  

a f t e r  1 h o u r  t h e  h y d r a u l i c  g r a d i e n t  was 2 . 9 8  f t  ( A l a s k a  5 . 4 9  - 

S u l p h u r  2 . 5 1 ) .  U s i n g  t h i s  r e v i s e d  g r a d i e n t  o f  S = 2 . 9 8 / 1 8 0 0  = 

0 . 0 0 1 6 5 5 6 .  

S o l v i n g  f o r  t h e  v e l o c i t y  a t  t h i s  a r t i f i c i a l l y  i n d u c e d  h e a d :  

V = 1 . 4 8 6  ( ~ ~ \ ~ / n )  s ~ \ ~  

= 1 . 4 8 6  ( 8 5 6 2 )  ( 0 . 0 0 1 6 5 5 6 ) ~ \ ~  

= 5 1 7 . 7  f t / h r .  

T i m e  o f  a r r i v a l  t h e r e f o r e  i s :  

T i m e  = D i s t a n c e  = 1 , 8 0 0  f t  = 3 . 4 8  h o u r s  
V e l o c i t y  5 1 7 . 7  f t / h r  

When t h i s  c a l c u l a t e d  t i m e  o f  a r r i v a l  i s  c o m p a r e d  t o  t h e  

o b s e r v e d  d a t a  t h e  c o r r e l a t i o n  i s  n o t h i n g  s h o r t  o f  e x c e l l e n t !  The  

m y s t e r y  o f  t h e  s y s t e m  i s  r e v e a l i n g  i t s e l f .  

V I I I .  WATER Q U A L I T Y  S A M P L I N G :  

A  " W a t e r  Q u a l i t y  S a m p l i n g  P l a n  f o r  A l a s k a  a n d  S u l p h u r  

S p r i n g s "  was p r e p a r e d  f o r  SWFWMD t o  be  r e v i e w e d  and  a p p r o v e d  as  a  

b a s i s  f o r  e x e c u t i n g  t h e  s t u d y .  See A p p e n d i x  U .  As o r i g i n a l l y  

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

a n d  S u l p h u r  S p r i n g s .  W a t e r  Q u a l i t y  t e s t i n g  was t o  t a k e  p l a c e  

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

- 2 8 -  



A l a s k a  w o u l d  h a v e  c e r t a i n  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  a n d  t h e s e  

c o u l d  b e  c o m p a r e d  t o  S u l p h u r  S p r i n g s  t o  s e e  1) how w a t e r  q u a l i t y  

r e a c t s  a s  t h e  f l o w  p r o g r e s s e s  f r o m  n o r t h  t o  s o u t h  a n d  2 )  how w a t e r  

q u a l i t y  m i g h t  c h a n g e  f r o m  d r y  s e a s o n  t o  w e t  s e a s o n .  

T h e  s t u d y  o r i g i n a l l y  b u d g e t e d  4 t e s t s  a t  2 l o c a t i o n s  f o r  .a 

t o t a l  o f  8 w a t e r  q u a l i t y  c o m p o s i t e  s a m p l e s .  T h e  s a m p l e s  w e r e  t o  

b e  t a k e n  b y  t r a i n e d  v o l u n t e e r  l a b o r  w i t h  a  c o n t r a c t  l a b o r a t o r y  

b e i n g  p a i d  f o r  t h e  a n a l y t i c a l  w o r k .  H o w e v e r ,  M r .  Tom C a r d i n a l e ,  

L a b  M a n a g e r  o f  t h e  H i l l s b o r o u g h  C o u n t y  E n v i r o n m e n t a l  P r o t e c t i o n  

C o m m i s s i o n  o f f e r e d  t h e i r  l a b o r a t o r y  s e r v i c e s  a n d  t h u s  t h e  s t u d y  

w a s  a b l e  t o  e x t e n d  t o  4 t e s t s  f o r  4 l o c a t i o n s  a n d  m o r e  p a r a m e t e r  

a d d e d .  T h e  f u n d s  b u d g e t e d  f o r  w a t e r  q u a l i t y  a n a l y t i c a l  was 

d i v e r t e d  t o  b u y  m o r e  c o n c e n t r a t e d  f l o u r e s c e n t  d y e .  

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

w a t e r  c h a r a c t e r i s t i c s ,  a q u i f e r  c h a r a c t e r i s t i c s  a n d  u r b a n  r u n o f f  

c h a r a c t e r i s t i c s .  

G e n e r a l  W a t e r  Qua1 i t y  A a u i f e r  C h a r a c t e r i s t i c s  

C o l o r  
T u r b i d i t y  
T e m p e r a t u r e  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s  
T o t a l  C o l  i f o r m  
F e c a l  C o l  i f o r m  
F e c a l  S t r e p t o c o c c u s  
N i t r a t e  & N i t r i t e  NO3 + N O 2  
R e s i d u a l  S o l  i d s  
O i l  & G r e a s e  
L e a d  Pb 
C h r o m i u m  C r  

C a l c i u m  C a  
S o d i u m  Na 
M a g n e s i u m  Mg 
A1 k a l  i n i  t y  
S u l f a t e s  S O 4  
C h l o r i d e  C1 



T h e  i n t e n t  was t o  e x t e n d  t h e  w a t e r  q u a l i t y  t e s t i n g  t o  e a c h  

a q u i f e r  " w i n d o w "  c u r r e n t l y  known  i n  t h e  S u l p h u r  S p r i n g  s y s t e m .  

See F i g u r e  1 a n d  Map i n  A p p e n d i x  A. C u r i o s i t y  S i n k  t h o u g h  j u d g e d  

n o t  t o  b e  c o n n e c t e d  b y  t h e  C i t y  i n  1987 d o e s  h a v e  a  s p r i n g  w h i c h  

b o i l s  w a t e r  i n  t h e  r e a r  o f  t h e  11513 R a v i n e  D r i v e .  J a s m i n e  S i n k  

a n d  A l a s k a  S i n k  b o t h  h a v e  h i s t o r i c a l l y  b e e n  shown t o  b e  c o n n e c t e d  

t o  C u r i o s i t y  a s  w e l l  a s  S u l p h u r  S p r i n g s .  T h e r e f o r e ,  t h e s e  f o u r  

p o i n t s  c o n s t i t u t e  t h e  f o u r  b e s t  known  a c c e s s i b l e  p o i n t s  t o  t a k e  

w a t e r  q u a l i t y  m e a s u r e m e n t s  o f  t h e  a q u i f e r  a s  i t  moves  s o u t h  

t h r o u g h  N o r t h  Tampa.  

The  s t r a t e g y  a p p l i e d  was t o  s a m p l e  C u r i o s i t y  a t  t h e  b e g i n n i n g  

o f  t h e  t e s t .  W a i t  a b o u t  2 4  h o u r s  ( t h e  USGS p u b l i s h e d  2 5 . 4  h r s )  t o  

s a m p l e  J a s m i n e  ( a l s o  known  as  P o i n s e t t i a  o r  T r i n i t y  S p r i n g s )  a n d  

t h e n  w a i t  a b o u t  16 h o u r s  t o  s a m p l e  A l a s k a  a n d  t h e n  a n o t h e r  6 h o u r s  

t o  S u l p h u r  S p r i n g s .  W a t e r  s a m p l e s  w i t h  t h e  e x c e p t i o n  o f  C u r i o s i t y  

w e r e  t o  b e  2  h o u r s  c o m p o s i t e s  t o  a c c o u n t  f o r  v a r i a t i o n  i n  f l o w  a n d  

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

I f  a l l  w a t e r  was t a k e n  f r o m  t h e  same u n d e r g r o u n d  s t r e a m  a t  

v a r i o u s  p o i n t s  t h e n  h o p e f u l l y  a n y  i n c r e a s e  i n  c o n s t i t u e n t s  f r o m  

n o r t h  t o  s o u t h  m i g h t  p o i n t  t o  i n p u t s  t o  t h e  s y s t e m  a n d  may p o i n t  

t h e  way t o  f i n d i n g  a  s o u r c e  o f  c o n t a m i n a t i o n .  S i m i l a r l y ,  t e s t s  

w e r e  t o  b e  v a r i e d  a s  t o  r a i n f a l l .  The  f i r s t  t e s t  was a  d r y  

w e a t h e r  t e s t  a n d  t h e  o t h e r  b e g i n n i n g ,  m i d d l e  a n d  e n d  o f  t h e  w e t  

s e a s o n .  I n  t h i s  m a n n e r  t h e  w a t e r  q u a l i t y  o f  t h e  s y s t e m  c o u l d  b e  

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



I X .  W A T E R  Q U A L I T Y  T E S T  # 1  D R Y  W E A T H E R :  

T h e  f i r s t  w a t e r  q u a l i t y  t e s t  was t o  b e  p e r f o r m e d  i n  May t o  

e s t a b l i s h  t h e  d r y  w e a t h e r  w a t e r  q u a l i t y  o f  A l a s k a  and  S u l p h u r  

S p r i n g s .  S i n c e  t h e  H i l l s b o r o u g h  C o u n t y  E n v i r o n m e n t a l  P r o t e c t i o n  

C o m m i s s i o n  h a d  v o l u n t e e r e d  l a b o r a t o r y  s e r v i c e s  t h e  s c o p e  o f  t h e  

s a m p l i n g  was e x t e n d e d .  Two o t h e r  u p s t r e a m  a q u i f e r  w i n d o w s  w e r e  

a d d e d ;  C u r i o s i t y  a n d  J a s m i n e .  Due t o  t h e  d e l a y s  i n  g e t t i n g  

p e r m i s s i o n  t o  p e r f o r m  t h e  J a s m i n e  I 1  d y e  t e s t ,  t h e  w a t e r  q u a l i t y  

t e s t i n g  was n o t  p e r f o r m e d  u n t i l  t h e  f i r s t  week i n  J u n e .  The  

s a m p l i n g  was s c h e d u l e d  when w e a t h e r  r e p o r t s  i n d i c a t e d  r a i n  may b e  

o n  i t s  way .  B e t w e e n  t h e  A l a s k a  I 1  d y e  t e s t  a n d  t h i s  t e s t  

p r e p a r a t i o n s  w e r e  b e i n g  made t o  f a c i l i t a t e  s a m p l i n g  f o r  w a t e r  

q u a l i t y .  

A  d i v e r  was u s e d  t o  p l a c e  a  1 / 4 "  s u c t i o n  l i n e  i n  t h e  

u n d e r w a t e r  m o u t h  o f  S u l p h u r  S p r i n g s .  T h i s  l i n e  was w e i g h t e d  a n d  

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

d i s l o d g e  i t .  The  o t h e r  e n d  was t i e d  o f f  a t  a  l a d d e r  on t h e  

n o r t h s i d e  o f  S u l p h u r  S p r i n g s .  

I t  was i n t e n d e d  t h a t  d i v e r s  w o u l d  s e t  a l l  o f  t h e  s u c t i o n  as  

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

w a t e r  q u a l i t y  d a t a  r e p r e s e n t i n g  t h e  u n d e r g r o u n d  s t r e a m  f l o w .  

A l a s k a  a n d  J a s m i n e  w e r e  p u t  i n  p l a c e  b y  d i v e r s ,  w e i g h t e d  a n d  t i e d  

o f f  a t  t h e  s u r f a c e .  T i m e  r a n  o u t  when w e a t h e r  r e p o r t s  p r e d i c t e d  

r a i n  a n d  t h e  C u r i o s i t y  S i n k  s u c t i o n  l i n e  h a d  t o  b e  s e t  b y  h a n d  

f r o m  t h e  s u r f a c e  w i t h  a  w e i g h t e d  r o c k .  



The s a m p l e s  w e r e  t a k e n  w i t h  a  p e r i s t a l t i c  pump t h a t  was 

h o o k e d  up  t o  f i r s t  p u r g e  t h e  l i n e  d o w n w a r d  t o  f l u s h  a n y  s o l i d s  

f r e e  a n d  t h e n  pumped f o r  1 5  m i n u t e s  t o  c l e a r  t h e  l i n e  f o r  

a n a l y t i c a l  s a m p l i n g .  F i e l d  m e a s u r e m e n t s  o f  pH a n d  t e m p e r a t u r e  

w e r e  t a k e n .  N o t e s  w e r e  made o n  t h e  w a t e r  l e v e l ,  c l a r i t y  o f  

s a m p l e ,  d u r a t i o n  o f  s a m p l e ,  l o c a t i o n  o f  s u c t i o n  l i n e  a n d  o t h e r  

p e r t i n e n t  i n f o r m a t i o n .  S i n c e  t h i s  was t h e  d r y  w e a t h e r  s a m p l e  w i t h  

n o  s t o r m w a t e r ,  g r a b  s a m p l e s  w e r e  t h e  o n l y  t h i n g  n e e d e d .  I t  t o o k  

a b o u t  1 2 - 1 5  m i n u t e s  t o  f i l l  a l l  s a m p l e  j a r s .  

A c c e s s  t o  C u r i o s i t y  S i n k  was p r o v i d e d  b y  M r .  Ron J e d d o n  o f  

1 1 5 1 3  N. R a v i n e  D r i v e .  He l o c a t e d  t h e  p o i n t  o f  t h e  s p r i n g  b o i l  

t h a t  i s  v i s i b l e  i n  t h e  p o n d  i n  h i s  b a c k y a r d .  See L o c a t i o n  Map 

A p p e n d i x  E .  T h i s  was w h e r e  t h e  s u c t i o n  l i n e  was l o w e r e d  t h e  d a y  

o f  t h e  s a m p l i n g .  The  w a t e r  c l a r i t y  a t  t h e  s u r f a c e  was t u r b i d  a n d  

m u r k y  w i t h  t e m p e r a t u r e  o f  27OC. The w a t e r  f r o m  t h e  s u c t i o n  l i n e  

p l a c e d  1 8  f e e t  d e e p  was c r y s t a l  c l e a r ;  no  t u r b i d i t y  a n d  

t e m p e r a t u r e  o f  25OC. 

A t  J a s m i n e  t h e  C i t y  p r o v i d e d  k e y s  f o r  a c c e s s  a n d  s i n c e  n o  

d i v i n g  was t o  b e  p e r f o r m e d  f o r  s a m p l i n g  i t  was n o t  n e c e s s a r y  t o  

n o t i f y  t h e  C i t y  o r  h a v e  t h e  p o l i c e  d i v e  t e a m  on  s t a n d b y  a s  was t h e  

c a s e  f o r  p r e v i o u s  d i v e s  a t  J a s m i n e  o r  S u l p h u r .  The  s u c t i o n  l i n e  

was l o c a t e d  a t  t h e  s p r i n g  s i d e  o f  t h e  s i n k  ( n o r t h  s i d e )  i n  a b o u t  

1 5  f e e t  o f  w a t e r .  

A t  A l a s k a  t h e  s u c t i o n  l i n e  was s e t  o n  t h e  n o r t h w e s t  c o r n e r  o f  

t h e  s i n k  i n  a b o u t  28  f e e t  o f  w a t e r .  T h i s  c o r n e r  was c h o s e n  b y  t h e  

d i v e r s  a s  t h a t  m o s t  l i k e l y  t o  b e  n e a r  t h e  f r e s h w a t e r  f l o w  i n t o  t h e  

s i n k .  
- 3 2 -  



C u r i o s i t y ,  J a s m i n e ,  A l a s k a  a n d  S u l p h u r  w e r e  f o u r  p o i n t s  known 

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

s o u t h  t h r o u g h  N o r t h  Tampa t o  i t s  o u t f a l l  a t  t h e  p o o l .  I t  was 

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

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

q u a l i t y  c o u l d  b e  o b t a i n e d .  V a r y i n g  w a t e r  q u a l i t y  o v e r  d i s t a n c e  

m i g h t  p o i n t  t o  w h e r e  t h e  d e g r a d i n g  i n p u t s  a r e  t a k i n g  p l a c e .  The  

f i r s t  s a m p l e  a t  C u r i o s i t y  was t a k e n  a t  t i m e  ( T = O )  t h e n  t h e  J a s m i n e  

s a m p l e  w o u l d  b e  t a k e n  a b o u t  T=24  (USGS p u b l i s h e d  2 5 . 4  h r s )  w i t h  

A l a s k a  a t  T=40  ( 6  h r s  up  s t r e a m  o f  S u l p h u r )  a n d  S u l p h u r  a t  T=46  

( 2 2  h o u r s  f r o m  J a s m i n e ) .  T h e r e f o r e ,  w a t e r  q u a l i t y  c a n  b e  

m o n i t o r e d  a s  t h e  u n d e r g r o u n d  s t r e a m  f l o w s  t h r o u g h  N o r t h  Tampa. 



WATER Q U A L I T Y  TEST # 1  DRY WEATHER 

SUMMARY TABLE 

C u r i o s i t y  J a s m i n e  A1 a s k a  S u l  ~ h u r  
G e n e r a l  W .  Q. 
D a t e / T i m e  6 / 5 / 8 9  9 : 4 8  A M  6 / 6 / 8 9  7 : 4 5  AM 6 / 7 / 8 9  8 : 4 5  AM 6 / 7 / 8 9  7 : 3 9  AM 

PH 7 . 3 4  7 . 2 0  
C o l o r  P t / C o  5  5  
T u r b i d i t y  NTU 1 4  
T e m p e r a t u r e  O C  2 5 . 0  2 5 . 0  

A a u i f e r  C h a r a c t e r i s t i c s  ( m s / l  u n l e s s  n o t e d ) :  

C a l c i u m  Ca 
S o d i u m  Na 
M a g n e s i u m  Mg 
A l k a l i n i t y  
S u l f a t e s  SO4 
C h l o r i d e s  C1 
F l u o r i d e s  F 
P o t a s s i u m  K 

U r b a n  R u n o f f  C h a r a c t e r i s t i c s  

T o t a l  C o l i f o r m  T c  
# / l o 0  m l  8 
F e c a l  C o l  i f o r m  F c  
# / l o 0  m l  < 4  
F e c a l  S t r e p t o c o c c u s  FC 
# / I 0 0  m l  3 6  
N i t r a t e  & N i t r i t e  
N02 ,  No3  0 . 4 2  
R e s i d u a l  S o l i d s  2 1 6  
O i l  & G r e a s e  O & G  < 0 . 1  
L e a d  Pb u g / l  < 2 0  
C h r o m i u m  C r  u g / l  ( 4 0  

C o m m e n t s :  WL 1 9 . 7 5  WL 9 . 7  WL 8 . l ( e s t )  WL 6 . 5  

1 2  m i n u t e s  1 5  m i n u t e s  1 5  m i n u t e s  1 5  m i n u t e s  
S a m p l  e  S a m p l  e  S a m p l  e  S a m p l e  

S u c t i o n  L i n e  S u c t i o n  S u c t i o n  S u c t i o n  
1 8  f t  d e e p  l i n e  1 5  f t  d e e p  28 f t  d e e p  2 8  f t  d e e p  

S p r i n g  N / s i d e  N/E c o r n .  c e n t e r  
s p r i n g  

m o v e d  u p  d u e  t o  r a i n  



T h e  f i r s t  s a m p l e  was t a k e n  a t  C u r i o s i t y  o n  J u n e  5 ,  1 9 8 9 ,  9 : 4 8  

A M .  J a s m i n e  was s a m p l e d  o n  J u n e  6 ,  1 9 8 9  a t  7 : 4 5  AM b u t  o n  t h a t  

a f t e r n o o n  a  r a i n f a l l  e v e n t  o c c u r r e d .  The r a i n f a l l  e v e n t  o c c u r r e d  

a b o u t  1  - 3 PM on  J u n e  6 ,  1 9 8 9 .  I t  was l a t e r  f o u n d  t h a t  1 . 1  

i n c h e s  o f  r a i n f a l l  f e l l  i n  N o r t h  Tampa. 

F i e l d  n o t e s  on  6 / 7 / 8 9  r e c o r d e d  t h a t  O r c h i d  S i n k  h a d  t h e  

a p p e a r a n c e  t h a t  a b o u t  5 . 0 5  (WL 1 6 . 0 ~ )  f e e t  o f  w a t e r  h a s  b e e n  

p r e s e n t  b u t  t h a t  i t  was d r y  o n  t h a t  d a t e .  The  w a t e r  l e v e l  a t  

A l a s k a  r o s e  a n d  f e l l  a b o u t  a b o u t  1 . 5  f e e t  (WL 8 . 1  - 9 . 6 ~ )  a t  t h e  

same t i m e .  No e v i d e n c e  o f  a s u r g e  was r e c o r d e d  a t  t h e  S u l p h u r  

S p r i n g s  P o o l .  S i n c e  t h e  r a i n f a l l  e v e n t  o c c u r r e d  on  t h e  a f t e r n o o n  

o f  J u n e  6 ,  1 9 8 9  i t  was d e c i d e d  t o  s a m p l e  S u l p h u r  S p r i n g s  f i r s t  a n d  

t h e n  s a m p l e  A l a s k a .  So e a r l y  i n  t h e  m o r n i n g  S u l p h u r  was s a m p l e d  

f o l l o w e d  b y  A l a s k a .  S a m p l e  s e q u e n c e  was a b o u t  t h e  f o l l o w i n g :  

C u r i o s i t y  T=O, J a s m i n e  T = 2 2 ,  A l a s k a  T = 4 7 ,  S u l p h u r  S p r i n g  T = 4 6 .  

The  W a t e r  Q u a l i t y  # 1  r e s u l t s  a r e  shown i n  Summary T a b l e  on  

t h e  n e x t  p a g e  a n d  on H i l l s b o r o u g h  C o u n t y  E n v i r o n m e n t a l  P r o t e c t i o n  

C o m m i s s i o n  L a b o r a t o r y  s h e e t s  i n  A p p e n d i x  E .  The  w a t e r  a p p e a r e d  t o  

show some i n c r e a s e  i n  c o n t a m i n a t i o n  l e v e l s  a s  i t  moves  s o u t h .  

T h e  g e n e r a l  w a t e r  q u a l i t y  p a r a m e t e r s  showed  l i t t l e  v a r i a n c e  

f o r  pH, c o l o r ,  t u r b i d i t y  a n d  t e m p e r a t u r e .  The  a q u i f e r  

c h a r a c t e r i s t i c s  showed  u n i f o r m  i n c r e a s e  i n  a l l  c o n c e n t r a t i o n s  w i t h  

t h e  e x c e p t i o n  o f  A l a s k a  f o r  S o d i u m ,  M a g n e s i u m  a n d  C h l o r i d e .  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s  a l l  i n c r e a s e d  f r o m  n o r t h  t o  

s o u t h  w i t h  some e x c e p t i o n s .  I n  n o  c a s e  was L e a d  o r  C h r o m i u m  

p r e s e n t  a b o v e  d e t e c t a b l e  c o n c e n t r a t i o n .  F e c a l  S t r e p ,  R e s i d u a l  
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S o l i d s  a n d  o i l  a n d  g r e a s e  a l l  i n c r e a s e d  f r o m  C u r i o s i t y  t o  J a s m i n e ,  

d i m i n i s h e d  t o  A l a s k a  and  t h e n  r o s e  a g a i n  t o  S u l p h u r .  

I t  a p p e a r s  a s  t h o u g h  t h e  C u r i o s i t y  s i t e  was a  v a l i d  l o c a t i o n  

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

w i t h  t h e  e x c e p t i o n  o f  pH a n d  t e m p e r a t u r e .  Due t o  t h e  c l e a n u p  

a c t i v i t i e s  a t  A l a s k a  S i n k  i t  i s  n o t  known  i f  t h e  c o n n e c t i o n  t o  t h e  

a q u i f e r  h a s  b e e n  a i d e d  o r  i m p e d e d .  A  l a t e r  s e c t i o n  w i l l  d e t a i l  

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

Some o f  t h e  A l a s k a  c o n c e n t r a t i o n  f o r  F e c a l  S t r e p ,  

N i t r a t e / N i t r i t e ,  R e s i d u a l  S o l i d s  and  O i l  a n d  G r e a s e  a p p e a r  n o t  t o  

f i t  t h e  s e q u e n c e .  The  b a c t e r i a  i n c r e a s e  a p p e a r s  t o  b e  s t o r m w a t e r  

r e 1  a t e d .  

O t h e r  w a t e r  q u a l i t y  d a t a  o b t a i n e d  f r o m  t h e  C i t y  o f  Tampa 

W a t e r  D e p a r t m e n t  i n d i c a t e s  t h a t  d u r i n g  t h e  p e r i o d  o f  p o o l  p u m p i n g  

f r o m  May 1 6  t o  J u n e  6 ,  ( S e e  A p p e n d i x  0 ) .  T o t a l  c o l i f o r m  b a c t e r i a  

l e v e l s  r a n g e d  f r o m  2 0 0  t o  n o n - d e t e c t a b l e  ( B a t h i n g  S t a n d a r d  < 1 0 0 0 ) .  

I t  was somewhat  f o r t u i t o u s  t h a t  t h e  C i t y  W a t e r  D e p a r t m e n t  was 

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

s o u r c e  o f  b a c t e r i a  w e r e  s e p t i c  t a n k s  o r  l e a k i n g  s a n i t a r y  s e w e r  

l i n e s  i t  w o u l d  seem t h a t  t h i s  s u s t a i n e d  d r a w d o w n  o f  t h e  s y s t e m  

w o u l d  p u l l  t h e m  i n t o  t h e  p o o l .  No b a c t e r i a  s p i k e s  o c c u r r e d  u n t i l  

a f t e r  t h e  r a i n f a l l  o f  J u n e  6 ,  1989.  The  f l o w r a t e  o f  t h e  C i t y  Pump 

i s  19.8  mgd a n d  t h e  f l o w  o v e r  t h e  w e i r  was e s t i m a t e d  t o  b e  2 . 2  f o r  

a t o t a l  f l o w  o f  2 2 . 0  mgd. 

T h e r e f o r e ,  t h e  f i r s t  w a t e r  q u a l i t y  s a m p l e  t a k e n  a t  S u l p h u r  

S p r i n g s  w h i c h  e x h i b i t e d  t o t a l  c o l i f o r m  a t  1 4 0 0  was p r o b a b l y  
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r a i n f a l l  i n f l u e n c e d  a n d  n o t  a  t r u e  d r y  w e a t h e r  s a m p l e  d u e  t o  t h e  

p r e m a t u r e  a r r i v a l  o f  a  r a i n f a l l  e v e n t .  

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

h e a d  a t  O r c h i d  a n d  t h e  d e p r e s s e d  w a t e r  l e v e l  a t  S u l p h u r  S p r i n g s  

w o u l d  b e  c a l c u l a t e d  a s  f o l l o w s :  

( 1 6 . 0  O r c h i d  - 6 . 5  S u l ~ h u r )  
S  = 6 4 0 0  = 0 . 0 0 1 4 8 4  

( ~ ~ \ ~ / n )  C o n s t a n t  = Same a s  f o r  J a s m i n e  t o  S u l p h u r  

1 1 . 4 8 6 )  ~ ~ \ ~ / n  ( S )  
V = 1 . 4 8 6  ( 9 3 1 6 )  ( 0 , 0 0 1 4 8 4 )  l i 2 = 5 3 3  f t / h r  

T i m e  = D i s t a n c e  = 6 4 0 0  f t  = 1 2 . 0  h o u r s  
V e l o c i t y  533  f t / h r  

U s i n g  o n e  h a l f  o f  t h e  h e a d  a t  ( 1 3 . 5  f t )  O r c h i d  t o  a l l o w  f o r  

f a l l i n g  h e a d  c o n d i t i o n s  t h e  t i m e  o f  a r r i v a l  c o u l d  h a v e  b e e n  1 4 t  

h o u r .  

S i n c e  r a i n  f e l l  o n  t h e  a f t e r n o o n  o f  J u n e  6 ,  1 9 8 9  b e t w e e n  1 - 

3  P M  n o m i n a l l y  2  PM) t h e n  t i m e  o f  a r r i v a l  c o u l d  h a v e  b e e n  as  

l i t t l e  a s  1 2 . 0  - 1 4 . 0  h o u r s .  The  b a c t e r i a  s p i k e  c o u l d  h a v e  

s t a r t e d  a t  2 : 0 0  - 4 : 0 0  AM on  J u n e  7 ,  1 9 8 9  t h u s  a  v a l u e  o f  1 4 0 0  

t o t a l  c o l i f o r m  a t  7 : 3 9  A M  w o u l d  b e  a r e a s o n a b l e  r e s u l t  a f t e r  t h e  

i n p u t  o f  s t o r m w a t e r  t o  t h e  s y s t e m  a t  O r c h i d  a n d / o r  J a s m i n e .  

T h o u g h  n o t  e n t i r e l y  a s  d e s i r e d  t h e  f i r s t  w a t e r  q u a l i t y  t e s t  

y i e l d s  f u r t h e r  v a l u a b l e  i n f o r m a t i o n  a b o u t  t h e  s y s t e m .  

X .  WATER Q U A L I T Y  T E S T  #2 B E G I N N I N G  WET WEATHER: 

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

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

q u a n t i f y i n g  t h e  e f f e c t  o f  s t o r m w a t e r  i n p u t s  on  t h e  s y s t e m .  F o u r  
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s a m p l e s  w e r e  t o  b e  t a k e n  a t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a  a n d  S u l p h u r  

a s  b e f o r e .  H o w e v e r ,  a n  a d d i t i o n a l  1 2  b a c t e r i a  s a m p l e s  w e r e  t o  b e  

t a k e n  a t  t h e  p o o l  h o u r l y  t o  s e e  i f  t h e  a r r i v a l  o f  s t o r m w a t e r  f r o m  

J a s m i n e  c o u l d  b e  p r e d i c t e d  a n d  o b s e r v e d .  

O n  J u l y  1 9 ,  1 9 8 9  f o l l o w i n g  a  r a i n f a l l  e v e n t  a t  a b o u t  5 : 0 0  - 

7 : 0 0  P M  1 g a l l o n  o f  d y e  was  pumped v i a  p e r i s t a l t i c  pump a n d  

s u c t i o n  l i n e  i n t o  J a s m i n e .  

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

J a s m i n e  s i n k  w a s  u s e d .  T h e r e  w o u l d  b e  up  t o  a  1 - 2  h o u r  l a g  t i m e  

i n  t h e  s i n k  f o r  t h i s  d y e  t o  move t o  t h e  s y p h o n  s i d e  a n d  e x i t  t o  

t h e  a q u i f e r .  A w a t e r  q u a l i t y  g r a b  s a m p l e  w a s  t a k e n  f r o m  J a s m i n e  

a t  9 : 0 5  t o  9 : 1 0  P M  p r i o r  t o  p u m p i n g  t h e  d y e  i n  a t  9 : 1 5  P M .  

S i n c e  t h i s  s a m p l e  w a s  t a k e n  o u t  o f  s e q u e n c e  f r o m  t h e  f o u r  

p o i n t  p r o g r a m ,  C u r i o s i t y  w a s  s a m p l e d  a s  a  g r a b  t h e  n e x t  m o r n i n g  a t  

a b o u t  1 0 : 4 5  A M .  

T h e  w a t e r  l e v e l  a t  J a s m i n e  w a s  a b o u t  1 2 . 0 ~  f t .  a n d  O r c h i d  h a d  

a t  l e a s t  2 . 0  + f e e t  o f  w a t e r  i n  i t  ( 1 3 . 2 t  f t . ) .  T h e  S u l p h u r  

S p r i n g s  p o o l  l e v e l  was  n o r m a l  ( 7 . 6 ~  f t . )  a s  no p u m p i n g  w a s  t a k i n g  

p l a c e .  C a l c u l a t i o n s  w e r e  made b a s e d  on t h e  h e a d  d i f f e r e n c e s  a n d  a  

2 2 . 0  h o u r  t i m e  o f  a r r i v a l  f r o m  J a s m i n e  t o  S u l p h u r  S p r i n g s  w a s  

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

a r r i v a l  a t  S u l p h u r  S p r i n g s  ( 7 / 1 8  9 : 1 5  P M  + 1 h r .  + 2 2  h r s .  = 8 : 1 5  

P M  7 / 1 9 ) .  A 2 h o u r  w a t e r  q u a l i t y  c o m p o s i t e  w a s  c e n t e r e d  a t  8 : 0 0  

P M  i n  S u l p h u r  S p r i n g s  f r o m  7 : 0 0  t o  9 : 0 0  P M .  T h e  A l a s k a  c o m p o s i t e  

w a s  2 h o u r s  t o  b e  c e n t e r e d  on 3 : 0 0  P M .  I t  w a s  a c t u a l l y  t a k e n  f r o m  

2 : 4 5  t o  4 : 3 0  P M .  C o m p o s i t e  s a m p l e s  w e r e  t a k e n  w i t h  5 a l i q u o t s  
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WATER Q U A L I T Y  TEST # 2  BEGINNING WET WEATHER 

SUMMARY TABLE 

C u r i o s i t y  J a s m i n e  A l a s k a  S u l  ~ h u r  
G e n e r a l  W .  Q. 7 / 1 9 / 8 9  2 : 4 5  PM 7 / 1 9 / 8 9  7:OOPM 
D a t e / T i m e  7 / 1 9 / 8 9  1 0 : 4 8  AM 7 / 1 8 / 8 9  9 :05PM 4 : 3 0  PM 4 :  00PM 

PH 7 . 4 2  6 . 9 2  
C o l o r  P t / C o  5 3  6  
T u r b i d i t y  NTU 1 1 3  
T e m p e r a t u r e  O C  2 5 . 5  2 5 . 0  

A a u i f e r  C a r a c t e r i s t i c s  (rnci/ l  u n l e s s  n o t e d ) :  

C a l c i u m  Ca 6 3  1 1 3  
S o d i u m  Na 8 . 0  1 0 3  
M a g n e s i u m  Mg 3 . 0  11 
A1 k a l i n i t y  1 4 8  2 5 8  
S u l f a t e s ,  SO4 1 2  1 
C h l o r i d e s  C1 1 5  2 1 0  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s  

T o t a l  C o l i f o r m  T c  
# / l o 0  m l  5 0  
F e c a l  C o l  i f o r m  F c  
# / l o 0  m l  3 0  
F e c a l  S t r e p t o c o c c u s  FC 
# / l o 0  m l  7 6 0  
N i t r a t e  & N i t r i t e  
NO29 NO3 0 . 1 1  
R e s i d u a l  S o l i d s  2 3 8  
O i l  & G r e a s e  O&G ~ 1 . 0  
L e a d  Pb u g / l  ( 2 0  
C h r o m i u m  C r  u g / l  < 2 0  

C o m m e n t s :  

C l e a r  w a t e r  A f t e r  r a i n f a l l  1 h r .  4 5  m i n .  N o r m a l  2  h r  
1 0  m i n u t e  e v e n t  g r a b  1 c o m p o s i t e  c o m p o s i t e  
s a m p l  i n g  g a l  d y e  p u m p e d  
t i m e  i n  9 : 1 5  P.M. 



s l i g h t l y  l e s s  t h a n  a  q u a r t  each t o  produce 1 g a l l o n  of compos i t e .  

A c l e a n  g a l l o n  w a t e r  jug was used t o  c o n t a i n  t h e  sample and kep t  

on i c e .  

S i n c e  E P C  s u p p l i e d  12 e x t r a  b a c t e r i a  sample b o t t l e s  f o r  t h i s  

t e s t  i t  was de te rmined  they  would be c o l l e c t e d  h o u r l y  a t  Su lphur  

S p r i n g s  f o r  12 h o u r s .  The s t a r t  t ime was s e t  a t  a  22 h o u r  t ime  of 

a r r i v a l  from 5:00 P M  7/18 or a t  3:00 PM 7/19/89. In t h i s  way t h e  

e f f e c t  of  a  s to rmwate r  i n p u t  a t  Sulphur  S p r i n g s  cou ld  be a s s e s s e d .  

I t  was a n t i c i p a t e d  t h a t  t h e  dye would be v i s i b l e  a t  Su lphur  

S p r i n g s  s o  f l u o r e s c e n c e  samples were t aken  h o u r l y  wi th  t h e  

b a c t e r i a  samples .  The USGS recorded  t h e  f l o w r a t e  a t  Su lphur  

S p r i n g s  f o r  t h e  t e s t s  w a s  l a t e r  found t o  be between 37 c f s  (23.9 

MGD) and 38 c f s  (24.5 MGD). The hour ly  b a c t e r i a  and f l u o r e s c e n c e  

r e s u l t s  a r e  a s  f o l l o w s :  

J u l y  20, 21, 1989 

Time 
3:00 PM 
4:00 PM 
5:00 PM 
6:00 PM 
7:00 PM 
8:00 PM 
9:00 PM 
10:OO PM 
11:OO PM 
12:OO A M  
1:00 A M  
2:00 A M  

T o t a l  Col i form Fl ou resence  
250 4 %  
180 4 %  
360 4% 
700 5% 
8 5 0 5% 
1000 4 %  
7000 4% 

11000 Orchid Spike  5% 
9000 5% 

11000 Jasmine  Spike  5% 
9000 5% 
5000 5% 

T h i s  shows an i n i t i a l  i n c r e a s e  i n  b a c t e r i a  c o n c e n t r a t i o n  a t  

about  5:00 PM. From t h e  1987 dye t e s t  of Orchid t h e r e  was a  6.0 

hour l a g  t ime  from t ime of a r r i v a l  t o  peak c o n c e n t r a t i o n .  The 

10:OO P M  s p i k e  t o  11,000 counts /100 ml i s  Orchid S i n k  r e p o r t i n g  



i n .  Two h o u r s  l a t e r  t h e r e  a p p e a r s  a n  e q u i v a l e n t  s p i k e  t o  11,000 

f r o m  J a s m i n e  S i n k .  F r o m  p r e v i o u s  d y e  t e s t  r e s u l t s  we know t h a t  

O r c h i d  a n d  J a s m i n e  v a r y  i n  t r a v e l  t i m e s  b y  2 h o u r s .  T h e r e f o r e ,  

t h e s e  p e a k s  a r e  t h e  a r r i v a l  o f  s t o r m w a t e r  f r o m  t h e  t w o  u p s t r e a m  

s i n k s .  

I n  1987 M r .  M i k e  B u r w e l l  o f  t h e  C i t y  o f  Tampa S t o r m w a t e r  

D e p a r t m e n t  i n v e s t i g a t e d  a n d  f o u n d  a  26 h o u r  p e a k  c o n c e n t r a t i o n  

w i t h  a  20 h o u r  t i m e  o f  a r r i v a l  f r o m  O r c h i d  u n d e r  r a i n f a l l  

c o n d i t i o n s .  To p r o d u c e  a  10:OO PM s p i k e  on  7/19/89 t h e r e  w o u l d  

h a v e  b e e n  s t o r m w a t e r  i n p u t  t o  O r c h i d  S i n k  a t  8:00 PM o n  7/18/89. 

R a i n f a l l  h a d  b e e n  r e c o r d e d  o n  7/18/89 a t  a b o u t  5:00 - 7:00 PM i n  

N o r t h  Tampa.  The  2 - 3 h o u r  d i s c r e p a n c y  i s  p r o b a b l y  a c c o u n t e d  f o r  

b y  i n a c c u r a c i e s  a s  t o  t h e  t i m e  w a t e r  a c t u a l l y  s u r g e d  i n t o  t h e  

s i n k .  H o w e v e r ,  a t  t h i s  s t a g e  i n  t h e  i n v e s t i g a t i o n  t h i s  l e v e l  o f  

p r e c i s i o n  i s  q u i t e  s a t i s f a c t o r y .  

Dye  i n t r o d u c e d  a t  J a s m i n e  f a i l e d  t o  a r r i v e  a t  S u l p h u r  i n  

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

n o t  v a r y .  T h i s  may b e  d u e  t o  i n a c c u r a c i e s  i n  t h e  s e n s i t i v i t y  o f  

t h e  f l u o r o m e t e r  l o a n e d  b y  t h e  U S G S .  T h i s  was t h e  f i r s t  u s e  made 

o f  t h e  i n s t r u m e n t  a s  p r e v i o u s  d y e  t e s t i n g  was d o n e  a t  C i t y  o f  

Tampa l a b o r a t o r y .  H o w e v e r ,  s a m p l e s  l e f t o v e r  f r o m  t h e  A l a s k a  I 1  

d y e  t e s t  w e r e  t e s t e d  a n d  r e a d i n g s  i n  t h e  6 - 12% r a n g e  w e r e  

v i s i b l e  d u r i n g  t h a t  t e s t  w i t h  4 %  b e i n g  c o n s i d e r e d  b a c k g r o u n d  a t  

t h e  p o o l .  S i n c e  d y e  was i n j e c t e d  2 - 4 h o u r s  a f t e r  r a i n f a l l  i t ' s  

a r r i v a l  was p r o b a b l y  2 - 4 h o u r s  a f t e r  t h e  12:OO AM s p i k e  a n d  no  

s a m p l i n g  was b e i n g  c o n d u c t e d  a t  t h a t  t i m e .  



An a n a l y s i s  o f  t h e  W a t e r  Q u a l i t y  i s  made now w i t h  t h e  n o t e s  

t h a t  J a s m i n e  was s a m p l e d  a f t e r  a  r a i n f a l l  e v e n t  a n d  t h e  C u r i o s i t y  

s a m p l e  was n o t  t a k e n  i n  t h e  u p s t r e a m  t i m e  s e q u e n c e  as  b e f o r e .  

Seesummary  T a b l e .  The  pH seems t o  d e c r e a s e  a n d  t h e  t e m p e r a t u r e  

i n c r e a s e s  w h i c h  m i g h t  b e  e x p e c t e d  w i t h  a  s t o r m w a t e r  i n p u t .  C o l o r  

i n c r e a s e d  a n d  T u r b i d i t y  s t a y e d  a b o u t  t h e  same o v e r a l l .  

T h e  a q u i f e r  c h a r a c t e r i s t i c s  a11  i n c r e a s e d  and  m o r e o v e r  

i n c r e a s e d  i n  v e r y  s i m i l a r  c h a r a c t e r i s t i c s  t o  t h e  p r e v i o u s  d r y  

w e a t h e r  s a m p l e .  The  A l a s k a  d a t a  was a l m o s t  i d e n t i c a l  t o  t h e  

p r e v i o u s  s a m p l e  w h i c h  may i n d i c a t e  t h e  s i n k  d o e s  n o t  h a v e  much 

i n t e r c h a n g e  w i t h  t h e  a q u i f e r  a n d  i s  f a i r l y  i s o l a t e d .  The  o n l y  

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

a f t e r  r a i n f a l l .  

I n  t h e  u r b a n  r u n o f f  c h a r a c t e r i s t i c s  a l l  p a r a m e t e r s  i n c r e a s e d  

f r o m  n o r t h  t o  s o u t h  w i t h  t h e  e x c e p t i o n  o f  l e a d ,  c h r o m i u m  and  o i l  

a n d  g r e a s e  w h i c h  w e r e  e s s e n t i a l l y  n o n - d e t e c t a b l e .  The  w a t e r  l e v e l  

a t  C u r i o s i t y  was u p  a b o u t  3 . 5  f e e t  d u e  t o  s t o r m w a t e r  i n f l o w s  y e t  

t h e  o n l y  m a j o r  c h a n g e  i n  w a t e r  q u a l i t y  was an  i n c r e a s e  i n  b a c t e r i a  

a n d  a  d e c r e a s e  i n  n i t r o g e n  compounds .  

A t  J a s m i n e  i t  was c u r i o u s  t h a t  a f t e r  a  r a i n f a l l  e v e n t  t h e r e  

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

One w o u l d  t h i n k  t h a t  m i x i n g  w o u l d  o c c u r .  H o w e v e r ,  t h e  h y d r a u l i c  

p r e s s u r e  a t  t h e  s p r i n g  s i d e  w h e r e  t h e  s u c t i o n  l i n e  was s e t  m u s t  

h a v e  p r o v i d e d  an  e n v e l o p e  o f  a q u i f e r  w a t e r .  S i n c e  t h e r e  was n o  

b a c t e r i a  i n f l u x  i t  m u s t  b e  s p e c u l a t e d  t h a t  l i t t l e  s o u r c e  o f  

c o n t a m i n a t i o n  e x i s t s  u p s t r e a m  a t  t h e  b e g i n n i n g  o f  t h e  r a i n y  
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s e a s o n .  The  n i t r o g e n  d e c r e a s e d  b y  h a l f  f r o m  C u r i o s i t y  t o  J a s m i n e  

w h i l e  t h e  r e s i d u a l  s o l i d s  a l m o s t  t r i p l e d .  T h i s  was an  i d e n t i c a l  

c i r c u m s t a n c e  o n  t h e  p r e v i o u s  t e s t .  The  b a c t e r i a  l e v e l  o f  t h e  

S u l p h u r  S p r i n g s  p o o l  a t  t h e  t i m e  o f  s a m p l i n g  h a s  b e e n  d i s c u s s e d .  

The  a q u i f e r  c h a r a c t e r i s t i c s  o f  S u l p h u r  a l l  i n c r e a s e d  e x c e p t  

a l k a l i n i t y  w h i c h  s t a y e d  e s s e n t i a l l y  t h e  same.  N i t r o g e n  d e c r e a s e d  

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

w h i c h  c a n  b e  e x p l a i n e d  t h r o u g h  i n c r e a s e d  a q u i f e r  f l o w .  C o l o r  

i n c r e a s e d  s l i g h t l y  o v e r  t h e  p r e v i o u s  t e s t .  

One o f  t h e  m o s t  s i g n i f i c a n t  p i e c e s  o f  i n f o r m a t i o n  g e n e r a t e d  

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

t h e  p o o l .  W i t h i n  a  2 h o u r  p e r i o d  l e v e l s  w e n t  f r o m  8 5 0  t o  7 0 0 0  

o v e r  a n  8 0 0 %  i n c r e a s e .  S i n c e  t h e  b a t h i n g  s t a n d a r d  i s  1 0 0 0  

( c o u n t s / 1 0 0  m l )  t h a t  means t h e  p o o l  w e n t  f r o m  s w i m m a b l e  t o  

u n s w i m a b l e  i n  2 h o u r s .  

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

s p i k e s  a t  S u l p h u r  S p r i n g s  o c c u r i n g  2 h o u r s  a p a r t  a n d  a r r i v i n g  v e r y  

c l o s e  t o  t h e  p r e d i c t e d  t r a v e l  t i m e s  f r o m  t h e  u p s t r e a m  O r c h i d  a n d  

J a s m i n e  s i n k h o l e s .  

X I .  W A T E R  Q U A L I T Y  T E S T  # 3  M I D  W E T  W E A T H E R :  

On S e p t e m b e r  19 ,  20 ,  2 1  w a t e r  q u a l i t y  s a m p l e s  w e r e  t a k e n  

i n  t h e  a p p r o x i m a t e  t r a v e l  t i m e  a t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a  a n d  

S u l p h u r .  E P C  h a d  r e q u e s t e d  b a s e l i n e  s a m p l e s  f r o m  e a c h  p o i n t  s o  4 

g r a b  s a m p l e s  w e r e  t a k e n  f o r  i n i t i a l  c o n d i t i o n s  t h e n  3 m o r e  

s e q u e n t i a l  c o m p o s i t e  s a m p l e s  d o w n s t r e a m  f o r  a  t o t a l  o f  7 s a m p l e s  
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f r o m  t h e  s y s t e m .  On F r i d a y ,  S e p t e m b e r  2 2 n d  a  h e a v y  r a i n s t o r m  h i t  

N o r t h  Tampa a n d  o n  t h e  f o l l o w i n g  d a y  b a c t e r i a  t e s t i n g  w a s i n i t i a t e d  

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

R e d  f l o u r e c e n t  d y e  was  p l a c e d  i n  O r c h i d  o n  t h e  s o u t h s i d e  o n  

S e p t e m b e r  2 2 ,  1 9 8 9  a t  a b o u t  2 : 5 5  PM. T h e  w a t e r  l e v e l  w h e n  t h e  d y e  

w a s  p l a c e d  was  a b o u t  8  - 9  f e e t  d e e p  o r  e l e v a t i o n s  1 9 . 2  - 2 0 . 2  + 
f e e t .  J a s m i n e  was  p r e v i o u s l y  pumped  w i t h  1 g a l l o n  o f  g r e e n  

f l o u r e c e n t  d y e  v i a  p e r i s t a l t i c  pump a t  2 : 3 5  PM o n  S e p t e m b e r  2 2 ,  

1 9 8 9 .  T h i s  e f f o r t  was  f o l l o w e d  b y  w a t e r  l e v e l  o b s e r v a t i o n s  a n d  

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

t a k e n  e v e r y  t w o  h o u r s .  B a s e d  o n  t h e  p r e v i o u s  t e s t  t h e r e  was  a b o u t  

a  2 9  h o u r  t i m e  t o  p e a k  s o  s a m p l i n g  was i n i t i a t e d  a t  2 4 . 0  h o u r s  t o  

o b t a i n  t h e  a r r i v a l  a n d  p e a k  s e q u e n c e .  D y e  was n o t  a n t i c i p a t e d  i n  

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

T h e  r e s u l t s  o f  t h e  t e s t i n g  a r e  a s  f o l l o w s :  

SULPHUR SPRINGS WATER Q U A L I T Y  # 3  
B a c t e r i a  a n d  F l o u r e s c e n c e  R e a d i n g  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  F e c a l  F e c a l  

D a t e  F l o u r e s c e n c e  C o l  i f o r m  C o l  i f o r m  S p r e p t o c o -  
T i m e  P e r c e n t  # 1 0 0 / m l  # 1 0 0 / m l  c c u s # 1 0 0 / m l  S a m p l e r  Comments  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 / 2 3  - S a t u r d a y  
4 : 0 0  P.M. 4 4  4 5 0 0  2 5 0 0  1 3 0 0  RW R a i n  s t a r t -  

i n g . J a s m i n e  
1 3 - 1 4 , O r c h i d  
1 5 - 1 7 , S u l p h u r  
7 . 7  

RW R a i n i n g  
D C  L t .  r a i n  
DC S t e a d y  L t .  

R a i n  

6 : 0 0  P .M.  2 9  
8 : 0 0  P.M. 2 4  
10:OO P . M .  1 9  

9 / 2 3  - S a t u r d a y  
12:OO P.M. 1 8  DC No r a i n  



SULPHUR SPRINGS WATER Q U A L I T Y  # 3  
B a c t e r i a  a n d  F l u o r e s c e n c e  R e a d i n g  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  F e c a l  F e c a l  

D a t e  F l o u r e s c e n c e  C o l i f o r m  C o l i f o r m  S p r e p t o c o -  
T i m e  P e r c e n t  # 1 0 0 / m l  # 1 0 0 / m l  c c u s # 1 0 0 / m l  S a m p l e r  Comments 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 / 2 4  - S u n d a y  
2 : 0 0  A . M .  1 4  2 3 0 0  1 6 0 0  1 2 0 0  No r a i n  

p o s s i b l e  
g r e e n  

4 : 0 0  A . M .  1 3  1 5 0 0  1 5 0 0  9 0 0  FR No r a i n  
f u e l  s m e l l  
p o s s i b l e  
g r e e n  

6 : 0 0  A.M. 1 0  1 4 0 0  1 4 0 0  9 0 0  FR F u e l  s m e l l  
n o  r a i n  

8 : 0 0  A.M. 8  1 5 0 0  5 0 0  3  0  0  FR F u e l  s m e l l  
o v e r  c a s t  

10:OO A.M. 6  1 5 0 0  1 0 0 0  2 0 0  FR F u e l  s m e l l  
12:OO P.M. 5  1 0 0 0  9 0 0  9 0 0  FR F u e l  s m e l l  
2 : 0 0  P.M. 5  1 3 0 0  1 3 0 0  8 0 0  RW S l i g h t  

h y d r o c a r b o n  
o d o r  WL 7 . 7  

4 : 0 0  P.M. 3  - - - - - - - -  - - - -  RW No r a i n ,  
n o  o d o r  

6 : 0 0  P.M. 3  - - - - - - - -  - - - -  RW D r i z z l e  
s t a r t i n g  
s l i g h t  o d o r  

Water  L e v e l  R e a d i n q s :  

C u r i o s i t y :  9 / 2 4 / 8 9  2 : 2 5  P .M. ,  W .L .  2 2 . 3  E v i d e n c e  i t  h a d  b e e n  
u p  t o  2 3 . 5  r e c e n t l y .  S t o r m w a t e r  pump o p e r a t i n g .  

J a s m i  n e :  9 / 2 3 / 8 9  4 : 0 0  P.M. ,  W.L. 1 3 . 7  
9 / 2 4 / 8 9  2 : 1 5  P.M. ,  W.L. 1 3 . 7  

O r c h i d :  9 / 2 2 / 8 9  2 : 5 5  P.M. ,  W.L. 1 9 . 2  - 2 0 . 2  
9 / 2 3 / 8 9  4 : 0 0  P .M. ,  W.L. 1 5 . 6 ~  
9 / 2 4 / 8 9  2 : 1 0  P .M. ,  W.L. 1 3 . 6 2  



For  t h e  e n t i r e  2 2  hou r  p e r i o d  a f t e r  s a m p l i n g  began t h e  pool 

was unswimmable.  The r a i n f a l l  e v e n t  was r e c o r d e d  by Mr. B e r r y  a s  

1 . 2  i n c h e s  on Sep t embe r  2 2  and 0 . 4 8  i n .  on Sep t embe r  2 3 ,  1989 .  

G r e a t e r  r a i n f a l l  and more s a t u r a t e d  c o n d i t i o n s  e l e v a t i n g  t h e  

h y d r a u l i c  head a s  w e l l  a s  h i g h  w a t e r  l e v e l s  i n  t h e  J a s m i n e  and 

o r c h i d  s i n k s  c o n t r i b u t e d  t o  t h e  s h o r t e r  t r a v e l  t i m e s .  The USGS 

r e c o r d e d  f l o w  a t  S u l p h u r  a t  46 c f s  o r  29.7  mgd. The peak  

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

p r e d i c t e d .  F u r t h e r  c a l c u l a t i o n s  made on t h e  1 9 . 7 ~  f t .  w a t e r  

l e v e l  a t  O r c h i d  when t h e  s t o r m  c e a s e d  show t h a t  t h e  v e l o c i t y  

c o u l d  be a s  h i g h  a s  599 f t / h r  w i t h  a  1 0 . 7  hr t i m e  o f  a r r i v a l  i f  

t h e  h y d r a u l i c  head was s u s t a i n e d .  The t r a v e l  t i m e  was m i s j u d g e d  

due  t o  r e l y i n g  on t h e  p r e v i o u s  t e s t .  Yet t h e  h e a v i e r  r a i n f a l l  

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

t h e  f l o r e s c e n c e  r e a d i n g s  which went t o  background  a f t e r  a b o u t  49 

h o u r s  a f t e r  p l a c e m e n t .  We l e a r n e d  t h e  USGS f l o u r o m e t e r  d i d  n o t  

have t h e  c a p a b i l i t y  t o  d i f f e r e n t i a t e  t h e  r e d  and g r e e n  d y e s .  The 

b a c t e r i a  l e v e l s  were  n o t  q u i t e  back t o  swimmable a t  t h e  p o i n t  t h e  

sampl e s  were  e n d e d .  

The w a t e r  q u a l i t y  t e s t i n g  was s t a r t e d  on Sep t embe r  1 9 ,  1989 

w i t h  f o u r  s a m p l e s  b e i n g  t a k e n  a t  C u r i o s i t y ,  J a s m i n e ,  A l a s k a  and 

S u l p h u r  S p r i n g s .  Al l  s amp le s  were t a k e n  w i t h  t h e  p e r i s t a l t i c  

p u m p  p u r g i n g  t h e  l i n e  downward f i r s t  t h e n  pumping f o r  10 - 1 5  

m i n u t e s  t o  p u r g e  t h e  l i n e  and t h e n  f i l l  s amp le  b o t t l e s .  Al l  

i n i t i a l  s a m p l e s  were  g r a b  t y p e  t a k i n g  o n l y  a s  a l o n g  a s  t h e  

p e r i s t a l t i c  pump needed  t o  f i l l  sample  t h e  b o t t l e s .  
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WATER QUALITY TEST #3 MIDDLE WET WEATHER 
SUMMARY TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J a s m i n e  J a s m i n e  A1 a s k a  A1 a s k a  S u l p h u r  S u l p h u r  

G e n e r a l  C u r i o s i t y  Base1  i n e  9/20/89 Base1  i n e  9/21/90 Base1  i n e  9/21/89 
W a t e r  9/19/89 9/19/89 10:30 AM 9/19/89 10:30 AM 9/19/89 1:00 PM 

Q u a l i t y  9:50 AM 10:30 AM 12:OO P M  12:15 P M  12:OO P M  11:30 PM 2:30 FM 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PH 7.29 7.25 7.40 7.16 7.38 7.33 7.38 
C o l o r  - - - - 4 18 4 7 7 8 
P t / C o  

- 
NTU 
Temp. O C  23O 

A a u i f e r  C h a r a c t e r i s t i c s  m q / l  u n l e s s  n o t e d :  
C a l c u i u m  Ca 61 7 7 87 98 
S o d i u m  Na 9 68 6 5 19 19 260 260 
M a g n e s i u m  3.2 9.4 8.5 5.8 5.9 33 3 2 
A l k a l i n i t y  152 167 190 234 2 3 3 154 155 
S u l f a t e s  14 5 5 - - -  50 5 1 170 169 
s o 4  
C h l o r i d e s  15 143 132 33 3 1 5 7 2 506 
C 1  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  
T o t a l  110 1900 TNTC 260 6000 190 9000 
C o l  i f o r m  
TC #lo0 m l  
F e c a l  110 360 TNTC 240 6000 80 5000 
C o l  i f o r m  
FC/#100 m l  
F e c a l  s  3 0 230 49,000 180 - - - - (10 - - - - 
S t r e p ,  FS 
#100/ml 
N i t r a t e  0.64 0.45 0.06 2.33 2.23 0.91 0.86 
& N i t r a t e  
NO29 N O 3  
R e s i d u a l  211 503 485 3 9 7 381 1406 1308 
S o l  i d s  
O i l  & G r e a s e  1 < 1 1.4 < 1 1 < 1 1 
O & G  
Lead ,  Pb (20 <20 < 2 0 < 2 0 <20 (20 <20 
u g / l  
C h r o m i u m  (20 <20 <20 (20 <20 <20 <20 
C r ,  u g / l  

Comments : W.L. W.L. W.L. N o r m a l  - 7 . 5 ~  
U n a b l e  t o  r e a d  A l m o s t  a b o v e  1.5 h r .  comp.  1.5 h r .  comp. 
10 m i n .  g r a b  m a r k e r ,  1.5 7-15 m i n .  7-15 m i n .  
s l i g h t l y  t u r b i d  h r .  comp. ,  a1 i q u o t  c l e a r  a1 i q u o t  c l e a r  

7-15 m i n .  
a1 i q u o t  t u r b i d  
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B a c k  i n  J u l y  t h e  s u c t i o n  l i n e  a t  J a s m i n e  h a d  b e e n  r e l o c a t e d  

b y  d i v e r s  d u e  t o  t h e  l i n e  b e i n g  s i l t e d  i n  when c h e c k e d  a f t e r  W a t e r  

Q u a l i t y  T e s t  # 2 .  D u r i n g  t h i s  s a m p l i n g  t h e  l i n e  became c l o g g e d  a n d  

h a d  t o  b e  r e s e t  f r o m  t h e  s u r f a c e  w i t h  a  new l i n e  and  w e i g h t  b e i n g  

t o s s e d  i n t o  t h e  a p p r o x i m a t e  l o c a t i o n  o f  t h e  s p r i n g  b a s e .  As w e l l  

t h e  l i n e  a t  A l a s k a  h a d  b e e n  v a n d a l i z e d  a n d  h a d  t o  b e  r e s e t  f r o m  

t h e  s u r f a c e  w i t h  a  new l i n e  a n d  w e i g h t .  I n  J u l y ,  t h e  d i v e r s  r e s e t  

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

f o r  W a t e r  Q u a l i t y  T e s t  # 3  i t  was s t i l l  i n t a c t .  A f t e r  t h e  i n i t i a l  

f o u r  s a m p l e s  t h e n  J a s m i n e ,  A l a s k a  and  S u l p h u r  w e r e  s a m p l e d  t h e  

f o l l o w i n g  d a y s  i n  a p p r o x i m a t e l y  t h e  s e q u e n t i a l  t r a v e l  t i m e .  

H o w e v e r ,  d e l a y s  i n  p e r s o n n e l  a v a i  1  a b i  1  i t y  d e l  a y e d  t h e  A1 a s k a  a n d  

S u l p h u r  t e s t  l o n g e r  t h a n  was d e s i r e d .  S a m p l e  s e q u e n c e  C u r i o s i t y  T  

= 0, J a s m i n e  T  = 25 ,  A l a s k a  T  = 4 9 ,  S u l p h u r  T = 5 1 .  

F r o m  o b s e r v i n g  t h e  d a t a  r e p o r t e d  i n  t h e  summary t a b l e  f o r  

W a t e r  Q u a l i t y  T e s t  # 3  t h e  f o l l o w i n g  commen ts  a r e  o f f e r e d .  F o r  

g e n e r a l  w a t e r  q u a l i t y  p a r a m e t e r s  t h e  pH i n c r e a s e d  a l o n g  w i t h  

t e m p e r a t u r e .  S i n c e  t h i s  was t h e  m i d  r a i n y  s e a s o n  s a m p l e ,  t h e  

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

o f  t h e  s y s t e m .  T u r b i d i t y  a n d  c o l o r  d e c r e a s e d .  

A l l  t h e  a q u i f e r  c h a r a c t e r i s t i c s  showed a n  i n c r e a s e  w i t h  t h e  

e x c e p t i o n  o f  a l k a l i n i t y  w h i c h  s t a y e d  a p p r o x i m a t e l y  t h e  same. 

The  u r b a n  r u n o f f  c h a r a c t e r i s t i c s  a l l  showed an  i n c r e a s e .  

B a c t e r i a  was q u i t e  h i g h  a t  t h e  p o o l  f o r  t h e  c o m p o s i t e  s a m p l e .  

N i t r o g e n  a n d  R e s i d u a l  s o l i d s  i n c r e a s e d .  



The  J a s m i n e  s a m p l e  a p p e a r e d  t o  b e  a f f e c t e d  b y  t h e  r e l o c a t i o n  

o f  t h e  s a m p l i n g  l i n e .  The  s a m p l e  was n o t e d  a s  t u r b i d  a n d  h a d  

b a c t e r i a  t o o  n u m e r o u s  t o  c o u n t  (TNTC) t h u s  t h i s  i s  m o r e  l i k e l y  a  

s t o r m w a t e r  s a m p l e  t h a n  a n  a q u i f e r  s a m p l e  a t  t h i s  t i m e .  

The  A l a s k a  s a m p l e  a p p e a r s  t o  b e  a l m o s t  i d e n t i c a l  t o  p r e v i o u s  

s a m p l e s  w i t h  t h e  e x c e p t i o n  o f  c o l o r ,  t u r b i d i t y  and  b a c t e r i a .  

The  t u r b i d i t y  a t  S u l p h u r  f o r  t h e  b a s e l i n e  s a m p l e  was 2 a s  i t  was 

f o r  t h e  s e q u e n t i a l  c o m p o s i t e .  H o w e v e r ,  i n  t h e  b a s e l i n e  t e s t  t h e  

p o o l  was s w i m m a b l e  a n d  i n  t h e  c o m p o s i t e  i t  was n o t .  T h e r e f o r e ,  

t u r b i d i t y  and  b a c t e r i a  do  n o t  h a v e  c o r r e l a t i o n  a t  S u l p h u r  S p r i n g s .  

X I I .  WATER QUALITY TEST # 4  END WET WEATHER: 

The  f o u r t h  a n d  l a s t  w a t e r  q u a l i t y  t e s t  was t a k e n  i n  t h e  same 

f o r m a t  a s  t h e  t h i r d  w i t h  a  b a s e l i n e  s a m p l e  b e i n g  t a k e n  a t  J a s m i n e ,  

A l a s k a  and  S u l p h u r .  C u r i o s i t y  c o u l d  n o t  b e  a c c e s s e d  d u e  t o  a  

s c h e d u l i n g  e r r o r .  The  same p o i n t s  w e r e  t h e n  s a m p l e d  w i t h  t h e  

s e q u e n t i a l  t i m e s  a s  f o l l o w s :  J a s m i n e  T = 2 2 . 5 ,  A l a s k a  T = 4 5 ,  S u l p h u r  

T=49 .  

T h e r e  was n o  r a i n f a l l  e v e n t  s o  n o  d y e  was i n d u c e d  o r  b a c t e r i a  

r e a d i n g s  t a k e n  a t  t h e  p o o l .  The  J a s m i n e  r e s u l t s  show h i g h  

b a c t e r i a  a t  t h e  b a s e l i n e  w h i c h  d i m i n i s h e d  s i g n i f i c a n t l y  f r o m  

3 9 , 0 0 0  t o  5 0 0 0  t h e  n e x t  d a y .  See Summary T a b l e  # 4 .  A t  t h e  t i m e  

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

M r .  B e r r y  r e c o r d e d  0 . 2 6  i n c h e s  o n  O c t o b e r  1 4 ,  1 9 8 9 .  I t  i s  

s p e c u l a t e d  t h a t  a  s h o r t  d u r a t i o n  l o c a l i z e d  r a i n f a l l  may h a v e  h i t  

n e a r  J a s m i n e  o n  t h e  1 5 t h  o r  1 6 t h .  

- 4 9 -  



A l a s k a  c o n t i n u e s  t o  show e v i d e n c e  o f  c o n s i s t e n t  w a t e r  q u a l i t y  

w i t h  o n l y  c o l o r ,  t u r b i d i t y  a n d  b a c t e r i a  v a r y i n g  t o  a n y  d e g r e e .  

A t  S u l p h u r  S p r i n g s  i t  i s  o f  n o t e  t h a t  a  h i g h  ( 1 6 , 0 0 0 )  b a c t e r i a  

r e a d i n g  w a s  r e c o r d e d  on a  2 h o u r  c o m p o s i t e .  

W a t e r  Q u a l i t y  T e s t  # 3  a n d  # 4  b o t h  h a d  b a s e l i n e  t e s t  f o l l o w e d  

by s e q u e n t i a l  t e s t  w h i c h  b o t h  h a d  l a r g e  c h a n g e s  f r o m  1 0 0 0  o r  l e s s  

t o  9 0 0 0  o r  m o r e .  T h e  o t h e r  w a t e r  q u a l i t y  p a r a m e t e r  c h a n g e s  w e r e  

a s  f o l l o w s .  T h o s e  p a r a m e t e r s  w h i c h  d e c r e a s e d  w e r e  c a l c i u m ,  

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

T h o s e  i t e m s  i n c r e a s i n g  a l o n g  w i t h  b a c t e r i a  w e r e  pH, c o l o r  

t u r b i d i t y  a n d  o i l  a n d  g r e a s e .  C o r r e l a t i o n  o f  t h e s e  c o m p o u n d s  may 

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

g i v e  a  c h e m i s t r y  t e s t  t h a t  c o u l d  i n d i c a t e  when n o n - s w i m m a b l e  

c o n d i t i o n s  a r e  c o m i n g .  

F u r t h e r  a n a l y s i s  o f  e a c h  l o c a t i o n  o v e r  t i m e  w i l l  b e  

u n d e r t a k e n  i n  t h e  n e x t  s e c t i o n  t o  s e e  w h a t  o t h e r  c o n c l u s i o n s  may 

b e  d r a w n  f r o m  t h e  d a t a .  

To d a t e  t h i s  e f f o r t  c o m p r i s e s  t h e  m o s t  c o m p r e h e n s i v e  s e r i e s  

o f  t e s t s  y e t  u n d e r t a k e n  t o  b o t h  u n d e r s t a n d  t h e  t r a v e l  t i m e  

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

w a t e r  q u a l i t y  c h a n g e s  i n d u c e d  by s t o r m w a t e r  i n t o  t h e  N o r t h  Tampa 

S u l p h u r  S p r i n g s  s y s t e m .  



WATER Q U A L I T Y  TEST # 4  END WET WEATHER SUMMARY TABLE 

J a s m i n e  
B a s e 1  i n e  J a s m i n e  A1 a s k a  A1 a s k a  S u l p h u r  S u l p h u r  

G e n e r a l  1 0 / 1 6 / 8 9  1 0 / 1 7 / 8 9  B a s e l i n e  1 0 / 1 8 / 8 9  B a s e l i n e  1 0 / 1 8 / 8 9  
W a t e r  2 : 4 5  P.M. 1 2 : 2 0  PM 1 0 / 1 6 / 8 9  1 0 : 4 5  PM 1 0 / 1 6 / 8 9  1 : 4 5  PM 

Q u a l i t y  C u r i o s i t y  2 : 2 0  PM 3 : 4 5  PM 1 2 : 4 5  A M  5 : 1 5  AM 3 : 4 5  P M  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
PH ( A c c e s s  7 . 0 2  7 . 2 2  7 . 1 0  7 . 1 5  7 . 1 6  7 . 3 3  
C o l o r  n o t  6 4 3  2  1 3  1 5  
P t / C o  a v a i  1  a b l e )  
T u r b i d i t y  6  1 3  5  4  1 4 
NTU 
Temp.  O C  

A a u i f e r  C h a r a c t e r i s t i c s  m q / l  u n l e s s  n o t e d :  
C a l c u i u m  Ca 9 9  9 9  1 1 0  
S o d i u m  Na ( N o  8  5  8 7  1 9  1 9  2 8 0  2 7 0  
M a g n e s i u m  S a m p l e  11 1 0  6 6  3 3 3 2  
A1 k a l i n i t y  T a k e n )  1 7 9  1 7 6  2 3 0  2 3 0  1 5 5  1 5 5  
S u l f a t e s  6 3  6  5  5 2 5  3  1 7 6  1 6 9  
s o 4  
C h l o r i d e s ,  C1 1 6 5  1 6 3  3 1  3 0  5 5 0  5 0 7  
F l o u r i d e s ,  F 0 . 1 6  0 . 1 4  0 . 2 4  0 . 2 7  0 . 2 1  0 . 2 4  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  
T o t a l  3 9 0 0 0  5 0 0 0  
C o l  i f o r m  
TC # l o 0  m l  
F e c a l  1 4 3 0  4 6 0  
C o l  i f o r m  
F C / # 1 0 0  m l  
F e c a l  7 0  1 5 0  
S t r e p ,  F S  
# 1 0 0 / m l  
N i t r a t e  0 . 2 8  0 . 3 3  
& N i t r a t e  
NO29 NO3 
R e s i d u a l  5 6 3  5 8 6  
S o l  i d s  
O i l  & G r e a s e  1 1 2  
O & G  
L e a d ,  Pb < 2 0  < 2  0  
u g / l  
C h r o m i  um < 2 0  < 2 0  
C r ,  u g / l  

Comments  : 
O w n e r s  W a t e r  2  H r .  W a t e r  W a t e r  W a t e r  Some 

w i f e  w o u l d  c l e a r  c o m p o s i t e  c l e a r  c l e a r  c l e a r  s e d i m e n t  
n o t  p e r m i t  1 5  m i n .  1 5  m i n .  2  h r .  1 5  m i n .  2 h o u r  

a c c e s s  d u e  t o  g r a b  g r a b  c o m p o s i t e  g r a b  c o m p o s i t e  
s c h e d u l i n g  e r r o r  
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X I I I .  WATER QUALITY ANALYSIS BY LOCATION 

C u r i o s i t y  S i n k :  

The  d a t a  f r o m  t h i s  l o c a t i o n  i n d i c a t e  t h a t  t h e  s p r i n g  i s  a q u i f e r  

w a t e r .  F o r  t h e  d u r a t i o n  o f  t h e  t e s t s  we w e r e  n e v e r  a b l e  t o  g e t  a  

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

m o u t h .  An e n v e l o p e  o f  c l e a r  w a t e r  e x i s t s  u n d e r  t h e  m o r e  t u r b i d ,  m u r k y  

s u r f a c e  w a t e r  o f  t h e  l o w  a r e a .  

The  d r y  s e a s o n  s a m p l e  i n  J u n e ,  1989 was t a k e n  p r i o r  t o  r a i n f a l l  

a n d  i s  a  t r u e  b a c k g r o u n d  s a m p l e .  As w i t h  o t h e r  s e q u e n t i a l  t e s t s ,  pH ,  

t e m p e r a t u r e ,  b a c t e r i a  and  r e s i d u a l  s o l i d s  i n c r e a s e  t o  t h e  f i r s t  w e t  

w e a t h e r  s a m p l e  i n  J u l y .  C a l c i u m ,  s o d i u m ,  s u l f a t e s ,  c h l o r i d e s ,  

n i t r a t e / n i t r i t e  d e c r e a s e .  C o l o r ,  t u r b i d i t y ,  o i l  a n d  g r e a s e ,  m a g n e s i u m  

a n d  a1 k a l i n i t y  s t a y  e s s e n t i a l l y  t h e  same. L e a d  a n d  c h r o m i u m  a r e  b e l o w  

d e t e c t a b l e  1 i m i t s .  

F r o m  t h e  b e g i n n i n g  t o  t h e  m i d  w e t - w e a t h e r  s a m p l e ,  pH, 

t e m p e r a t u r e ,  c a l c i u m  and  r e s i d u a l  s o l i d s  d e c r e a s e .  P a r a m e t e r s  t h a t  

i n c r e a s e  a r e  t u r b i d i t y ,  s o d i u m ,  m a g n e s i u m ,  a l k a l i n i t y ,  s u l f a t e s ,  

b a c t e r i a ,  n i t r a t e / n i t r i t e  a n d  o i l  and  g r e a s e .  U n f o r t u n a t e l y  d u e  t o  

a  s c h e d u l i n g  e r r o r ,  we c o u l d  n o t  t a k e  t h e  e n d  o f  w e t  w e a t h e r  s a m p l e  as 

we h a d  h o p e d .  

I n  t h e  o v e r a l l  J u n e  t o  S e p t e m b e r  p e r i o d  t h e r e  a r e  o n l y  

s u b s t a n t i a l  i n c r e a s e s  i n  t u r b i d i t y ,  b a c t e r i a  and  n i t r a t e / n i t r i t e .  

T h o s e  t h a t  d e c r e a s e  a r e  t e m p e r a t u r e  a n d  c a l c i u m .  

The  i n f l u x  o f  s t o r m w a t e r  i n t o  t h e  l o w  a r e a  r a i s e s  t h e  h e a d  o n  t h e  

s p r i n g  w h i c h  s h o u l d  r e d u c e  i n f l o w .  I t  w o u l d  a l s o  e n h a n c e  m i x i n g  d u e  

t o  s t o r m  i n f l o w  v e l o c i t y .  I n c r e a s e  i n  s t o r m w a t e r  c o u l d  a c c o u n t  f o r  
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CURIOSITY S I N K  WATER QUAL ITY  
SUMMARY TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G e n e r a l  

W a t e r  6 / 5 / 8 9  7 / 1 9 / 8 9  9 / 1 9 / 8 9  
Q u a 1  i t y  9 : 4 8  A . M .  1 0 : 4 8  A . M .  9 : 5 0  A . M .  1  O /  1 6 / 8 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PH 7 . 3 4  7 . 4 2  7 . 2 9  
C o l o r ,  P t / C o  5 5  - - - ( A c c e s s  n o t  
T u r b i d i t y  NTU 1  1 5 a v a i  1  a b l e )  
Temp. C 0  25O 25.5O 2  3  O 

A a u i f e r  C h a r a c t e r i t i c s  m q / l  u n l e s s  n o t e d :  
C a l c i u m ,  Ca 6 7 . 5  63  
S o d i u m ,  Na 9 . 0  
M a g n e s i u m  Mg 3 . 0  
A1 k a l  i n i t y  1 4 9  
S u l  f a t e s ,  SO4 1 6  
C h l o r i d e s ,  C1 16  
P o t a s s i u m ,  K 1 . 0  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  
T o t a l  C o l i f o r m  8 
TC # l o 0  m l  
F e c a l  C o l  i f o r m  < 4  
FC # I 0 0  m l  
F e c a l  S t e p t o c o c u s  3 6 
FS # I 0 0  m l  
N i t r a t e  & N i t r a t e  0 . 4 2  
N02,  NO3 
R e s i d u a l  S o l  i d s  216  
O i l  & G r e a s e ,  < 0 . 1  
0  & G 
L e a d ,  Pb u g / l  < 2 0  
C h r o m i u m  C r ,  < 4 0  
u g / l  

6  1 
9  
3 . 2  

1 5 2  (No  S a m p l e  
1 4  t a k e n )  
15  

W.L. 1 9 . 7 5 :  W.L .  2 3 . 1 :  W.L. :  
12  m i n u t e  C l e a r  W a t e r  U n a b l e  t o  
samp l  e .  1 0  m i n u t e  r e a d .  1 0  
S u c t i o n  S a m p l e  t i m e .  m i n u t e  g r a b  
l i n e  1 8 '  G r a b  s l i g h t l y  
d e e p .  t u r b i d .  

Cornmen t s  : 

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



the change in turbidity, bacteria, temperature and calcium. 

Jasmine (Poinsettia, Trinity S ~ r i n q s )  Sink: 

The first two water quality tests from dry weather to wet 

weather show a decrease in pH, sodium, magnesium, sulfates, 

chloride, bacteria, nitrate/nitrite, residual sol ids and oil and 

grease. The parameters that increased were color, turbidity 

calcium and alkalinity. Simple dilution of the system by 

increased flow does not account for the changes. The increase of 

color and turbidity could be due to upstream inputs or mixture of 

stormwater flow in the sink. 

The Water Quality Test # 3  took samples from a repositioned 

suction line which apparently was more susceptible to stormwdter. 

The bacteria counts were significantly higher and the aquifer 

characteristics were all much lower than previously thus leading 

to the conclusion of stormwater inflow contamination instead of 

aquifer flow. The composite sample of 9/20/89 shows color and 

turbidity as well as bacteria which is from stormwater mixing in 

the sink. 

The envelope of aquifer water from the spring side around 

the suction line was apparently penetrated when the line was 

repositioned. Water Quality Test # 4  shows the same pattern. 

Nitrogen, bacteria and residual solids do not seem to be 

proportioned. The bacteria and nitrogen levels increase but the 

residual solids decrease. Therefore, stormwater at this location 

has high bacteria and nitrogen but lower residual solids than 

aquifer flow. Yet, the sample of 9/20/89 had bacteria TNTC but 

- 5 4 -  



JASMINE SINK WATER QUAL ITY  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G e n e r a l  9/20/89 1 O/ 17/89 
W a t e r  6/6/89 7/18/89 9/19/90 10:30 P.M. 10/16/89 12:20 P.M 
Q u a l i t y  7:45 A.M. 9:05 P.M. 10:30 A.M. 12:OO P.M. 2:45 P.M. 2:30 P.M. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P H  7.20 6.92 7.25 7.40 7.02 7.22 
C o l o r ,  5 3 6 4 18 6 4 
P t / C o  
T u r b i d i t y  4 13 6 48 6 13 
NTU 
Temp. C 0  25O 25O 2Z0 2 3 O 24 2 5 

A a u i f e r  C h a r a c t e r i t i c s  m q / l  u n l e s s  n o t e d :  
C a l c i u m ,  Ca 102 113 7 7 87 99 99 
S o d i u m ,  Na 110 103 68 6 5 85 87 
M a g n e s i  um 14 1 1  9.4 8.5 1 1  10 
A l k a l i n i t y  180 258 167 190 179 176 
S u l f a t e s ,  84 1 5 5 - 43 65 
S O 4  
C h l o r i d e s , C l  224 210 143 132 165 163 
F l o u r i d e s  - - - - 0.16 0.14 

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  
T o t a l  
C o l  i f o r m  64 < 10 
TC #I00 m l  
F e c a l  (4 <lo 
C o l  i f o r m  
FC #lo0 m l  
F e c a l  10 10 
S t e p t o c u s  
FS #lo0 m l  
N i t r a t e  0.20 0.06 
& N i t r a t e  
NO29 NO3 
R e s i d u a l  697 686 
S o l  i d s  
O i l  & G r e a s e ,  1.4 1.0 
O & G  
L e a d ,  Pb <20 < 2 0 
u g / l  
C h r o m i u m  <40 <20 
u g / 1  

1900 TNTC 

3 6 0 TNTC 

- .  
W.L. 19.7: W.L. 12.0t: W . L . :  W.L. :  W.L.: 
15 m i n u t e  A f t e r  R a i n -  A l m o s t  W a t e r  C l e a r  2 h r .  
samp l  e .  f a l l  e v e n t  a b o v e  15 m i n u t e  c o m p o s i t e  
S u c t i o n  g r a b .  1 g a l .  m a r k e r ,  1.5 g r a b  
l i n e  15' d y e  pumped h r s  
d e e p  i n  4:15 PM c o m p o s i t e  
s p r i n g  7-15 m i n u t e  

a l i q u o t s  t u r b i d  



t h e  l o w e s t  n i t r o g e n  l e v e l  o b s e r v e d ,  s o  t h e r e  i s  v a r i a b i l i t y  i n  

t h e  s t o r m w a t e r  c o n s t i t u e n t s  p e r h a p s  i n  t h e  m a k e - u p  o f  a n t e c e d e n t  

c o n d i t i o n s .  

A l a s k a  S i n k :  

O f  a l l  t h e  l o c a t i o n s  t e s t e d  A l a s k a  seems t o  h a v e  t h e  m o s t  

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

i n t o  t h e  s i n k .  

T h e  pH v a r i e d  o n l y  a b o u t  0 . 1  f r o m  t h e  f i r s t  s a m p l e  o v e r  t h e  

s e v e n  s a m p l e s  t a k e n .  T e m p e r a t u r e  a n d  o i l  a n d  g r e a s e  r o s e  a n d  

f e l l  o v e r  t h e  r a i n y  s e a s o n .  C a l c i u m ,  s o d i u m ,  m a g n e s i u m ,  

a 1  k a l  i n i t y ,  a n d  r e s i d u a l  s o l  i d s  w e r e  e s s e n t i  a1 l y  u n c h a n g e d  o v e r  

t h e  s e v e n  s a m p l e s .  

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

d e c l i n e d  s l i g h t l y .  B a c t e r i a ,  n i t r a t e / n i t r i t e ,  c o l o r  a n d  

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

r a i n f a l l  i n f l o w s .  

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

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

w a t e r  v o l u m e .  O n l y  a  s m a l l  a m o u n t  o f  r u n o f f  f r o m  r e s i d e n t i a l  

b a c k y a r d s  c o n t r i b u t e  s t o r m w a t e r  h e r e  s o  i t s  e f f e c t  o n  S u l p h u r  

S p r i n g s  b a c t e r i a  i s  n e g l  i g i  b l e .  A b a c t e r i a l  m a s s  b a l a n c e  c o u l d  

c o n f i r m  t h i s  h y p o t h e s i s .  



ALASKA S I N K  WATER Q U A L I T Y  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G e n e r a l  7 / 1 9 / 9 0  9 / 2 1 / 8 9  1 0 / 1 8 / 8 9  
W a t e r  6 / 7 / 8 9  2 : 4 5  P.M. 9 / 1 9 / 8 9  1 0 : 3 0  A . M .  1 0 / 1 6 / 8 9  1 0 : 4 5  P.M 
Q u a l i t y  8 : 4 5  A . M .  4 : 3 0  P.M. 1 2 : 1 5  P.M. 12:OO P . M .  3 : 4 5  P.M. 1 2 : 4 5  P.M 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PH 7 . 2 5  7 . 3 1  7 . 1 6  7 . 3 8  7 . 1 0  7 . 1 5  
C o l o r ,  2  2  4  7  3 2  
P t / C o  
T u r b i d i t y  2  2 5 5 5 4  
NTU 
Temp. C 0  24O 2 6 . 5 O  22O 24O 2  4 2 4  

A a u i f e r  C h a r a c t e r i t i c s  m q / l  
C a l c i u m ,  Ca 1 0 9  1 0 9  
S o d i u m ,  Na 1 9 . 0  1 9  
M a g n e s i u m  5 . 5  6 
A1 k a l  i n i  t y  2 3 0  2 3 2  
S u l f a t e s ,  4 9  5 1 
s o 4  
C h l o r i d e s , C l  3 2  3  2  
F l o u r i d e s  - - 

u n l e s s  n o t e d :  
9 8  1 1 0  1 1 0  1 1 4  
1 9  1 9  1 9  1 9  

5 . 8  5 . 9  6 6 
2 3  4 2  3 3 2 3 0  2 3 0  

5 0  5  1 5 2  53 

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  
T o t a l  
C o l  i f o r m  2 3 2  
TC # l o 0  m l  
F e c a l  1 2 4  
C o l  i f o r m  
FC # l o 0  m l  
F e c a l  1 0 0  
S t e p t o c u s  
FS # l o 0  m l  
N i t r a t e  1 . 9 1  
& N i t r a t e  
NO29 NO3 
R e s i d u a l  3 9 3  
S o l  i d s  
O i l  & G r e a s e ,  1 . 4  
O & G  
L e a d ,  Pb < 2  0  
u g / l  
C h r o m i  um < 4 0  
u g / l  

W.L. 8 . 1  ( e s t . ) :  W.L. 8 . 6 t :  
1 5 m i n .  s a m p l e .  1 h r  4 5 m i n .  
S u c t i o n  l i n e  c o m p o s i t e .  
2 8  f t .  N . E .  
c o r n e r  m o v e d  u p  

W.L . :  W.L.: W.L. :  
1 . 5  h r .  W a t e r  W a t e r  
c o m p o s i t e  C l e a r ,  C l e a r ,  
7 - 1 5  m i n .  1 5  m i n .  2  h r .  
a 1  i q u o t s  g r a b .  c o m p o s i t e  
c l e a r  



S u l  ~ h u r  S ~ r i n q s  P o o l  : 

F r o m  t h e  b e g i n n i n g  o f  t h e  r a i n y  s e a s o n  t o  t h e  e n d  t h e  

f o l l o w i n g  p a r a m e t e r s  i n c r e a s e d  a t  t h i s  l o c a t i o n :  

C o l o r  
T e m p e r a t u r e  T h o s e  t h a t  d e c r e a s e d :  
C a l c i u m  
S o d i  um P H 
M a g n e s i  um A1 k a l  i n i  t y  
S u l f a t e s  O i l  a n d  G r e a s e  
C h l o r i d e s  
R e s i d u a l  S o l i d s  

T h o s e  t h a t  w e r e  e r r a t i c  w e r e  b a c t e r i a ,  t u r b i d i t y  and  

n i t r o g e n .  L e a d  a n d  c h r o m i u m  w e r e  n e v e r  i n  l i m i t s  t h a t  w e r e  

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

The  f l o w r a t e s  f o r  t h e s e  t e s t  d a t e s  show t h e  f l o w  i n c r e a s i n g  

t h r o u g h  t h e  r a i n y  s e a s o n  a s  m o r e  r a i n w a t e r  r a i s e s  w a t e r  t a b i e s  

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

a n d  f l o w  o u t  o f  t h e  m o u t h  o f  S u l p h u r  S p r i n g s .  

I n  t h e  l a s t  t w o  t e s t s  when b a s e l i n e s  w e r e  s a m p l e d  t h e  c h a n g e  

f r o m  a c c e p t a b l e  b a c t e r i a l  l e v e l s  t o  u n a c c e p t a b l e  l e v e l s  was 

a c c o m p a n i e d  b y  an  i n c r e a s e  i n  pH, c o l o r ,  t u r b i d i t y ,  t e m p e r a t u r e  

a n d  o i l  a n d  g r e a s e .  T h e r e  was a  d e c r e a s e  i n  c a l c i u m ,  s o d i u m ,  

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

The  a q u i f e r  c h a r a c t e r i s t i c s  a l l  t e n d  t o  d e c r e a s e  w h i c h  c o u l d  b e  a  

d i r e c t  r e s u l t  o f  d i l u t i o n  f r o m  s i n k h o l e  i n f l o w s .  The  w a t e r  

q u a l i t y  g r o u p  i n c r e a s e s  c o u l d  a l s o  b e  a t t r i b u t e d  t o  s t o r m w a t e r  

i n p u t s .  H o w e v e r  t h e  r e a s o n  t h a t  n i t r o g e n  a n d  r e s i d u a l  s o l i d s  

d e c r e a s e  d o e s  n o t  f i t  t h e  s c e n a r i o  i s  u n k n o w n .  T h e r e  a p p e a r s  t o  

b e  n a t u r a l l y  o c c u r i n g  n i t r o g e n  i n  t h e  s y s t e m  w h i c h  i s  d i l u t e d  b y  

s t o r m  i n p u t s .  



SULPHUR SPRINGS POOL 
LOCATION SUMMARY TABLE 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
G e n e r a l  W . Q .  3  W .  Q .  3  W . Q .  4  W . Q .  4  

W a t e r  W . Q .  1  W . Q .  2  B a s e 1  i n e  P o s t  B a s e 1  i n e  P o s t  
Q u a 1  i t y  6 / 7 / 8 9  7 / 1 9 / 8 9  9 / 1 9 / 8 9  9 / 2 1 / 8 9  1 0 / 1 6 / 8 9  1 0 / 1 8 / 8 q  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PH 7 . 2 6  7 . 2 5  7 . 3 3  7 . 3 8  7 . 1 6  7 . 3 3  
C o l o r  P t / C  6  1 1  7  8  1 3  15  
T u r b i d i t y  NTU 1 1  2  2  1  4  
Temp. O C  2 4 .  0°  2 6 .  O 0  22O 24O 25O 25O 

A q u i f e r  C h a r a c t e r i s t i c s  m g / l  u n l e s s  n o t e d :  

C a l c i u m ,  Ca 1 1 8  1 2 7  1 2 5  1 2 1  1 3 0  1 2 3  
S o d i u m ,  Na 1 9 2  2 8 0  2 6 0  2 6 0  2 8 0  2 7 0  
M a g n e s i  um, Mg 2 2 . 5  3  2  3  3 3  2  3  3  3  2  
A1 k a l  i n i  t y  1 6 0  1 5 8  1 5 4  1 5 5  1 5 5  1 5 5  
S u l f a t e s ,  SO4 1 4 0  185 1 7 0  1 6 9  1 7 6  1 6 9  
C h l o r i d e s  C1 3 8 5  5 2 9  5 7  2  5 0 6  5 5 0  5 0 7  
F l u r i d e s ,  F  - - -  - - -  - - -  - - - 0 . 2 1  0 . 2 4  

U r b a n  R u n o f f  C h a r a c t e r i s t i c s :  

T o t a l  C o l i f o r m  1 4 0 0  2 0 0 0  
TC # l o 0  m l  
F e c a l  C o l  i f o r m  1 0 0 0  1 0 0 0  
F C / # 1 0 0  m l  
F e c a l  S t r e p ,  FS 5 0 0  - - - -  
# 1 0 0 / m l  
N i t r a t e  & N i t r a t e  0 . 5 2  0 . 2 2  
NO29 NO3 
R e s i d u a l  S o l  i d s  1 0 4 0  1 3 1 1  
O i l  & G r e a s e ,  2 . 4  < 1  
L e a d ,  Pb u g / l  < 2 0  < 2  0  
C h r o m i u m  C r ,  u g / l  < 2 0  < 2 0  

Comments  : W.L. 6 . 1 5  W.L. 7 . 6  W.L. 7 . 5  
D r y  F i r s t  Beg  Wet R a i n f a l l  M i d  Wet End  Wet End w e b  
S t o r m w a t e r  R a i n f a l l  9 / 1 8  0 . 1 1  R a i n f a l l  No R a i n  R a i n f a l l  
g o  t o  p o o l  E v e n t  9 / 1 9  0 . 8 5  1 . 5  h r .  R a i n f a l l -  1 0 / 1 8  
6 / 6  1 . 1  P r e c e d e d  G r a b  Comp. 1 0 / 1 4  0 . 1 9  
6 / 7  0 . 0 5  7 / 1 8  0 . 3 0  0 . 2 5  G r a b  2  H r .  
B e i n g  pumped 7 / 1 9  1 . 0  Comp. 
b y  t h e  W a t e r  7 / 2 0  0 . 3 9  
D e p a r t m e n t  2  H r .  Comp. 



X I V .  R A I N F A L L  VS. BACTE R I A  C O R R E L A T I O N :  

A g r e a t  d e a l  o f  e f f o r t  i n  w a t e r  q u a l i t y / b a c t e r i a  s a m p l i n g  h a s  

b e e n  p e r f o r m e d  a t  t h e  p o o l  o v e r  t h e  y e a r s  f o r  a  n u m b e r  o f  r e a s o n s .  

The  H i l l s b o r o u g h  C o u n t y  H e a l t h  D e p a r t m e n t  (HCHD) m o n i t o r e d  t h e  

p o o l  a s  a  b a t h i n g  p l a c e  f o r  human h e a l t h  p r o t e c t i o n .  The  C i t y  o f  

Tampa W a t e r  D e p a r t m e n t  m o n i t o r e d  t h e  p o o l  a s  a  s o u r c e  o f  d r i n k i n g  

w a t e r .  H i l l s b o r o u g h  C o u n t y  E n v i r o n m e n t a l  P r o t e c t i o n  C o m m i s s i o n  

(EPC) h a s  m o n i t o r e d  i t  i n  t h e  p a s t  and  p r e s e n t l y  t o  r e g u l a t e  w a t e r  

q u a l i t y  o f  t h e  a q u i f e r  and  s u r f a c e  w a t e r .  R e c e n t l y ,  t h e  S o u t h w e s t  

F l o r i d a  W a t e r  Management  D i s t r i c t  (SWFWMD) h a s  t a k e n  q u a r t e r l y  

w a t e r  q u a l i t y  t e s t s  f o r  w a t e r  q u a l i t y  i n f o r m a t i o n .  

When t h e  p o o l  was c l o s e d  i n  J u n e ,  1 9 8 6  b y  t h e  HCHD i t  was 

s u s p e c t e d  t h a t  t h e  s o u r c e  o f  c o n t a m i n a t i o n  was s t o r m w a t e r  

r e p o r t i n g  i n t o  t h e  u p s t r e a m  s i n k s .  The  C i t y  S t o r m w a t e r  D e p a r t m e n t  

p e r f o r m e d  d y e  t e s t s  ( S e e  A p p e n d i x  L )  t o  s e e  i f  t h e  u p s t r e a m  s i n k s  

c o u l d  b e  a  s o u r c e  o f  b a c t e r i a  a t  t h e  p o o l .  

I n  J a n u a r y ,  1 9 8 8  M r .  Tom C a r d i n a l e  o f  H i l l s b o r o u g h  C o u n t y  

E n v i r o n m e n t a l  P r o t e c t i o n  C o m m i s s i o n  p r e p a r e d  a  summary o f  t h e  

p r e v i o u s  20 y e a r s  o f  b a c t e r i a l  d a t a  on  t h e  p o o l  and  r a i n f a l l  ( S e e  

A p p e n d i x  N ) .  He was l e d  t o  t h e  c o n c l u s i o n  t h a t  i n  a n  

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

b a c t e r i a  l e v e l s  a t  t h e  p o o l .  I n  f a c t ,  o n  t h e  a v e r a g e  0 . 3 7  i n c h e s  

o f  r a i n  f a l l i n g  o n  a  g i v e n  d a y  w o u l d  p r o d u c e  g r e a t e r  t h a n  1 0 0 0  

c t / 1 0 0  m l  ( u n s w i m m a b l e  c o n d i t i o n s )  a t  t h e  p o o l .  And r a i n f a l l  

g r e a t e r  t h a n  0 . 5  i n c h e s  i n  t h e  p r i o r  24 t o  4 8  h o u r s  w o u l d  p r o d u c e  

s w i m m a b l e  c o n d i t i o n s .  V i r t u a l l y  e v e r y  b a c t e r i a  s p i k e  a t  t h e  p o o l  
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c o u l d  b e  c o r r e l a t e d  w i t h  r a i n f a l l  e v e n t s  i n  t h e  p r e v i o u s  3  d a y s .  

See l i n e  G r a p h  4 A p p e n d i x  N .  

The  A c t i o n  L e a g u e  o b t a i n e d  w a t e r  q u a l i t y  d a t a  f r o m  M r .  J i m  

G i a n a t a s i o  o f  t h e  W a t e r  D e p a r t m e n t  f o r  t h e  y e a r s  1 9 8 8  a n d  1 9 8 9 .  

As p r e v i o u s l y  s t a t e d  t h e  A c t i o n  L e a g u e  a l s o  o b t a i n e d  r a i n f a l l  

r e a d i n g s  t a k e n  by M r .  L e o n  B e r r y  a t  8 2 0 8  N .  1 3 t h  S t r e e t  f o r  t h e  

y e a r  1 9 8 8  t o  p r e s e n t .  See A p p e n d i x  R. When t h e s e  t w o  p i e c e s  o f  

i n f o r m a t i o n  a r e  c o m p a r e d  t h e r e  i s  an  e x t r e m e l y  h i g h  c o r r e l a t i o n .  

F o r  i n s t a n c e  i n  A p p e n d i x  0  t h e  C i t y  d a t a  a n d  S u l p h u r  S p r i n g s  

( B e r r y )  r a i n f a l l  a r e  t a b u l a t e d .  O u t  o f  3 2 4  t o t a l  b a c t e r i a  

r e a d i n g s  f r o m  J a n u a r y ,  1 9 8 8  t h r o u g h  O c t o b e r ,  1 9 8 9  t h e r e  w e r e  8 9  

( 2 7 . 5 % )  o f  t h e  s a m p l e s  t h a t  w e r e  u n s w i m m a b l e .  U s i n g  a  3  - 4 d a y  

a n t e c e d e n t  r a i n f a l l  r e a d i n g  a l l  b u t  7  o f  t h e  u n s w i m m a b l e  r e a d i n g s  

c o u l d  b e  a c c o u n t e d  f o r .  T h i s  7  o u t  o f  8 9  ( 7 . 9 % )  i s  p r o b a b l y  a  

p r o d u c t  o f  i n c o m p l e t e n e s s  o f  t h e  r a i n f a l l  d a t a  s i n c e  M r .  B e r r y ' s  

r a i n  g a u g e  i s  a b o u t  1 . 2 5  m i l e s  f r o m  O r c h i d  a n d  J a s m i n e  S i n k s .  Due 

t o  t h e  l o c a l i z e d  n a t u r e  o f  some r a i n f a l l  e v e n t s  i n  o u r  a r e a  i t  i s  

q u i t e  p o s s i b l e  t h a t  a  h e a v y  r a i n  w o u l d  f a l l  n o r t h  o f  B u s c h  B l v d .  

a n d  n o  r e a d i n g  b e  r e c o r d e d  a t  h i s  r e s i d e n c e  ( B i r d  and  1 3 t h  

S t r e e t ) .  

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

r a i n f a l l  was r e c o r d e d  a t  a  p a r t i c u l a r  l o c a l e  y e t  a  b a c t e r i a  s p i k e  

o c c u r r e d  a t  t h e  p o o l .  C i t y  o f  Tampa R a i n f a l l  D a t a  f r o m  S e n e c a  SRB 

R a i n  g a u g e  f r o m  May 1 9 8 6  t o  S e p t e m b e r ,  1 9 8 8  shows g o o d  c o r r e l a t i o n  

w i t h  t h e  b a c t e r i a  l e v e l s  a t  t h e  p o o l .  O u t  o f  5 0 4  b a c t e r i a  

r e a d i n g s  3 6 2  ( 7 2 % )  w e r e  s w i m m a b l e .  U s i n g  a  3  - 4  d a y  a n t e c e d e n t  
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rainfall reading 1 1 7  out of 1 4 2  ( 8 2 % )  bacteria spikes can be 

accounted for. Anomalies with the rain gauge readings could 

reduce this to 1 3 0  out of 1 4 2  or about 9%. This means the 

"mystery" spikes were only 8  - 9% over this period and as above 

are due to incompleteness of rainfall data. Further testing could 

completely put this issue to rest. 

Mr. Cardinale was so impressed with the correlation that he 

was specific to rule out septic tanks and sanitary sewers as an 

alternate source of bacteria since these would produce constant 

bacteria readings but unswimmable bacteria spikes were 

intermittent with rainfall. EPC under Mr. Cardinale's direction 

has initiated daily sampling of the pool in order to get baseline 

data for proposed City of Tampa improvements at Orchid Sink. 

These daily readings when compared to Mr. Berry's rainfall 

readings (See Appendix R )  show again a great correlation of 

rainfall to bacteria thus far in 1990. This coupled with dye 

trace and bacteria readings from these investigations make it 

clear that the source o f  bacterial contamination for the pool is 

stormwater related. 

A 3  - 4 day antecedent condition is easily justified in the 

system due to the one day travel time from Jasmine/Orchid to 

Sulphur. Add to this the fact the stormwater can be seen standing 

in Orchid for well over a day and on one occasion for 3 

consecutive days 9 / 2 2 ,  23, 2 4 / 8 9 .  In addition, the fact that 

rainfall could occur late one afternoon but would not be recorded 

until the next day which could easily add a 12 - 1 8  hour lag 
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d e p e n d i n g  on  t i m e  o f  d a i l y  r a i n  g a u g e  r e a d i n g .  F o r  a l l  t h e s e  

r e a s o n s  a  3  - 4 d a y  a n t e c e d e n t  c o n d i t i o n  i s  r e a s o n a b l e  i n  l o o k i n g  

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

Any " m y s t e r y "  s p i k e s  c a n  b e  i s o l a t e d  w i t h  v e r y  l i t t l e  f u r t h e r  

t e s t i n g  o f  J a s m i n e  a n d  O r c h i d  s i n k s  a n d  t h e  e f f e c t  on  t h e  b a c t e r i a  

l e v e l s  a t  t h e  p o o l .  

I n  a  t e l e p h o n e  c o n v e r s a t i o n  w i t h  Mr. J i m  G i a n a t a s i o  o f  t h e  

C i t y  o f  Tampa W a t e r  D e p a r t m e n t  who h a s  b e e n  i n  c h a r g e  o f  w a t e r  

q u a l i t y  t e s t i n g  a t  t h e  p o o l  i t  was  h i s  o b s e r v a t i o n  t h a t  a b o u t  1 

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

t h a t  a b o u t  2 d a y s  a f t e r  t h e  r a i n f a l l  e v e n t  t h e  b a c t e r i a  h a v e  b e e n  

f l u s h e d  o u t  o f  t h e  s y s t e m .  

I n  t e r m s  o f  a n  a c c e p t a b l e  i n d i c a t o r  f o r  b a c t e r i a  a n d  w h a t  i t  

m e a n s  t o  human h e a l t h ,  t h e  c u r r e n t  p r e v a i l i n g  s t a n d a r d  i s  1 0 0 0  

c t s / 1 0 0  ml o f  T o t a l  C o l i f o r m .  T h i s  i s  t h e  s t a n d a r d  i n  f o r c e  t o d a y  

p e r  t h e  D H R S  H e a l t h  D e p a r t m e n t .  Some s a y  t h a t  f e c a l  c o l i f o r m  i s  a  

b e t t e r  i n d i c a t o r  o f  a  p o t e n t i a l  human h e a l t h  t h r e a t  s i n c e  t h e s e  

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

I n  a  t e l e p h o n e  c o n v e r s a t i o n  w i t h  Mr. Mike  L e o n a r d ,  USEPA 

W a t e r  Q u a l i t y ,  A t l a n t a ,  G A  ( 4 0 4 )  3 4 7 - 2 9 1 3 ,  i t  w a s  i n d i c a t e d  t h a t  

EPA v i e w s  1 0 0 0  c t s / 1 0 0  ml o f  T o t a l  C o l i f o r m  o r  2 0 0  c t s / 1 0 0  ml o f  

F e c a l  C o l i f o r r n  a s  a  p o t e n t i a l  h e a l t h  t h r e a t  i n  b a t h i n g  w a t e r s .  

EPA h a s  b e e n  c o n s i d e r i n g  u s i n g  E .  C o l i  a s  a  s t a n d a r d  b u t  t o  d a t e  

h a s  n o t  made r e g u l a t o r y  c h a n g e s .  T h u s  f a r  t o t a l  c o l i f o r m  h a s  b e e n  

t h e  p r e v a i l i n g  s t a n d a r d .  H o w e v e r ,  f e c a l  c o l i f o r m  may b e  a  m o r e  

d e s i r a b l e  s t a n d a r d  f o r  human h e a l t h  c o n s i d e r a t i o n s  a n d  t h e  new 
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s t a n d a r d  o f  E. C o l i  may w a r r a n t  e x p e r i m e n t a l  t e s t i n g  a t  S u l p h u r  

S p r i n g s .  

X I .  ALASKA (TENTH STREET) S INK  CLEAN-UP EFFORTS: 

I n  1 9 8 7  t h e  SSAL became a w a r e  o f  d e b r i s  t h a t  was p r e s e n t  i n  

t h e  A l a s k a  S i n k  a n d  p e r f o r m e d  a  c l e a n i n g  o f  t h e  s i n k  u s i n g  s c u b a  

d i v e r s  a n d  a  t o w  t r u c k  w i n c h  t o  h o i s t  d e b r i s  ( S e e  A p p e n d i x  S  f o r  

p r e s s  c l i p p i n g ) .  As much c l e a n i n g  as  p o s s i b l e  was d o n e  w i t h o u t  

j e o p a r d i z i n g  t h e  s a f e t y  o f  t h e  d i v e r s .  

I n  1 9 8 8  t h e  SSAL a p p r o a c h e d  t h e  H i l l s b o r o u g h  R i v e r  B a s i n  

B o a r d  f o r  h e l p  t o  c o n t i n u e  t h e  c l e a n - u p  e f f o r t  a t  A l a s k a .  The  

B a s i n  B o a r d  s u b s e q u e n t l y  a p p r o v e d  f u n d s  f o r  t h e  o u t f i t t i n g  o r  

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

t h e  c l e a n - u p  ( s e e  A p p e n d i x  U f o r  a g r e e m e n t ) .  

I n  A u g u s t  1 9 8 8 ,  FDER g a v e  a p p r o v a l  f o r  w o r k  i n  t h e  s i n k h o l e  

w i t h o u t  p e r m i t .  On December  3 1 ,  1 9 8 8  d i v e r s  e n t e r e d  A l a s k a  t o  

s u r v e y  t h e  s i n k  f o r  t h e  i m p e n d i n g  c l e a n - u p  u s i n g  a c r a n e  w i t h  a  

c l a m - s h e l l  b u c k e t .  

On J a n u a r y  1 4 ,  a n d  F e b r u a r y  11 a n d  1 2 ,  1 9 8 9 ,  d y e  t e s t s  w e r e  

p e r f o r m e d  a s  m e n t i o n e d  e a r l i e r  w i t h  t h e  a s s i s t a n c e  o f  s p e c i a l l y  

e q u i p p e d  d i v e r s  a n d  m i c r o p h o n e s  t o  c o o r d i n a t e  d y e  r e l e a s e .  

On M a r c h  6 a n d  7 ,  1 9 8 9 ,  t h e  c r a n e  was o n - s i t e  t o  r e m o v e  d e b r i s  

a n d  s i l t  t o  a  r o l l - o f f  d u m p s t e r  p r o v i d e d  b y  Was te  Managemen t .  On 

M a r c h  9,  1 9 8 9  a f t e r  a l l o w i n g  t i m e  f o r  t h e  w a t e r  t o  c l e a r  u p  f r o m  

t h e  d i s t u r b a n c e ,  t h e  d i v e r s  a g a i n  e n t e r e d  t h e  s i n k  t o  a s s e s s  t h e  

e f f e c t s  o f  t h e  c l e a n  o u t .  
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I n  t h i s  d i v e ,  t h e  a r e a  o f  i n f l o w  f r o m  t h e  a q u i f e r  was l o c a t e d  

i n  t h e  N o r t h w e s t  c o r n e r  o f  t h e  b a s e  o f  t h e  s i n k .  T h i s  was t h e  

l o c a t i o n  f r o m  w h i c h  s u b s e q u e n t  w a t e r  q u a l i t y  t e s t i n g  was p e r f o r m e d  

a t  a  d e p t h  o f  2 8  f t .  b e l o w  w a t e r  s u r f a c e .  

S t a r t i n g  on  A p r i l  8 ,  1 8 9 8  a  d i a p h r a g m  pump was u s e d  t o  r e m o v e  

s o l i d s  a n d  t r a s h  f r o m  t h e  s i n k  f o r  a  p e r i o d  o f  s e v e r a l  d a y s .  

A b o u t  2 5  c u b i c  y a r d s  o f  m a t e r i a l  was r e m o v e d .  

On S e p t e m b e r  1 7 ,  1 9 8 9  t h e  d i v e r s  a g a i n  e x p l o r e d  t h e  s i n k  t o  

a s s e s s  t h e  s t a t u s  o f  c l e a n l i n e s s  and  a q u i f e r  f l o w  i n t o  t h e  s i n k .  

I n  F e b r u a r y  3 ,  1 0  a n d  1 7 ,  1 9 9 0  d i v e r s  r e m o v e d  m o r e  t r a s h  t h a t  h a d  

b e e n  dumped i n  b y  i l l e g a l  d u m p e r s .  M a r c h  2 1  t h r o u g h  2 3  h a d  t h e  

c l a m - s h e l l  b u c k e t  c r a n e  b a c k  o n - s i t e  f o r  f u r t h e r  r e m o v a l .  On 

M a r c h  3 1 ,  1 9 9 0  d i v e r s  a g a i n  e x p l o r e d  t h e  s i n k  f o r  s t a t u s .  

X V I .  BACTERIAL MASS BALANCE CONSIDERATIONS: 

I n  t h e  J a s m i n e  I 1  t e s t  t h e  d a t a  p r o d u c e d  t h e  c h a n g i n g  

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

s e e n .  An a t t e m p t  was made t o  q u a n t i f y  t h e  t o t a l  c o l i f o r m  l o a d  

t h a t  p a s s e d  o u t  o f  S u l p h u r  S p r i n g s  p o o l  d u r i n g  t h e  e v e n t .  D u r i n g  

t h e  t e s t  t h e r e  was n o t e d  t o  be  2  f e e t  o f  s t a n d i n g  w a t e r  i n  O r c h i d  

S i n k .  I f  t h e  b a c t e r i a l  o u t p u t  a t  S u l p h u r  S p r i n g s  a p p r o x i m a t e d  t h e  

d y e  t r a c e  c u r v e  e s t a b l i s h e d  b y  t h e  C i t y  o f  Tampa S t o r m w a t e r  

D e p a r t m e n t  t e s t  i n  1 9 8 7 ,  t h e n  t h e  d u r a t i o n  was 26  h o u r s  w i t h  a  

p e a k  a t  s i x  ( 6 )  h o u r s .  So t a k i n g  t h e  J a s m i n e  I 1  t e s t  b a c t e r i a  

d a t a  a n d  e x t r a p o l a t i n g  i t  t o  f i t  t h e  O r c h i d  d y e  t e s t  c u r v e  we 

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



JASMINE I 1  
S u l p h u r  S p r i n g s  P o o l  T o t a l  C o l  i f o r m  C o u n t s  

T o t a l  
C o l  i f o r m  
B a c t e r i a  
( C o u n t s /  

1 0 0  m l )  

A c t u a l  D a t a  .c a E x t r a ~ o l  a t e d  D a t a  
1 - 

1 0 , 0 0 0  

5 , 0 0 0  

1 , 0 0 0  

The  f l o w r a t e  a t  t h e  p o o l  was a b o u t  40  c f s  f o r  t h e  d u r a t i o n  o f  

t h e  t e s t .  1 0 0  m l  c a n  b e  c o n v e r t e d  t o  c u b i c  f e e t  ( c f )  b y  

m u l t i p y i n g  b y  2 8 3 . 5 .  

S u l p h u r  S p r i n g s  O u t p u t  D a t a :  

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

c u r v e  i s  b r o k e n  i n t o  f o u r  s e g m e n t s :  

0 - 3  H r s :  A v g .  400  c t s  x 3  H r s  ( 3 6 0 0 ) ( 4 0 ) ( 2 8 3 . 5 )  = 0 . 4 9  x 1 0 1 1  c t s  

3 - 9  H r s :  A v g . 7 , 5 0 0  c t s  x  6 H r s  ( 3 6 0 0 ) ( 4 0 ) ( 2 8 3 . 5 )  = 1 8 . 3 7  x 1 0 1 1  c t s  

9 - 1 8  H r s :  Avg .  3 , 0 0 0  c t s  x  9  H r s  ( 3 6 0 0 ) ( 4 0 ) ( 2 8 3 . 5 )  = 1 1 . 0 2  x  1 0 1 1  c t s  

1 8 - 2 6  H r s :  Avg .  6 0 0  c t s  x  8  H r s  ( 3 6 0 0 ) ( 4 0 ) ( 2 8 3 . 5 )  = 1 . 9 6  x  1 0 1 1  c t s  

S t o r m  E v e n t  T o t a l  = 3 1 . 8 4  x c t s  

O r c h i d  B a c t e r i a  I n p u t :  

A t  2 . 0  f t .  d e e p  t h e  s i n k  h a s  a  s u r f a c e  a r e a  o f  a b o u t  4 , 6 7 5  s f .  x 

2 . 0  f t .  = 9 , 3 5 0  c f .  EPC h a d  p r e v i o u s l y  t e s t e d  r a w  s t o r m w a t e r  f l o w s  

a n d  r e p o r t e d  v a l u e s  o f  5 7 , 0 0 0  a n d  8 7 , 0 0 0  c t s  ( S e e  A p p e n d i x  T )  f o r  

T o t a l  C o l i f o r m  i n  O r c h i d  S i n k :  



9 , 3 5 0  c f .  x 7 3 , 0 0 0  c t s  a v g .  x 2 8 3 . 5  = 1 . 9 3  x 1 0 1 1  c t s  

J a s m i n e  B a c t e r i a  I n p u t :  

The  C i t y  o f  Tampa r e p o r t s  t h e  d r a i n a g e  b a s i n  f o r  O r c h i d  t o  b e  

1 3 0  A c r e s  a n d  f o r  J a s m i n e  6 3  a c r e s .  

U s i n g  t h i s  r a t i o  a n d  a s s u m i n g  t h e  s t o r m  l o a d s  t o  b e  r o u g h l y  

e q u a l ,  we c a n  e s t i m a t e  t h e  b a c t e r i a  l o a d  f o r  J a s m i n e .  

63 
- - -  x 1 . 9 3  x 1 0 1 1  c t s - c f  = 0 . 9 4  x 1 0 1 1  c t s  
1 3 0  

A d d i n g  O r c h i d  and  J a s m i n e  t o g e t h e r  y i e l d s  2 . 8 7  x 1 0 1 1  c t s .  

C o m p a r i n g  t h i s  t o  t h e  e s t i m a t e d  l o a d  a t  S u l p h u r  S p r i n g s  we 

f i n d  we a r e  o n l y  o f f  b y  a  f a c t o r  o f  1 0 .  T h i s  i s  a  v e r y  s i m p l e  

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

l e v e l  a t  O r c h i d .  M o r e  w a t e r  w o u l d  h a v e  f l o w e d  t h r o u g h  O r c h i d  t h a n  

t h a t  w h i c h  was s e e n  s t a n d i n g .  To come w i t h i n  o n e  o r d e r  o f  

m a g n i t u d e  w i t h  s u c h  a  s i m p l e  a n a l y s i s  seems v e r y  e n c o u r a g i n g .  

To p u t  t h i s  i n  p e r s p e c t i v e  9 , 3 5 0  c f  + 6 3 / 1 3 0  m o r e  f o r  J a s m i n e  

e q u a l s  4 , 5 3 1  c f  f o r  a  t o t a l  o f  1 3 , 8 8 1  c f  o r  1 0 3 , 8 3 0  g a l s .  To 

p r o d u c e  t h e  b a c t e r i a  mass t h a t  was s e e n  a t  S u l p h u r  S p r i n g s  1 0  x 

t h i s  a m o u n t  o f  w a t e r  o r  1 , 0 3 8 , 3 0 0  g a l s  o f  b a c t e r i a  l a d e n  

s t o r m w a t e r  w o u l d  h a v e  b e e n  r e q u i r e d .  T h i s  i s  a  g r e a t  d e a l  o f  

w a t e r ,  b u t  i t  i s  n o t  a  g r e a t  d e a l  o f  s t o r m w a t e r .  

T h i s  m e t h o d  o f  q u a n t i f y i n g  t h e  b a c t e r i a  l o a d  a t  S u l p h u r  

S p r i n g s  h a s  a  g r e a t  d e a l  o f  m e r i t  and  h a s  b e e n  o v e r l o o k e d  b y  

i n v e s t i g a t o r s  p r e v i o u s l y .  I t  p o i n t s  o u t  t h a t  a  l a r g e  amoun t  o f  

h e a v i l y  b a c t e r i a  l a d e n  w a t e r  i s  r e q u i r e d  t o  c o n t a m i n a t e  t h e  

s u b s t a n t i a l  f l o w  e x i t i n g  S u l p h u r  S p r i n g s  ( 4 0  c f s  = 2 5 . 8  m g d ) .  
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I n  h i s  1 9 8 7  s t u d y  t i t l e d  " M i c r o  O r g a n i s m s  i n  U r b a n  S p r i n g s  

a n d  S i n k h o l e s "  Dr. C . I .  N o s s  o f  U . S . F .  c o n c l u d e d  t h a t  O r c h i d  s i n k  

w a s  w i t h i n  b a c t e r i a  l o n g e v i t y  a t  2 6  h o u r s  a n d  t h a t  t h e y  c o u l d  

r e a c h  t h e  p o o l  w i t h o u t  g r e a t  c h a n g e  i n  c h a r a c t e r ,  s e e  A p p e n d i x  M .  

I t  w a s  r e c o m m e n d e d  by t h i s  r e p o r t  t h a t  t h e  J a s m i n e  w a t e r  q u a l i t y  

a n d  t r a v e l  t i m e  b e  e v a l u a t e d .  T h i s  r e p o r t  h a s  d o n e  s o  a n d  h a s  

f o u n d  o n l y  a  2 . 0  h o u r  t r a v e l  t i m e  d i f f e r e n c e  b e t w e e n  O r c h i d  a n d  

J a s m i n e .  F u r t h e r ,  a  m o d e l i n g  t o o l  f o r  t r a v e l  t i m e  h a s  b e e n  f o u n d  

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

n e e d e d .  

T h e  m o i s t ,  warm,  d a r k  a n d  n u t r i e n t  l a d e n  e n v i r o n m e n t  o f  t h e  

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

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

s u r v i v e  t h e  t r i p  t o  S u l p h u r  S p r i n g s .  

T h e r e  h a v e  b e e n  q u e s t i o n s  r a i s e d  a b o u t  t h e  p o s s i b i l i t y  o f  

s e p t i c  t a n k  l e a c h a t e  b e i n g  a  p o s s i b l e  s o u r c e  o f  t h e  p o o l ' s  

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

b a c t e r i a l  s p i k e s  i s  a b o u t  9 2 %  f o r  1 9 8 8  a n d  1 9 8 9 .  T h i s  l e a v e s  a n  

8% m y s t e r y  f a c t o r  w h i c h  i s  b e l i e v e d  i n  t h i s  r e p o r t  t o  be  d u e  t o  

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

H o w e v e r ,  i f  s e p t i c  t a n k  l e a c h a t e  w e r e  t h e  c a u s e  o f  some 

c o n t a m i n a t i o n  i t  w o u l d  s e e m  l o g i c a l  t h a t  i t  w o u l d  b e  a t  i t s  

h i g h e s t  d u r i n g  t h e  r a i n y  s e a s o n  when t h e  w a t e r  t a b l e  i s  a t  i t s  

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

down i n t o  t h e  a q u i f e r .  Or c o n v e r s e l y ,  i t  may b e  when t h e  w a t e r  

t a b l e  i s  a t  i t s  l o w e s t  a n d  b a c t e r i a l  c o n c e n t r a t i o n  f r o m  s e p t i c  
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t a n k  l e a c h a t e  i s  t h e  h i g h e s t .  A  r e v i e w  o f  S e p t e m b e r / O c t o b e r  

(S .H.W.L . )  a n d  A p r i l / M a y  ( S . L . W . L . )  f o r  1 9 8 8  a n d  1 9 8 9  i n  t h e  C i t y  

W a t e r  Q u a l i t y  d a t a  f o r  S u l p h u r  S p r i n g s  ( s e e  A p p e n d i x  0) shows o n l y  

2  b a c t e r i a l  s p i k e s  a t  t h e  p o o l  n o t  c o r r e l a t e d  w i t h  r a i n f a l l  i n  t h e  

t w o  ( 2 )  y e a r s  f o r  t h e  d r y  s e a s o n  a n d  n o n e  f o r  t h e  w e t  s e a s o n .  

T h e r e f o r e ,  t h e  l i k e l i h o o d  t h a t  s e p t i c  t a n k s  p l a y  a  r o l e  i n  t h e  

S u l p h u r  S p r i n g s  P o o l  p r o b l e m  i s  r e m o t e .  

C o n s i d e r  a l s o  t h a t  o n l y  a  l i m i t e d  a r e a  o f  N o r t h  Tampa i s  n o t  

c u r r e n t l y  s e r v e d  b y  s a n i t a r y  s e w e r s .  And b a s e d  o n  t h e  mass 

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

b e  s i t t i n g  o n  a  f i s s u r e  t o  l i m e r o c k  a n d  b e  d i r e c t l y  c h a n n e l e d  t o  

t h e  a q u i f e r .  The  m o r e  l i k e l y  f a t e  o f  s e p t i c  t a n k  b a c t e r i a  i s  t o  

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

t h e  u n c o n s o l i d a t e d  s a n d / c l a y  m a t r i x .  The  s t u d y  o f  D r .  Noss  d i d  

n o t  r e p o r t  t h a t  s e p t i c  t a n k s  w e r e  a  r e a l i s t i c  p o t e n t i a l  s o u r c e  o f  

c o n t a m i n a t i o n .  

I n  t u r n ,  l e a k a g e  f r o m  s a n i t a r y  s e w e r s  h a s  b e e n  i m p l i c a t e d  a s  

a  p o t e n t i a l  s o u r c e  o f  t h e  p o o l  c o n t a m i n a t i o n .  H o w e v e r ,  t h e  

t y p i c a l  s a n i t a r y  s e w e r  l i n e  i n  t h i s  a r e a  p r o b a b l y  s p e n d s  m o s t  o f  

i t s  l i f e  u n d e r w a t e r ,  i n  t h a t  i t  i s  s u b m e r g e d  b y  t h e  s u r f i c i a l  

w a t e r  t a b l e .  T h e r e f o r e ,  a n y  l e a k s  w o u l d  r e s u l t  i n  i n f i l t r a t i o n  a s  

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

I f  t h e r e  was s i g n i f i c a n t  w a s t e w a t e r  e s c a p i n g  and  f l o w i n g  i n t o  t h e  

a q u i f e r  q u i c k l y  t h e n  i t  w o u l d  seem t h a t  a  f l o w  o f  w a t e r  w o u l d  t a k e  

w i t h  i t  s i l t  a n d  s a n d s  w h i c h  w o u l d  c r e a t e  v o i d s  a n d  e v e n t u a l l y  

u n d e r m i n e  t h e  p i p e  and  u l t i m a t e l y  t h e  r o a d b e d .  I t  s h o u l d  b e  n o t e d  
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t h a t  d u e  t o  t h e  n a t u r e  o f  d o m e s t i c  w a s t e w a t e r  ( i . e .  s o l i d s ,  

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

w o u l d  t e n d  t o  b l i n d  o v e r  v o i d s  and  s e a l  u p .  H o w e v e r ,  i f  i t  w e r e  

t o  h a p p e n  i t  w o u l d  seem l i k e l y  t h a t  i t  w o u l d  r e s u l t  i n  a  c o n s t a n t  

f e e d  o f  b a c t e r i a  t o  t h e  a q u i f e r  a n d  t h e  d a t a  shows t h a t  t h e r e  i s  

n o t  a  c o n s t a n t  p r o b l e m .  

T h e  C i t y  o f  Tampa u s e d  t e l e v i s i o n  m o n i t o r i n g  e q u i p m e n t  a n d  

s u r v e y e d  a  4 8 "  t r u n k  s e w e r  t h a t  l i e s  w i t h i n  1 0 0  f t .  o f  t h e  p o o l .  

A r e v i e w  o f  t h a t  t a p e  r e v e a l s  t h a t  some c r a c k s  e x i s t ,  b u t  t h a t  

i n f i l t r a t i o n  i s  o c c u r r i n g  and  n o t  e x f i l t r a t i o n .  H y d r a u l i c a l l y ,  i f  

a n  i n t e r c o n n e c t i o n  was made b e t w e e n  t h e  a q u i f e r  a n d  a  s e w e r  p i p e  

i n  t h e  p o o l  v i c i n i t y ,  t h e  a q u i f e r  f l o w  w o u l d  f i l l  t h e  s e w e r  p i p e .  

M o r e  w o r k  o n  t h e  b a c t e r i a l  mass b a l a n c e  a s  a  means o f  

q u a n t i f y i n g  t h e  c o n t r i b u t i o n  o f  J a s m i n e  a n d  O r c h i d  a s  t h e  s o u r c e  

o f  p o o l  c o n t a m i n a t i o n  n e e d s  t o  b e  d o n e .  H o w e v e r ,  t h i s  s i m p l e  

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

e x a c t i t u d e .  

X V I I .  D I S C U S S I O N  O F  C U R R E N T  E V E N T S :  

T h e r e  a r e  many o t h e r  c o n c u r r e n t  e v e n t s  t a k i n g  p l a c e  w h i c h  

a f f e c t  t h e  N o r t h  Tampa S u l p h u r  S p r i n g s  A q u i f e r  S y s t e m  a n d  t h e  

n a t u r a l  r e s o u r c e  we a l l  w i s h  t o  p r o t e c t .  

C u r r e n t l y  t h e  C i t y  o f  Tampa S t o r m w a t e r  D e p a r t m e n t  h a s  u n d e r  

c o n s t r u c t i o n  t h e  C u r i o s i t y  C r e e k  F - 1 0 0  D r a i n a g e  B a s i n  b e t w e e n  

1 0 9 t h  A v e n u e  a n d  C o u n t r y  C l u b  w e s t  o f  F l o r i d a  A v e n u e .  T h i s  a r e a  

was o n c e  known  t o  u p -  t a k e  a  g r e a t  d e a l  o f  t h e  f l o w  o f  C u r i o s i t y  

C r e e k .  S i n c e  t h e  t r e n d  h a s  b e e n  f o r  s i l t a t i o n  and  man-made d e b r i s  
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t o  s e a l  o f f  t h e  s i n k s  t h e r e  h a s  b e e n  l e s s  w a t e r  f l o w i n g  d i r e c t l y  

t o  t h e  a q u i f e r  s y s t e m .  T h i s  a r e a  t e n d s  t o  s t a b i l i z e  a  a b o u t  w a t e r  

l e v e l  2 2 . 0  f t .  w h i c h  i n d i c a t e s  some r e c h a r g e  may b e  g o i n g  on 

t h r o u g h  s u r f i c i a l  s a n d s  and  c l a y s .  The  A c t i o n  L e a g u e  h a d  i n q u i r e d  

o f  t h e  p o t e n t i a l  f o r  a d v e r s e  w a t e r  q u a l i t y  i m p a c t s  o n  t h e  a q u i f e r  

b y  t h e  c o n s t r u c t i o n ,  b u t  was a s s u r e d  t h e r e  w o u l d  b e  n o n e ,  s e e  

A p p e n d i x  Q.  

A  s e a r c h  was made f o r  t h e  f a m o u s  B l u e  S i n k  t h a t  s o  many Tampa 

r e s i d e n t s  r e m e m b e r  h i s t o r i c a l l y .  Two ( 2 )  s i n k s  w e r e  c o n s i d e r e d  t o  

b e  t h e  m o s t  l i k e l y  c a n d i d a t e s .  H o w e v e r ,  i n  t h e  p r o c e s s  a  c o u p l e  

o f  w e t  s i n k s  w e r e  f o u n d  b e h i n d  R o g e r  W h i t l e y  n e a r  C u r i o s i t y  S i n k  

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

t i m e  t e s t s .  

I n  a d d i t i o n ,  t h e  C u r i o s i t y  S i n k  b e h i n d  1 1 5 1 3  N .  R a v i n e  D r i v e  

w h i c h  was t h e  l o c a t i o n  o f  w a t e r  t e s t i n g  i n  t h i s  r e p o r t  h a s  t h e  

p o t e n t i a l  f o r  d y e  t r a c e  u s e .  I t  w i l l  b e  e x p l o r e d  t o  s e e  i f  t h e  

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

u n d e r  e l e v a t e d  h e a d  c o n d i t i o n s  i t  may r e v e r s e  a n d  c h a n g e  f r o m  a  

s p r i n g  t o  a  s y p h o n .  

A p p e n d i x  A  w h i c h  i s  a  map f o r  t h e  o r i g i n a l  1 9 5 8  d y e  t e s t  h a s  

b e e n  u p d a t e d  t o  show o t h e r  s i n k h o l e s  t h a t  w e r e  d o c u m e n t e d  on  o l d  

FDOT d r a w i n g s .  A l s o  s t o r m w a t e r  r e t e n t i o n  b a s i n s  t h a t  h a v e  b e e n  

a d d e d  b e t w e e n  1 9 6 5  and  1985 a r e  shown.  The  a r c  f r o m  C u r i o s i t y  t o  

J a s m i n e  t o  O r c h i d  t o  A l a s k a  t o  S u l p h u r  i s  e v i d e n t .  The  s t r a i g h t  

p a t h  f r o m  C u r i o s i t y  t o  B l u e  t o  S u l p h u r  i s  a l s o  e v i d e n t  b y  s i n k  
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a l i g n m e n t .  T h i s  h e l p s  e x p l a i n  t h e  40 h o u r  v e r s u s  4 7  h o u r  t r a v e l  

t i m e s  f r o m  1 9 5 8  t o  1 9 8 9  t e s t s .  

The  C i t y  h a s  n o  c u r r e n t  p l a n s  f o r  a n y  w a t e r  q u a l i t y  r e l a t e d  

i m p r o v e m e n t s  a t  J a s m i n e  S i n k .  A s m a l l  d r y  b a s i n  was i n s t a l l e d  t o  

r e c e i v e  some s t r e e t  r u n o f f  p r i o r  t o  i n f l o w  t o  t h e  s i n k .  H o w e v e r ,  

i t  h a d  t h e  u n d e s i r a b l e  e f f e c t  o f  b e i n g  m i s t a k e n  f o r  a  d r y  

r e t e n t i o n  p o n d  b y  a  C i t y  t r u c k  w h i c h  d i s c h a r g e d  c o n t a m i n a t e d  f l o w  

t o  t h e  s i n k .  S e c u r i t y  a t  t h i s  a n d  O r c h i d  S i n k  n e e d s  t o  b e  

i n c r e a s e d  s o  t h a t  i t  c a n n o t  become a  t a r g e t  f o r  t h e  " m i d n i g h t  

d u m p e r '  who m i g h t  s u b s e q u e n t l y  f o u l  t h e  a q u i f e r .  

A t  O r c h i d  i n  A p r i l  o f  1 9 8 9  t h e  S u l p h u r  S p r i n g s  A c t i o n  L e a g u e  

(SSAL)  s p o n s o r e d  a  s i n k  h o l e  c l e a n - u p  a n d  r e m o v e d  m o r e  t h a n  25  

c u b i c  y a r d s  o f  d e b r i s ,  t r a s h ,  w a s t e  d r u m s ,  t i r e s ,  b o a r d s ,  b i c y c l e  

p a r t s ,  y o u  name i t .  W a s t e  Management  s u p p o r t e d  t h e  e f f o r t  w i t h  a  

r o l l  - o f f  d u m p s t e r .  

T h e  F l o r i d a  D e p a r t m e n t  O f  T r a n s p o r t a t i o n  ( F D O T ) ,  i n  

c o n j u n c t i o n  w i t h  t h e  C i t y  o f  Tampa h a s  f o r  t h e  l a s t  y e a r  a n d  o n e -  

h a l f  b e e n  p r e p a r i n g  a  p u r c h a s e  l a n d  a d j a c e n t  t o  O r c h i d  S i n k  w h i c h  

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

T h e  p r o j e c t  w i l l  b e  f u n d e d  b y  FDOT f o r  l a n d  p u r c h a s e  a n d  

e n g i n e e r i n g  d e s i g n .  The  C i t y  w i l l  c o n s t r u c t  t h e  p r o j e c t  w i t h  

$ 1 0 0 , 0 0 0  o f  i t s  own f u n d s  and  up  t o  $ 4 0 , 0 0 0  o f  f u n d  f r o m  t h e  

H i l l s b o r o u g h  C o u n t y  P o l l u t i o n  R e c o v e r y  T r u s t  F u n d .  T h i s  p r o j e c t  

w i l l  a d d r e s s  t h e  4 8 "  RCP p i p e  f l o w i n g  f r o m  t h e  n o r t h  a n d  S t a t e  

r o a d  r i g h t - o f - w a y .  I t  w i l l  n o t  a f f e c t  t h e  s t o r m w a t e r  f l o w  f r o m  

t h e  C i t y  o f  Tampa 3 6 "  RCP l i n e  f r o m  t h e  e a s t  ( S e e  L o c a t i o n  M a p ) .  
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A p p e n d i x  E .  The  C i t y  i n t e n d s  t o  m o n i t o r  t h e  e f f e c t  o n  w a t e r  

q u a l i t y  o f  t h i s  f i l t e r i n g  b a s i n  p r i o r  t o  d o i n g  a n y t h i n g  o n  i t s  own 

f a c i l i t i e s .  C o n s t r u c t i o n  i s  s c h e d u l e d  f o r  t h e  l a t t e r  p a r t  o f  

1 9 9 0 ,  b u t  t h e  e v a l u a t i o n  p e r i o d  h a s  n o t  b e e n  s p e c i f i e d .  

A l a s k a  S i n k ,  as  h a s  b e e n  d e s c r i b e d ,  was t h e  s u b j e c t  o f  a  

m a j o r  c l e a n - u p  e f f o r t  b y  t h e  SSAL. U s i n g  d i v e r s ,  pumps,  c l a m s -  

s h e l l  b u c k e t  c r a n e s ,  f i l t r a t i o n  a n d  w a s t e  d u m p s t e r s ,  o v e r  1 4 0  

c u b i c  y a r d s  o f  d e b r i s  was r e m o v e d .  The  c i r c u l a t i o n  a n d  c l a r i t y  o f  

t h e  s i n k h o l e  h a s  i n c r e a s e d .  The  SSAL i n t e n d s  t o  w o r k  t o  k e e p  t h i s  

p r i v a t e l y  owned a q u i f e r  w i n d o w  f r o m  b e i n g  a  f u t u r e  t a r g e t  f o r  

d u m p i  n g  . 
The  C i t y  o f  Tampa W a t e r  D e p a r t m e n t  i s  c u r r e n t l y  p e t i t i o n i n g  

t h e  S o u t h w e s t  F l o r i d a  W a t e r  Management  D i s t r i c t  (SWFWMD) t o  m o d i f y  

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

p o o l  f o r  d r i n k i n g  w a t e r  p u r p o s e s .  The l o n g  t e r m  s t r a t e g y  o f  t h e  

C i t y  i s  t o  u t i l i z e  t h e  p o o l  m o r e  f o r  a  d r i n k i n g  w a t e r  s o u r c e .  

The  S u l p h u r  S p r i n g s  p o o l  h a s  b e e n  c l o s e d  f o r  s w i m m i n g  s i n c e  

J u n e  o f  1 9 8 6 .  As we a p p r o a c h  t h e  f i f t h  summer o f  n o t  b e i n g  a b l e  

t o  u t i l i z e  t h i s  h i s t o r i c  and  v i t a l  n a t u r a l  r e s o u r c e  t h e  A c t i o n  

L e a g u e  h a s  t a k e n  s t e p s  t o  t r y  t o  b r e a t h  new l i f e  i n t o  t h e  f a c i l i t y  

i n  t h e  f o l l o w i n g  w a y s .  

S i n c e  n o  r e c r e a t i o n a l  a c t i v i t i e s  a r e  t a k i n g  p l a c e  i n  t h e  

f a c i l i t y  a t  a l l ,  t h e  P a r k s  and  R e c r e a t i o n  D e p a r t m e n t  was 

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

b a t h h o u s e ,  g a z e b o  a n d  r i v e r f r o n t  p a r k .  



As R e s o l u t i o n  8 8 - 6 4 7  s t a t e s  t h e  A c t i o n  L e a g u e  h a s  s o u g h t  and  

c o n t i n u e s  t o  s e e k  m e t h o d s  a n d  p l a n s  t o  r e v i t a l i z e  a n d  r e f u r b i s h  

t h e  p o o l  u s e .  The  p l a n  p r e s e n t e d  h a s  t w o  s c e n a r i o s ,  o n e  w i t h o u t  

t h e  u s e  o f  s w i m m i n g  a t  t h e  p o o l  a n d  l a g o o n  a n d  o n e  w i t h  l i m i t e d  

r e c r e a t i o n a l  s w i m m i n g .  

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

A c t i o n  L e a g u e  a p p r o a c h e d  D r .  K w a l i c k ,  D i r e c t o r  o f  t h e  H i l l s b o r o u g h  

C o u n t y  H e a l t h  D e p a r t m e n t  t o  s e e  i f  a  Managemen t  P l a n  c o u l d  b e  

d e v e l o p e d  b a s e d  u p o n  t h e  p r e d i c t a b i l i t y  o f  b a c t e r i a  s p i k e s .  

S u c h  a  p l a n  w o u l d  u t i l i z e  t h e  p o o l  f o r  s w i m m i n g  when b a c t e r i a  

l e v e l s  a r e  s a f e  a n d  w o u l d  c a l l  f o r  c l o s i n g  when T o t a l  C o l i f o r m  

c o u n t s  o v e r  1 , 0 0 0  m i g h t  j e o p a r d i z e  p u b l i c  h e a l t h .  O u t  o f  t h e  3 2 4  

s a m p l e s  t a k e n  b y  t h e  C i t y  W a t e r  D e p a r t m e n t  i n  1 9 8 8  a n d  1 9 8 9  t h e  

p o o l  was s a f e  f o r  s w i m m i n g  i n  72% o f  t h e  d a y s  t e s t e d .  F u r t h e r  

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

s u b s t a n t i a l  p e r i o d s  o f  s w i m m i n g  i n  t h e  December  t o  May t i m e  f r a m e .  

T h i s  p l a n  i s  b e i n g  w r i t t e n  a t  p r e s e n t  f o r  p r e s e n t a t i o n  t o  t h e  C i t y  

a n d  H e a l t h  D e p a r t m e n t  f o r  t h e i r  r e v i e w  a n d  commen t .  

I t  seems t h a t  d u e  t o  t h e  n a t u r e  o f  t h e  s t o r m w a t e r  

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

s t r a t e g y  w o u l d  b e  t h e  m o s t  e f f e c t i v e .  I n  t h e  s h o r t  t e r m ,  u t i l i z e  

t h e  f a c i l i t y  a s  much a s  p r a c t i c a l  t h r o u g h  a  Managemen t  P l a n  o r  

s i m i l a r  d e v i c e .  Then  f o r  t h e  l o n g  t e r m  p l a n  t o  m o d i f y  t h e  

s t o r m w a t e r  s y s t e m s  t h a t  h a v e  b e e n  d e f i n i t e l y  shown t o  c o n t a m i n a t e  

t h e  S u l p h u r  S p r i n g s  P o o l .  



XVIII. CONCLUSIONS: 

* The  C u r i o s i t y  W a t e r  Q u a l i t y  d a t a  i n d i c a t e s  t h a t  a n  a q u i f e r  

w i n d o w  h a s  b e e n  l o c a t e d  a n d  t h a t  t h e  w a t e r  q u a l i t y  i s  h i g h  w i t h  

l i t t l e  b a c t e r i a l  c o n t a m i n a t i o n .  N i t r o g e n  i n  t h e  s y s t e m  i s  

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

* The  J a s m i n e  ( P o i n s e t t i a )  W a t e r  Q u a l i t y  d a t a ,  t h o u g h  n o t  

e n t i r e l y  c o n s i s t e n t  f o r  b a c t e r i a ,  i n d i c a t e d  w a t e r  o f  a  s l i g h t l y  

i n c r e a s e d  c o n t a m i n a n t  l o a d .  The d y e  t r a c e  i n t e r c o n n e c t i o n  w i t h  

S u l p h u r  S p r i n g s  was p r o v e n .  T h o u g h  p r e v i o u s l y  s u s p e c t e d  i t  was 

f i n a l l y  d o c u m e n t e d  a n d  i s  now w i t h o u t  d o u b t .  I t s  t r a v e l  t i m e  o f  

2 2  h o u r s  i s  w i t h i n  t h e  s u r v i v a l  r a t e  o f  c o l i f o r m  b a c t e r i a .  The  

s t o r m w a t e r  i n f l o w  t o  J a s m i n e  i s  s u b s t a n t i a l .  

* O r c h i d  S i n k  w a t e r  l e v e l s  a n d  o b s e r v a t i o n s  d u r i n g  t h e s e  

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

f l o w  f r o m  t h i s  m a j o r  s i n k  t o  S u l p h u r  S p r i n g s .  The  s t o r m w a t e r  

i n f l o w  t o  O r c h i d  i s  g r e a t e r  t h a n  t h a t  o f  J a s m i n e .  

* A l a s k a  ( 1 0 t h  S t r e e t )  S i n k  was p o s i t i v e l y  shown t o  b e  

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

t r a c e  t e s t s .  The  W a t e r  Q u a l i t y  d a t a  was t h e  m o s t  c o n s i s t e n t  b y  

l o c a t i o n  o f  a l l  p o i n t s .  T h i s  s i n k  h a s  l e s s  i n t e r c h a n g e  o f  f l o w  

u n d e r  n o r m a l  h e a d  c o n d i t i o n s ,  b u t  t h e  w a t e r  l e v e l  c a n  b e  

m a n i p u l a t e d .  

* S u l p h u r  S p r i n g s  p o o l  h a s  new w a t e r  q u a l i t y  d a t a  h e r e t o f o r e  

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

s t o r m w a t e r  i n p u t s .  The  c h a n g e  o f  a q u i f e r  c h a r a c t e r i s t i c s  t h o u g h  

n o t  c o n c l u s i v e  s u g g e s t  some w a t e r  q u a l i t y  t r e n d s  w h i c h  b e a r  

f u r t h e r  i n v e s t i g a t i o n .  
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* I n  J a s m i n e  I 1  a  d u a l  T o t a l  C o l i f o r m  s p i k e  was d e t e c t e d  w i t h  

t w o  p e a k s ,  t w o  h o u r s  a p a r t  i n  r e s p o n s e  t o  a  s t o r m  e v e n t  a t  J a s m i n e  

a n d  O r c h i d  S i n k s .  T h i s  i s  t h e  f i r s t  c o n c l u s i v e  e v i d e n c e  t h a t  

s t o r m w a t e r  and  p o o l  b a c t e r i a  l e v e l s  a r e  u n d o u b t e d l y  r e l a t e d .  

* W a t e r  q u a l i t y  d a t a  f o r  t h e  a q u i f e r  s y s t e m  shows some 

i n c o n c l u s i v e ,  b u t  s u b s t a n t i v e  t r e n d s  f r o m  C u r o s i t y  t o  J a s m i n e  t o  

S u l p h u r .  I t  i s  b e l i e v e d  u p o n  f u r t h e r  i n v e s t i g a t i o n  a  n o n -  

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

d e t e c t i o n  o f  b a c t e r i a l  o n s l a u g h t  w i t h o u t  h a v i n g  t o  w a i t  2 4  h o u r s  

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

* The  s i m p l e  M a n n i n g  e q u a t i o n  f o r  w a t e r  f l o w  i n  a  c o n d u i t  

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

i n  t h e  a q u i f e r  s y s t e m .  W i t h  m o r e  p r e c i s i o n  a s  t o  w a t e r  l e v e l s  and  

t h e i r  d u r a t i o n  i n  u p s t r e a m  s i n k s  i t  i s  b e l i e v e d  t r a v e l  t i m e s  c o u l d  

b e  p r e d i c t e d  t o  w i t h i n  l e s s  t h a n  an  h o u r s  t i m e  a c c u r a c y .  

* To p u t  t h e  a b o v e  c o n c l u s i o n  i n  t h e  f o r m  o f  a  c h a l l e n g e :  we 

b e l i e v e  t h a t  t r a v e l  t i m e s  f r o m  J a s m i n e ,  O r c h i d  a n d  A l a s k a  S i n k s  

c a n  b e  p r e d i c t e d  t o  w i t h i n  2 h o u r s  a c c u r a c y  a t  t h i s  s t a g e  o f  

i n v e s t i g a t i o n .  S t a t e  a  t i m e  and  p i c k  a  c o l o r  ( o n l y  r e d  and  g r e e n  

a v a i l a b l e  p r e s e n t l y )  t h a t  S u l p h u r  S p r i n g s  s h o u l d  b e  c o l o r i z e d  and  

we w i l l  make t h e  a r r a n g e m e n t s .  

* The  B a c t e r i a l  Mass  b a l a n c e  a p p r o a c h  i s  a  s i m p l e  

q u a n t i f i c a t i o n  p r o c e d u r e  w h i c h  may y i e l d  v e r y  c o n c l u s i v e  e v i d e n c e  

a s  t o  t h e  s t o r m w a t e r  c o n t a m i n a t i o n  o r i g i n s  o f  t h e  p o o l .  

* AS i n d i c a t e d  i n  p r e v i o u s  r e s e a r c h  we b e l i e v e  a l l  b a c t e r i a l  

s p i k e s  c a n  b e  a c c o u n t e d  f o r  b y  a n t e c e d e n t  r a i n f a l l  e v e n t s  o f  u p  t o  
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t h r e e  t o  f o u r  d a y s  d u r a t i o n .  The  " m y s t e r y  s p i k e s "  a r e  d u e  t o  

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

b e i n g  r e a d  i n  t h e  i m m e d i a t e  v i c i n i t y  o f  J a s m i n e  and  O r c h i d .  

* The  e v i d e n c e  d o e s  n o t  s u p p o r t  t h e  l e a c h a t e  o f  s e p t i c  t a n k s  

o r  t h e  l e a k a g e  o f  s a n i t a r y  s e w e r s  a s  a  s e r i o u s  t h r e a t  t o  s w i m m a b l e  

w a t e r s  a t  S u l p h u r  S p r i n g s  p o o l .  

* S t o r m w a t e r ,  s t o r m w a t e r ,  s t o r m w a t e r  a n d  f i n a l l y  s t o r m w a t e r  

i s  t h e  s o u r c e  o f  a t  l e a s t  9 2 %  o f  t h e  b a c t e r i a l  s p i k e s  b a s e d  on  

p r e s e n t  i n f o r m a t i o n .  We b e l i e v e  w i t h  e a s i l y  a c c e s s e d  f u r t h e r  

t e s t i n g  t h i s  s o u r c e  w i l l  b e  f o u n d  t o  a c c o u n t  f o r  100% o f  b a c t e r i a l  

s p i k e s  l e s s  o f  c o u r s e ,  a n y  m a n - i n d u c e d  m i s c h i e v o u s  o r  i l l e g a l  

d u m p i n g .  

X I X .  RECOMMENDATIONS: 

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

c h a r t s  i n  J a s m i n e  a n d  O r c h i d  S i n k s .  C o n n e c t  t h e s e  d e v i c e s  v i a  

p h o n e  l i n e  t o  t h e  S u l p h u r  S p r i n g s  b a t h h o u s e .  A n a l y z e  t h e  r e l a t i v e  

w a t e r  l e v e l  r e a d i n g s  f r o m  J a s m i n e  and  O r c h i d  t o  S u l p h u r  t o  f i n e  

t u n e  u n d e r s t a n d i n g  o f  t r a v e l  t i m e s  and  c o n c e n t r a t e d  p e a k  a r r i v a l s .  

* S u p p l e m e n t  t h i s  w i t h  r a i n f a l l  r e a d i n g s  i n  t h e  v i c i n i t y  o f  

J a s m i n e  a n d  O r c h i d .  SSAL h a s  r a i n  g a u g e s  f o r  t h i s  p u r p o s e  and  i s  

a t t e m p t i n g  t o  l o c a t e  s u i t a b l e  s t a t i o n s .  C o r r e l a t e  r a i n f a l l  d a t a  

t o  w a t e r  l e v e l  r e a d i n g s  i n  s i n k s  f o r  s t o r m w a t e r  r u n o f f  

q u a n t i f i c a t i o n .  

* T a k e  s t o r m  e v e n t  b a c t e r i a  r e a d i n g s  a t  s i n k s  a n d  a t  S u l p h u r  

S p r i n g s .  Use Mass B a l a n c e  c a l c u l a t i o n s  t o  d e t e r m i n e  e x a c t  s o u r c e s  

o f  a q u i f e r  s y s t e m  c o n t a m i n a t i o n .  

-77- 



* P e r f o r m  f u r t h e r  d y e  t r a c e  t e s t s  t o  r e f i n e  t h e  u n d e r s t a n d i n g  

o f  t h e  s y s t e m  and  t r a v e l  t i m e s .  A t t e m p t  t o  u s e  d y e  d i l u t i o n  and  

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

* V e r i f y  i n  t h i s  m a n n e r  t h a t  n o  s p i k e s  e x i s t  w h i c h  c a n n o t  b e  

a c c o u n t e d  f o r  b y  J a s m i n e ,  O r c h i d  o r  o t h e r  s t o r m w a t e r  i n p u t s .  I f  

o t h e r  s p i k e s  o c c u r  l o o k  f o r  f u r t h e r  s t o r m w a t e r  i n p u t s  f i r s t ,  t h e n  

o t h e r  p o t e n t i a l  s o u r c e s .  U t i l i z e  t r a v e l  t i m e s  t o  p i n p o i n t  

p o t e n t i  a1 s o u r c e s .  

* C h e c k  t h e  p e r c o l a t i o n  r a t e  and  b a c t e r i a l  c o u n t s  o f  o t h e r  

l a r g e  s t o r m w a t e r  r e t e n t i o n  b a s i n s  i n  t h e  a r e a .  I f  r a t e s  a p p e a r  

s i g n i f i c a n t  i n s t i t u t e  d y e  t e s t s  a n d  t r a v e l  t i m e  a n a l y s i s  t o  

S u l p h u r  S p r i n g s .  

* T e s t  o t h e r  n o n - b a c t e r i a l  i n d i c a t o r s  s u c h  a s  c o l o r ,  

t e m p e r a t u r e ,  c a l c i u m ,  s o d i u m ,  m a g n e s i u m ,  s u l f a t e s ,  c h l o r i d e s ,  

r e s i d u a l  s o l i d s ,  n i t r a t e s  and  n i t r i t e s  f o r  u s e  as c h e m i c a l  

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

t e s t i n g  s h o u l d  i n c l u d e  c o n d u c t i v i t y .  

* P e r f o r m  f u r t h e r  d y e  t e s t s  on C u r i o s i t y  S i n k  and  o t h e r  

n e a r b y  s i n k s  t o  s e e  c u r r e n t  t r a v e l  t i m e s  t o  S u l p h u r  S p r i n g s .  T r y  

t o  e s t a b l i s h  t h e  i n t e r r e l a t i o n  a n d  w a t e r  q u a l i t y  e f f e c t  o f  

s t o r m w a t e r  i n f l o w s  i n  t h i s  a r e a  a n d  w a t e r  q u a l i t y  i n  t h e  a q u i f e r .  

* I n s t i t u t e  a  Managemen t  P l a n  f o r  t h e  s h o r t  t e r m  ( 0 - 1  y r )  

t o  a l l o w  s w i m m i n g  a t  S u l p h u r  S p r i n g s  P o o l  when s a f e  s w i m m i n g  

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

* D e v e l o p  l o n g  t e r m  ( 1 - 5  y e a r s )  m o d i f i c a t i o n  p l a n s  t o  

r e h a b i l i t a t e  s t o r m w a t e r  s y s t e m s  known t o  c a u s e  c o n t a m i n a t i o n  o f  

t h e  a q u i f e r  a n d  S u l p h u r  S p r i n g s  P o o l .  
- 7 8 -  
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X X I  L I S T  O F  APPENDICES 

N o r t h  Tampa Map, i n  p o c k e t  

J a s m i n e  I - C o r r e s p o n d e n c e  

A l a s k a  I 1  - C i t y  Memo To F i l e ,  HCHD S a m p l e  S h e e t  

J a s m i n e  I 1  - C o r r e s p o n d e n c e  T o / F r o m  C i t y  O f  Tampa 

W a t e r  Q u a l i t y  # 1  - D r y  W e a t h e r  L a b o r a t o r y  S h e e t ,  EPC/SSAL 
C o r r e s p o n d e n c e  a n d  L o c a t i o n  Maps 

W a t e r  Q u a l i t y  # 2  - B e g i n  Wet W e a t h e r  L a b o r a t o r y  S h e e t  

W a t e r  Q u a l i t y  # 3  - M i d  Wet W e a t h e r  L a b o r a t o r y  S h e e t  

W a t e r  Q u a l i t y  # 4  - End Wet- W e a t h e r  L a b o r a t o r y  S h e e t  

U .S .G.S.  F l o w  D a t a  S u l p h u r  S p r i n g s  P o o l  - S e l e c t  D a t e s  

1 9 5 8  C i t y  O f  Tampa W a t e r  D e p a r t m e n t  Dye T e s t  - E P C  S k e t c h  

1 9 8 4  U.S.G.S.  H y d r o g e o l o g y  O f  S u l p h u r  S p r i n g  S t e w a r t / M i l l s  
E x c e r p t s .  

1 9 8 7  C i t y  O f  Tampa S t o r m w a t e r  D e p a r t m e n t  O r c h i d  Dye  T e s t  
B u r w e l l  

1 9 8 7  D r .  Noss  " M i c r o o r g a n i s m s  i n  U r b a n  S p r i n g s  a n d  S i n k h o l e s "  

1 9 8 8  HCEPC 20  Y e a r  A n a l y s i s  o f  S t o r m w a t e r  a n d  B a c t e r i a  
P a t t e r n ,  C a r d i n a l e  

C i t y  O f  Tampa W a t e r  Q u a l i t y  D a t a  1 9 8 8 - 1 9 8 9  a n d  S u l p h u r  
S p r i n g s  R a i n f a l l  R e a d i n g s .  

1 9 9 0  HCEPC B a c t e r i a  D a t a  a n d  S u l p h u r  S p r i n g s  R a i n f a l l  
R e a d i n g s  

C u r i o s i t y  C r e e k  F - 1 0 0  D e t e n t i o n  B a s i n  C o r r e s p o n d e n c e  a n d  News 
A r t i c l e  

1 9 8 8 / 8 9 / 9 0  R a i n f a l l  R e a d i n g s ,  M r .  L e o n  B e r r y ;  8 2 0 8  N. 1 3 t h  
S t r e e t  

A l a s k a  S i n k  C l e a n u p  

O r c h i d  S i n k  S t o r m w a t e r  R e t r o f i t  P l a n s  
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V. A l a s k a  a n d  S u l p h u r  W a t e r  Q u a l i t y  S a m p l i n g  P l a n  

W .  C o r r e s p o n d e n c e  a n d  D o c u m e n t s  o n  S u l p h u r  S p r i n g s  



A P P E N D I X  B 

J A S M I N E  I 

C O R R E S P O N D E N C E  T O  / F R O M  C I T Y  O F  T A M P A  



July 20, 1988 

Ms. Frederica Russell 
57 Hamilton Heath 
Tampa, Florid2 3 3 6 0 h  

Dear D'lrs. Russell: 

The Z i t ; -  of ';a;;l?a is happy to cooperate with your efforts to 
monitor the \:ate? quslity at the Sulphur Springs Pool in 
corijunctior. i t  the Alaska Sinkhole cleanup. As you know, 
the City takes saixples from the pool several times per week. 
This data should 2lso be useful in your study an6 is available 
upon request. 

The C i t y  1 n o t  authorize, or i n  any way encourage, cave 
d i v i n g  on City property. Your divers will be allowed access 
tc the s p  nouth for the purposes of taking water samples 
witn the clear understanding that they are not to enter caves 
or spring conduits. Please contact me at 223-8071 a week or 
more before your divers require access to the spring. I will 
arrange access to the pool and will most likely require that 
the divers sign a notarized "hold harmless agreement" before 
diving. 

Goo2 lucl. :  ~ i t h  your funding request and clean-up efforts. 

f Sincerely, 

Greig Grotecloss 
Planning Research Analyst I1 

Cir?. Hal l  Plaza. 5 N  0 Tampa. Florida 33602 0 (813)223-8071 



S u l p h u r  Springs Act ion  League, lnc. 
"The Springs. . . . . . k t ' s  make i t  sparkle" 

320 W. W A T E R S  A V E .  I T A M P A .  FL. 33604 

January 9, 1 9 e 9  

Yr. Greig Grotecloss 
Planning Researcn Analyst 
City of Tampa 
Office of Environmental Coordination 
306 East JacKson Street 
Tampa, FL 33602 

Dear Y r  . Grot ecl css : 

I'd like to thank 170u and Mike Burnwell for meeting with me 
concernlng t h e  Sc1gnur Springs Act~on League's upcoming efforts 
in the above reghrd. 

As we discussed \'cu wanted to see e copy of the Hold Harnless 
Agreement he t1aL.e Peen utilizing in our dealings wi t n  the  
Southwest FloriZa i<~ter klanaaenent District. Please forward it 
on to y o u r  l e g a l  departnent far their re\-iew and connents. 

A: 5 0 ,  enclosed is a schedule we hope to rnalnteln ln ciolng some 
d!e iests i n  oraer to attempt to further define trc~~el tlmes in 
the known upstrean springs. I wlll outllne what occur and usage 
we ~ o u l d  &sk the City to approve at eacn step. 

We will need access to the Sulphur Springs pool to watch for dye 
appearing after introduction at Alaska Spring. Me may tzke water 
sarrples for fluoroneter readings at t h e  spillway catwalk. 

We will need access to Trinity Spring (Jasmine/Poinsettia) to 
introduce dye into it. We would prefer that our divers be able 
to submerge into the spring and introduce the dye at the siphon 
hole in the bottom. We would also like to observe the two 
monitoring wells at Trinity and the two at Orchid for the 
appearance of dye. This may help determine if your wells are in 
the aquifer flow path. Ke17s will he needed if they are locked. 
As with the Alaska dye test we will need access to Sulphur 
Springs to watch for dye and possible take water samples for 
f luoroneter ansl\,sis. 



Mr. Greig Grotecloss 
January 9, 1989 
Paae 2 

January 28, 1989: 

The Seneca retention pond has been seen to have a slight boil of 
water at its surface and it was known to have b e e n  an excavated 
sinknole. ke would like our divers to be able to submerge and 
explore the bottom to see i f  this point has an aquifer vent which 
might make it a likely future dye test site. 

Any other assistance you might afford us would be appreciated, 
whetner it be in man power or equipment. We were hoping the City 
Sewer Department's fluorometer might be made available to us, but 
a l  first pass I t  did not appear feasible. 

We wlll pro\-ide the City with staff gauges for their installation 
ar Orcnid and Trlnitl-. Tnis will aid in establishing hydraulic 
head variations. 

Tnank \>ou for )-our efforts to dale and we solicit your continued 
cooperation irr trl-ing to understand the bacteria problem at the 
pol>: which prec!udes its reopening. 

- 
R o r l o r t  E. libllace 111, P.E. 

cc : Ronnie Yason, Counci l m n  
?like Burnwell, City of Tampa 
Frederica Russell, SSAL 
Greg Jones, Shlk'XYD 
Tom Cardinale, EPC 
Tom York. CSGS 



ALASKA S P R I N G  
T I M E T A B L E  

3 1  D e c e m b e r  1 4 8 e  - 9 00 a . m .  

D i v e r s  t o  s u r v e y  A l a s k a  A p r i n g  
P l a c e  M a r k e r s  for  c r a n e  - loca t ion  of d e b r i s  s e n s  i t ive  a r e a s  

to avo id .  
No to ry  p r e s e n t  - Hold  H a r m l e s s  f o r m s  to  b e  s igned  and p l aced  

3n  f i l e  with SWFWMD. 

1 4  J a n u a  r v  1989  - 8.00 a .  m. 

Alaska  S p r i n g  d y e  t e s t  with R h o d a m i n e  Dye  ( r e d )  
to d e t e r m i n e  t r a v e l  t i m e  f r o m  A l a s k a  t o  Su lphur  
Sprir igs  P o o l .  
M'atch a t  Su lphur  S p r i n g s  P o o l .  

21 J a n u a r y  1080 

T r i n i t y  S p r i n g  ( P o i n s e t t a )  d y e  t e s t .  
Check  m o n i t o r i n g  we l l s .  
A la ska  and  Sulphur  S p r i n g s  wa tch .  

2 2  J a n u a r y  l 0 8 Q  

Alaska  and Su lphur  S p r i n g s  watch .  

E x p l s r a t i o n  d i v e  - Seneca S p r i n g  

F e b r u a r y  1989 

C r a n e  C l e a n u p  - r e m o v a l  of d e b r i s  a t  A l a s k a  S p r i n g .  

M a r c h  1989 

P u m p  r e n t a l  f o r  r e m o v a l  of s i l t  

A p r i l  1989  

W a t e r  s a m p l i n g  beg ins  a n d  cont  i nues  unt 



EXHIBIT "B" 

HOLD HARMLESS AGREEMENT 

DATE : 

shall forever protect, save 

and hold the Southwest Florida Water Management District harmless 

and indemnify the District against and from any and all claims, 

demands, losses, costs, damages, suits, judgments, penalties, 

expenses and liability of any kind or nature whatsoever arising 

directly or indirectly out of or in connection with any 

activities of the undersigned individual in conjunction with that 

certain agreement dated /?fr between the Sulphur 

Springs Action League, a not-for-profit corporation, and the 

Southwest Fiorida Water Management District. The undersigned 

individual further agrees to waive any and all claims of whatever 

nature which heyshe may have against the Southwest Florida Water 

Management District arising out of the undersigned individual's 

activities in conjunction with that agreement. 

Sianed at , Florida, this 

day cf , 

BY: 

STATE OF FLORIDA 

COUKTY CC 

Before me personally appeared to me 
known and to me known to be the Derson or Dersons described in 
and who executed the f oreqoing instrument ,- and acknowledged to 
and before me that executed said instriment for 
the purposes therein expressed. 

WITNESS my hand and official seal this - day of A. D., 
19-. 

NOTARY PUBLIC 
STATE OF FLOP.IDA 

K y  commission expires: 



Sandra \\'. Freedman. hla!'or Deparrmenr of Sanltar)' Sewers 

Jack P. hlorrlss. P.E. 
Director 

Mr. Robert Wallace 
Sulphur Springs Action League 
320 W. Waters Avenue 
Tampa, Florida 33604 

January 18, 1989 

Subject: Dye Trace for Jasmine/Poinsettia Sinkhole 

Dear Rob: 

After lzsc week's dye trace of the Aiaska Sink/Sulphur Springs 
csnriec~ion I 2 2 1 :  several things could have been done differently 
to provide a r s r ?  scientific t e s ~  and provide us all with 
aefensible aacz w2 cculc use in the future. I realize you were 
handicapped by trE iack of a floarometer and the focus of the test 
wes to be on a v ~ s u z l  identificazion bct, as perforned, the test 
lett rcucn to S s  dasired. 

Since you plar- to tesc City wells and dye a City-owned sink this 
week, I beiieve 2 few changes a r e  necessary. 

1) You can't rely on a visible ccncentration in a small sample 
f r ~ m  the well. D a r i n g  our Orchid investigation, visible 
coucentrations in the spring were not visible in the samples we 
took, even fairly iarge ones. I have arranged for the use of the 
Sanitary Sewers flourometer to test these samples. We'll get 
together to arrange for their analysis. 

2 )  A sample of the dye nust be kept to calibrate the flourometer. 

3) Control samples aust be taken fron all sample locations prior 
to the introduction of the dye. 

4) A11 posslLle sample points must be identified before the test 
and a sanpiing schedule arranged for each. For those locations 
where the dye is not really expected, a less-frequent sampling 
schedule x l g h t  be appropriate. For our Orchid test we had nine 
locations; the dye only showed up at one but by sampling them all 
we could positively rule the others out. 

5 )  Sampling ~ u s t  continue around the clock for at least two days. 
Access ro t h e  poci and sinks can be arranged. 

6th Floor City Hall Plaza Tampa. Florida 33602 



RoS Wallace .  January 1 8 ,  1 9 8 9  Page 2 

I believe with these changes we can  have a test which will yield 
results we can be proud of. If you have any questions, please feel 
free to call me at 223-8736. I look forward to working with you 
this weekend. 

STORMWATER MANAGZMEIiT DIVISION 
D Z P X R T M E I U  O F  S A X I T k R V  SEWERS 

c c :  J o h n  Walker 
C k i p  Hacchzr 
Jack  Morrlss 



Jasmine Springs (Trinity) to Sulphur Springs Dye Test 

Time Jasmine f l  2 Orchid MW 1&2 Alaska Sulphur 
(hrs) 

3 Observe Sanple Observe Sample Observe 

2 Ohserve Sanpie 

3 Observe 

Sample 

Sample 

Sample 

Sample 

Observe 

Observe 

Observe 

Observe 

Observe 

Observe 

Observe 

Observe 

Observe 

Observ-e 

Observe 

Observe 

Observe 

Observe 

Obser/Samp 

Ohser/Samp 

Obser/Samp 

Obser/Samp 

Obser/Samp 

Ohser/Samp 

Obser/Samp 

Obser /Samp 

Obser/Samp 

Obser/Samp 



JXSMINE/SULPHUR 

DYE TEST 

Welis to be c?eveloped with 2" centrifugal pump prior to 

samp11ng , o b s e r \ - e t  io::. Well samples to be with Peristaltic pump 

on intervals 1 ) r e s c r l S e d .  1,000 ml sanrle bottle. 

Xater sarnples to be t z k e n  in 1,000 r11 sar?.ple bottles. 

- i - scnpjes to be preserved i n  cool area without sunlight or 

direct light. 

Divers to enter Jasmine from west side. Dye to be placed on t h e  

north side entrance. 



HOLD HARMLESS AGREEMENT 

WHEREAS, I 

hereinafter referred to as'"DIVERU, desires to enter upon that 
certain pre~ises owned or controlled by the City of ~ a i i ~ a  commonly 
referred to as "Sulphur Springs", including all interconnected 
sinkholes, hereinafter collectively referred to as "Sulphur 
Springs", for the purpose of conducting dye tests and water 
quality studies; and 

WHEREAS, DIVER acknowledges that such activities may be 
inherently dangerous and it is his/her intention by executing this 
Agreement to assume all risks, whether known or unknown, which may 
arise from such activities. 

NOW, THEREFORE, 

DIVER, in consideration of allowing DIVER to enter upon 
Sulphur Springs for the purpose of conducting dye tests and water 
quality studies, does hereby agree as follows: 

1. That DIVER, his heirs, assigns, and successors in 
interest, waive, renounce, relinquish, absolve and discharge the 
City of Tampa from any and all liability for personal injury, 
death and/or property damage which may result from allowing DIVER 
to enter upon Sulphur Springs for the purpose of conducting dye 
tests and water quality studies, even if allowing DIVER to enter 
upon Sulphur Springs for the purpose of conducting dye tests and 
water quality studies is later found to be wrongful or negligent. 

2. That DIVER shall defend, hold harmless and indemnify the 
City pf Ta,xpa from and against all liability, loss, claims, 
damages, costs, attorneys' fees and expenses of whatever kind or 
nature which the City of Tampa may sustain, suffer, or incur, or 
be required to pay by reason of allowing DIVER to enter upon 
Sulphor Springs for the purpose of conducting dye tests and water 
quality studies even if allowing DIVER to enter upon Sulphur 
Sprincs f c r  the purpose of conducting dye tests and water quality 
studies is later found to be wrongful or negligent. 

3. That DIVER shall wear a protective dive suit at all 
times DIVER enters upon Sulphur Springs for the aforesaid 

WITNESS DATE: ' 

STATE OF FLORIDA 
: 5s. 

COUNTY OF HILLSBOROUGH 

BEFORE ME personally appeared Uc 
to me well known and known to me to be the person described in and 
who executed the foregoing instrument and acknowledged to and 
before me that he/* executed said instrument for the purpose . 
therein expressed. 

Si\>;;lzL S . l i A t 4 I L T O N  
ASCISl 'F.KT CiTY A T T O R N E Y  



HOLD HARMLESS AGREEMENT 

WHEREAS, \)hu&r @ P L Y  , 
hereinafter referred to as "DIVER", desires to enter upon that 
certain premises owned or controlled by the City of Tampa commonly 
'referred to as "Sulphur Springs", including all interconnected 
sinkholes, hereinafter collectively referred to as "Sulphur 
Springs", for the purpose of conducting dye tests and water 
quality studies; and 

WHEREAS, DIVER acknowledges that such activities may be 
inherently dangerous and it is his/her intention by executing this 
Agreement to assume all risks, whether known or unknown, which may 
arise from such activities. 

NOW, THEREFORE, 

DIVER, in consideration of allowing DIVER to enter upon 
Sulphur Springs for the purpose of conducting dye tests and water 
quality studies, does hereby agree as follows: 

1. That DIVER, his heirs, assigns, and successors in 
interest, waive, renounce, relinquish, absolve and discharge the 
City of Tampa from any and all liability for personal injury, 
death and/or property damage which may result from allowing DIVER 
to enter upon Sulphur Springs for the purpose of conducting dye 
tests and water quality studies, even if allowing DIVER to enter 
upon Sulphur Springs for the purpose of conducting dye tests and 
water quality studies is later found to be wrongful or negligent. 

2 ,  T h a t  DIVE2 shall defend, hold harmless and indemnify the 
City of Tanpa from and against all liability, loss, claims, 
damages, costs, attorneys' fees and expenses of whatever kind or 
nature which the City of Tampa may sustain, suffer, or incur, or 
be required to pay by reason of allowing DIVER to enter upon 
Sulphur Springs for the purpose of conducting dye tests and water 
quaiity studies even  if allowing DIVER to enter upon Sulphur 
Springs for the purpose of conducting dye tests and water quality 
studies is later found to be wrongful or negligent. 

3. That DIVER shall wear a protective dive suit at all 
times DIVEZeeters upon Sulphur Springs for the aforesaid 

in the presenc of: 

DI'VER /$A'&-. 
~ / ? / r n  

DATE : 

STATE OF FLORIDA 
: SS 

COUNTY OF HILLSBOROUGH 

BEFORE ME personally appeared 
to me well known and known to me to be the person described in and 
who executed the foregoing instrument and acknowledged to and 
before me that he/& executed said instrument for the purpose 
therein expressed. 

\ 
WITNESS my hand end of 

1 9 B .  

Notary Public, Stutr o l  Florida 

This instrument prepared and . condcd II,.V r.., 1 0 , ~ .  Inwonc. Inr 

a p p r o v e d  b y :  

S N i i J E L  S . HA!sIILTCI< 
ASSISTANT CITY ATTORNEY 



A P P E N D I X  C 

A L A S K A  I 1  DYE T E S T  

C I T Y  M E M O  TO F I L E  ON C O N N E C T I O N  TO SULPHUR S P R I N G S  - 1988 

SURVEY MAP 

H I L L S B O R O U G H  COUNTY H E A L T H  DEPARTMENT - B A C T I  T E S T  FORM 



12th St. Sink - Sulphur Springs Conxection Inquiry 
( A i u b )  

The 10th St. Sink is a small (45'dianeter, 25'deep) sinkhole 
located north of Waters Ave. between 10th and Alaska Streets 
in North Tarpa. Sulphur Springs is a large second r,agnitude 
spring located on the bank of the Hillsborough River west of 
Nebraska Avenue about 2100 feet SSW of the 10th st. Sink ( s e e  Fig.1) 
For some tine a hydraulic connection had been suspected between 
the 10th St. Sink and Sulphur Springs. Dye placed in sinkholes 
ncrth of both locations has appeared at the springs, but has never k 
detected in the sinkhole. However, reports of drop in the stage at 
the sink associated with drops in stage at the sprin~s h a v e  long 
investigators to believe in a connection. What had been lacking 
had been eirher a dye test or stage manipulation to verify this 
sus~icion. 

Or, January 9 ,  1 2 8 8 ,  divers were scheduled to reenter the privately 
ownsd 13th St. Sink to explore a lead which they believed would 
jcln a large scbsurface conduit in the aquifer leading to 
Sclp;:ur S p r i n g s .  This excursion by the divers allowed the City 
the opportcn~ty ta monitor the drop of the sinkhole's stage 
ty placing a staff gage in the sink and lowering the gates at 
Suiphur Springs. The divers ha2 reqaested the drop in S u l p 5 s r  
Spriags In order to ascertain the direction of flow fron the 
sizk (if any.) 

At 1 2 0 0  on Saturday January 9, 199s a staff gage was installed 
iz the sink and the stage noted. At 1250 one gate at Sulphur 
Spring was opened and the stage was dropped 3.57 feet where it 
stabilized by 1300. Within three minutes of beginning the stage 
drop, when the stage had decreased by less than a foot at the sprinq 
word was rrcieved fro?, the sink that the stage had begun to fall thc 
as well. 

". . *r,e record cf drop is as follows: 

T i ~ e  Stage IJotes 

Actual datun (KSL), GaEe opened 
Dro? stabilized 
Gate closed 



TeiAth St.  sin^ 

Tirce Stage Notes 

Elev. assumed, gate opened @ S.S. 

Gates at S.S. closed, stage still 
falling at 10th St. 
Test terminated 

At 1330 the Sivers left the sink (not having penetrated the lead 
to its conclcsion) and the test terminated. The gate at Sulphur 
Springs was closed and the sink stage stopped dropping immediately. 
Within five xinutes the stage had risen by 1.1 feet and the staff 
gage was rer,oved by the divers. The divers reported seeing a genera! 
flow in the direction of the crevice but were surprised by the 
valune which h a d  left the sink. 

T s s t  p r ~ v e d  a s t r o ~ g  hydraulic connection between the sink and the 
sasiag. Actcal deterzization of a physical connection between the 
t x o  and travel time will hsve to wait for a dye test. 
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No underground rnstallatrons or Improvrrnents have been located except as noled. 
No Instruments of record reflecting easements, r~ghts-01-way, and or owncrsh~p were lurn~shed this 
surveyor except a' shown. 

NQTE: NOT VALID UNLESS S U L E D  WITH EMBOSSED SURVEYORS SEAL ( PREPARED FOR: *lncrV" 

I hereby certlty tha: lne survey repre-nted hereon 
meels the requirements otChanter21 HH-6, SMda 
Admin~svative Code. 

,l&2,// g pet--- A -, ., - ., ; 
-. . 

J .E/ccT~ Dare 
Fioride Reg. Nc .#;d~ 

J.'#h hq' **#'C .. ,a-m. . <I* (P.B.: 6 (PG.: 5 . UllI!:DA:tY SL'I'.i'l:\' 
SEC.: 19 ITWP.: Z b s * ~  [RGE.: 19 roc/ 

a4IE OF FIELD SURVEY: 73. /987 

LAND Party 
Ch1et:sa I Drawn By. 9: r [Checked By . W C  

Checked By Drawn By SURVEYING,INC. lDale 

601 Sunlake Blvd 
Luc. Flor~da 33549 
(813) 949-3635 
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State of Florida 
Department of Health and Rehabilitative Services 

Office of Laboratory Services 
P.O. Box 210 

Jacksonville, Florida 32231 

DRINKING WATER BACTERIOLOGICAL ANALYSIS 

SYSTEM NAME: Sul2h.r  v jr SYSTEM I.D. NO.: DER DISTRICT: 

L A ,  y ; j7'! ADDRESS: COUNTY: 
i I u 

SAMPLE SITE (Locality or  Subdivision): 1 &-pA. 

RAW OR TREATED: fZd 
\I 

9 r 
DATE A N D  TIME COLLECTED: 

I 

TYPE OF SUPPLY (Circle one): Community public water system Non-community public water system 
Prwate well Sw~rnmmg pool . Bottled water 

TYPE OF SAMPLE (Circle one): Main Clearance Well Survey Other (specify) 

REMARKS: 

NAME AND MAILING ADDRESS OF PERSONIFIRM TO RECEIVE REPORT 

v RE-SUBMIT 



A P P E N D I X  D 

J A S M I N E  I 1  

C O R R E S P O N D E N C E  T O  / F R O M  / T O  

C I T Y  O F  T A M P A  
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"The Springs - let's make it sparkle" 320 W. Waters Ave., Tampa, FL 33604 
Phone: (81 3) 935-31 15 

March 17, 1989 

Michael 3 .  Burwell 
Stormwater Management Division 
Department of Sanitary Sewers 
City of Tampa 
6th Floor North 
Tampa, FL 33602 

Re: Sulphur Springs Pool Dye Test 

Dear Mr. Burwell: 

In accordance with our recent meeting I am writing to outline 
another dye test which will expand our knowledge of the Sulphur 
Springs sink-spring system. 

We would propose to have divers deploy green dye in the Jasmine 
(Poinsettia) sink and lower the gates at Sulphur Springs to see 
the effect this increased head differential will have on travel 
time. The various travel times and head conditions so far 
established coupled with this test will aid in the prediction of 
travel times under storm conditions. Some of the future sampling 
will be done during the rainy season and we hope to as accurately 
as possible predict travel times. 

As before we will take water samples from the shallow wells near 
Jasmine and Crchid, Sulphur Springs and Harbour House well. 
Since we have prior information we can reduce the number of 
samples generated to minimize the Sewer Department's fluorometer 
usage. 

We will read water levels in the nearby sinks and retention ponds 
to see how the system responds over time with the Sulphur Springs 
gate down. The bacteria testing performed at the pool gate will 
also be repeated. 

To summarize our request we will need access to Sulphur/Jasmine/ 
Orchid, well keys, slide gate key, permission to dive in Jasmine 
and use. of the f luorometer . 
In other related matters we are preparing 3 stage rods; one for 
Alaska, one for Orchid and one for your discretionary use. We 
will deliver them shortly for installation. These will help keep 
all water levels on the same datum i f  surveyed by the City 
forces . 

Remembering the past - Working for the future 



Mr. Michael J .  Burwell 
March 17, 1989 
Page 2 

We would like to volunteer to probe and cleanup the Orchid Sink 
in the near future. The drier weather affords us the best 
opportunity. We can probe with a hand auger to determine the 
extent and depth of the sand layer. We could also perform 
particle sizing of these sands. This information may prove 
useful in future design work. 

We hope you will look favorably on this request for another dye 
test. Your cooperation is appreciated. 

Sincerely, 

I& 
Robert E. Mallace 111, P . L .  

cc: Ronnie Mason, Councilman 
Frederica Russell, SSAL 



Sulphur Springs Action League 
320 W. Waters Avenue 
Tampa, Florida 33604 

March 27, 1989 

bttn: Robert Wallace 

Subject: Additional Sulphur Springs Dye Tests 

Dear M r .  Fallac~: 

CT? have received your latest requesc for assistance in additional 
dye t?scs for tks Sulphur Springs zrea. We believe the tsst you 
propose za17 o r  _a;- nct act~ally Lncrzas~ our knowledge cf the 
workings cf the zquif~r systeEs in the area. Earlier teszs have 
established crz7.-el tin2s fcr scatic conditions and If conditions - - .  - 
of c r e ~ r e r  h ~ z z  c::f~rentia~ s5oule be testes, I believe it would 
be beccsr tc, a z c ~ ~ ~ l i s h  this dcrixg a naturel, head-increasing 
even= L.c. 2 k ~ a ~ , - ; ~  rainscorn. brtificielly lowering che head at . - Sulphur Sprinps w:ii only establish what happens to the aquifer 
when :he h z z d  is arcificlally lowered at one point. This does not 
allow for o:her Inputs into the system which ray have a buffering 
e f f t c :  on r ra - ,7&l  time. For this reason we believe a dye test as 
deszribe2 ir, yoxr request is unwzrranted. 

What prosress has been nade in analyzing the data you have already 
collected? CoulZ we schedule a xeetin~ to review your progress 
thus fzr? I would also like a copy of ths bacteria data you've 
coiiected in conjunction with the dye tests and those stage 
records fro? the head-drop tests. I'll be beginning my analysis of 
:he data soon and would appreciate your assistance. 

Regzrding the clean-up and boring of Orchid Sink - the sink will 
be cleaned as part of the construction of the treatment facility 
nzxc fiscal year. W2 would be glad to furnish your group access if 
they would like to affect a clean-up prior to this summer. We 
would also be gla6 KO provide access for you to perform borings 
to establish the depth of the sand layer and particle sizing of 
this layer. Please contact me when you've scheduled the work and 
I'll arrange to have the sink openez or provide you with a key. 

6th  Floor Cirlr Hall Plaza Tampa, Florida 33602 



Sul~hur Springs hctlon League, March 27, 1989 Page Two 

I hope this answers your questions and I iook forward to hezring 

Michael J. i d u r d 1  
Stormwater Planner 

cc: John Walker 
Chip Hatcher 
Ralph Metcalf 



. .  - .  .... < - .. - - .... . .  - - 

6th Floor Cit)' Hall  Plaza Tampa, Florida 33602 
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"The Springs - let's make it sparkle" 320 W. Waters Ave., Tampa, FL 33604 
Phone: (81 3) 935-31 15 

April 19, 1989 

Mr. Michael J. Burwell 
Stormwater Planner 
Department of Sanitary Sewers 
City Hall Plaza, 6th Floor 
Tampa, FL 33602 

Re: Sulphur Springs System 

Dear Mr. Burwell: 

Thank you for your letter of April 6, 1989 and the information 
transmitted therewith. I hope the data from USGS will come in 
shortly which will give us flow data on the dye test dates as 
well as weir flow data for Sulphur Springs with the gate or gates 
down. I can't really produce an thorough report without the flow 
data. 

I am enclosing a schematic graph of the Sulphur Springs System in 
which I show known water levels and relative elevations. The 
generalized flow section for lack of a better term constitutes 
"the sponge" your words or "the channel" my words. The flow 
takes place at sufficient depths that even artificially lowering 
the level of Sulphur Springs Pool and inducing a gradient should 
tell us more about the flow characteristics of the system. 

After the Alaska to Sulphur tests under two head conditions I 
came fairly close with only crude calculations in accounting for 
the travel tine differences. Therefore I am anxious to predict 
and test the induced travel time based on the previous static 
Jasmine to Sulphur test. 

We are only ssking for access to Jasmine and Sulphur-to place dye 
and record data. Mr. Greg Jones at the Southwest Florida Water 
Management District was able to procure a fluorometer for us from 
USGS so we won't have to impose on your time and equipment for 
fluorescein readings. 

You are quite correct in stating that actual rainfall induced 
heads and multiple inputs would yield valuable data. We fully 
intend to perform those too. Our concern is to get the most 
accurate travel time data possible so our composite water quality 
tests will be representative. The best way to do this is to test 
the system under as many conditions as possible. 

Remomberina the past - Working for the future  



Mr. Michael J .  Burwell 
April 19, 1989 
Page 2 

We thank you for your past cooperation and just ask you to 
indulge us for this test which I believe will be valuable. Your 
effort will be minimal in relation to what might be gained. 
Thanking you in advance for your cooperation, I am 

Sincerely, 

w SPRINGS n . .  
=. 

cc: Ronnie Masoc,  City Council 
Greg Jones, SKFWMD 
Frederika Russell, SSAL 
Tom Cardinale, HCEPC 



A P P E N D I X  E 

W A T E R  Q U A L I T Y  T E S T  # 1  D R Y  W E A T H E R  

C O R R E S P O N D E N C E  T O  E P C  F R O M  S S A L  / S S A L  F R O M  E P C  

C U R I O S I T Y  S I N K  M A P  

J A S M I N E  S I N K  M A P  

O R C H I D  S I N K  M A P  

A L A S K A  S I N K  M A P  

H C E P C  L A B O R A T O R Y  R E S U L T S  



SrnSpiruum S p r h g s  AcUiom; League 
I 

"The Springs - let's make it sparkle" 320 W. Waters Ave., Tampa, FL 33604 
Phone: (81 3) 935-31 15 

Mr.  horna as‘ A .  Cardinale 
Hillsborough County 
Environmental Protection Commission 
1900 - 9th Avenue 
Tampa, Florida 33605 

Re: Water Quality Testing - Sulphur Springs Aquifer System 

Dear Mr. Cardinale: 

As we had discussed previously the Action League through partial 
funding by Southwest Florida Water Management District's 
Hillsborough River 3asin Board, is conducting cleanup and testing . - of the aqui;e' syszem in the above regard. Toward that end, we " .  
will try ts 3roz : l e  the water quality at four points in the 
systea : 

rn L h e ~ e  faux- >;.8irAt,c  ill be tested 4 tines (1 dry weather/3 wet 

weather) for the following list of water quality parameters. 

Total Dissolved Solids TDS 
Nitrates No: 
Magnesium Xg 
Calcium Cd 
Lead Pb 
Chromium Cr 
Fecal Colifor~ Fc 
Fecal Streptococcus Fs 
Total Coliform 

Oil & Grease (Petroleum) 
Sodium Na 
Chloride C1 
Sulphate SO4 
Colon 
Alkalinity 
Conductivity 
pH 
Temperature 

I am writing to inquire if the Hillsborough County EPC laboratory 
could assist in performing these 16 water quality samples. The 
samples will be taken as close as possible to the aquifer flow 
and will be taken on a composite basis through the system after 
factoring travel times. 

We hope this generates useful information by isolating the source 
of contamination which is keeping the Sulphur Springs pool 
closed. The initial dry weather test will be performed in late 
May or June, 1989 and the 3 wet weather tests will be performed 
in July, August andSeptember, 1989. 

Remembering the past - Working for the future 



Mr. Thomas A. Cardinale 
May 5, 1989 
Page Two 
- - - - - - - - - - - -  

Any assistance EPC could provide in the use of their analytical 
laboratory will be most appreciated. 

Thank you for your past efforts on behalf of Sulphur Springs and 
your consideration of this request. 

Sincerely, 

Robert E. Kzllace I11 

H%/lrp 
cc: Sylvia &spinole, H R B 8  

k'rederica Russell 
Greg Jones,  SKFKMD 



COMMISSION 
PHYLLIS BUSANSKV 
RODNEY COLSON 

PAM IORln . . . . . . - . - 
RUBIN E. PADGET 
JAN KAMlNlS P L A T  

HAVEN POE 
JAMES D SELVEY 

ROCER P STEWART 
DIRECTOR 

1900 - 9th AVE 
TAMPA FLORIDA 33605 

TELEPHONE (813) 272-5960 

May 10, 1989 

Mr. Robert E. Wallace I11 
Sulphur Springs Action League 
320 West Waters Avenue 
Tampa, Florida 33604 

Dear Mr. Wallace: 

SUBJECT: WATER QUALITY TESTING 

The Enviornmental Protection Commission (EPC) has carefully 
reviewed your request of May 5, 1989 for assistance in performing 
laboratory tests. 

EPC is willing to perform all of the laboratory analysis on the 16 
samples from the Sulphur Springs Aquifer System, free of charge. 
We will also provide bottles and technical advice if needed. 

We support and welcome your efforts towards cleaning up the waters 
feeding the Sulphur'Springs pool. 

Sincerely, 

Tom Cardinale 
Lab Manager 

A n  Af f~rmat tve  Actton - Equal Opportunity Employer 



HILLSBOROUGH COUNTY 
ENVIRONMENTAL PROTECTION COMMISSION 

Sampling Location Map 

Sample Collector Date 



HILLSBOROUGH COUNTY 
ENVIRONMENTAL PROTECTION COMMISSION 

Sampling Location Map 

Sample C o l l e c t o r  Date 



HILLSBOROUGH COUNTY 
ENVIRONMENTAL PROTECTION COMMISSION 

Sampling Location Map 

I 
Sample Collector Date 



HILLSBOROUGH COUNTY 
ENVIRONMENTAL PROTECTION COMMISSION 

Sampling Location Map 

S a m p l e  Collector Date 



\ 
ENVIRONMENTAL PROTECTION COMHISSION OF HILLSBOROUGH COUNTY 

MR5 Laburii~tary Co r t i 9 i cn t i nn  9E44037 
'1900 9 t h  Ave. 
Tampix, Flu. 88603 
Ph: 272-3960 

WATER QUALITY REPORT 

~ u p l o d  by:  

J 
Value 

prmprred b y :  da te  : 

J - E m t i u t r d  v r l u r  
K - A c t u r l  v r l u r  I r r m  than r r p o r t r d  
L = A c t u r l  v r l u r  g r r r t r r  than rmporud 

D - F i e l d  r r r r u r r m r n t  

I lab suprrvimor: F.  Olszeuski 

7. (c,<C& - 



' ~ ~ ~ U I R O N M E N T A L  P R O T E C T I O N  C O M H I S S I O N  O F  H I L L S B O R O U G H  C O U N T Y  

HRS Lubaratary Cortificntinn 9E44037 
1900 9th  A v e .  
Tampa, F l m .  83605 
Ph:  272-3960 

WATER Q U A L I T Y  R E P O R T  

muplod b y :  i co l loe t ion  d r t m  - t i m m :  i r u p l i n g  dmpth 

, @a/(-- I 4 / 6 / 8 9  - 0730 I 
Locrt ion : 

# 7dkd73-3 

I prrprred b y :  date : 

3 - E m t i u t r d  vr luo 
K - Actur l  v r l u r  lrrr than r rpor t rd  
L = Acrurl  v r l u r  g r r r t r r  t h i n  rrportmd 

l a b  rupr rv i ror :  F.  Olrzewmki 

a . L$,<"LV~ *- 



- 0- 
' ENVIRONMENTAL PROTECTION COMMISSION OF HILLSBOROUCH COUNTY - 

HFi5 Luhnrn~ tory  C e r t i f  S c a t i o n  9E44037 
1900 9 t h  A v e .  
Twnpu, F l a .  33609 
Ph:  272-9960 

UATER QUALITY REPORT 

ruplmd by:  ( collection drto  - time: 

Comrmntr : 

prrparrd b y :  date : 

G ,  n n ~ r n - h !  L /l d&- 

Parueter I Unit I Srormt I Urlur 

J - Emtiratrd vrlue 
K = Actual vrlur lrrc than rrportmd 
L = Acrual vrlum grrrtrr than rmporud 

D - Field rrrsurrmmnt 
l a b  ruperviror: F. Olmzmurki 



!-IF15 L u b a r i i ~ t o r y  CertiQication 9644037 
1900 9 t h  W e .  
Tia~npix, F l m .  a3603 
Ph: 272-9960 

W A T E R  Q U A L I T Y  R E P O R T  

r u p l m l  by:  

U 

2 o m r m n t r  : 
K = A c t o r 1  v r l u r  l m m r  than r rport rd  
L - Clcturl v r l u r  grrrter thrn repor-d 

prrpwwd b y :  date : lab o u p m r v i m o r :  F. Olrzeurki 



A P P E N D I X  F 

WATER Q U A L I T Y  # 2  

B E G I N  WET W E A T H E R  

H C E P C  L A B O R A T O R Y  R E S U L T S  



E N V I R O N M E N T A L  PROTECTION COMMISSION OF HILLSBOROUCH COUNTY 

HI25 L a b u r a t o r y  Certificmtion 4E44037 

1 9 0 0  9th  A v m .  
Tmmpa, F la .  88603 
Ph: 272-3960 

I Lab 1907091 Curiosity Creek 

U A T E R  Q U A L I T Y  R E P O R T  
b 

I PH 1 STD 1 403 1 7.42 

r u p l m d  b y  : 

R. Wallace 

1 Total Coli* I II/IOOMLI 31501 1 50 

Fecal Strer* I #/100NL I 31673 1 760 

L ~ c r t i o n  : 

c o l l r c t l o n  d r t m  - t l m e :  

7/19/89 11 : 05AM 

I FCIFS 1 Ratio 1 .04 

r u p l l n g  depth 

NO2 + N 0 3 N  MG/L 631 .11 

RES DISS MG/L 5 15 2 3 8 

1 Oil L Grease I MG/L 1 556 1 K 1 

I Color 
Alkalinity IMG/I. 1 410 1 1 4 8  

Turbidity NTU 7 6 1 

* This sample did not conform to sampling/ 
preservation guidelines of EPA-60014-79-020 

I G. Abutan 81 1 189 

J - E m t i u t r d  v r lue  
K = Actur l  vrlum l c r r  t h r n  rcportrd 
L - ' A c t u r l  v r l u r  g r r r t a r  thrn rmporud 

D = F i a l d  mumursmmnt 
- 

l r b  m u ~ r r v i r o r :  F. OJrsrumki 



ENVIRONMENTAL PROTECTION COMMISSION OF HILLSBOROUGH COUNTY 

HF?S Lnboratory Certi9icntian eE44037 
1900 9th Avm. 
Tmmpm, Flm. $a603 
Ph: 272-5960 

U A T E R  QUALITY R E P O R T .  

r u p h d  by:  col lmerlon d a ~  - %AH: r u p l l n m  dmpCh 

R. Wallace 7/18/89 9 : OOPM 

Lacation : 

I Lab 6907090 Jasmin Sink 

IIYISO~ IOP s u p l i n g :  
Sinkhole Studv 

I STD 1 403 1 6.92 I 
Total Coli* #I~OOML 31501 K 10 

Fecal Coli* b1100ML 31616 K 10 

Fecal Strep* 
lo I 

NO2 + N03N MG/L 63 1 .06 

RES DISS MG/L 5 15 686 

I Oil b Grease I MGIL 1 556 1 1 

I MGlL 1 940 1 210 I 

Turbidity NTU 1 7 6 13 

Alkalinity 1 so4 MGIL 1 i+l: 1 :58 1 MGIL 

* This sample did not conform to sampling/ 
preservation guidelines of EPA-6001 
4-79-020 

preprred b y  : d r t ~  : 

G. Abutan 81 1 I89 

3 - E m t i u t e d  v r l u e  
K = ActurX v r l u r  lrrr +hrn rrportmd 
L = Octur l  v r lue  g r r r t r r  t h m  rmpormd 

lrb ruprrvimor: F. O l m z ~ m k i  * .  



ENVIRONMENTAL PROTECTION COMMISSION OF HILLSBOROUGH COUNTY 

HRS 1-abnrmtury  C e r t i f i c u t i a n  4434037 
1900  9th Ave.  
Twmpm,  Fla.  a8603 
Ph: 27E-5960 

UATER QUALITY REPORT 

1 Lab 1907096 Alaska Sink 

mupled  by:  

R. Wallace 

I r n r o n  +or mmmpling: 
Sinkhole Study 

c o l l r c t l a n  drtm -- r l m m :  r u p l l n p  dmpth 

7- 19-89 2 : 45PM L 

Locr t lon  : 

PH 

Total Coli* l#/100ml 
I 

RES DISS 515 1 364 

STD 

Fecal Coli* 

NO, + NO,N 

I Oil b Grease I MG/L 1 556 I Kl 

31501 

403 

400 

#/loom1 

F?G / L 

1 Turbidity I N I U  1 76 1 2 

- 

7.31 

CL 

Color 

Alkalinity 1 

31616 

63 1 

I *This sample did not confirm to sampling/ preservation guidelines of EPA-60014-79-02 

168 

1.97 

M G / L  

PT/CO 

preprred b y :  d r t a  : 
G. Abutan 8/1/89 

J - Emtirrtmd vrlum 
K - O c t u r l  vrlum lrrr t h r n  rmportmd 
L - Ac+url vrlum g r r r t r r  th rn  rmporad  

940 

80 

l r b  r u p r r v i r o r :  F. Olmznrmki I 

3 2 

2 



ENVIRONMENTAL PROTECTION COMHISSION OF HILLSBOROUGH COUNTY 

CIRS L a b n r n t u r y  C a r t i f i c e r t i o n  *EM4037 

1900  9 t h  A v e .  
T a m p m ,  Fla. aa603 
Ph : 272-9960 

W A T E R  Q U A L I T Y  R E P O R T  

I Lab 1907095 Sulphur Springs 

r u p l m d  by:  . 
R. Wallace 

Total Coli* #/100ML 31501 2000 

Fecal Coli* #/100NL 31616 1000 

RES DISS 

556 K 1 

Locrtlon : 

col loe%ion d r t r  - tim: 

7/19 /89  7 : 00PM 

1 color I PT/CO 1 80 I 1 1  

m u p l i n g  depth 

I I I 
Comments : 

Turbidity 

Alkalinity 

I * This sample did not conform to sampling/ preservation guidelines of EPA-60014-79-0: 

prrprr rd  b y :  d r te :  

NTU 

MG/L 

G. Abutan 811 I89 

J - E m t i u t e d  v r lue  
K - Actur l  v r lue  1 r m m  th rn  r r p o r t d  
L - Acturl v m l u e  g r r r t r r  thrn rmportmd 

7 6 --- 
410 

D - F l r l d  rsrmursrrnt 
i 

1 

158 



A P P E N D I X  G 

W A T E R  Q U A L I T Y  T E S T  # 3  

M I D  WET W E A T H E R  

H C E P C  L A B O R A T O R Y  R E S U L T S  



E N V I R O N H E N T A L  P R O T E C T I O N  C O M M I S S I O N  OF H I L L S B O R O U G H  C O U N T Y  

W A T E R  Q U A L I T Y  R E P O R T  

sample taken b y :  ( collection date - tire: lsampling depth 

Locazion description: 

f i  (16 q p  1 i 

1 1 1 
' report prepared b y :  date: 

J = Estimated value 
K = Actual value less than value given 
L = Actual value greater than value 

g i v e n  
D = Field measurement 

I lab supervisor: F. Olszeuski, 



E N V I R O N M E N T A L  P R O T E C T I O N  C O M M I S S I O N  O F  H I L L S B O R O U G H  COUNTY 

W A T E R  Q U A L I T Y  R E P O R T  I 

1 1 I 

r e p o r ~  p r e p a r e d  b y :  d a t e :  I 

sample taken b y :  

;t. b:d/m? 

J = Estimated v a l u e  
K = Actual value l e s s  than v a l u e  given 
L = Actual v a l u e  greater than v a l u e  

given 
D = F i e l d  measurement 

I l a b  supervisor: F. Olszeuski 
- -  1 ,. / ' #  I 

i.<//l.';l., 

collection d a t e  - time: 
- -  - ,&3C 

sampling depth 

Location description: & 14- -i. / '%<-:%fi-- 
&f+f yLp ~ L ; ( / Y  i ! 

. . 
r e a s o n  f o r  sampllnq: ,) /I I . t 4 . -  

I 
-L'd - 

i )  

P a r a m e t e r  

pi! 

- 
- 
- 
- 
- 
- 
- 
- 
- 

Parameter 

f h 

Unit 

,- - r, 
a I ;,, 

U n i t  

q i  

M e t h o d  

,>I' ,,,, - 
, - 3 

Value 

7 $5 

Method 

/OC/ 

V a l u e  

K &  



E N V I R O N M E N T A L  P R O T E C T I O N  C O M M I S S I O N  OF H I L L S B O R O U G H  COUNTY 

W A T E R  Q U A L I T Y  REPORT 

sample t a k e n  bq :  collection date - time: sampling depth 

r e a s o n  f o r  s a m p l i n q :  1 ' 
4 L n , d . d , : ~ 2 ,  &Li'.T, 

1 U n i L  I Herhod I Value I parameter 1 Unit 1 Method I Value 

J = Estimated value 
K = Actual value less than value given 
L = Actual value greater than value 

given 
D = Field measurement 

I lab supervisor: F .  Olszeuski 
I 

' I I/ ,. , .,a ('[ ,, ' ;-/ , 



ENVIRONMENTAL PROTECTION COMMISSION OF HILLSBOROUGH C O U N T Y  

I ' I  ' >  I ! l I ~ O l  < L , , , l l  1 1  I # I *  ,. I I I * $ 1  1, l o l l  1 1 1  ~ I ~ l O S , /  

W A T E R  Q U A L I T Y  REPORT 

sample taken b y :  collection date - time: sampling depth 

l ~ o c a t i o n  description 

- - - - p p  

reason f o r  sampllnq i i);----IL_l. I 

J 

I 
I ~ a r a m e r e r  Unlz Method  Value 

1 1 I 

r e p o r t  p r e p a r e d  b y :  date: 

Parameter 

771, '"I I- /L)  51  k-' A? 

(2 I' Y/L i d ,  -2d LA9 

M ~i MG 9 - J  d 3  

q L  ML 7 9 GO 

1 qL ~1 1' /zr 

J = Estimated value 
K = Actual value less than value given 
L = Actual value greater than value 

given 
0 = Field measurement 

lab supervisor: F. Olszeuski 

3 / , (? - . , r . : l - / / * < ' / ' .  / 

i 



ENVIRONMENTAL P R O T E C T I O N  COMMISSION OF H I L L S B O R O U G H  COUNTY 

W A T E R  QUALITY R E P O R T  

a m p l e  t a k e n  b q :  collection date - time: sampling depth 

g ~12 ,u,: ( @ P .  LJq-:2.& -37 - 
ocazion description: 

1 I 
r e p o r t  p r e p a r e d  b y :  date: 

J 

Parameter 

J = Estimated value 
K = Actual value less than value given 
L  = Actual value greater than value 

g i v e n  

D = Field measurement 

lab supervisor: F .  Olszeuski 

,"' (;,,,,,(, ;, .( 



E N V I R O N M E N T A L  P R O T E C T I O N  C O M M I S S I O N  O F  H I L L S B O R O U G H  C O U N T Y  

W A T E R  Q U A L I T Y  R E P O R T  

d a t e :  

s a m p l e  eaken b u :  

c . l&//,x f ,  

P a r a m e t e r  I u n i t  I ~ e t h o d  [ v a l u e  

J = Estimated v a l u e  
K = Actual value l e s s  than v a l u e  given 
L = Actual v a l u e  g r e a t e r  than value 

given 
D = F i e l d  measurement 

Location description: 

collection d a t e  - time: 

07 - A/ -8.7 

l a b  supervisor: F. Olszeuski 

sampling d e p t h  



E N V I R O N f l E N T A L  P R O T E C T I O N  C O M P t I S S I O N  O F  H I L L S B O R O U G H  C O U N T Y  

W A T E R  Q U A L I T Y  R E P O R T  

sample ~ a k e n  bq : collection date - tine: sampling depth 

reason for s a m p l r n q :  

I 

i ~ a r a m e r e r  I U n i t  I M e t h o d  I Value 

I I I 
r e p o r t  prepared b y :  date : 

- - -  - - -- 

Parameter I u n i t  ] Method I Value 

J = Estimated value 
K = Actual value less than value given 
L = Actual value greater than value 

given 
D = Field measurement 

lab supervisor: F .  Olszcuski 



APPENDIX H 

WATER Q U A L I T Y  T E S T  # 4  

END WET WEATHER 

H C E P C  L A B O R A T O R Y  R E S U L T S  



W A T E R  Q U A L I T Y  R E P O R T  

Isample taken b y :  I collectian date - tire: )sampling deptl 

I ~ o c a t i o n  d e s c r i p t i o n :  

r e a s o n  for s a m p l i n g :  
&~ct ,~e,  ,L%F 

= F i e l d  measurement 



E N V I R O N M E N T A L  PROTECTION COMMISSION OF HILLSBOROUGH COUNTY 

W A T E R  Q U A L I T Y  REPORT 

sample taken b y :  collection date - t i m e :  sampling depth 

Location description 

' #  9 /0074 

reason for s a m p l i n g :  

j~arameter I U n i t  I nethod 1 Value I 

report prepared by :  date: 

b d .  ,&. ( 1 6 5  

1 I I 

J = Estimated value 
K = Actual value less than value given 
L = Actual value greater than value 

given 
D = Field measurement 
- - -  

lab supervisor: 



W A T E R  QUALITY R E P O R T  

Isample t a k e n  b y :  I collection date - tire: - - - - 

]sampling depth 

Location description: 

q,m73 

L = Actual 'value greater than value 

D = Field measurement 
I I I 

report prepared b y :  date: 

6 ,  A ~ Y I - )  O&. a, 17fs 

lab supervisor: F. Olszeuski 



E N V I R O N H E N T A L  P R O T E C T I O N  C O M H I S S I O N  O F  HILLSBOROUGH C O U N T Y  

W A T E R  Q U A L I T Y  R E P O R T  

sample taken bq:  collection date - tire: sampling depth 

Location description: 

9 m 7 8  

reason f o r  s a m p l i n g :  

I I 

I 
I P a r a m e t e r  Unit Method Value I 

report prepared b y :  date: 

I Parameter 

= Estimated value 
= Actual value less than value given 

L = Actual value greater than value 
given 

= Field measurement 



ENVIRONMENTAL PROTECTION COMMISSION OF H I L L S B O R O U G H  C O U N T Y  

WATER 9 ,UALITY R E P O R T  
----- 

/sample taken by : I collectian date - time: 
-- 

Isampling depth 

e.  ~ 3 a / ( a o e  I lo - /$ - 89 /03a I 
Location description: 

-1 LU-k & 

[reason for sampling: 
*& Bled,. 

Parameter 1 Unit 1 Method 1 Value 1 

1 I 1 

report prepared b y :  date: 

Parameter 

J = Estimated value 
K = Actual value less than v a l u e  given 
L = Actual value greater than value 

given 
D = Field measurement 

lab suDervisor: F -  Olszruski 



E N V I R O N M E N T A L  P R O T E C T I O N  C O M M I S S I O N  O F  H I L L S B O R O U G H  C O U N T Y  

1-1 l;<!!i I,..;;I.~I I:) I- ii1.L I:) r, !.J (::f::? r* T. :i. .I! :i. <:! ii1.T. i. u rj :Il!K440 ::,'7 

W A T E R  Q U A L I T Y  R E P O R T  

s a m p l e  t a k e n  b y :  c o l l e c t i o n  date - t i m e :  s a m p l i n g  depth 

L o c a t i o n  d e s c r i p t i o n :  

reason f o r  s a m p l i n g :  

I P ~ P U P ~ P P  I U n i t  1 M e t h o d  1 Value 

I J = E s t i m a t e d  v a l u e  
K = A c t u a l  v a l u e  l e s s  than v a l u e  given 
L = A c t u a l  v a l u e  greater than value 

g i v e n  
D = Field m e a s u r e m e n t  

I I 1 
r e p o r t  prepared b y :  date: lab s u p e r v i s o r :  F .  

Ad, 4 , / 5 8  



A P P E N D I X  I 

U . S . G . S .  FLOWRATE FOR 

SULPHUR S P R I N G S  P O O L  

S E L E C T E D  T E S T  D A T E S  

C I T Y  M E M O  ON GUAGE H E I G H T S  AND GATE GEOMETRY 



DEPARTMENT OF SANITARY SEWERS 
CITY OF TAMPA. FLORIDA 

LETTER OF TRANSMITTAL 

TO 
Robert E. Wallace 

Environmental Engi neer inq Consultants 

51 19 North F l o r i d a  A v m w  

Tampa, FL 33604 

r 'I 

GENTLEMEN: 

WE ARE SENDING YOU IX] ~t tached 0 Under separote cover via w ~ h ~ # ~ h ~ k C n  

mn 
May 5, 1989 

0 Shop drawings 

0 Copy of letter 

X*Y) 

Prints 

a Change order 

4 m m  

Robert E. Wall ace 

0 Plans 0 Sampler Specifications 

! 
I -- 1 I 

-+---I--- 
i 

!'- 
THESE ARE TRANSMITTED as checked below: 

0 For approvol 0 ~ p ~ r o v e d  os submitied 0 Resubmit - copier for approval 

b For your use C] Approved as noted 0 Submit c o p i e s  for distribution 

As requested 0 Returned for corrections 0 Return corrected prints 

0 For review ond comment 0 

C] FOR BIDS DUE 19 - 0 PRINTS RETURNED AFTER LOAN TO US 

1 
REMARKS Hope you e r e c e ~ v e d  the o ther  bv now. i t  was re turned s ince I sent  i t  t o  the  

~ z q  n n  u v n u r  r a r r l  1W N -  F L n r i d a )  ( o l d  c a r d ? )  This i s  a l so  the  r a t i n q  char t  
which counts, the  o ther  being f o r  extremely low stages only.  

COPY TO - SIGNED: _ -. -- 
TAMPA MUNICIPAL OFFICE BLDG TAMPA. FLORIDA 33602 8(k FLOOR E M -  

SS 5 (3/78) WHITE-Developer YE .' 
# 



Lnitcd States Department of the Interior 

wvrt:~i I W S ~ L ~ I N : ~ : ~  I ~ I S J ~ S  
4; 1 0  E ~ s t ~ n l ~ o u ~ r r  131\ tL. Suit t. H - 3  

'rill~ll~.l. I : I ~ ~ ~ I J . ~  :;;~w-ws I 

. I 1 t L\ i i:rr:i 51; yr7u t l lc  r m a i n i c l -  of t l ie  i n s t a n t a n e o u s  gage -he igh t  
. . C;it;i r c q ~ l c ~ s : ~ ~ :  I:: > L \ L ; ~  A p l - i l  7 ,  1989 l c t t c r  aixi a copy of  t h e  c o n p l e t e  r a t i n g  

. . 
t ; i : ' !  L I - C ~ U C S ~ L  ,. 1:: f \ ~ : t -  l . c c ~ > ~ i t  t c l ephonc .  con\ . r . rsnt  i o n .  The r a t i n g  s e n t  t o  

. . 
! L > C  i,iti; ;:::: ; i ;-:-;1 1 2 ,  1959  l c t t c r  i s  used  d u r i n g  p e r i o d s  of e x t r e m e  low f low.  
I I ~ v c  c ~ : c l o s c . .  ;i s i \ ; , y  n i  thc. s t a g c - d i s c l i a r g c  r a t i n g  used  d u r i n g  o t h e r  i l o w  c o n d i -  
L ~ C ~ I I S  P P l c a ~  I : r ) t ~ '  t l ~ ~ l t  , i n  i : ~ ' 1 i ~ r 3 1 ,  r a t i n g s  a r e  d e f i n e d  by a  s e r i e s  o f  a c t u a l  
i i v l J  nltsasti1-~4:.c.iiis :~acic UIIUL'~ d i  f f e r c n t  h y d r o l o g i c  c o n d i t i o n s  and r e p r e s e n t  
;I;: i n t c . r p r ~ t ? \ . ~  avcpr3yc. of t l l c s c  c o n d i t i o n s .  S t r e a n f l o w  f o r  a  s p e c i f i c  set  
oi cci>citic:::. is: p r ~ b a b l v  . d i f r ' t r c n t  from t h e s e  r a t i n g s  b s c a u s e  of  v a r y i n g  
~ , i - f  ~ c t s  of ci\.?!:;'ii!~ ~ c & c t a t i n ! : ,  s l l i f  t i n g  s t r e a x b e d ,  b a c k w a t e r ,  c o n c r e t e  

t r u c t u r c  S L ' L  t i~:,:--,  e t c .  Tllcsc r a t i n g s  a r e  p r o v i s i o n a l  and  s u b j e c t  t o  change a s  
:!ddi t  idr:zl u=;t ; l  l > ~ ~ o , i r ?  a v n i l z b l e .  

A l s o  t .nclosci!  3rt t ! l i  i n ~ t a n t a n e c , : ~ ~  d n t a  r e q u e s t e d  i n  you r  A p r i l  7 l e t t e r .  
l , : i - ,  d r ; t , \  t r c ln s i : ; i t t z l  i n c l u d e s  d a t a  n o t  s e n t  t o  you w i t h  ny A p r i l  1 2  l e t t e r .  
1 i ? o u  II;~\.L a n )  q ~ , s t i o : i s ,  p l c a s e  c o n t a c t  tl:is o f f i c r ? .  

S i n c e r e l y ,  

,, . '  James  L. K i e s l e r ,  J r .  
C h i e f ,  I n f o r m a t i o n  tlanagement S e c t i o n  
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CITY OF TAMPA 

STORMUATER MANAGEMENT DIVISION 

PLANNING AND DESIGN SECTION 

TO : Sulphur Springs File 

FROM : Michael J. Burweil 

SUBJECT: Gage Heights at Sulphur Springs 

DATE : February 8, 1989 

According to Roman Mycek of the USGS the gage at Sulphur Springs 
is rated based on the following outfalls being available: 

2 - Fixed c7-erflows left crest 6.73' ngvd, 4'7wide 
right crest 6 . 5 8 ' ,  4.1' wide 

2 rectangular cutouts in the siiaing gate valves each . 5 '  X 3 . 3 5 '  
crest of ief t cutout 6.33' 
crest of right cutout 6.33' 

2 vertical lift gates 4'8" wide by 5'1 3 / 4 "  high, opening fror, the 
bottcx 

Normal water ievel for the sulphur springs pool is about 7.5' 
ngvd. 
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3EPARTMENT OF THE INTERIOR 
XVITED STATES GEOLOGICAL SURVEY 

The Sulphur Springs area encompasses about 56 mis in west-central 
Florida and includes a highly urbanized section of the northcentral part of 
the city of Tampa in westsentral Hillsborough County (fig. 1). The area 
includes the city of Temple Terrace and the University of South Florida. 
several indushial and commercial plant sites, and a large commercial 
recrentional sita The Hillsborough River flows southwesterly along the 
eastern and -them parts of the ares Most of the western half contains 
numerous lakea and is partly urbanized. The northeast quarter is W y  
swampy, but much of it ia proposed for subdivision development. The 
northwest quarter is mostly rural but is gradually beaming urbanized. The 
southeast quarter includes Temple Terrace and is highly u r u  The 
west-central part has numerous siakholes. an internally drained area, m d  an 
area that is subject to flooding. Storm runoff from two residential areas in 
Tampa is diverted into sinkholes that connect with the Floridan aquifer in 
the southwestern part of the area. Sulphur Springs. a large spring on the 
north side of the Hillsborough River near Interstate 275, is used a s  a 
supplemenbl water supply for the city of Tampa and ia also a recreational 
area. 
~n 1980, the U.S. Geological Survey, in cooperatiod w i ~ b  the city of 

Tampa. began a study to determine the hydrogeology of the Sulphur 
Spnhgs area The purpose of the study was to provide hydrologic and 
geologic information that would assist managers in (1) protecting the water 
resources of the area, and 12) developing plans for control of construction 
and development where a high-water tahle and other hydrologic conditions 
are a factor. The information could be useful to evaluate the hydrologic 
impact of using sinkholes as stormwater retention basins, the design and 
construction of storm--off detention basins, the design and improvement 
of sanitary sewage system and the location of underground utilities. 

Prevwus and Present Znvestigatiorrp 

Information on the hydrology and water quality of the ' k a  is included in 
a report by Menke and others (1961). Map reports of Lake Magddene (Hum 
and Reichenhaugh, 1972) and Lake Carroll (S.E. Henderson, U.S. Geological 
Survey, written cornmu., 1982) describe the general hydrology and geology 
a t  those lakes. Stewart and Hughes (19741 evaluated the effecb on the 
Floridan aquifer of using ground water to maintain hke levels in the 
northwestern part of the area. Goetz and others (1978) evaluated the 
water-supply potential of the lower Hillsborough River. Maps that show the 
water tahle of the surficial aquifer and the potentiometric surface of the 
Floridan aquifer are prepared twice a year through a cooperative program 
with the Soutkwest Florida Water Management Dutrict. Hydrologic 
reports that conhin data for several hydrologic monitorkg stations in the 
area a m  pubhhed annually by the Geological Survey. 

During this investigation (1981). field work i n d u d d  an inventory of wells 
and sinkholes. collection of wakrmmples for coliform bacteria analyses 
from Sulphur Springs and three sinks, determination of peak water levels of 
the 1979 flood in the westsentral part of the area, and measurements of 
water lev& in wells for use in preparation of water-level and potentiometric- 
surface maps. 

The climate of the area is characterized by warm, humid summen and 
mild. dry winters. An outstanding feature of the dimate is the summer 
thunderstorms that frequently occur late in the afternoon during June 
through September. Based on records for the 40-year period from 1941 to 
1980 a t  the Tampa weather station about 5 miles west of Sulphur Springs, 
the mean monthly temperature ranged from 60.9'F in January to 82.O.F in 
August (National Oceanic and Atmospheric Adminisbation, 1981). The 
mean annual temperature for the period was 72.2.F. The average annual 
minimum and maximum tempera- were 63.3.F and 81.1 T, respectively. 
During the 4Byear period. the mem monthly precipitation ranged h m  1.61 
inches in November to 8.01 inches in August. The m m  annual precipi- 
tation was 48.71 inchas. of which about 60 penxnt occarred during June 
through September. 

Land-surface elevations range from less than 5 feet atove sea level near 
the Hillsborough River in the southwestern part of tl e area below the 
Tampa Dam to 75 feet above sea level at Temple Termre. The 5, 25.. 35-, 
50.  and 75-foot land contours are shown in figure 1. A mnspicuous fenme 
L the &mia swampy area in the northeastern part of the .W (fig. 1). Parts 
of the swamp ara 25 to 35 feet above sea level, but most are less than 25 
feet above sea level Much of this area is poorly drained and remains wet 
throughout most years. Land-surface elevations are less than 25 feet above 
sea level in an internally drained sinkhole compl= and wversl lakes in the 
weskentral part of the area. 

The principal stream in the Sulphur Springs area the Hillsborough 

River. The average annual discharge of the river a t  the Tampa Dam (fig. 1) 
was 693 ftS/s for the period 1938 to 1978. The m c u h m  discharge wna 
16.500 ft'ls in September 1933. The river did not have m y  flow for 8hort 
periods during several years. Monthly mean discharges of the river at the 
Tampa Dam are shown in figure 2 The Hillsborough River is the prinapal 
souma of water for the city of Tampa. 

Other streams in the area include Cypress Creek and ib principal 
tributary. Thirteenn3e Run, in the northeastem part of the arm Swat-  
water Creak in the northwestern part; and Curiosity Creek in the weat- 
csntral part. The average daily discharge of h m s  Creck, about 6 n3es 
northeast of Sulphur Spring& was 91.4 ft'ls from 1964 to 1980. Tho 
maximum d i p  was 1,750 ft'ls that d in August 1965; periods of 
no flow ocau during most yeais. The headwater of Sweetwater Creek in a 
series of interconnected lakes (fig. 1) that include Chapman Lake, Lake 
Magdalme. Bay Lake, and Lake Ellen The aeek di- into Old 
Tampa Bay about 8 miles mmthwest of Lake Ellen The average daily 
discharge of Sweetwater Creek a t  a &tion about 3.6 d m  m t h w e a t  of 
Lake Ellen was 7.3'1s from 1951 to 1979. Ex- in dischargs ranged 
from 438 ft'ls in March 1960 to periods of no flow during aome years. 
Curioeity Creek is an intermittent s h a m  that begins in a swampy area on 
the cast side of Sweetwater Creek near Lake Gass (fig. 11. The creek drains 
an area of 3.48 mia aud flows into a sinkhole in an internally drained area 
about 3 milea south of the lake. During calendar sears 197480, the 
maximum flow of Curiosity Creek from 1.37 mix of ita h a d  was 28 ftS/s, but 
there were extended periods of no flow during both years. 

An lakes are in the western half of the study area Lakes Carroll and 
Magdalene, the largest lakea (fig. I). are in a highly u r b a  area. Lake 
Carroll has a surface area of about 195 acres and Lake Magdalene about 232 
a a w .  During 1946.80, the marimurn d d y  elevation of Lake Carroll was 
40.08 feet above sea level and the minimum daily elevation was 32.35 feet. 
During the same p e r i d  the maximum daily elevation of Lake Magdalene 
was 51.00 feet above sea level, and the minimum daily elevation was 41.96 
feet. Depths of Lake Carroll and Lake Magdalme are shown in figures 3 and 
4. Lakes Charles. Saddleback. Round, and Crenshaw in the extreme 
northwest corner of the study area (fig. 1) are augmented with water 
pumped from Floridan aquifer w e b  (Stewart and Hughes. 1974). Depths of 
Saddleback Lake and Lake Charles are shown in figures 5 and 6. 

GENERAt G W M G Y  

The Sulphur Springs area is overlain by surficial deposits of sand and clay 
that range in thickness from less than 30 feet near the Hillsbornugh River 
to more than 90 feet a t  Temple Terrace (fig. 7). The lower part of the 
surficial deposits consists of day, sandy clay. and clayey sand that c o n h e  
the Floridan aquifer throughout most of the area. The confining kyer ia 
about 10 feet thick near the aouthentral  part of the arm about 40 feet 
thick in the northeastern and southwestern parts. and about 20 feet thick 
south of the Hillsborough River (fig. 8). Generally, the mafining kyer u 
thicker in the western half than in the eastern half. Carr and Alvermn 
(1959) report the occurrence of patches of the Hawthorn Formation 
(confining layer) in the southeastern corner of the area, largely a t  Tsmple 
Terrace. Isolated patches of the Hawthorn Formation also occur dong the 
south aide of the Hillsborough River m t h  of Temple Terra& In the 
Sulphur Springs a r y  the' Tampa Limestone forms the upper part of the 
Floridan aquifer. The generalid configuration of the tap of the Floridaa 
aquifer ranges from 60 feet below wa leva1 in the northwestun part to 
about 20 feet above ~ e a  level in the western part (6g. 9). Geologk 
formation3 below the Tampa Limestone. in descendbg order. u e  the 
Suwamw Limestone, Ocala Limestone, Avon Park Limestone. and the 



HYDRAULIC PROPERTIES OF TRE FLORIDAN AQUIFER 

The quantity of water that an aquifer will yield to w e b  dependa, in part. 
upon the hydraulic c h c t a r i s t i w  of the aquifer and i b  overlying and 
underlying con6ning beds. The  rindp pal characteristics are- transmissivity 
(the ability of the aquifer to transmit water), storage eoeffiaent (the a b i t y  
of the aquifer to store water). leakance (the a b i t y  of the confining beds to 
transmit water vertically from an underlying or overlying aquifer into the _ pumped aquifer). and hydraulic conductivity (the ability of the aquifer to 
transmit water through a unit area of the aquifer). 

The Lransmissivity of the Floridan aquifer in the Sulphur Springs area is 
for the most part high, but variable. Stewart and others /1978) reported a 
trarrsmLsivity of 1.3X101 ftY/d and a storage coefficient of 3.4XlO4 for the 
Temple Terrace area Ryder and others (1980) derived a tnrnsmisaivity of 
6x10' ftl/d fiom model calibration of a well field that included the 
hortheastern part of the Sulphur Springs area The leakage wefficient 
ranges frorn 2x10- to 8X104 (fffdlift. Hutchinson and others (1981) derived 
a transmissivity of 2x10' ItVd frorn a twodimensional model that included 
part of the area along the Hillsborough River. 

A hydraulic conductivity of 1.9X10' fUd was obtained for a cavernous 
area north of Sulphur Springs using the results of two dye tests. I t  appears 
that most ground-water flow in this area is in the upper 100 to 200 feet of 
the Floridan aquifer. Because of the highly developed cavity system, 
estimated transmissivity for the Floridan aquifer is on the order of 2x10' 
ft'ld The storage coefficient is estimated to be 1x10-'. 

The transmissivity of the Floridan aquifer in the northwestern part is 
7.3X104 ft'ld the storage coefficient is 6x10- (Stewart. 1968). and the 
leakage coeffiaent is 2.0X104 (ftld)lft. In an a m  2-112 miles east of the 
northeastern part of the study area Stewart 11977) reported a transmissiv- 
ity of 1.3X106 ft'ld and a storage coefficient of 2x10- from test pumping a 
largdiameter sinkhole about threefourths of a mile south of the HiUsbor- 
ough River. 

Based on the above studies completed in or near the Sulphur Springs 
area, transmissivity ranges bom 7.3X10' ft'ld in the northwestern part to 
1.3XlO1 ft'ld in the northeastern part and to 2x10' ft'ld north of Sulphur 
Springs. The transmissivity is generally highest near.the Hillsborough 
River. Values obtained for hnsmissivity, leakage coeffiaent, and hydraulic 
conductivity indicate that the Floridan aquifer is highly prcductive in the 
study area . 

WATER LEVELS 

Water levels of the aurficial aquifer and the potentiometric surface of the 
Floridan aquifer for May 1981 are shown by 12 and 13. Water levels 
in the s u r f i d  aquifer ranged h r n  20 feet above sea level in the southern 
part to 60 feet above sea level in .the Temple Terrace area (fig. 12). Kigh 
water levels in the southastern part of the area are due largely to the low 
hydraulic conductivity of the greenish-gray clayey sands of the Hawthorn 
Formation The material hab a low permeability and restricb vertical 
rnovem~nt of water from the surficial aquifer to the Floridan aquifer. Water 
bveds in the surfirial aquifer throughout the area ranged h m  6 to 46 feet 
above the potentiornetric aurface. The highest water lev& occur in 
topographically high anas, and the lowest water levels occur in topographi- 
cally low areas. An area of low water levels. indicated by the 20- and %foot 
contours near Interstate 275, extends wuth of Fowler Avenue to the 
Hihbomugh River and indudw several welldeveloped and prominent 
sinkholes north of Sulphur Springs. 

During M a y  1981, water levels in the surfieid aquifer below Tampa Dam 
were less Lhrn 20 feet above sea level near the Hillaborough R i m  and 
probably warn las than a foot above sea level where the aquifer dkhrged 
into the river. In the tidal mch below tbe dam the stage of the 
HiIlsbomugh River ranged from less than 2 feet Mow sea level to hs than 
3 feet above sea bvel  Water lev& in the surIidal aquifer above the dun 
were lwa  than 26 feet above sea level near the river and were less than 16 
feet above saa bvel a t  the river. The stage of the Tamp. rtnarvoir ras 16 
feet above ssa level Thw, the s u r f i d  aquifer in the ups is a w~rcs  of 
grwnd-water discharge to the river, both upstream and downstream from 
the Tampa Dam 

In May 1981. the potantiometric surfam of the Floridan aquifer rangui 
from 10 feet above wa bvel in the southern part of the area to 46 feet above 
b ~ .  level in the northern part. Figure 13 shows the general dirstion of 
ground-mkr movement by flow lines drawn normal to the amtaw h. 
Gmund-water er-t in soutbuly from a poMtiomdtrie high in the 
northwestern part In the sonthern part, moat giaund-water flow lines tend 
to wnvargs brrards Salphur Springs and the Hillsbmmgh River. 
During May 1981, the potantiomehic surfam the .Hillabaacmgh 

River c h d  belm Tampa Dam wu about 10 f& abovs ths 8t .p  of the 
river. The head differurm betreen the river m d  the Floridan aquifer 
indicatu an upward preuuro gradient along this pad of ths channel and 
rep-b potantid discbarge of water from the Floridan aquifer to the 
river. However, a t w t  hob driIled in the riverbed in 1961, about hlf a mik 
s o n t h a t  of Sulphur Springs. penetrated a sandy day from 8 to 18 
f w t  bclon wa M ThiS material forms the w- bed that w a k  
parts of the Flaridan aquifer in the ~luthsastern part of the area an& if 
anbreachnd, wuuld m h i c t  upward movement of Floridan aquifer watar. 
Above the dun. the potentiometxic surfaca d the heFloridan aquifer unda the 
resarvoiramn ma 9 to 6 feet Iawu than the stage of the reservoir. Unda 
thin condition and assuming an absence of a wnfiaing kyer. a potential 
d t s  for the reservoir to recharge the Floridan aquifer. Convsrssly. if the 
reservoir stage dedinw below the potentiomehic d c e .  then the aquifer 
bas the potential to discharge b the reservoir. The Floridan aquifer in the 
stndy area is recharged by leakage from the d d a l  aquifer and h g h  
sipkholw in inrunally drained areas that are directly and iadirecth/ 
connected with the Floridan aquifer. 

Based on the May 1981 potentiometric map. a ground-water gradient of 
about 16 feet in 1.8 miles (30. to 15-foot cootours. fig. 13) erists nest of 
I n t e r s b ~ 2 7 6  between Fletcher Avenue and B u d  B d e v a r d  Immsdiatdy 
south, the gradient deaeases to 5 feet in 1.5 miles, or a reduction of about 
60 percent. The deaease in gradient is due (1) to an haecu8 m t r a n a d v -  
ity of the Floridan aquifer in the southern part of the a~a, m d  (2) to a 
ehange from an area of l a t a d  or downward gmund-water flow in the 
northern part of the are. to one of upward ground-water disch.rge at  
Sulphur Springs and the Hillsborough River. 

FLOODS 

The weatexhnl part of the Sulphur Springs area between Fowler Avenue 
and Bus& Boulevard and west of Florida Avenue has flooded on numerous 
occasions during the past 25 years. Pride (1962) delinested the Septamber 
1960 flood areas along the Hillshornugh River; Murphy and 0th- (1982) 
prepared a report that delineered area3 that were flooded during August 
October 1979; and the a t y  of Tampa Public Worh Department (DJ. T q ,  
Chief Engineer, written wmmun. 1981) prepared maps that show 
flooded during floods occurring between September 1957 and September 
1979. The 1960 and 1979 flood areas are shown in figrrre 1. Thess d a t e  were 
selected to show fl&g that d along the Hillsborough River and in 
the Fowler AvenueBusch Boulevard area west of Florida Avenue. 

WATER USE 

In 1980. the city of Tampa pumped an average of 48.6 M g d d  from the 
Hillsborough River Reservoir above the Tampa Dam (Durn and Trommer. 
1981). An additional 6 M&d was pumped from Sulphur Sprinp in 
October. and 11.5 MgaUd was pumped in November. The dty also pumped 
15.2 MgaUd from i b  Morris Bridge well field loeatad about 9 miles 
northeast of Sulphur Springs m d  about 1 mile east of the northeast cowsr 
of the study area. Sulphur Sprinp is used u a e m  of supplsmentd 
water supply during periods of low flow in the rivet md when water 
d d  are high. The water from the spring is carried by pipeline and 
dischargsd into the Tampa m o i r  near the dam, 

Water use in the area in 1980 (Durn and Trommer, 1981) included the 
foil* . , - 

Ground wator 
Public ratm supplies: 

City of Tampa (Sulphur Springs) 
City of Temple Terrace 
Florida C i h s  Water Company 

(CarroUwOod area) 
University of South Florida 

Industrial and wmmerdal 
Irrigation 
Air wnditioning 

Total pound water 
Surfcur water 
Public watu aupply: 

City of Tampa (Hillsbmugh R i m )  
Total surface water 



SPRINGS 

One large spring. Sulphur Springs. and two small springs. Lowry Park 
: Spring and Temple Terrace Spring. are near the Hillsborough River (fig. 11. 

Sulphur Springs is about a quarter of a mile east of Ineerstate 275; its 
. discharge ranged from 22 to 39 M g d d  during 1980. Lowry Park Spring 
i (discharge less than 10 gallmin) is on the west side of the river about 
I twethirds of a mile west of Interstate 275. Temple Terrace Spring, on the 
: north side of the Hihborough River in Temple Terrace, discharges about 75 
' gallmin. This spring was the original water supply for the city of Temple 
i Terrace. but its use as a source of water was discontinued in the early 
' 1940'3. 
: Sulphur Springs is about 300 feet north of the Hillsborough River (fig. 1). 

The spring pool w used for swimming and is about 30 feet deep. The 
swimming area consists of a 90-foot circuJar pool with concrete retaining 
walls. The pool level is controlled by two fixed-crest weirs and a hand- 

. operated gate. The average discharge based on records for 21 years (1960 
: through B80) waa 27.1 MgnUd. The extremes in discharge during the 21 
: years were 91.4 MgaUd in 1945 and 2.5 M g d d  in 1971. The monthly mean 

discharge of the spring into the Hillsborough River for 1961-80 and the 
monthly mean diversion to Tampa Reservoir are shown in figure 14. 

The discbarge of Sulphur Springs is related to the elevation of the 
, potentiometric surface of the Floridan aquifer. A linear relation between 

spring discharges and water levels at  well 66. 1.5 miles northwest of the 
springs (fig. I) ,  has an average multiple correlation coefficient of 0.90 and an 
average standard error of estimate of 53 percent. Analyses of spring 
discharge and stages of Tampa Reservoir do not show any significant 
relation. 

Rosenau and others (1977) stated that water-quality data collected at 
Sulphur Springs from 1946 to 1972 showed a gradual deterioration in 
quality. During the 26.year period. specific conductance increased from 260 
to 1.240 micromhos per centimeter (@o/cm); dissolved solids concentra- 
tions increased from 480 to 680 milligrams per liter (mglL); sulfate 
concentrations increased from 60 to 100 mgL: and chloride concentrations 
increased fro% 160 to 230 mgL. Menke and others (1961) stated that a 
hydraulic connection may exist between the spring and other aquifers at 
depths greater than that penetrated by existing wells in the area. The 
source of the mineralized water in the spring probably originates in the deep 
zones of the Floridan aquifer a t  depths below the bottoms of existing w e b  
in the area. 

A pump was installed in Sulphur Spripgs in May 1964 to provide Tampa 
with a supplemental water supply of about 20 Mgalld during periods when 
the stage of the Hillsborough River is low and water demands are high. 

According to Menke and others (19611, concentrations of dissolved 
materials in Sulphur Springs fluctuate with the stage and discharge of the 
spring. Specific conductance and chloride and dissolved solids concentra- 
tions showed increases during periods when the water level in the pool was 
lowered. Plots of discharges and concentrations of selected constituents for 
the period 1946-80 are shown in figure 15. Specific conductance had the 
largest change with increased discharge of the spring, chloride and sulfate 
concentrations had the smallest changes with increased discharge. The pool 
level in Sulphur Springs is controlled by a hand-operared gate on the west 
aide of the pooL If the spring pool is artificially lowered. discharge of the 
spring is increased for any given potentiometric heed, and the quality of the 
water differs from that during like discharges a t  high or normal pool levels. 
The scattering of points showing chloride and sulfate concentnrtions and 
specific conductance in figure 15 is due to sampling of the spriag when the 
pool level was artificially lowered below normal operating level. The data 
illustrate that the chemical quality of water in Sulphur Springs is related to 
the head of water maintained in the spring pooL 

TOZmIST CLUB WELL 

A plot of chloride concentrations versus specific conductance of water 
from an unused Floridan aquifer well a b u t  440 feet southeast of Sulphur 
Springs and 140 feet north of the Hillsbornugh River is shown in figure 16. 
The well is 318 feet deep and is cased to 80 feet, or about 60 feet into the 
upper part of the Floridan aquifer. A linear regression equation of chloride 
concentrations as a function of specific conductance, decemhed for the 
well, is as follows: chloride (mgnj = -336 + 0.334 X specific conductance 
(~un.bolun). The correlation coefficient is 0.97. 

Specific conductance and chloride concentrations of water in the well have 
increased steadily since about 1971. During the period 1959-81, chloride 
concentrations ranged from 200 to 4.800 LII& (fig. 17). During the same 
period. specific conductance ranged from 1,000 to 15.500 prnhdun The high 
values of specific conductance and chloride concentrations indicate that 
mineralized water occurs below 80 feet (bottom of well casing) and. in all 
probability, a t  a depth greater than several hundred feet. Menke and others 
(1961) indicated that highly mineralized water in the area is derived from 
below the Ocala Limestone and is related to connate water in older rocks 
that bas not been flushed by freshwater. 

A plot of the potentiometric head in the Tourist Club well and the 
discharge of Sulphur Springs for the period 1963-81 is shown in figure 18. 
The data are included to show the relation between the discharge of the 
spring to corresponding changes in potentiometric head in the well. Data for 
the Tourist Club well were used bemuse minimum pool levels were not 
available for Sulphur Springs. For spring discharges of less than 45 ftYs, 
the potentiometric head in the well ranged from 7.8 to 10.7 feet above sea 
level: for discharges greater than 45 ft'ls, the potentiometric head ranged 
from 7.2 to 12.0 feet above sea level. The plotted points in figure 20 indicate 
that the potentiometric head s t  the well approached equilibrium during 
periods when spring discharge was less than about 45 ft'ls. Large increases 
in spring discharge occurred during maximum opening of the gate The 
scattering of points in figure 18 resulted from periodic and erratic opening 
of the gate to flush the spring pooL 

SINKHOLES 

Sinkholes are common surface features in the karst area of Sulphur 
Springs. The Floridan aquifer in the area consists of limestone and dolomite. 
rocks that are susceptible to slow dissolution by-acidic water that moves 
through pore spaces, fractures, and other openings in the rocks. The 
enlarged openings develop a network of conduits or cavities through which 
increasingly large volumes of sediments are transported by the water 
~Sindair. 1981). As the limestone and dolomite continue to dissolve, the 
overlying material begins to subdde and eventually collapses into the rock 
openings. A decline in water levels in the area removes part of the support 
of the overlying material causing it to lose competence and collapse. This 
results in the development of a depression or opening a t  land surface. Water 
moves by gravity into the depression These openings or depressions. 
commonly referred to as sinkholes, are avenues by which surface water may 
move rapidly into the Floridan aquifer. 

Numerous sinkholes have developed in the Sulphur Springs area. Most 
are located between Fletcher Avenue and the Hillsborough River (fig. 1) in 
the southwestern part of the area. The sinkboles generally average less than 
15 feet in diameter and range in depth from about 10 to 15 feet. The most 
active area of sinkhole development is a 1-milewide strip along both sides of 
Interstate 275 that extends from the Hillsborough River northward about 4 
miles. 



Curiosity Sink 

Curiosity Sink is 2.2 miles north-northwest of Sulphur Springs (fig. 1) and 
is the terminus of Curiosity Creek. The sink is reported to be about 25 fee; 
deep and 40 feet in diameter. The overall sink area is about 500 feet iu 
length and 100 feet in width. The Curiosity Sink area is internally drained, 
and under nonnal conditions, water that discharges into the sink area flows 
downward to the Floridan aquifer.  o ow ever, overflow from the sink area 
occurs on the west side when water levels exceed an elevation of 29 feet 
above sea leveL 

The depth of the southern part of the Curiosity Sink area was sounded iu 
1980. shortly after it was cleaned and deepened by the city of Tampa,, 
Depths averaged 6 to 8 feet below the water surface in the northern part, 4 
feet in the central part, and 12 feet in the southern part. A pumping station 
with an 18-inch discharge pipe was installed in the southern part of the sink 
area in 1980 to reduce flooding. During high-water levels in the sink, w a k  
is pumped into a shallow basin east of the sink and is then discharged intu 
the Hillsborough River by a pipeline. Water levels in the sink area averaged 
about 19 feet above sea level during nonpumping periods and 17 feet during 
periods of pumping a t  an average rate of about 5.000 g d m i e  Based on a 
pumping rate of 5.000 gaUmin and a drawdown of 2 feet in the sink. the 
specific capacity of the sink is about 2,500 gaUmin per foot of drawdown. 

Blue Sinks 

Blue Sinks refers to an area of numerous small sinks 1.000 to 1,800 fee: 
south of Curiosity Sink. A cluster of five of the more prominent sinkholes is 
shown in figure 1. The area has no surface streams and is drained entirely 
by sinkholes. A low area on the west side of the sink cluster near the 25-foot 
land-surface contour appears to be the former streambed of Curiosity Creek 
(fig. 11. 

The site was visited several times by the senior author in 1963-64: at  that 
time. the sinks were 20 to 30 feet deep, and water was observed to be 
flowing at  the bottoms of two of the sinkholes. The sinkholes have sin- 
been filled with refuse and in 1981 were less than 6 feet deep and dry. .' 

Orchid Street Sink 

Orchid Street Sink (also known as Linebaugh Sink), which is about 6.60C 
feet north of Sulphur Springs (fig. 1). receives runoff from a residential area 
The sink is 60 feet long. 50 feet wide. and bottoms a t  24 feet below a genera! 
land surface of 26 feet above sea level. When the sink was sounded in Marc? 
1981, the water level in a 20-foot circular pool on the south side was 13 feet 
above sea levr:. The deepest sounding was 11 feet. 

Poinsettia Street Sink 

Poinsettia Street Sink (Trinity Springs), which is about 1.100 feet north of 
Orchid Street Sink (fig. 11, receives urban runoff from a residential area. The 
sink is 75 feet long, 50 feet wide, and bottoms at about 35 feet below a 
general land surface of 28 feet above sea level A 3bfoot circular pool oi 
warer on the west side of the sink was sounded in March 1981 and found ta 
have a maximum depth of 20 feet when the water level in the sink w a ~  
about 13 feet above sea leveL 

Tenth Street Sink 

Tenth Street Sink is 1.900 feet north-northeast of Sulphur Springs and 
about 700 feet east of Nebraska Avenue (fig. 1). The sink is 25 feet in 
diameter and 27 feet deep below a general land surface of about 10 feel 
above sea level Land-surface elevation is the lowest observed at  a sink in 
the area. The sink was sounded in March 1981 when its water level was 
about 5 feet above sea leveL 

Greco Sink ! 

Grew sink is in the southeastern part of Temple Terrace. about half r 
mile west of the Hillsborough River (fig. 1). The siak is 110 feet in diamem 
and bottoms at  32 feet below a general land surface of 45 feet above 
leveL The deepest hole sounded was 18 feet below the water level in tb, 
sink. or 7 feet above sea level Quality of a water sample collected at  the 
bottom of the hole suggests a hydraulic connection between the sinkhob 
and the Floridan aquifer (Stewart and others, 1978). 

Hillsbornugh River Sinks 

A profile of the Hillsborough River from Tampa Dam to Fletcher AV&; 
(Goetz and others, 1978) shows several holes in the bed of the river abw. 
0.7 to 6.9 miles upstream from the dam (fig. 1). The holes range in depB 
from about 5 to 18 feet below the riverbed and bottom a t  elevations L&I 
range from 6 feet above sea level to 12 feet below sea level The bottom ofr  
hole 0.7 mile upstream from Tampa Dam is about 6 feet below the r i v e r w  
The deepest hole is 4.4 miles upstream of Tampa Dam or about 0.3 mile e 4  
of 56th Street. The hole is 18 feet below the riverbed and bottoms a t  
1 foot below sea levd  t i  

A deep hole (locally known as Hannah's Swirl) is in a sharp bend of t k  
river about a mile downstream from Tampa Dam abd about 0.8 m& 
southeast of Sulphur Springs (fig. 11. Although the hole may be due b 
scouring of the river bottom. local residents report the hole to be about 20 
feet deeper than the river bed. 1 

A seismic reflection survey of the Hillsborough River in 1981 did 
indicate any unreported sinkholes in the river in the Sulphur Springs a m  
(R.M. Wolansky, U.S. Geological Survey, oral commun., 1961). 

DYE TESTS 

In January and March 1958, the city of Tampa injected fluorescein d$ 
into Curiosity Sink and Blue Sink 5 (fig. l ) ,  about 2 miles north of S u l p h  
Springs, to determine the rate and direction of ground-water movement. F a  
the January test. 8 pounds of dye were injected into Curiosity Sink. and !9r 

the March test. 3.5 pounds of dye were injected into Blue Sink 5. Blue Sink 
5 is 1.800 feet south-southeast of Curiosity Sink. During the tests. d& 
followed a general course toward Sulphur Springs. corresponding to t h  
regional flow patterns shown in figure 13. but its course from Blue Sink 5 b 
Orchid and Poinsettia Street Sinks was altered somewhat by local stmc 
turd controls in the aquifer system (Menke and others, 1961). The alteratim 
in course probably was due to an  extensive and welldeveloped cavity 
system that connects Sulphur Springs with several sinkholes as much as 2 
miles north of Sulphur Springs. The time observed for dye to arrive ar 
Sulphur Springs. Poinsettia Street Sink. and Orchid Street Sink after 
injection and the rates of ground-water movement are given in table L 
M g  the Curiosity Sink test, ground-water velocities ranged from 5.100 
to 7.600 ftfd: for the Blue Sink 5 test, velocities ranged from 4.200 to 9 3 q  
fud. Dye was not detected in Tenth Street Sink during the tests. 

SULPHUR SPRINGS COLIFORM INDICATOR BACTERlA 

The Sulphur Springs swimming pool has been closed temporarily in May 
or June of most years during the past decade because of high bacteria 
counts. The pool was closed to swimming on May 19. 1981, when the total 
coliform bacteria count exceeded the accepted contact level of 1.000 colonies 
per 100 milliliters lcoUlOO mL) of water. Usually, the pool is closed shorth. 
after the spring is pumped to augment the city's water supply during tbe 
high waterdemand period in May and June. The usual pumping rate is 
estimated to be 20 M g d d .  Coliform bacteria counts of 1.000 coUlOO mL as 
greater may occur throughout the year. Data collected by the city of Tampa 
Water Department (Ernie Wider. Technical Services Supervisor. city of 
Tampa. written commua. 1981) for the period 1974-81 show that the annul 
period of heaviest concentration of bacteria in Sulphur Springs is January 
through August, and the lowest concentration is September though 
December. The lowest bacteria counts in Sulphur Springs for 1974-81 wee 
observed during November. the driest month. and the highest counts wee 
observed during April and May, moderately wet months. The bacteria COW 
of water in Sulphur Springs probably is related to rainfall and the quality tf 
m o f f  into sinkholes. 

Water from Sulphur Springs and the Orchid Street and Tenth S h t  
Sinks to the north (fig. 1) was sampled twice in May 1981 and once in Juy 
1981. The Sulphur Springs pool is about 30 feet deep. and water w p k  
were collected near the top, middle, and bottom of the pwL. Orchid Sfrat 
Sink is about 11 feet deep. and water samples were collected a t  middepthn 
the pool; Tenth Street Sink is 22 feet deep. and samples were collected n4r 
the top, middle, and bottom of the p L  

The ratio of fecal coliform to fecal streptccocci'(FCIFS) for samples frch 
Sulphur Springs. Orchid Street Sink, and Tenth Street Sink are listed bela. 

L 

FClFS at  

Date Sulphur Orchid Tenth Remarks 
(1981) Springs Street Street 

Sink Sink 
- -  - 

May 26 17:l-33:l 29:l 0.9:l-1.6:l After dry period. 

May 28 10:l-221 2.8:l 3.5:1.5.4:1 After heavy rain 
July 23 1:1 14:l 0.2:i-6:i After moderate wet Pew. - 



Ratios of FCIFS higher than 4:l are good indicators that pollution j&& ' 

from domestic wastes, which are largely composed of -'a body 'hts ,  , 
laundry wastes. and food refuse (Geldreich, 1966). Wet and dry cona&t , 

Orchid Street and Tenth Street Sinks were probably the 
as t)lt observed a t  Suiphur Springs. 

Ground-water velocities north of Sulphur Springs range 
app,+. mately 4.000 to 9.000 Wd. These high velocities probably are a d w b  jr 

most bacteria to muvive the 28 to 40 hours required to travel app-w 
1 to 2 miles £ram the rinkholes to Sulphur Springs. 

A 36-inch sener line parallels the Hillsborough River h mpp 
m g s  westrard Major sewer junctions are about 200 and 500 fwt  ,& 

' 

of Sulphur Springs. The junctions are reported to have been in&&&t 

! . depths of about 2 0  and 2.6 feet above sea level, well below the water h b  
of the surficinl aquifer (fig. 12). The top of rock in the area is about 10 fit ; 

! below sea level (fig. 9), or about 12 feet below the sewer lines. Data aen, tt 
available to determine if the sewer line leaks. However, it would be upecd 
that the bacteria count in the spring pool would not vary appreciably if a 
major s o u m  of bacteria was the sanitary sewer. 

ESTIMATED RUNOFF LOADS 

Orchid Street and Poinsettia Street Sinks are used as retention basi&,r ' 

. urban runoff from areas around the. sinks. Estimated loads of ssw 
constituents that drain into the sinkholes were computed ushg avwe : 
base flow and storm-runoff concentrations and runoff volumes based n 
data collected a t  nine urban watersheds in the Tampa Bay area (A. 
GiovannelIi and M.A. Lopez. written commun. 1981). 

Orchid Street S i  receives drainage from a 77-acre residential M : 
through a %foot diameter concrete pipe on the eastern side, a 4-Lt 
diameter concrete pipe on the northern side, and a 1-foot diamer 
aluminum cormgated pipe on the western side. The sink, when visikin 
March 1981, contsined scattered refuse in the bottom Estimated load~f 
selected constituents that drained into the sinkhole in 1979 are list& 
table 2. 

Poinsettia Street Sink receives drainage from a 64-acre residential aa 
through a 4-foot diameter concrete pipe on the eastern side. Estimated 101s 

. of selected constituents that drained into the sink in 1979 are listed h table. 

SUMMARY AND CONCLUSIONS 

j The Sulphur Springs area is highly urbanized in the southern part ad , 

; hugely rural in the northwestem part. The University of South Florida, pt . 
! of the city of Tampa, and all of the city of Temple Terrace are in the area 

Curiosity Sink is in a flood-prone area near the northwestern limit of ie : 
city of Tampa; it has flooded on numerous occasions. Much of the Curiory 

I Sink area drains through sinkholes to the Floridan aquifer. Most sinkhes 
I are located between Fletcher Avenue and the HiUsborough River in ie 
\ southern part of the atudy area. The city of Tampa uses Orchid Street rd , 

! Poinsettia Street Sinks as retention basins for storm runoff. 

1 The -cia1 aquifer is the prinapal source of recharge to the F l o h  ' 

1 aquifer. but recharge also occurs through sinkholes and through the T q a  
: Dam Reservoir on the Hillahrough River. 
; The transmissivity of the Floridan aquifer in the Sulphur Springs q . 
I high, but variable. and ranges from 7.3~10' ft'ld in the northwesten, kt : 

i to 1.3~10. ft'ld in the n o r t h e a s h  and mutheastern pub. The tnuum&. 
! ity is generally higbest near the Hillsborough River. The J&ge caefficat i 

ranges~om2X10~to8X10~~Wd)l f+  
In 1980. Tampa pumped an average of 48.5 MgaYd from the Hilbp0rot.h 

1 River. Total ground-water pumpage was 7.2 MgaVd, of which 4.68 Mgsd 
i was for public supplies, 1.6 MgaUd was for industrial and wmmueial user 1 
! Mgdd was for irrigation, and 0.02 Mgdd was for air conditioning. 
1 

A fairly extensive and d-developed cavity system occun, in the Floridan 
aquifer in the Temple Terrace area and the area north of Sulphur Springs 
between the Hiiborough River and Fowler Avenuc Ground-watu dcci- 
ties of 1 to 2 miles pa day were determined from two dye tests conduct4 in 
the Hiusborough River-Fowler Avenue area. Sulphur Spring8 is a a p p l e  
mental water-supply source for the city of Tampa and a public recreation 
area. The spring pool bas been temporarily c l o d  to mimmbg in the spring 
of most years because colifonn bacteria counts exceeded the contact limit of 
1.000 coUlOO mL. Bacteria counts greater than 1.000 coUl00 mL occur 
most months. 

Although the of the wliform bacteria entering Sulphur Spin& 
was not fully estabIishd, indications are k t  sinkholes north of the @tirig 
are the principal wurcea. The high ratio of fecal colifotm m d  fecal 
etreptococd for Sulphur sprin& and two sinkholes north of the spring 
indicate that the high bacteria count is due to domestic waste The 
exceptionally high ground-water velocities obtained for the area probably 
are adequate for most bacteria to survive the 1- to ?day m d e r m d  
traveltime needed to reach Sulphur %rings. 
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Table 1.-Results offluorescein dye tests. Sulphur Springs m a  

Distance 
DY e DY e from Time velocig 

injection detection injection of 
site site site arrival 

(ftl (h) (ftml (ftidl 

Curiosity Sink Poinsettia Sink 5.400 25.4 210 5.100 
(January 1958) or&d sink 6.300 27.9 230 5.400 

Tenth Street Sink1 11,100 - - - 
Sulphur Springs 12.700 40.0 320 7.600 

Blue S i  5 Poinsettia Sink 4.500 25.5 180 4.200 
(March 1958) orchid sink 5.000 23.9 210 6.000 

Tenth Skeet Sink' 9.600 - - - 
Sulphur Spr inp  10,000 28.1 380 9.200 

'Dye not detected in sinkhole. 

Table 2.-Estinated load of selected mnstituents discharged into Orchid 
Street and Poinsettia Stmet S ~ J I & ~  in 1979 

Load 

Constituent 
Pounds Pounds per acre 

Orchid' Poinsettia' Orchid' Poinsettia ' 
Street Street Street Street 
Sink Sink Sink Sink 

-- - 

Biochemical oxygen demand 3.200 2.200 42 34 
Chemical oxygen demand 6.900 1,200 90 19 
Nitrogeq total 
Nitrogen. organic 
Phosphorus, total 
Lead, total 

'Drainage area 77 acres. 
'Drainage area 66 acres. 

l l l l l l ' l L 1 l l l l l l l l l l  
MONTHLY MEAN DISCHARGE 

3 
0 

- 
MONTHLY MEAN DIVERSION 

figme 14.-Monthly 
discharp and monthly msl .  divesion 

of Sulphur Spbgs ,  1961-80. 



EXPLANATION 

- 40- WATER-TABLE CONTOUR-Shows altitude of water table 
in surficial aquifer, May 1981. Contour interval 5 feet. 
National Geodetic Vertical Datum of 1929. 

Figure 12.-Generalized configuration of water table in the surficial aquifer. 
May 1981 (modified from Yobbi and Woodham. 1981). 

-10- POTENTIOMETRIC CONTOUR-Shows altitude a t  which water level 
would have stood in tightly cased wells, May 1981. Contour interval 
10 feet. National t Geodetic Vertical Datum of 1929. 

Ground-water flow. 
1 

Figure 13.-Potentiometric eMace of the Floridan aquifer, May 1981 
(modified from Yobbi and others, 1981). 



POTENTIOMETRIC HEAD OF TOURIST 

CLUB WELL, IN FEET  ABOVE NATIONAL 

GEODETIC VERTICAL DATUM OF I 9 2 9  

SULFATE 
CONCENTRATION, 
IN MILLIGRAMS ' PER LITER 

CHLORIDE 
CONCENTRATION, 

IN MILLIGRAMS 
PER LITER 



EXPLANATION 

,...... - 5- LAND-SURFACE CON~QUR-S~~WS altitude of land surface. 0 S i o l e  
Contour interval vari;Yk. NaGional tieodetic Vertical Datum 

of 1929. swamp 

A Staff gage 0 Area flooded in 1: 

A Continuous-record gaging station 0 Area flooded in 1: 
IC- 

@ Public water-supply well 0 Open water 
. .. 

0 Observation well 

A - .  



A P P E N D I X  L  

S U L P H U R  S P R I N G S  D Y E  T R A C E  1987 

C I T Y  O F  T A M P A  S T O R M W A T E R  M A N A G E M E N T  D I V I S I O N  - BURWELL 



Sdphur Springs Eye  Trace - 1987 

Ci ty  of Tampa 

Dept. of Public Works 

Stormwater M anagoment Division 



. . !,,azy pecp l s  kleve contrlbctsc! chsi l-  time, equipment and expertise 
- ,  

ro i s  %::icy a>=: 1 woxld  bz  remiss nor to acknoxledge this 
zssisrancs. 3,- ,Loin th3 Znited States Geologiczl Survey, I'd 
like to t h ~ , k  ?Is. 2;ldy Fretwe11, r Craig Hutchinson, Nr. 
Rawsong 2oss, al6 r ;ohn Spears for their assistznce in 
planning, ccllection and analysis. I'd like to thank my 
samplers, Mr. Steve Bailey, Mr. Gardner Eayless, Mst Hallie 
Calig, 1 .  Jo!]?. Clark, r .  Greig Grotecloss, Mr. Clyde Rohde, 
Xr. Steven Seachrist znd !Is. Jen~ifer Weaver. 

From the Tznpa Rscrestion Departnent, I'd like to thank Fr. 
;+T >-ke 4 Grarit fcr his ~ssistance throughout the test. Thanks 
also tc -the C i t y  of Tarr.sa gepartment cf Sanitary Sewzrs for 
the css of t 5 ~ i r  fl~oroxeter and lab :cr the a~alysis; 
p z : - t i c s l a r l y  ?!r . 2 -  C a r p e r . t e r  a?.d Fir. 2oger Jchansscn. I'd 
2 1 ~ 0  1 ta t?.c?r,k ~ . y  silpervisor, I s  Theresa 5 .  Meyer for 
hcr assistaxce as t;ell cs the time to perform <he study. A 
~~ec-al - b = . ~ - . ~  s y o  . Joz Stewart for i s  interest and 
assis~anzc. 





SULPHUR SPRIP?GS DYE TR4CE - 1987 

Ir, 1958 c trace %as ~zrfcrms2 on the kzrst area in North 
Tarnsa, sci;ih cf Curicsity Creek, to determine the possibility 
02 intercc~nections Setwezn the sinkhole systex at the end 
of Curiosity Cree!< en2 Sulphur SprirLgs. The subscrface flow 
in this region is extrenely important in that it provides the 
only positive drainage for a2proximately 4700 acres. Stormwater 
from this area is directed irto l a . 4 2 ~ ~  sl~kholes and. retention 
areas wit-h no positive scrface outfalls, and. is discharged 
at variccs p o i ~ ~ s  elong the Eillsborouyh EIFver. Four known 
springs on the north 5azk of the river, as well as various 
"clear zones" ( a r e a s  where aquifer water dilutes r i v ~ r  water 
e r e  t h e  river has cut thzocc;h the wzcer bearing strata), 
are kno~.cn to Cisch~rge this [cater. 

S l n c e  this - 3  !-16s un?erqone significant land use ehanges 
in the t i m  ~eriod sizce the first test, and changes have - .  
ocexrrer, Ln c of ;he sinkholes, it cias d3ternined that it 
i\l.oule b.2 beneficial tc re-examine the f l ~ s  characteristics 

. - 
to dr-ter~.;Lze i.;:?~t, ~r zay ,  c!:an~es y a y  have occurred in the 
in-,erver.ir,g yzzrs. S; l lpn7~r  Springs, the main discharge point 
for t k , i  s sukscrf ace flow, is noid pzrceived to be 

, .  - - . . bzz;ez:c~~qicz-,y cox;3nlna~ed, and z ~ i s  s ~ x G y  also explores 
the ~ossibilisy that untreated stormwater runoff nay be a 
significzxt coxtributor to t h i s  co?t2zination. 

In thz criqinal s t u c y ,  eye was introduced at Ccriosity Sink 
and its an2earance r10t2d zt 1.1 doxnstrean locztions. A second 
i s iLvolved Blue Sink and the szxe downstre~m locations. - , . ror sr,e 1927 test, ::?e dye !,;as aqzin placed at Curiosity Sink 
with the a6Citicn of a seconc! eye sogrce at Orchid Sink. This 
second sozrce ctilized a different type of dye in an attempt 
to quantify the contribction of tnis sink to the flow at Sulphur 
Springs. The Orchid Sink with its large urbanized contributing 
Szsir; an? lacl: of stcrm<ater treatment facilities is suspected . . 
of coRtrixri?c a rcajor share of the pollutants found at Sulphur 
Springs. S~pple~ental wzter quality data is being collected 
ar both slyes to further dlfine this relatio~ship. 

TIMING 

. , 

I t  was ~r.:zially felt thai it would be beneficial to duplicate 
the hydrc.logic conditions found during the first dye 
Upor; irvestiqatLon it :$as found thet a storm occurred' 
second day of the test which would have made duplication 
impossible. The antece22nt conditicns, on the other 
sh~uld have been fziriy sasy  to replicare. 

trace. 
on the 
almost 
hand, 



This t~r : :e< out to be a false hope; after a significant rainfall,. 
we waite? overriignt as iri the origin~l stu6y cniy to find chat 
O r c ; ? i <  Sink ha3 drair.ed before the dye could be introduced. 
After o false stzrts with insufficient rainfall, the dye 
was placz?, as Orchid Sink on February 16 at 0630 and C~riosisy 
Sink at 2900 ( F i - C ) .  Rainfall during the test and the p-riod 
ir.mzZiately i it is shoiin in Figure 1. Xainfall eata 
was collecteii at the Seneca Dump House rzin gag% south of 
Cxricsitq- S i ~ k  at the ncrthiczst corner at .Seneca and Florida 
Avenues. This gzge is a Belfolrt recording type and is well 
si.-luatec! in the basin (see Figure 2). 

DOSAGE 

In the oricjinal test eight pounds of florescein dye were 
dissolved and intrcduced icto Curiosity Sink. For this tzst 
we utilized an equivalent amount of liquid concentrate, due 
to convenience. Fluorescein dye has an averaqe dilution of 
2%. Therefsre, tP.e original 8 p o m c s  woxld 5s equivalenr to 
abcut 10 c;~llor.s of che 10% liquid concentrilte which was used. 
Due to its zvzilability, Xhodamine \ST (red) was u s e d  at Curiosity 
Sink and 5 callons of fluorescein dye (ye1lov;-green) WLS 
introcuced at Orchid Sink. 

, . 
Prior to s ~ : : K  cosage, saaples were taken to establish blanks 
f ~ r  ~ h s  follo;.lnc; 1oca~ic;;s: (Figure 2 )  

Curiosity Sir?;: - The  erni in us of Curiosity Creek, reportedly 
had 2. s p r i x g  at the north an:! siphcn near the ~ 0 2 t h  end. 
Twenty foar hundred acres drains to this point. A temporary 
2 ~ x 2  stztion hzs been installed to handle excess flow. 

Orchid Avenue Sirk - This sinkhole located at Linebaugh 
and Nebrzska Avezues drains ahcut 130 acres. The sink 
is regularly overwhelmed, and runoff flcods -,he area for 
short perhc6s cf tine. However, this sink does drain rapidly 
ane remains dry most of the time. 

JasminejPoinsettia (Trinity Springs) - A former "swim~ing 
hole". Basin size is roughly 63 acres, mostly residential. 
this sink remains wet and the water quality appears to 
h e  ~ u c h  Sniter rhan most of the sinks in the area. 

loth Street Sink - A sniall sink located in a residential 
neighborhood. Consi2erable debris has accumulated but 
tne najority of the drainage basin has been diverted into 
nearby storn sewers. 



FIGURE 2 - 

1. C u r i o s i t y  S ink  5 .  
> - . 2 .  Orch id  Ave. S ink  6 .  

" lf4"/'3 . - > ~ a s n i n e / F ' o i n s e t t i a  7 .  
' 4 .  1 0 t h  S t .  S i n k  8 .  

N o r t h  

SAMFLING LOCATIONS 

S u l p h u r  S p r i n g s  9 .  Seneca  Pump S t a t i o n  
Lowry Pa rk  S p r i n g s  1 0 .  705 E .  L inebaugh  
S i n k  e a s t  of E l m e r - 9 8 t h  11. F r o g  Pond (Annie  & Mary) 
I i a t e r  D e p t .  S p r i n g  1 2 .  B lue  S i n k  



S~l?h-r Springs - A City of Tampa Recreation Department 
sv;ir;-.mir.cj pool a22 park area, in use since 1830's. Subject 

* - .  perloz~c ciosures due to perceived Sacteriologlcal 
co~tsni-:tior-. Xcrr,al flow averzges 23 CFS. 

Losiry P r  Spri?.; - A six11 ornanenral spring at Lov:ry 
P ~ r k .  Zigh sulphcr snell. 

La\-ater Department Spring - A sri-,all spring formerly nsed 
as a scpple?ental soLrce of drinking water for the area. 

Seneca F~inping Station (100' west of Florida Ave. ) - A 
former 'sink excavated into a detention basin. 

V;ell at 705 E. Lixebaugh - A well found to be contaminated 
by bacteria. Proximity to to Orchid Sink suspicio~s, 
so conrection \:as explored. 

Xany of the test sites frcn the original progrsin were no l o ~ g e r  
availlblo for sap.?linq. Elue Sink and the cluster of sinkholes 
surrounding it south of Curicsity Sink had been filled and 
no longer contained standing wacer. "Frog Pond" at Annie St. 
and l.;ary kve. has bsen escavated into a retention pond, as 
has the "psnd v~est of Iienderson Field at 30th Street". It 
is cnl:nc~;ri if dye was fcund at the latter location during the 
original stcdy, but -,he interconnection of the former to the 
sink systea has been proven. Ti?? sink east of the Sanitary 
St.:-ers Pu;r121nq Statior. (east of Elmer - 98th) was not sampled 
for safety reasons; the sides are crumbling and have been covered 
i h  debris. The weil at 705. E. Linsbaugh was added to test 
a connecticn between it and Orchid Sink since the well had 
proven to be contaminated in the past. 

Sanpling \:as to consist of hourly grab sanples taken uncil 
dye appeare? at S~lphur Springs, with samples taken at various 
intervals a1 all okher locations fcr a period of 72 hours. 
A'ter the initizl s e ~  of samples were taken at the time of 
dosage, six hours elapsed before the next set. After H+18 
( 18 hours after dye a2plication) hourly samples byere taken 
ar: Sulphur Springs. This proved to be fortuitous since the 
dye fron Orchid sncried up at H+21. These hourly samples 
con~inued until E+79 when bihourly saxpling began. This was 
continued for only a short time when the red dye from Curiosity 
Sink still had not appeared. After H+87 sampling became 
sporadic;  firs^ four-a-dzy, then twice daily. 

Samples wern collected in 4 oz. bottles provided by the USGS. 
Paper labels with coded nm-ibers were affixed with control 
naintained by' a log sheet recording sample number, location, 
time and saapler. Space was available on the log sheet for 
pertinent notes concerning conditions at the sample site and 
the samples were stored in a dark area until analysis took 
place. 



SFnc?  ~ w o  fi-~oro~.eters aiere available, the fluorescein and 
r h 9 E : z i n ~  filcers co.ild be placed on separate rzchines 2 n d  
t h e  szr.:~l3s zr.zlyzec!  for bozh eyes at t h l  same tine. Ncrmaily, 
a cc~pzriscr. :,:osld hzve zc bn r a d e  ejith the two dyes in order 

K T  tc elir,Lsaz~ -zlse readings. However, since the rhodamine 
dye never appeared ct Sulphur Sprinss, this xzs not done. 
'qr - i - s r  come pzoblexs w?rs encountered with the scales on the 
fluorescein-a6apr-d fluorometer, Turner Designs, the 
manufacturer, was cciitacted and they recommended that actual 
quantities of dye not b ascertained but that we only test 
for "units of fluorescence. " Unfortunately, quantification 
of the flow from Orchid Sink was impossible to de~ermine, but 
travel ti~,e a?.d rel~tive concentration could still be calculated. 

- On ?.'?on8ay, rehr-~iary 16, at 0830 after a -25" rainfall, the 
fluozescein Zye '.,;as ?laced in the runoff accumulated in Orchid 
Sink. 'The rho5ar;ine ?ye was placed zt C~riosity Creek at 0900. 
A 0930 an a6ciitior.zl .26" of rain fell which increased the - -  . 
axo.dT,t of rznzrr Crchi5 Sink a~.d raised the stage at Curiosity 
Creek .15'. Figcre 1 illustrates the chanqe in stage at 
Curiosicy Creek and t : ? ~  rai~fall at Seneca Pumphouse. By E + 9  
the ciye an? runoff ?:2re, for  he most part, gone from Orchid 
Sink. A few p~5dlns did, however, remain for over a day before 
they Loo uisap~earecl inco rhe bottom of the sink. 

Samples from Sclphur S?rin~s inzicated no dye at that site 
,,,-.L ,,,,L1 : H+21, kilt by C800 of 2/17/&7 (H+23) the fluorescein dye 

, ' ,  was cLc7izly T;rs:~le E -Inn - . I -  site. Fi5urs 3 is a graph showing 
this change in fluorescence at S~lphur S?rings. ?Iaximum 
caxcentrati-on iias reached at H+26 2nd fell sharply thereafter. 
Dye wzs visible throughout the day at this site turning the 
discharge a bright green. No other szmpling sites indicated 
either fl~oresceir, or rhodanine zt any time during the test. 
After 72 hours, sampling was curt~iled, and ccntinusd 
spora2ically until Nzrch 11, 24 days after the dye x a s  p l a c e d .  
At no tixe d i d  Sclphxr Springs indicate the presence cf 1-hodarnine 
cye. 

On >.iarch 6-7, the Erea received approximately 2.6" of rain 
which raised the stage at Curiosity Sink 3.1 ft. before the 
pump st that site was started. The pump lowered the stage 
to 24.4 an2 it wzs Cscided to conduct one further test of this 
system. 

In 1579-82, knowing that Sulphur Springs was connected to 
Curiosity Creek, the Department of Public Works effectively 
lowered the stage at Curiosity Sink by opering the gates at 
Sulphur Sprinss, thereby increasing the difference in head. 
On March 9, 1987, with the pumps off and the stage at 2 2 . 3 +  
this was attempted once more. The stage at Sulphur Springs 
was dropped from 7.5 to 2.17 msl, increasing the potential 
fall from Curiosity by 5.33 ft. or 32%. After 48 hours the 
stage at Curiosity had contiqued to rise to 24.45 where it 
stabilized. 
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This test tias of coKrse complicated by the accumulated runoff 
in Ccricsicy Creek i=self, which may have masked any drop in 
stage. BoiieVe~, sanp1es taken at Sulphur Springs during this 

, - 
r o c  still shcisec? 20 trace of the rhoCanine c?ye ~:;hich was 
?resent on ?larch 7 h e  the punps were running and which, 
. -  . 
I: 15 h en~ered ~:?e aquifer, shoulc? have been accelerated 
towards Sulphur Sprirgs. On the morninq of March 11, the gates 
were clcsed at the Springs and the stage allowed to return 
to 7 . 5 '  nsl. 

On Narch 2, we received a complaint from Mr. Vernon Dutton 
of 11511 iiavine, on the west side of Curiosity Creek, that 
his well water had kilrned pink. This water was tested and 
found to hzve about 100 ppb rhodamine dye in addition to being 
Bactericlo~ically ccntarninated, indicating a connection to 
the sink. This [(as the only site to indicate the presence 
of the dye znd rsoul6 have been caused by several factors, such 
as blending from the sink into the surficial aquifer, t h e ~ c e  
into his well. Mr. Dutton was informed of the bacteri~logi~al 
contamination and was put in contact with the Tampa Water 
Departme~t fcr ail alternate source of water. It is not known 
if + '  ,n:s * ocz:rreC d ~ r i n g  the tests in the 1936's since the dye 
iias gone from che point of application within hours during 
the oriqinal tests. 343 coritra~t, in this test, tne sink stayed 
red fron Feruary 17 until Narch 7 rv'hen the dye was renoved 
with the storzxater punp .  

r - l '  Lr.is c e s c  prci :e? zhc  connectio~ Set~ween Orchid SiRk and Sulphur 
Springs cchicn had been surmised but riot proven. Earlier tests 
had p;-cT,-en conneccon between Curiosity (and Blue Sink) to 
Orchic and Curiosity (and Blue Sink) to Sulphur Springs, but 
since :he travel t i ~ 3 s  between Curiosity (and Flue Sink) and 
she ocher t:.:o were si~~ilar (27.9 vs 40 hrs. and 23.9 vs 28.1 
hrs. ) B alrecr connecciori could not be proven. This test proves 
the connectinn ar.d indicates a travel time of 21 hours with 
a peak c~ncer~tration after 26 hours for the hydrologic conditions 
under which the test was perforned. This may be of use in 
determinin? a managersent plan for the Sulphur Springs Fool, 
perhaps irieicatinq a tine period during which contact shoulz 
be curtailed. 

This t?st also indicates that Curiosity Sink is no longer 
connected to Sulphur Springs or any of the other sampled sinks 
in the same manner %s the earlier tests. No sink water with 
dye sppearec in ths 24 days in which samples were taken (compared 
to thz 40 h ~ u r  travel time found in 1958). Recent construction 
of a sanitary sewer lift station on Country Club Boulevard 
dunped tons of clay into the sink during excavation and 
dewatering and may have sezled what connections remained. 
This effectively eliminates the sink as a usefa1 receptical:. 

continued and perhaps 
of the area. Earlier 
capzble cf zccepting 
has been lost and until 
the only outflow will 
which hzs a capacity of 

- - 
for stormwater and indicates that pumping will h-ave to be 

accelerated in order to avoid flooding 
studies have shown that the sink was 

60 cfs at flood stage. This capacity 
a retention basin (Fl00-c) is constructed 
be through the temporary pucp station 
only 16-73 cfs. 

8 



Set7er21 q-es~loxs s t L l l  remain ~ S o u t  this system w h i c h  coulc! 
b? ars>;ered v:ich r tore  s t u 2 y .  I t  has b e e n  f o u n d  t h a t  e v e n  v ~ i t h o u t  
a  Trcver?,  p c ~ i - , i v 2  o u t f a l l ,  t h e  s t a g e  a t  C u r i o s i t y  t e n d s  t o  
stehiiize a t  250-t 2 2 . 0  P.S-1. > i h e t h e r  t h i s  i s  d u e  LO a  c o n n e c t i o n  
L 

. - . - 
Lc  t;?? Flor ic;F;n i . , q c ~ r % r  GI- i s  o n l y  a r e s p o n s s  t o  t h e  s u r f i c i a l  

. - s q x l r  e r  ~ : : : - ~ ~ : - ~ < ~ ~ . -  i, neec?s to be e s t a b l i s h ~ d .  P,esi'.5er.ce 
- ,~r?.es a t  ~ r s r . l n e / ? c i r : s c - z ; i a  a n d  1 0 t h  S r z e e t  i n k s  need t o  be 
es:ablisneLi.  - a -  , + ,:..-o s i r . k s ,  d e s p i c e  t n e  r u n o f f  w h i c h  e n t e r s  
t h e m ,  h s v e  fairly clear ' e ; a t e r  a n d  t n e  p o s s i b i l i t y  t h a t  t h e y  
xay b e  s p r i n g - s i g h o n s  s k o c l d  be e x p l c r e d .  



REFERENCES 

1 .v - -  . d e n .  Scmart zna I . 2 .  x i l l s ,  1 9 8 4  
Eydro~eology of " n e  Sclphur Springs Area: USGS Bulletin 

2. J.Y. Greiner Corn?any, Inz., I960 
Draifiage Siudy, Tns Forest Hills Wateshed Arza. Report 
for th2 City of Tanpa. 

3. Department of Public Works, 1958 
Si~k-Bole Investi~atlon, In-house report 

4. Chris Barquin, 1 9 5 7  
Telephone Conversation 

5. S z r r y  ~ P C % ,  blilliz~ L. b;llson, eds. 1987 
K c r s t  Bydrc$eology: Z-ginserincj and Environmental Applications 



A P P E N D I X  M 

M I C R O O R G A N I S M S  I N  URBAN S P R I N G S  AND S I N K H O L E S  1987 

D R .  NOSS U . S . F .  



Charles I .  Noss, Sc.D. 

and 

Jon Docs 

University of South  Florida 
College of Public Health 

Prepared for the City of Tanpa S t o m t e r  Management Division and 
the Office of Enviromntal Coordination. 



TABLE OF U%lENTS 

Page 

................................. Executive S m r y  1 

...................................... Introduction 2 

............................... Research Objectives 4 

Vaterials and Methods ............................. 4 

Resuits .......................................... 6 

........................................ Discussion 29 

................................... Recmnciations 31 

.................................. Literature Cited 32 

Appendices ........................................ 33 



EEOJTIVE m 

Water f r m  Curiosity, Jasmine/Poinsettia, Orchid and Tenth Street 

sinks and Sulphur Springs pool was s q l e d  and analyzed for total and 

fecal coliforms, Escherichia coli, fecal streptococci and enterococci. 

Sanples were collected from late S e p t h r  tc mid-Decdr. Orchid sink 

had the highest level of microbial contmination followed by Jasmine, 

Curiosity and Tenth Street sinks and Sulphur Springs pool. 

Total and fecal colifom were measured by two methods. Both 

menbrane filtraticn and  mltiple tube femntation procedures gave 

similar results, with the filtraticn data usually yieldiw slightly 

higher but not significantly different geometric mean values. 

Dye studies perfomd by the City of Tarrpa in 1987 demonstrated 

that Curiosity sink has not supplying water to Sulphur Springs'pool. 

Orchid sink has shown to provide bater to the Sulphur Springs pool. 

The travel time frcm Orchid sink to Sulphur Springs pool was about 

26 hours, vhich does not allow for sufficient die-off of microorganisms 

entering underground channels at these sinks. Therefore, polluted haters 

entering Jamine a d  Orchid sinks are likely to contaminate down-gradient 

hater bodies. 

It is r e c m n d e d  that the hydraulic residence time and further tests 

of the microbial quality of Jasmine sink be determined. Also, the hydraulic 

residence time of water in the Tenth Street sink and connections to the 

Sulphur Springs pool should be detemined. Lastly, studies on the quality 

of water in Sulphur Springs pool should be perfomd relative to the yield 

of the spring. 



IrfnaxmICN 

The Sulphur Springs area is located in the north-central part of 

the City of Tarrpa. It consists of one large spring, two nraller springs 

and n m r o u s  sinkholes (Figure 1). The large spring is located about 

one quarter of a mile east of Interstate 275 a d  300 feet north of the 

Hillsborou5h River. Tne spring provides supplemental hater supply to 

the City of Tarrpa during periods of low flow in the river, uhen water 

demards are high. Tne water frcm the spring is carried by pipeline and 

discharged into the Tmpa reservoir near the dam. The spring has also 

been used for camunity recreation projects, but has been closed due to 

the presence of high concentrations of col ifotm bacteria. 

Sinkholes are c m n  in the areas of Sulphur Springs, with m s t  

located between Fletcher Avenue and the Hi1 Isborough River. Curiosity 

sink is located 2.2 miles northwest of Sulphur Springs pool. Orchid 

Street sink is just over one mile north of Sulphur Springs pool and 

receives urban runoff ircm the nearby residential area. Jaminel 

Poinsettia Street sink, located 1,100 feet north of Orchid sink, also 

receives urban runoff. Tenth Street sink is 2,100 feet north of 

Sulphur Springs pool and just east of Nebraska Avenue. 

1':ater quality data collected at Sulphur Springs pool from 1946 to 

1972 showed a gradual deterioration of this resource (Rosenau et. al., - - 
1 9 7 7 ) .  Water quality parameters measured included specific conductance, 

dissolved solids, sulfate and chloride. Recent monitoring of the 

microbial quality of Sulphur Springs water has provided infomtion 

concerning bacterial contanination. The greatest bacterial loads in 

Sulphur Springs pool were observed at the beginning of the wet season 



Figure 1. S u l p h u r  S p r i n g s  and s u r r o u n d i n g  h y d r o l o g i c  f e a t u r e s  



in early s m r .  h e  to this bacteriai pollution, the recreational 

facilities at Sulphur Springs have been closed to the public. 

The closing of the swimning pool at Sulphur Springs resulted in 

public pressures to find the source of the bacterial contxnination and 

to correct the situation. Smgested sources of the pollution were urban 

storm water runoff vhich drains into existing sinks in the Sulphur 

Springs area, or undergroucd flow of vvater- fran a shzllow aquifer vhich 

is pol luted with huran wstes. Therefore, this research has undertaken 

to evaluate existing data, and to collect informtion on microbial 

populations in nearby sinks a f f i  Sulphur Spriqs pool. 

RES'WXX CBJ ECT I VES 

The purpose of this study uas to test for levels of indicator 

bacteria in sinkholes. The data collected were then used to ascertain 

whether these microbes were likely to contribute to the contamination of 

Sulphur Springs pool. 

AflTEXlklS PN) hETKlX 

Water sarrples were received fran the City of Tmpa, Department o f  

Public Works. Five locations were sampled: Sulphur Springs Pool, Tenth 

Street Sinkhole, Orchid Sinkhole, JaminelPoinsettia Sinkhole and 

Curiosity Sinkhole. Upon receipt of the sarples, each sarrple was diluted 

with phosphate buffered saline, then inoculated and incubated on 

appropriate culture media. Sarrples were processed within six hours of 

collection. 



Tota l Co l i f o m  

Total col i form levels were detemined by two n~thoas. fie first 

mthod used the merrbrane fi l tration technique after hhich the f i l ter 

d r a n e s  were soaked in lactose broth for two hours at 37=C and placed 

on les-endo agar plates for 24 hours at 37OC. Green positive colonies 

were coufited on plates containing between 3 and 80 colonies. 

The secod procedure used the rmltiple tube method of microbial 

enmration. Lactose broth tubes were incubated for 24 and 48 hours at 

37OC, and were mnitored for gas production. Positive tubes were 

inoculated into a brilliant green lactose bile tubes ( K L B ) .  The tubes 

were incubated at 37=C for 48 hours and checked for gas production. 

Bacterial levels were determined f r m  most probable rider (NRd) tables. 

60th procedures were perfomd as described in Standard hkthods (1985). 

Feca l Co l i form 

Fecal coliform levels were also determined by two methods. The 

first method used the marbrane filtration technique after which the 

filter merrbranes were placed on rrK: agar plates. The plates were 

incubated at 44.5OC for 24 hours. Blue colonies were counted on plates 

containing between 3 and 80 colonies. 

The second procedure used the rmltiple tube method of microbial 

enmration. lnoculun fran positive lactose fermentation tubes were 

transferred to EC broth. The tubes were incubated at 44.5OC for 24 

hours, then checked for gas production. Fecal colifom levels were 

determined fran hrPN tables. Both procedures were preformed as described 

in Standard Methods ( 1 9 8 5 ) .  



Other Indicator EacTerial Tests 

Escherichia coli levels were determined by the rmbrane filtration 

technique in ~hich filters were placed onto mTK3 agar and incubated at 

44.S0C for 24 hours. Filters with colonies were transferred to 

Oristiansen's urezse agar for 2 0  minutes and incubated at 4S°C. 

Colonies vhich turned yellow-brown were counted on plates containing 

between 3 and 8 0  colonies. The procedure was performed as described in 

"Test Nethods for Escherichia coli and Enterococci in Water by the 

fS&rane F i  l trat ion Procedurei' (EPA, 1985). 

Enterococci levels were detemined by the merrbrane filtration 

technique. The filters were placed onto rrE agar and incubated at 41°C 

for 48  hours. Filters with colonies were transferred to EIA agar for 20 

minutes and incubated at 41°C. Colonies which turned yellow-brmn with 

a black precipitate were counted on plates containing between 3 and 8 0  

colonies. 7he procedure was performed as described in "Test Methods for 

Escherichia coli and Enterococci in Water by the tvk-hrane Filtration 

Procedure," (EPA, 1 9 8 5 ) .  

Fecal streptococci were enmrated by plating s q l e  dilutions on 

KF streptococcus agar. The plates were incubated at 37OC for 48 hours 

according to the methods described in Stardard Methods (1985). 

RESULTS 

Ra infa I I 

binfall data f r m  the Seneca mnitoring station in the Sulphur 

Springs area w s  suppl ied by the Ci ty of Tanpa. Figure 2 shows the 

frequency and magnitude of storm events over the microbial sarrpling 

period. Five stom events are shown during the sanpling period where 



m r e  than 4 inch of rain ieil in the course of one day. Sarrples were 

collected on three of the days \hen stonn events occurred. The swples, 

however, were not collected with consideration given to travel tims 

from sinkholes to Sulphur Springs pool. Overall, the smples rmstly 

reflect nomal background flow conditions as collection was initiated at 

the start of each day. 

The effect of rainfal I on microbial titers in sarrpled surface water 

is shown in Figure 3. Fecal colifom levels found in Jasmine sink and 

Sulphur Springs pool are show in relation to rainfall events. The 

levels of fecal col i f o m  in Jasnine sink were fairly constant over the 

study period while levels in Sulphur Springs pool were highly variable. 

Lecause no aiterrpt was mde to coordinate collection of rmltiple sarrple 

with rainfal l events, no conclusions were drawn relevant to the direct 

input or dilation of sinkhole bacterial loads on the microbial populations 

measured in Sulphur Springs pool. However, both sarrple locations demonstrate 

little fluctuation in microbial levels with storm events. 

Microbial Determinations 

The georretric mean values of microbial determinations of vlater 

s;irrples frcm north Tanpa sinks and Sulphur Springs pool are shown in 

Table 1. All data are expressed as the n h e r  of bacteria per 100 rnl of 

hater. Orchid sink consistently had the highest level of a1 1 indicator 

microorganism measured. Jasmine sink was the second most contaminated 

sink and Sulphur sinkhole fol lowed by Curiosity sink 

Springs pool. 

Sarrpl es were processed in dupl 

, Tenth Street 

icate for tota 

colifom. Both rnerrbrane filtration and mltiple 

7 

I and feca 1 

tube femnta t i on 



SENECA 

Sep. I9 Oct. 9 29 Nov. 18 Dec. 8 28 

Date 

Figure 2. Rainfall at Seneca station in the Sulphur Springs 
drainage area 
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Loca t i on 

T%LE 1 " 
Gew-etric hkan Values of h:icroSial Deteminations of 

Surface Water Szrrples in Tarpa, Florida 

Bacterial Nurber/100 rnl 

Tota l Feca I Escheri chia Feca l Enterococci 
Colifoms C o i i f o m  col i - Streptococci 

Cur i os i ty 
Sink 

J a-mi ne 
Sink 

Orchid 
Sink 

Tenth Street 
Sink 1.3 X lo3 1 .8 X 10 1 . 6 ~ 1 0 ~  < 6 . 8 X 1 0 1  2 . 6 X 1 0  2 

Su l phur 
Spr i ngs 



procedures were csed. Each method gave s imi l ar resu l ts wi th the 

filtration data generally yieldiq slightly higher but not significantly 

different geometric m a n  values. 

Curiosity Sink 

Plate 1 shows Curiosity sink idiich lies at the end of Curiosity 

Creek. The sink norn-ally discharges water domard to the Floridian 

aquifer. In 1961, EJenke - e: - at. reported that about 30 percent of the 

Sulphur Spriccjs effluent v~as derived frcm Curiosity and Blue sinks. 

Recent dye tracer s t d i e s  performed by the C i t y  of Tarrpa show that this 

underground flow no lor-qer exists (&rmel I ,  1987). 

The levels of tot51 colifonns, fecal coliforms and - E. - coli in Curiosity 

sink are sh- in Figure 4. In each panel of the figure, a solid line 

depicts the gemtric mean value of an indicator organism for the 3-ronth 

the bacterial standard 

ing to DcTR 17-3.121, or 

I i f o m  and E. col i - - 

sanpling period, while the dzshed line represents 

required for Class I 1  I recreational ~aters accord 

EPA guidelines. In each case, total and fecal co 

slightly exceed these standards, inplying that these waters would 

contribute to the deterioration of dam-gradient water supplies. 

Jasmine Sink 
P 

Plate 2 shows J a m  ia sinkhole with \haterfowl bare 

visible in the underbrush. This sink receives urban runoff (Plate 

and water- fran an aquifer which boils to the surface maintaining a 

zone in the duckweed and surface debris. 

1 Y 

3 1 

clear 





CURIOSITY SINK 

a 

e m  Mean *-------*---- 
a too~/ 100 r n ~  
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a 

1 .o I- 
Date 

Figure 4. Total co1ifom.s (Top), fecal coliforms (Middle) 
and - E. - coli (Bottom) ,are plotted relative to 
the sample date. Geometric mean values and 
corresponding water quality standard values 
are indicated 







JASMINE 

4.0 1 e 
* Mean - - - 

I I P 

a o Mean 

3.0 w w 

Date 

Figure 5. Total coliforms (Top), fecal coliforms (Middle) 
and E. coli (Bocton) are plotted relative to - - 
the sample date. Geometric mean values and 
corresponding vater quality standard value 
are indicated 



Levels of irdicztor bacteria in Jasnine sink exceeded those 

observed in Curiosity sink. The geometric mean value for each organism 

exceeded recreational wter bacterial standards by a factor of 10 

(Figure 5). The mter in Jasmine sinkwas of poor microbial qualitlr, 

capable of degradirg dm3-gradient hater supplies. 

Orchid Sink 

Orchid sink is shmn in Plate 4 during 

Orchid sink receives stom water (Plate 5 ) ,  

of storm water A~ich were sapled during th 

(Eiuwell,  1 9 8 T ) ,  underground flow frcxn Orch 

travel to Sulphur Springs pool in less than 

a dry period in Deceher. 

leaving relatively fresh pools 

is study. In a recent dye study 

id sink vns dmnstrated to 

30 hours. 

The ~ater sanpled in Orchid sink was heavily contaminated as shown 

in Figure 6. This is not unexpected es urban runoff served as the 

source of the v~ater sqles. 

Tenth Street Sink 

Tenth Street sink is a small sinkhole, with a diameter of approximtely 

25 feet, hich receives no storm water runoff (Plate 6) from constructed 

drainage systerrrs. The sink is at least 20 feet deep and appears to be 

fairly stagnant. Fran recent dye studies, the Tenth Street sink and 

Sulphur Springs pool were shown to be hydraulically related, but not 

necessarily interconnected in terms of flow from the sink to Sulphur 

Spr i ngs poo I .  

The levels of indicator bacteria in Tenth Street sink are sham in 

Figure 7. These bacterial n h e r s  indicate that microbial contanination 

still exists here no street drains directly enpty into the sinkhole. 
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P l a t e  5. Stomi drain in Orchid Sink 
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Figure 6. Total coliforms (Top), fecal coliforms (Middle) 
and E. coli (Bottom) are plotted relative to - - 
the sample date. Geometric mean values and 
corresponding water quality standard values 
are indicated 





TENTH STREET SINK 

. 
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Mean ------------- 
0 1000/100mI 
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200/100 ml 
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.126/11$0 rnl 

Date 

Figure 7. Total coliforms (Top), fecal coliforms (Middle) 
and E. coli (Bottom) are plotted relative to - - 
the sample date. Geometric mean values and 
corresponding water q u a l i t y  standard values 
are indicated 





However, the Tenth Street sink had the 

contaninat ion of any of the sinks s q  

l owes: 

led. 

level of bacterial 

The Sulphur Springs pool (Plate 7) was closeci to the public during 

the s m m r  of 1986, because of high levels of bacterial pollution. 

Curing the study period, microbial contamination had decreased, as 

dmnstrated by gemtric mean values vhich were less thm the various 

indicator rnicroor~anim standards (Figure 8). 

Other Eacterial Populations 

/,'any ssrrples did not yield fecal streptococci (Appendix 1 ) .  Data 

f r m  those sm-ples vhich did yield fecal streptococci and fecal colifom 

are shown in Figure 9. Tne ratio of fecal colifom to fecal streptococci 

(FCIFS) which is greater than 4 is indicative of h m n  fecal contamination 

(Geldreich, 1 9 7 0 ) .  Stebart and Mills (1964)  reported that FC/FS ratios, 

in July 1981 were rmch greater than 4:1 for Orchid sink and Sulphur S p r i ~ s  

pool, but less than 4:1 for Tenth Street sink. The data in Figure 9 shows 

similar findiqs to those reported by Stewart and Mills (1984). 

The data in  Figure 9 and that presented in Figures 10 and 11  show 

that the indicator bacterial populations in Curiosity and Tenth Street 

sinks differ frcm Jasmine ard Orchid sinks and Sulphur Springs pool. 

E. coli and Enterococci titers were expected to increase proportionately - - 
with increasing levels of fecal colifom show in Figures 10 and 1 1 ,  

respectively. This proportional relationship v e s  observed in Jasmine 

and Orchid sinks and Sulphur Springs pool, but not in Curiosity and 

Tenth Street sinks. Explanations bhich could account for this 



SULPHUR SPRING 
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Figure 8. Total coiiforms (Top), Fecal coliforrcs (Pliddle) 
and - E. - coli (Bottom) are plotted relative to 
the sample date. Geometric mean values and 
corresponding water quality standard values 
are indicated 



H Jasmine 

Orchid 

D Curiosity 

0 Tenth 

O Sulphur Spring 

' Fecal Coliforms/lOOml, LOG N 

Figure 9. Fecal streptococci are plotted as a 
function of fecal coliform concentration. 
This FC/FS ratio of 4 : l  is indicated by 
the solid line. Values greater than 4 
are indicative of human fecal contamination 
(Geldreich, 1970) 
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Figure 10. - E. - coli concentrations are plotted as a 
funccion of fecal coliform concentrations. 
The numbers in parentheses are correlation 
coefficlents for the regression lines. 
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Figure 11. Enterococci concentrations are plotted as 
a function of fecal coliform concentrations. 
The numbers in parentheses are correlation 
coefficients for the regression lines. 



difference include unequal die-off of bacterial indicators and non-hmn 

sources of contamination. Variable die-off could be a major factor in 

water bodies such as Tenth Street sink if long hydraulic residence 

t ims prevai I. 

DISCESICN 

Sulphur Spr i ~ s  pool has been closed because bac 

have periodically exceeded the standards for Class I 1  

terial contaminants 

I recreational waters. 

In this study, all bacrerial indicators were favorably carpared to each 

other at the Sulphur Springs location, indicating that all test procedures 

sufficiently detected the bacterial pollution. This bas also true for 

Jasmine a d  Orchid sinks but not for Curiosity and Tenth Street sinks 

here E. coli and enterococci titers were not proportional to fecal - - 
col i form levels. 

hkFetters et at. (1974) and Feachern (1974) reported that fecal -- 
colifoms do not survive as long as fecal streptococci and enterococci 

in fresh water sources. It is possible that the bacterial pollution 

affecting Curiosi 

other locations. 

large size of Cur 

Tenth Street s 

the respective 

bacterial spec 

ty and Tenth Street sinks is older than that sarrpled at 

lnforrration in support of this hypothesis include the 

i os i ty sink and the absence of storm drains enter irg the 

ink. Each situation could lead 

sinks, thereby affecting the d 

i es. 

to long residence tims 

istribution of surviving 

Dye studies performed by City of Tarrpa in 1987 demonstrated that 

Curiosity sink was not supplying wdter to Sulphur Springs pool. The same 

study irrplied that the Tenth Street sink and Sulphur Springs were 

hydraulically related, but m y  not necessarily have the same hater 



pzssing throu~h both bzter bodies. These data vhich suagest that Curiosity 

a m  Tenth Street sink water does not pass into the Sulphur Sprinp pool are 

supported by the data presented in Figures 9-11. 

Orchid sink has shmn to provide bater to the Sulphur Sprirys pool 

curing recent dye tests (Burwell, 1987). The data presented herein fit the 

suggested mdel of udergrourld flow indicated by the aye tests. The travel 

time frcm Orchid sink to Sulphur Springs pool was aboct 26 hours, such that 

bacterial pollution frcm h m n  wastes or urban runoff frcm the Orchid sink 

area would be diluted but would not greatly chanpe in character before 

emerging at the Sulp!ur Sprirqs pool. 

The level of bacterial contamination in Jasmine sink was relatively 

constant on wet a d  dry days during the study period. These ccnsistently 

high nlrrbers could be due to contamination by a source o f  huran waste, or 

due to sarrpling or mixing anamlies within the sinkhole. It was not within 

the scope of this study to investigate sources of microbial contamination. 

The bacterial loads measured in these sinkholes could have been derived 

frcm wastehater conveyance systems, urban runoff and animl sources, to 

indicate only sure possibilities. Therefore, it is suggested that the water 

quality o f  Jasmine sink and the hydraulic residence time within the sink 

should be further evaluated. 



E G 3 E N X T  I CNS 

1. High bacterial titers were found in Jasmine sink, at the sarrple 

location used during this study. The microbiological quality of 

water and the hydraulic residence time in Jasmine sink should be 

further evaluated. Such infortration would help to determine whether 

other sources of mste are affecting water quality as well as urban 

runoff. 

2. The residence tim of ~ater in the Tenth Street sink needs to be 

determined. At the same tire as the dye is being diluted in the 

sink, mnitoring for the emrgence of the dye at the Sulphur 

Sprirgs pool would indicate vhether hater fiows frcm the sink to 

the pool. 

3 .  It has been suggested that the height of the overflow hater at 

Sulphur Springs pool be raised to reduce flow and decrezse bacterial 

pollution. In contrast to this possible solution, Nenke -- et al. (1961) 

reported that dissolved mterials increased in Sulphur Sprirgs hater 

as the stage vzs lowered. This mans that as the spring yield was 

increased the chemical quality of hater decreased due to intermixirq 

o f  water from aqui fers at greater depths. The 1957 test relating 

stage to chemical quality should be repeated, with an evaluation of 

microbial quality and organic content as well. 
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MEMORANDUM 

Date January 19, 1988 

To Sulphur Springs File 

Tom Cardinale 
From 

Evaluation of Health Department Data 
Subject: 

The bacterial contamination at the Sulphur Springs pool has been suspected 
of being directly related to rainfall. The enclosed seventeen years of data 
collected only from the upper pool from June 1971 through September 1987 was 
evaluated two ways, in order to determine any correlation between bacteria 
and rainfall. 

An important consideration that needs to be kept in mindlis the fact that 
rain falling one to two days prior to sample collection may have an 
impact on the sample. This is so because dye studies in 1958 and 1987 
indicate connections among various sinkholes and Sulphur Springs, with travel 
times for rainfall varying from approximately three to more than 40 hours. 

Table 1 is an attempt to average the rainfall for three (3) different 
periods of time when the bacterial count exceeded the 1000 MPN safe swimming 
criteria used by the Health Department. When the bacterial count was less 
than 1000 MPN the rainfall was also averaged. 

For example, rain falling the same day a sample was collected averaged 
0.09 inches when the bacterial count was less than 1000 MPN. 

TABLE 1 

AVERAGE RAINFALL (INCHES) 

MPN Bacteria Sampled Day 24-Hours Prior 48-Hours Prior 
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The second way to show a correlation uses graphs. Bar graph 1 shows 
the total coliform counts over the seventeen year period and bar 
graph 2 shows the total rainfall for the day sampled plus any 
falling twenty four to forty eight hours prior to sampling. 

The next 4 graphs use data only from 1986 through 1987 because 
the rainfall records all come from the Seneca Avenue location and not 
the Tampa Airport, which may be too far away from the area of interest. 
It is also easier to visualize the graphic correlations with less data or with ti-,e 
the data more spread out. 

Line graph 1 correlated coliform bacteria and rainfall for the same day. 

Line graph 2 correlates coliform bacteria and rainfall that fell 
approximately 24 hours prior to sampling. This graph suggests that a 
source approximately 24 hours away is frequently related to the bacterial 
count . 
Line graph 3 also suggests a relationship between bacteria and rain 
falling 48 hours prior to sampling. 

Since any rainfall around a three day period could affect bacterial counts 
at the pool, line graph 4 was produced. 

In conclusion it appears that practically every high bacperial count in the 
pool is related to rainfall. In addition I suggest that septic tanks and 
sanitary sewage facilities (lift stations and sanitary sewer piping) which are 
continuous sources of bacteria are probably not significantly impacting - 
the Sulphur Springs pool. 






























































































































































































































