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Sxecutive Summary 

A laterally avenged model for csruary ( L M )  was developed to simulare hydrodlnamics and 
salinity wIlSpOn in the Lower Hillsborough River. The model solves the differential eqtmions for mass 
and momentum balances using the Finite Differmce Method with a recmguk grid vstem (2-grid in 
the vertical d i d o n ) .  It was calibrated and verified with measuredreal-time data for a 12-month period 
from September 1981 to August 1982 and a 3O-day period in June 1997. The verified model was then 
used to conduct a series of scenario nms to study the effects of upsueam releases of b h  or near-fresh 
water on salinity distributions in the river under conditions of negigible rainfall. Model results of these 
scenario nms include: 

(1) If the release of k s h  WBfer from the dam is small (5 cfs or less), the volume of fresh water 
(salinity less than 0.5 ppt) in the river will be too small for the model grid system to resolve. 

(2) By increasing the hshwater release to 10 cfs, a small freshwater zone (540 ma) WLII be 
maintained near the base of the dam. The size of the fishwater zone is affeatd by the 
Sulphur Spnngs flow entering to the river at about 2 2  miles downsueam of the dam. For 
example, ifthe spring flow is 40 cfs or greater, thc size of the fieshwater zone is at least 150 
metm in the longtudxnal direction. 

(3) With a release of wafer from the rexrvok of 40 cfs or greater, a salinity zone with less than 
1 ppt from the surface to the bottom can be maintained inthe first loo0 meters downarcam 
of the dam. 

(4) Routing a pomon of the flow from Sulphur Springs to the base of the dam could have a 
pronoun& effect on salinity diseibutions in the river by reducing salinity below the dam. 
For example, routing 10 cfs of spring watcr to the base of the dam would creatt a zone cjf 

be 82,700 m’, with the lowest salinity values ranging between 2 and 3 ppt. lncmsmg the 
routed spring-flow to 15 cfs would result in some water less than 2 ppt occurring below the 
dam on all tides. 

water below the dam with salinity values less than 4 ppt salinity. n e  size of this zone would 

(5) Bccause the flow from Sulphur Springs has an avcrage &ty of 1.2 pps routing aportion 
of Sprins water to the base of the dam would not create a freshwater zone (< 0.5 ppt) below 
the dam, unless flow r e l d  from the reservoir is at least 75% higher than the routed spring 
flow. 

In additional to these scenario nms, the verified model was also used to study the salinity 
response time to the upsecam freshwater releases. Four upstream M w a t e r  release schedules wcre 
simulated overa Iil-daypriod: (1) Q cfs in the first nine days and 0 cfs in the second nine days, (2) 0 
cfs in the first nine days and Q cfs in the second nine days, (3) Q cfs in the first seven days, 0 cfs m Days 
8 through 10, and Qcfsagain in the rest eight days, and (4) Qcfs onDays 1,3,5, ..., and I7)and Ocfs 
on Days 2,4,6,  ..., and 18. Five Q values have been studied 10,20,40,60, and 100 cfs. Model results 
for the four release schedules with five different release rats lead to the following conclusions: 
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( 1) Salinity in the river does not respond to an upswam kshwatcr release change immediarel?. 
There is a time lag between salinity and upstream freshwater rcleasc. 

(2) Impact of k h w a t c r  release from the dam on salinity is less significant for the downstrram 
portion of the river than for the upsueam portion of the river. For example, while a release 
of 10 cfs freshwater from the reservoir can greatly change salinity at the 22" Street station. 
it has only minor effect on d m t y  at the Columbus Drive station. 

(3) The rrsponse time of salinity at the 22"" Street station depends on whether the upstream 
freshwater release increases or decreases. If the fkhwater release is turned off, the response 
time for salinity at 22" Street is about one week or longer. If the freshwater flow rate is 
increased from 0 cfs to Q cfs, the response time for salinity at Zd Street depends on the 
magnitude of Q and is normally much smallerthan that when the frrshwarer flow is suddenly 
Nmed off. 

(4) Because of the difference in response times for increasing and decreasing flow rates, it is 
possible to allow two or tbm days of no release between two continuous relcases with a 
period of at least one week without allowing salinity at 22" Street to increase too much. 

The model was also run for a continuous 274-day period to see how a 10 cfs minimum flow 
would affect the frequency distribution of salinity zone volumes under naturaUy occurring conditions 
of rainfall and resultant stomwatcrnmoff below the dam. Two cases wcre studied during aperiod from 
the end of September 1981 to June 1982. In the first case, the 10 cfs minimum flow was released from 
the reservoir (with a salinity of 0.1 ppt). In the second case, a flow with a magnitude of (la- Q,)cfs, 
where Q- is the discharge ratc overthe dam, was diverted from the Sulphur Springs and released at the 
base of tbe dam (with a salinity of 1.2 ppt). In both cases, the minimum flow WBS in effect only for days 
when flow over the dam(m was less than 10 cfs. It was found that with a minimum flow of 10 cfs 
released from the reservoir, a salinity zone of < 4 ppt would always exist in the river and a freshwater 
zone would occur for at least 80 percent of the simulation period (274 days). With the option of flow 
diverted from Sulphur Springs to make a total of 10 cfs at the base of the dam, the increase in the 
freshwater and c 1 ppt volumes would be substantially less than that resulting from the release of 10 cfs 
of reservoir water. The frtsu&cy distributions for volumes of slightly higher salinity waters ( 4 . 5  and 
< 4 ppt), however, were much more similar between the two scenarios. 

I 
1 
I 
I 
I 
I 
I 
I 
I. 
1 
I 
I 
I 
I 
I 
I 
1 
1 
1 



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

Lin of Figures ................................................................................................................................... s 

Lig OfTables .................................................................................................................................. X l l l  

1. lntroducrion ............................................................................................................................... 1.1 

2 .  Model Theory ............................................. : ................................................................................... 2.1 
2.1 Governing Equations ...................................................................................................... 2.1 
2.2 Differmce Equations ...................................................................................................... 2.3 
2.3 ~ource  code .................................................................................................................. 2.5 
2.4 Model Validation .......................................................................................................... -. '5 

... 

3. Model Calibration and Verification ............................................................................................. 3.1 
3.1 M d  Field Data ..................................................................................................... 3.1 
3.2 Model Calibration and Verification Using Field Data .................................................. 3.2 

4 .  Scenario Runs ............................................................................................................................... 4.1 

.- 

5. Salinity Response T i c  to the Change of the Upseeam Freshwater R c l w  Rate ................... 5.1 
4. I Quantitative Analyses ................................................................................................... 5.1 
4.2 Model studies of salinity Response to Various Upsueam Freshwata 

Release Schedules ........................................................................................................ 5.3 

6 .  Case Studies for a Minimum Flow of 10 cfs ...................................................................... ......... 6.1 

7. Conclusions ............................................................................................................. ~ ..._............... 7.1 

8. References ................................................................................................................................... 8.1 

Appendix A. Measured.Data in the Lower Hillsborough E v a  ................................................... kl 

Appendix B. Comparisons of Model Results with Measured Data ............................................. B.1 

Appendix C Simulated Velocity and Salinity Distributions ........................................................ c.1 

Appendix D. Model Results of Salinity Response to Various Up- Freshwater 
Release Schedules .......................................................................................... D.l 

iv 



List of Fignm 

l3aENQ 
1 

7 
& 

3 

4 

5 

6 

7 

8 

A- 1 

A-2 

A-3 

A 4  

A-5 

A-6 

A-7 

A-8 

The Lower Hillsborough bve r  of Tampa, Florida 

Rectangular, z-level grids for the laterally averaged 2-D model. 

Flowchart of the model system LAMFE. 

Grid system for the Lower Hillsborough River. 

Dramage basm of the Lower Hillsborough River and its 17 sub-basins. 

Compansons of measured and simulated salinity without runoff effects. 

Comparisons of measured and slmulared salinity with runoff effects. 

Comparisons of simulated salinity values in November 198 1 at the Stren, Sligh 
Avenue, and Columbus Drive stations for 0 cfs minimum flow(solid lines), 10 cfs 
minimum flow released from the reservoir (dashed lines), and 10 cfs minimum flow 
guaranreed by Sulphur Springs flow (dashdotted lines) 

Real-time water elevation data measured in the Lower Hillsborough River in 
September and October 1981. 

Real-time water elevation data measured in the Lower Hillsborough River in 
Novembcr and Dcamber 1981. 

Real-time water elevation data measured in the Lower Hillsborough River in 
January and February 1982. 

Real-time water elevation data measured in the Lower Hillsborough River in 
March and April 1982. 

~ i . ~ - t i n i d ' a t i t ~ ~ ~ b h  iiiaa t t t ~ m ~ i n ~ t h ~ L d u t t r  Hillsborough s v e r  in 
M a y  and June 1982. 

Real-time water elevation data measured in the Lower Hillsborough River in 
July and August 1982. 

Real-time water elevation data measured in the Lower Hillsborough River in 
September 1982. 

Real-time salinity data measured in the Lower Hillsborough River in September 
andOctober 1981. 

Page No. 
1.1 

2.3 

2.6 

3.1 

3.5 

3.1 

3.7 

6.6 

A. 1 

A.2 

A.3 

A.4 

I L  I> 

AS 

A.6 

A.8 

V 



I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

List of F i r e s  (continued) 
€m&kL 
A-9 Real-time salinity dam measured in the Lower Hillsborn~gh fiver in Novabcr 

and December 198 1. 

A-10 Real-time salinity data measured in the Lower Hillsborough Rivn in J a n W  
andFebruary 1982. 

Rcal-time Saliniry dara measured in the Lower Hillsbornuph River in March 
and April 1982. 

A- 12 Real-time salinity data measured in the Lower Hillsbornugh River in May 
and June 1982. 

A-1 1 

A-13 Real-time salin.~~y data measured in the Lower Hillsborough River in July 
and Aupust 1982. 

A-14 Real-time salinity data measured in the Lower Hillsborough Rim in Septcmbx 
1982. 

A-1 5 Hourly rainfall and discharges from the Sulphur Springs and over the dam 
in September and October 1981. 

A-1 6 Hourly rainfall and discharges b o r n  the Sulphur Springs and over the dam 
inNovemberaudDecember1981. 

A- 1 7 Hourly raiafall and discharges from the Sulphur Springs and over the dam 
in January and February 1982. 

A-1 8 Hourly d a l l  and discharges from the Sulphur Springs and over the dam 
in March and April 1982. 

A-1 9 Hourly rainfall and discharges fiom the Sulphur Springs and over the dam 
in May and June 1982. 

A-20 Hourly laiddl and d i m e s  from the Sulphur Springs and over tbe dam 
in July and August 1982. 

Hourly rainfall and discharges from the Sulphur Springs a d  over the dam 
in Septanbcr 1982. 

A-22 Real-time water elevation data measured in the hwer  Hillsborough Riva in 
January and February 1997. 

A-21 

A-23 Real-time water elevation data meeslrrrd in the Lower Hillsborough River in 
March and April 1997. 

vi 

Page Nc 

A.9 

A.lG 

A.l I 

A.11: 

A.13 

A.14 

A.15 

A16 

A.17 

A.18 

A19 

A20 

A3; 

A.22 

A z  



I 'I Lut of Fmrcs (continued) 
Pane Iio.  

A 2 4  

l%ULNQ 
A-24 Real-time warn elevation dam measured in the Lower Hillsborough River in 

May and June 1997. 

A-25 

A-26 

A-21 

B- 1 

B-2 

B-3 

B4 

B-5 

B-6 

B-7 

B-8 

B-9 

B-10 

B-I1 

B-12 

B-13 

c-1 

Real-rime salinity data measured in the L o w  Hillsborough E v a  in J a n q  
andFebruary 1997. 

Real-time salinity data measured in the Lower Hillsborough River in March 
and April 1997. 

Real-time salinity data measured in the Lower Hillsborough Rive in May 
andJune 1997. 

Comparison of simulated and meaSuItd s h e  elevation in September and October 
181. 

Comparison of simukd and measured sllrface elevation in November and 
December 1981. 

Comparison of simulated and measured surface elevation in January and February 
182. 

Comparison of simulated and measured surface e l d o n  in March and April 1982. 

Comparison of simulated and measund surface elevation in May and June 1982. 

Comparison of simulated and measured surface elevation in July and August 1982. 

Cornpanson of simulated and measured salinity in September and October 1981. 

Comparison of simulated and measured salinity in November and December 198 1. 

Comparison of simulated and measured salinity in January and February 1982. 

Comparison of simulated and measured salinity in March and April 1982. 

Comparison of simulated and measured salinity in May and Junc 1982. 

Comparison of simulated and measured salinity in July and August 1982. 

Comparison of simulated and measured salinity in June 1997. 

Simulated velocity and salinity disuibutions at thm tidal levels for one of the 
scenarjo nms. 

A.25 

A26  

A 2 1  

B.l 

B 2  

B.3 

B.4 

B.5 

B.6 

B.7 

B.8 

B.9 

B.10 

B.ll 

B.12 

B.13 

c.1 



I 
1 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C-2 

C-; 

C 4  

c -5  

C-6 

C-7 

c-8 

c-9 

(2-10 

c-11 

c-12 

C-13 

List of Fires (continued) Firmre No. Page Sc 

Simulated dinit? didbutions for Case 1 : 0 cfs released from the reservoir and 
20 cfs spring fro;. 

Simulawl salinity dmributions for Case 2: 10 cfs released h m  the reservoir and 
20 cfs Spnq flow. 

20 cfs spring flow 

20 cfs spring flow. 

20 C k  spring flow. 

20 cfs spring flow. 

Simulated satinity dlmibutions for Case 3 : 20 cfs released from the reservoir and 

Sirnulam? saliniry &dbutions for Case 4: 40 cfs released from the reservoir and 

Simulated saliiv distributions for Case 5: 80 cfs released from the reservoir and 

Simulated dmty distributions for Case 6: 100 cfs released from the reservoir and 

Simulated salinity didbutions for Case 7: 0 cfs released from the reservoir and 
40 cfs Spring flow. 

Simulated dhhy distributions for Case 8: 10 cfs released from the rrsmoir and 
40 cfs spring flow. 

Simulated salinity distributions for Case 9: 20 cfs released from the reservoir and 
40 cfs spring flow. 

Simulated salinity distributions for Casc 
40 cfs spring flow. 

Simulated salinrty distributions for Case 
40 cfs spring flow. 

0: 40 cfs released from the mervoir and 

1: 80 cfs released from the resmoir and 

Simulated s a h t y  distributions for Caw 12: 100 cfs released from the reservoir and 
40 cfs spring flow. 

C-14 Simulated d h i y  dimibmions for Casc 13: 0 cfs rcleased from tbe reservoir, 
10 cfi spring flow routed to the dam, and 10 cfs spring flow remained. 

C-15 Simulated salinity distributions for Case 14: 5 cfs relcascd k m  the reservoir, 
10 cfi spring flow mutedtothe dam, aud 10 cfs spring flow remained. 

C-16 Simulated salinity disaibutions for Case 15: 10 cfi released h m  the -oh, 
10 cfs spring flow muted to the dam, and 10 cfs spring flow remained. 

viii 

C.? 

C.3 

c.4 

c.5 

C.6 

c.7 

C.8 

c.9 

c.ir 

c.1; 

c.12 

c.1: 

C.lk 

c.15 

C.16 



List of Fwm (continued) 
paec No 

C-17 Simulated salinity dimibutions for Case 16: 15 cfs r e l e d  from the re.scrVoir. 
10 cfs spring flow routed 10 the dam. and 10 cfs spring flow remained. 

20 cfs spring flow routed to the dam. and 20 cfs spring flow remained. 

c.17 

C-18 Simulated salinity distributions for Case 17: 0 cfs released from the r e ~ ? ~ O i r .  
C.18 

C-19 Simulated saliniry disuibutions for Case 18: 5 cfs released from the reservoir. 
20 cfs spring flow routed to the dam. and 20 cfs spring flow remained. 

C-20 Simulated salinity distributions for Case 19: 10 cfs relcased from the reservoir. 

C.19 

20 cfs spring flow routed to the dam. and 20 cfi spring flow rrmained. 

20 cfs spring flow routed to the dam. and 20 cfs spring flow remained. 

3 1 cfs spring flow. 

31 cfi spring flow. c.23 

c.20 

C-21 Simulated salinity distributions for Case 20: 15 cfs released tiom the reservoir. 
C.21 

C-22 Simulared Saiinity distributions for Case 21: 0 cfs released from the reservoir and 
c.22 

C-23 Simulated salinity distributions for Case 22: 5 cfs r e l d  from the reservoir and 

C-24 Simulated sahq didbutions for Care 23: 10 cfs released from the reservoir and 
31 cfs spring flow. C.24 

C-25 Simulated salinity distributions for Case 24: 15 cfs relcased h m  the reservoir and 
31 cfi spring flow. C.25 

C-26 Simulated salinity distributions for Case 25: 20 cfs released from the reservoir and 
31 cfs spring flow. C.26 

C-27 Simulated salinity distributions for Case 26: 30 cfi released from the reservoir and 
3 1 cfs spring flow. c.27 

C-28 Simulated salinity distributions for Case 27: 40 cfs released h m  the reservoir and 
31 cfs spring flow. C.28 

C-29 Simulated salinity distributions for Case 28: 60 cfs released from the reservoir and 
31 cfsspringflow. C.29 

C-30 Simulated salinity distributions for Case 29: 80 cfs r e l d  h m  the reservoir and 
31 cfs spring flow. I C.30 

ix 



I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 

c-32 

C-3; 

c-34 

c-35 

C-36 

c-37 

C-38 

c-39 

c 4 0  

c-41 

c 4 2  

c-43 

C 4 4  

Simulated saliniry disuibutions for Case 3 1 : 0 cfs rclcased from the rwr~oir. 10 Cfs 
spring flow routed to the dam. and 21 cfs spnng flow remained. 

Simulated d i n i r y  distributions for Cast 32: 5 cfs released from the mervoir. 10 cfs 
spring flow rouud to the dam. and 21 cfs spring flow remained. 

Sirnulaud salinity distributions for Case 33: 10 cfs released from the reservoir. 10 cfs 
spring flow rouud 10 the dam, and 2 1 cfs spring flow remained. 

Simulated salinity distributions for Caw 34: 15 cfs r c l d  h m  the reservoir, 10 cfs 
spring flow routed to the dam, and 21 cfs spring flow remained. 

Simulated d i t y  distributions for Case 35: 20 cfs relcased h m  the rrscr~oir, 10 cfs 
spring flow mu& to the dam. and 21 cfs spring flow remainad 

Simulated salinity distributions for Case 36: 0 cfs releascd h m  thc reservoir, 15 cfs 
spnneflowroutedto the dam, and 16 cfs spnng flow rcmaioed. 

Simulated salinity disaibutions for Case 37: 5 cfs released from the w o k ,  15 cfs 
Spring flow routed to the dam, and 16 cfs spring flow remained. 

Sirnulad salinity distributions for Caw 38: 10 cfs released h m  the reservoir, 15 cfs 
spring flow routed to the dam, and 16 cfs spring flow rrmained. 

Simulated sahmty disuibutions for Case 39: 15 cfs nleaxd from the reservoir, 15 cfs 
springflowroutedtothedam,and 16cfsspringflowr~nained. 

Simulated sahmty diskbutions for Case 40: 20 cfs r c l d  from the resmoir, 15 Cfs 
spring flow routed to the dam, and 16 cfs spring flow remained. 

Simulattd s a h t y  distributions for Case 41: 0 cfs released h m  the reservoir, 3 I cfs 
spring flow m &to the dam, and 0 cfs spring flow remained 

Simulated salinity distributions for Case 42: 0 cfs relcased from the reservoir, 41 cfs 
spring flow routcdtothe dam, and 0 cfs spring flow rcmainbd 

Simulated salinity disuibutions for Case 43: 0 cfs released from the rrsmoir, 10 cfs 
spring flow routed tothe dam and 31 cfs spring flow remained 

X 

C.X 

c.3: 

C.32 

c.35 

C36 

c.37 

C3E 

c.39 

C.40 

c.41 

c.42 

c.43 

C .44 



c-45 

C 4 6  

D-1 

D-2 

D-3 

D-4 

D-5 

D-4 

D-7. 

D-8 

D-9 

D-10 

D-1 I 

D12 

spring flow routed to the dam. and 4 1 cfs spring flow remained C.45 I 'I List of Fwm (conunued) 

Simulated salinity d i d b d o n s  for Case 44: 0 cfs released b m  the rcsmou. 10 cfs 
page No. b r c  No. 

Simulated salinity didbutions for Case 45: 0 cfs relcased from the rrser~oir. 20 cfs 
spnng flow routed to the dam, and 3 1 cfs spring flow remained C.46 

Comparisons of simulated salinity for S c h d e  1 a (10 cfs in the fh 9 days and 
0 cfs in the second 9 days) to those of continuous releases of 10 cfs and 0 cfs. 

Comparisons of sirnulared salinity for Schedule l b  (20 cfs in the first 9 days and 

D.l 

0 cfs in the second 9 days) to those of continuous rcleaxs of 20 cfs and 0 cfs. D.2 

Comparisons of simulated salinity for Schedule Ic (40 Cfs in the first 9 days end 
0 cfs in the second 9 days) to those of continuous relcascs of 30 cfs and 0 cfs. 

Comparisons of simulated salinity for Schedule Id (60 cfs in the first 9 days and 
0 cfs in the second 9 days) to those of continuous releases of 40 cfs and 0 cfs. 

Comparisons of simulated salinity for Schedule le (100 cfs in the first 9 days and 
0 cfs in the second 9 days) to those of continuous releases of 60 cfs and 0 cfs. 

Comparisons of simulattd salinity for Schedule 2a (0 cfs in the first 9 days and 
10 cfs in the second9 days) to those of continuous releases of 10 ch and 0 cfs. 

Comparisons of simulated salinrty for Schedule 2b (0 cfs in the first 9 days and 
20 cfs in the second 9 days) to those of continuous releases of 20 cfs and 0 cfs. 

comparisons of simulattd salinity for Schedule 2c (0 cfs in the first 9 days and 
40 cfs in the second 9 days) to those of continuous releases of 40 cfs and 0 cfs. 

Comparisons of simulated salinity for Schedule 2d (0 cfs in the first 9 days and 
60 cfs in the second 9 days) to those of continuous releases of 60 cfs and 0 cfs. 

Comparisons of simulated salinity for Schedule 2e (0 cfs in the first 9 days and 
100 cfs in the second 9 days) to those of continuous releascs of 100 cfs and 0 cfs. 

Comparisons of simulated salinity for Schedule 3a (10 cfs in Days 1-7 and 10-18, 
a d  0 cfs in Days 8-9) to ~ S C  of COIIQ~UOUS 

Comparisons of simulated Saliniry for Schedule 3b (20 cfs in the first wen days 
and 0 cfs in Days 8 through 9, and 20 cfs for Days 10 through 18) to those of 
continuous releases of 20 cfs and 0 cfs. 

D.3 

D.4 

D.5 

D.6 

D.7 

D.8 

D.9 

D.10 

of 10 cfs d 0 cfs. D.11 

D.12 

xi 

'I 



I 
I 
I 
1 
I 
1 
I .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Lht of Figurn (continued) 

B I Z  Comaarisons of sirnulared saliniw for Schedule 3c (40 cfs in the fim seven days 
i d  0' cfs in Days 8 t h r o d  9. anb 40 cfs for Days I0 through 18) to those of 
conunuous releases of 40 cfs and 0 cfs. 

D 14 Comparisons of simulated salinity for Schedule 3d (60 cfs in the fim seven days 
and 0 cfs inDays 8 through 9. and 60 cfs for Days 10 through 18) u) those of 
COIItiIlUOUS K k X S  Of 60 CfS and 0 Cfs. 

D-15 Comparisons of simulated salinity for Schedule 3e (100 cfs in the lirst seven days 
and 0 cfs in Days 8 through 9. and 100 cfs for Days 10 through 18) to those of 
continuous rcleascs of 100 cfs and 0 cfs. 

Paw Ti, 

D.1: 

D.1- 

D.li 

D-16 Comparisons of simulated salinity for Schedule 4a (20 cfs on odd n u m k  days and 
0 cfs on even number days)  to those of continuous release of 10 cfs and 0 cfs. 

D-I 7 Comparisons of simulated salinity for Schedule 4b (40 cfs on odd number days and 
0 cfs on even number days) to those of continuous relcnsc of 20 cfs and 0 cfs. 

D-I8 Comparisons of simulated salinity for Schedule 4c (80 cfs on odd number days and 

D.16 

D.17 

0 cfs on even number days) to those of continuous release of 40 Cfs and 0 cfs. D I P  

D-19 Comparisons of simulated salinity for Schedule 4d (120 cfs on odd number days and 
0 cfs on even number days) to those of continuous release of 60 cfs and 0 cfs. 

D-20 Comparisons of simulated salinity for Schedule 4c (200 cfs on odd number days and 

D.19 

0 cfs on even number days) to those of continuous release of 100 cfi and 0 cfs. D2C 

xii 



List of Tables 

IakB.!A 

1 Two-day average waur volumes (1OOOrn3) for various salinity range for the 
45 Scenarios. 

2 Four upstream frrshwatcr rcleax schedules for the release rnte of 10 cfs. 

3 ~umdativc fiquency functions of daily average water vohnne (in 100O m’) for 

pane NQ. 

4.3 

5.4 

various salinity ranges in the Lower Hillsborough River with 0 cfs minimum flow 
(MF), I0 cfs MF from the m o i r .  and 10 cfs MF guaranteed by Sulphur Springs 
flow (sample Size274 days). 6.4 

4 Cumulative fresuency fimctions of daily average water volume (in 1OOO m’) for 
various d i t y  ranges in the Lower Hillsborough River with 0 cfs MF , lOcfi MF 
from the reservoir, and 10 cfs MF guaranteed by Sulphm Springs flow (sample 
six135 days of < lkfs reservoir flow). 6.5 



I 
1 
I 
1 
I 
t 
1 
I 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 

1. lnmduction 

The Lower Hillsborough h v e r  (Figure 1) is located in Tampa wcstsenwl Florida. The 
riva has a length of 10 miles and an average depth of about 2.9 m e w  (the deepesr m a  is about 6.2 
meters.) At the mam sea level. the average width is about 63 metcrs. 'Ihe river stam at the 
Hillsborough dam. which releases fksh  water to the river, and ends ncm P k  SPea to meel the 
Hillsborough Bay. About 2 2  miles downsatam from the clam, Sprine water from Sulphur Springs 
en- the riva via a &on spring run. 

Hydrodynamicsandsalini~disaibutionsintherivcrarrconaolltd by(1)tideat Platt Sum. 
(2) saliniw &miburion at Plan Street. (3) flow over the dam, (4) flow out of Sulphur Springs. and 
(5)stonn&mrmoffbelowthedam. ~r ivais~edmostof thet imeduttothere lat ivewcak 
tide at PLan S n u t  The saatification is fmther enhand by the lateral spring water input to the top 
laycroftheriver. &causeofthenarro~,mss-sectional variationsof~,slrrfaceelevation 
and velociry much snaller than those in the vertical direction and along the length of thc riva. 
Therefore. hydrodynamics and salinity nanspofl in the river can be mated as two-dimensional 
problems, with one dimension in the venical direction and the other dimension in the longitudinal 
direction staning from the dam. 

As part of the procedure for establishing 
a minimum flow wc for the Lower 
HilJsborougb Eva, alatcrallygvqed model 
for gsnmy (LAMFE) has been developed to 
simulate hyQodynamics and salinity umqxm 
in the r iv~r .  The model solves the diffnential 
equations using the Finite Difference Method 
with a rectangular &d systan (2-grid in the 
venical direction). The model was calibrated 
and verified with a measured real-time data for 
a 12-month period from September 1981 to 
August 1982 and a 3O-daypcriod in June 1997. 
The verified model was used to conducted a 
series of scenario nms to study dinity 
umsport processes in the river and effects of 
the upshwm hbwater release on salinity 
distributions in the river. The simulation 
period for the d o  nms was a 1S-day 
p o d  during which only trace rainfdl was 
received and the tide at the end of the period 
was a spring tide. Mc&l resulu of these 
scenario nms arc presented and discussed in 
this repon. 

// 

Figure 1 Tht Lower Hillsborough River of 
Tampa, Florida 
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The model has also been used to study the salinity response time in the river to the upSnram 
frcshwam release. For the same 18-day period used for the d o  rum. four fitshwater 
releaw schedules were simulated: (1) Q cfS in the fim 9 days and 0 cfs in the second 9 days, (2) 0 
cfs in the fim 9 days and Qcfs in the second 9 days, (3) Qcfs in the first 7 days. 0 cfs in Days 8 
through 10, and Q cfs again in the rest 8 days. and (4) Qcfs on Days 1.3.5, .... and I7 and 0 cfs on 
Days ?,4,6, .._,and 18. Five Qnumbers have becn studied. They were 10.20,40,60. and 100 cfs. 

To see how a 10 cfs minimum flow would affect the frrqucncy dihbution of salinity mne 
volumcs under naturally occurring conditions of rainfall and resulmt stormwater runoff below h e  
dam. the model was run-for a.condnuous 274-day period. Two cases wcrc studied during a period 
from the end of September 1981 to June 1982. In the first case, the 10 cfs minimum flow was 
released from the reservoir (with a salinity of 0.1 ppt). In the second case, a flow with a magnitude 
of (10- Q,)cfs, Vmcrr Qb is the discharge rafc over the dam, was divcned from the Sulphur 
Springs and releascd a! the base of the dam (witha salinity of 12 jp). In both cases, the minimum 
flow was in effect only for days when flow over the dam(Q,) was lcss than 10 cfs. 

Model thcory and development arc described in Section 2 of this rrport Measrrrrd data of 
surface elevation, salinity, rainfall, as well as discharges from the reservoir and the spring arc 
presented in Section 3, which also shows how the model was calibmtcd and vcrified using measured 
in the Lower Hillsborough River. Section 4 prcsems forty-five scenario runs to rmdy how various 
releasing options would afiect salinity distributions in the river, while Section 5 stladies the salinity 
response time in the river to changes in the UpStTeam hhwater  relcase. Section 6 presents model 
studies on how an assumed minimum flow of 10 cfs would &ect frequency disaibutions of various 
saliniry volumes. Conclusions of the currmt studies arc ' dinSeaion7. 
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2. Model Tbeon- 

Themovementofwarerandthedi~burionofsal t inan~liketheLowerHil lsborou~h 
River can be described by a set of marhematical quauons. which can be derived from the 
conservation of mass (water), momemurn and salt. In deriving these equations it is assumed that 
wazer is a continuum and mean quantities on a time scale which is much mer than the turbulence 
time scale and much smaller than the time scale of phenomena (here. tidal mouon) being 
considered. Effects of nubulmt motion on the naarpon of mass and momentum arc exprrssed b) 
correlations of turbulent quantities. which arr further assumed to be fundons of mean quantities. 
Various models have bem proposed to relate the correlations of turbulent qurmtities with mean 
quantities. Revjcws of various turbulence closure models can bc found in Chen (1994) and Nunes 
Vaz and Simpson (19%). This study usesthe Sub-Gnd Scale modcl to simulale horizontal mmspon 
ofmomentumandsalt byturbulence. Forvertical~ulentmixing.aturbulentkineticenergyCIXE) 
model (Sheng and VillarcL 1989; Chen, 1994) is used to calculare the vertical eddy viscosity and 
diffusviry. 

2.1 Governing Equations 

By integrating the general three-dimensional govcmiug equations lataally, one can easily 
obtain the following equations of continuity, momentum, and salinirymmspon These q d o n s  can 
also be dcrived by considering the balance of water, momentum, and salt in a small cubic with a 

'calcxerciscdcrails 
are omitted here. 
dimension of AxxAyxAz Since the derivation is a Saaighifomad 

where u and w arc velocities in x- and zdirections, rqxctk'ely, v is the velocity for laferal hput 
(direct runoff, tributary, ctc.), and b is the width of the estuary. 

Equation for the kee surEace is 

where t is time, h is the surface elevation ha is the bottom elevation, r is the rain intensity in d s e c ,  
and the subscript dcnotcs the free surface 

If Equation (2) is written just for the top layer, we have: 
@ *' + (wb)- + vq + rb, (3) 

whm rl is the thickness of the top layer, and the subsaipt I-' denotes the boaom of the top iayer. 

Mom- 
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wherc pis  dmsity,A, and A, arc horizontal and vatical eddy viscosities. rrspeaively, r,, is the wall 
shear stress, and p is pressure which dcpcnds on elevation z and salinity s: 

h 

p = gjAz,sM ( 5 )  

The wall shear sues r, is assumed to follow the quadratic law: 
7, = p e w u r n  

where C, is the friction coefficient for the wall. 

The vertical addy viscosity A. is calculated by solving the turbulent kinetic cncrgy equauon 
from the velocity gradient. while the horizontal eddy Viscosity Ah is calculated from the Sub-Grid 
Scale model (SGS) model and is controlled by cross-section length scale. 

Boundary conditions spccificd in the z-direction arc shear sacsscs. At tbc h e  srrrface, shear 
mess is induced by Wind. At the bottom, it is assumed that nvbulcace is fully developed and a 
log-layer distribution of velocity can bc wed to calculate the bottom shtar spcss: 

wherc K ~ S  the von Karman constant (0.41), u, is the horizontal velocity at a level near the bottom. 

In the x-dirrction, boundmy condhons arc specified with eitba the fkc sllrface elevation or 
velocity. If slnface elevation is specified, velocity at the boundary is calculated from Equation (4) 
withtheassumption & L / & = O  

where is salt concentration, B,  is the horizontal diffusivity, B. is the vertical diffisivity, and so 
rcpmnets salt content in tributaries. 

For the top layer, the above equation becomes 

where s, represents salinity in rainfall (0 for default). 
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P- 1 - .  
= Q - 0.698P 

where P and a are fimctions of temperam and SaIiniI?': 
P= 5890~ 387 - 0375T' 7 3s 
II = 17795 + 1 125T - 0.0745T' - (3.8 + O.01T)s 

2.2 Difference Equations 

Becaw of the complexity of the batbymetry and boundary conditions of the Lower 
Hillsborough River, a numerical method have to be cmploycd to find solutions to the above 
equations. a s  study uses the finite difference method to solve the above equations numerically. 
A rectanpular grid system with z-level (Figure 2) was used to dQivc the diff i rcnce equauons. 
Although a z-level model r e q W  a lot of efforts of programmin& it docs have the advantages of 
reducing numerical diffusion and aurOmaticallytabg care ofthe wetting-- phenomena (Shag 

c~levcl. which has becn widely used (e.g., P m l s  and Karrlsc, 1981, Blumberg aad Mellcr, 1987. 
Chm and Sheng, 1994). 

et al.. 1989; C d l i ,  1990) Of the river bank. ThercfOre, this study chose to UY Z-lWCL iW,d of 

i 

k+ 1 k + l  T - 4.. k k x"t' 
- 

k-1 t k- 1 

i 

i-1 i i+l 

+=-I-- *-- 

Figure 2 Rectauguh, z-level grids for the I d l y  averaged 2-D model. 
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where @varies between 0 (fully explicit) and 1 (fully implicit), and 
4 + 1 C  

Axi4/2 + &+"Z 
a, = 

8.=1- ai 
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(1 1) 
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23 Source Code 

The sourcccodc ofLAMFE is writtenin standard F O R T "  77. It can IUD on PCs, UNIX 
workstations or mainhme computns. The program first solves the continuity equation to obtain 
surface elevations at the new time stcp. then it updates salinity distribution by solving the salinity 
equation. Finally, the momenarm equation is solved to update the velocity field. In sol- the 
diffmncc equations for momentum and salinity, the Thomas Algorithm is used to invcrse thc 
mamx. A flow chart of the modcl is presented in Figure 3. 

2.4 Model Val idnth 
Themodelwas6rsttested fordmomentum conservarionusingan idealdopen charmel 
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with constant widrh and a constant bottom slop. The model was then tested for mass conservation 
using the babymetry of the Lower Hillsborough h v a .  The model also WBS usud with a feM- 
analytical soiutions for some i d e a l d  cases. including the steady-stau open chaancl velociF 
distribution the standing wave solution. an enclosed tank with c o m t  Wind shear sues applied 
Bt the surface, and a seiche oscillarion in an cnclosod tank. 

4 ISAL-I 

t 

Figure 3 Flowchart of the model system LAMFE. 
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3. Model Cnlibrntioa and Verific8tbn 

To apply the modcl 10 the Lower Hillsborough Fbver. a grid synem shown in F i v  4 is used 
for the disnruzation of the river. Thny-two grids ranging from 300 metm to 840 metm in Len@ 
were used along the river and 16 vmical grids w m  used to resolve the depth. The smakS v & d  
grid size is 0.3 cm. In one particular sccnario run. the first horizontal grid (the mos upsacam one 
with a horizonral p i d  size of 300 meters) was split into 3 gzids (each with a horizontal grid size of 
100 merm) and the total longitudinal grid number was thirty-four. Measured nver bathmetry is 
inpui into the mcdel by speclfylng the width of cach grid. 

Da~a needed to run the 2-D model include: (1) water surface ele~ations at the do- 
boundary, (2) salinity profiles the downstream boundary, (3) flow entering to the river from the 
upsacam boundary,(4)salhityinthcflowentcrhg tothenvnfromtheupsaeamboun~,(S)flow 
inthemb~,(6)diniryinthembutaryflow,d(7) holnlynormwattrnmofftotheriver. Here. 
the upsueam boundary is at the basc of the dam and the downmeam boundary is at Plan Smt .  
Sulphur Spnn?s flow was treated as a tributary. The effect of wind on the h y M p m i c s  in the 
river is negligible due to the narrowness and the rncandcnng nature of the river. Thus, the model 
was run with a m  wind shear strrssapptitd to the wmrsurface. 

3.1 Measured Field Dah 

R c a l - t i m e s t a g e ~ w i t h a 1 5 - ~ ~ m t ~ w c r e c o l l e a e d b y t h e U ~ S ~ t h c P l a n S ~  
Sligh Avenue, and tbe 22nd Strcft stations (Figure 1) for the H o d  from S q k  1981 to 
September 1982. For the same time h e ,  hourly mid-depth salinity were also measured by the 
USGS at Platt S ~ c t ,  Columbus Avenue, Shgh Avmut, and the Zd Stnet &cause Plan sn#t is 
the downsueam boMdary of the river, measured data at this station werc used as b o w  
conditions in the simulation, while field data at othcr stations were used to calibrate and vaify the 
model. M~watcrcIevationdatafortheperiodScptember 1981 rhroughScptcmk1982are 
presented in Figures A-1 though A-7, while measured salinity for the smne period BIT shown in 
Figures A-8 buugh A-14. 

The USGS has also reports of spring flow h m  Sulphur Springs and daily dischiirge data 
fiom the dam. Daily flows from Sulphur Springs and from tbe dam for the priod September 1981 
through September 1982 arc shown in Figures A-15 though A-21 (middle and bottom graphs). 

Fmre 4 Grid system for the Lower Hillsborough River. 
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Discharges at the dam were used as the boundap condiuon for the upsrrram. while the spring 
discharge was input to the model as a m b w q  which flows larerally to the top layer of the water 
column (to those vertical grids which arc either torally or @ally above the bottom elevarion of the 
spring run at the same longitudinal location as that of the spring). 

Another fresh- input to the river is thc stormwater runoff fium the m a s h e d  below the 
dam. In order to account for the effect of nmoff on salinity in the river during a nunfall event. 
rainfall data were used in the model to calculate mfi, which arc also M a s  aibutarjes enuring 
to the surface layer of the river laterally. The sheet flows h m  the two banks of the river arc 
assumed to be uniformly dimiburcdalongindividual longirudinal toplayer grids. The magnitude 
of the sheet flow to cach toplaya grid was calculated as follows: 

where i is a grid number counter for the longitudinal grids, j is thc a sub-basin number comtCT, M 
is the total number of the subbasins, q, is the sheet flow entering to the toplayer of the i-th grid in 
the lon~@tudinal direction, Q, is the flow of nmoff h m  the j-th subbasin, I,, is the length of the 
intersection between the watc~ surface of the i-th grid and the j-th sub-basin, and Ax, is the grid size 
of the r- th grid in the longitudinal direction. 

The flow of runoff h m  thej-th subbasin, Q, is calculated h m  the area of the subbesm, 
the rainfall intensity, a nmoff coefficient for the sub-basiin, and a unit hybgrqh for the Lower 
Hillsborough River basin. The nmoff coefficients for mch sub-basins and the unit hyhgraph were 
obtain from a previous study done by the HSW Jkguemg . (1992). 

Daily rainfall data collected by the SWFWMD near Lowry Park are available siace January 
1982. Measlatd hourly middl data at the Tamp International Auport (TLA) wcre uscd to estimate 
hourly rainfall from the daily rainfall dam at the Lowry Park (LP) lainfall station. The assumption 
used for the estimation of houdy rainfall is that the daily tainfdl at the Lomy Park station is 
disajburcd within 24 hours in the same way as that at the TLA. except forthe magnitude. This can 
be expressed in the following form: 

i = 1, 2, ..., 24 (14) 

wherc r'& estimated hourly rainfall during the i-th hour at the Lowry Park starion, is mcasurcd 
hourly rainfall at the TIA, and R, and R, are measured daily rainfalls at tbe LP and TIA stations, 
rrspeCtively. Forthepcriodbcforc 1982, hourlyrainfalldatameasuredatthcTIPwasusedbccaw 
no rainfall data WBS collcatd at the Lowry Park station. Rainfall data used for the period h m  
September 1981 to September 1982 ~ T C  prrsnned in Figum A-15 through A-2l(top graphs). While 
Figure A-I5 and A-16 showhourlyrainfall measured at the TI& Figure A-17 through A-21 present 
estimated hourly raiofall data at the Lowry Park station using the above equation. 

I R, 
R, 

rL = rm- 

In addition to the above data (from September 1981 to September 1982), this study also 
collected salinity and stage dam at the Platt Street, Sulphur Springs, and the 2 n d  Spta stations 
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through the USGS. The m e a s m e n r  period was Jan-- 1997 through July 1997. Measured 
surfactl~clsareprrwnlcdinFi~ A-22thro~A-14. Figures A-25 thm@A-27 a r e m a m d  
dinin.. 

Some physical characreristics of the river can &ly be sem from these measured discharge. 
rainfall. salinity and surf= elevation data: 

(1 ) Tide is the driving force for the river. Slrrface elevaxions measured at all thm stations shou- 
very siplicant tidal variations. 

(2) From Plan Srrcet to Sligb Avmue, tidal dara only show minor damping and time la& 
indicating small fiction of the river bottom for this n v a  reach. From Sligh Avenue to the 
22nd Street, some small damping and time lag in tidal data can be secn. Nevertheltss. tht?. 
are not significant becaw the distane is short. 

(3) Salinity in the nver also show strong tidal Si&, especially from Sligh Avenue 
downmeam. This meam sahity domstram of Sli@ Avenue is heavily influenced by tide. 
For the region near the dam, salinity varies with tide more &cautly when tbe d k h g c  
r a ~ ~  fromthe dam is small than when the dmharge me is hge. In the lana casc,thc 
discharge from the dampushcs salt wxcrfurthcrdownsrream and keeps water near the dam 
hsh. In fkt ,  ifdischarge me from the dam is incrtased to about lo00 cfs or h v e ,  fresh 
watcr can cvenrcach Plat seeet 

(4) Rainfall runoff can heavily affect  salinity distributions in the river. &cause thc drainage 
basinfortheLowerHillsboroughRivcrisawell-devclopcd~rnea(Cityoff~~time 
of ConCenpBton for the moff  is very short and is in the order of less than a few hours, and 
average runoff coefficient can be as high as 0.6 (HSW, 1992). As an example, Id's consida 
a storm event with arainfall of 1 inch pa hour, the direct runoff would be on the order of 
1000 cfs for 3 to 4 hours. As mentioned above, an input of loo0 cfi  fresh wafer would 
dramatically decrease the salt content in thc river. 

(5) While discharge from the dam can vary from 0 cfs to thousands of c f s  discharge out of the 
spring has just little variation. Recent data show that discharge from the spring cbange 
between low 20s and high 60's. with an average of 3 1 cfs. 

3 3  Model Calibration and Verification Using Field Data 

A numerical modcl should be calibrated and verified Mort it is used for management 
purposes. Calibrationmeanstotunethemodcl paramamtoobtainabestagrrxmentbetwecnmodcl 
results and field data. It UII) also mean a modification of the model, 50 thut the model am better 
represent the rral world Howcva, a calibrated model is not automa!icaUy a predictive tool &ch 
can be used for nmagemmt, because the pmhctive ability of the modcl bas not ken  proved if the 
model is just calibrated. 
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h order to prove that the model is a suitable predictive tool. verifications of the model using 
data collected in other periods of time (nor those used for calibration) should be conducted. DunW 
the process of verificatjon. calibmed model parameters should not be tuned. Only a dSfaCtor! 
a-mt between model results and field data is reached in verification can we say thar the model 
can be used as a @nive model. The following describes how the model developed in rhis a d y  
was calibmed and verified. 

Before applying the model to the real nature, field dara which will be used by the model (as 
boundary and/or initial conditions) should be analyzed to see if data arc usable or not. Gend l} .  
it is very seldom for one to get a perfect set of dara More oftcs one will see a lot of bad data and 
missing data in the data set. It is very important to have a good data set, especially for those data 
which will be used as boundary conditions. It is obvious that if measured tide and sahuty at the 
mouth of the river wcre problematic, simulated surface elevation and salinity in the river would nor 
be any better. Based upon these considerations and the quality of measured data which should be 
read by the model as boundary conditions (data at Platt Strect and at thc dam, as well as spring flow 
and rainfall), this mdy chose two time periods for model calibration and verification: a 12-month 
period from September 1.1981 to August 31,1982 and a30-day period in June 1997. In the 12- 
month period because data wcre missing for 15 days (September 22 - October 6, 1981) at Plan 
Street. the model was not run continuously for 12 months. b e a d ,  the 12-month period was divided 
into two smallerpcriods. Septanbcr 1 - 21,1981 and October 7,1981 through August 31,1982. 

As mentioned before, salinity and surface elevation data r n d  at the Plan Street station 
were used as boundary conditions at the downsueam cnd of the river. &cause saliniry is stratified 
at Plan Street most of the time and was measured only at the middepth for the 1981 and 1982 data, 
measured data can not be directly used in the simulation, because the model requires d - t i m e  
vertical salinity profiles to nprrsent the smification. 'This study developed a prc-process program 
10 estimate salinity profiles at Plan Street from the mid-dtpth salinity data based on the assumption 
thar the snatification at Platt Sirect is solely a fuuction of the total frcsh water release from the dam 
and the spnng in the previous day. Using salinity profile data collected during the WAR study in 
1991 through 1993,thisretationshipbetweensmificationatPlaaStreetand~hwaternleasecan 
be obtained. 

For the upstran boundary, a miform velocity diseibution was assumed and can be 
calculaml from the discharge data and the instantaneous cross-&on area.. A saall salinity value 
(0.1 ppt) was assumed in the water released from the dam, as historical data show that the watcr 
upstrram of the dam has low mineral content. The Sulphur Springs flow was uniformly distributed 
only to the top portion of the comsponding water column (-2.0 feet, NGVD, and above), because 
the bottom of the spring run is about -2.0 f e n  NGVD. Recent data show that the spring has salinity 
values that vary around 1.2 ppt Thus, a constant salinity of 1.2 ppt was assumed in the spring flow. 

Rainfall datamcasrrred at the Lomy P a k  station and the TIA werc used to &maremoff 
below the dam. Equation (14) was used to estimate hourly rainfall h m t h e  daily rain datameasured 
at Lowry Park. It is assumed that rains werc uniformly distributed over the cntirc Qainage basin. 
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By incorporaring a prevrous study conducted by HSW EngineCring, hc.( 1992). the drainape basin 
ws divided inro 17 sub-basins Figure 5) to account for the variations of iunoff Ch-nWs 
among sub-basins. Hourly runoff from each individual sub-basin was d d a t t d  the Sub-bash 

hourly runoff was then disaibutcd within 1 6 
hours. The temporal distribudon of the 
runoff in the 16 hours was dculared using 
the unit hydrograph method which can be 
e d e d  from the HSW study in 1992. 
The final fresh water input to thc river from 
a individual sub-basin during a simulation 
time step was add to its comspondmg river 
portion in accordance with Equation (13) in 
the model. 

arc% rainfall and its runoff coefficicnr. The 
--7-- 

Arbitmy initial conditions for 
salinity and velocity fields w c ~ r  selected in 
the simulation. The initial conditions for 
flow die out after about 48 hours of 
simulation, while the initial conditions for 
salinity need about a week to become 
insignificant. This means that the spin-up 
period of a model nm is about a week. One 
should not be surprised@ the disagreement 
of model, ~ s u l t s  with data for the spin-up 
period of a model run when the effect of Figurn 5 m e  bash of the b w c r  mkboro@ 
assumed initial conditions are still and 17 sub-basins. 
significant. 

Simulated time snies of surface elevations and salinity at Columbus Drive, Sli& AWW, 
and the 22"d Street stations wcre compared to the data measured by the USGS. Figures B1 through 
B-6 show comparisons between simulated and r n d  slpface eleVarions at Sligh Avenuc and the 
22"6 Street station forthe simulation periods of September 1 through 21.198 1, and octoba 7,1981 
through August 31,1982. Figures J3-7 through B-12 show comparisons of simulated sahity with 
dataatthe22ndSPeef SlighAvenue,andcOl~busDrivestationsforthesctwosim~llationpCriods. 
Comparisons of simulated and measured salinity for the 3O-day pcriod in J u m  1997 arc shown in 
Figure B13. 

It can be seen from the comparisons that the model works very well. Atbough Wmissing 
data can be noticedin these field data. they do not affenthe good agrrcment bawrrnmodel results 
and data. The comparison of slaface elevation shows that simulated surface elevations are almost 
the same as the measlned data (Figures E l  through B-6). Although not as good as the comparison 
W e e n  simulated and measured surface elevations, the agreement between simulated salinity and 
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measured dam is rcasonablely good. Becsuse the qualiry of simulaud surface elevation and d l n i P  
in the n v a  is more or less dependent on the quality of the boundary COndiUOnS for the% Paramem. 
a successful simulation of hydrodynamics and saliniry waspon in the river is depndent On the 
quality of measmd surface elevation and saliniry at the PlatI Street muon. It was f0WrC the data 
were temporally mos  compktc at P b  St.. with fewer periods of mising data corn@ to the 
Columbus Dnve, Sligb Avenue, or 22" St. stations. The availability of ac& data at the Plan St. 
stauons allows for good model results at the Columbus. Sliph and 22" St. d o n s .  during periods 
when salinity data wcrc unavailable at those sites 

One important thing this srudy found out is that the effect of rainfall on salinity distributions 
can not be neglecred and runoff below the dam must bc considered in the model. From the rainfall 
data it can be Seen that a storm event occurred on June 12th, followed by a few s~omevcnts on June 
16th and 17th (Figure A- 19). As a result the data show a si@icant increase in water levels and a 
sready decrease in saIhity at all measurement stations (Figures A-5 and A-12). These changes were 
due to local runoff as no water was releascd h m  the reservoir during this perjod and spring flow 
showed linle variation. To examine the effect of local nmoff on salinity, amodel run w conducted 
that did not include any nmoff from the basin below the dam. Model results of this run an shown 
in Figure 6. It can be secn h m  this figure that without considaing nmoff e f f q  the simuiated 
salinity time series at the 22nd Street and Columbus Drive do not reprcsenr the rral condition. The 
slight sueady decrease in simulated salinity time series is due to the steady dmcase of salinity 
boundary condition at Platt Street ( m d  data). Model experiments show that only when the 
runoff below the dam was included could a good agpenmit bawtcn dam and simulated salinity be 
reached (Figure 7). 
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Figure 7 Comparisons of measured salinity and simulated d i t y  with runoff effects. 
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4. Scenario Runs 

After the model was calibrated and verified it was used to study different freshwater re1-e 
scenarios. The purpose of the scenario m is KO study how the release of ffesh water from the dam 
would a f f c a  salimty distributions in the river. A total of 45 scenario NN wcrt made baxd on 
variarions of spring flow and reservoir flow over the dam. The possibility of muting a ponion of 
spring water to the base of the dam was also considered. 

All 45 rum used the same model parameters dcmmincd in the model calibration process. 
A g a ~  measured surface clevations and salinity at Plan Street were used as boundary conditions. 
The time period in which field data were used as boundary conditions was a 18-day period in 1982 
(from May 1 1 through May 28). The rCBSOn for using this time period is that very little d i l l  was 
received during this time span and the tide around May 28 was the spring tide period. In order to 
further isolate the effcct of fresh waxer release on salinity distributions in the river, runoff caused by 
rains was nnned off in the Scenario test runs (runoff was actually vcry small d e  these 18 days). 
Therefore. if no freshwater flow were released from the memoir, the condition in the river would 
represent a worst case scenario. 

Considering the fact that measured salinity in spring flows had m average of 12 ppt during 
the last couple of yeafi, spring flow was set to have a constant salinity value of 1.2 ppt in these 
scenario nms. Instead of usiog measured Sulphur Springs flow dam collected during the period 
from Uay 11 through May 28,1982, a constant spring flow of31 cfs wasused in the scenario nms. 
The number 3 1 cfi has been the average flow out of the Sulphur Springs in recent ycars. 

The final d t s  for each run include velccity/salinity fields and water volumes for various 
salinity zones during the last 48 hours of sirnulation with a 30-minute interval. Figme C- 1 shows 
the salinily and velocity distributions at high and low tides as well as at tht mean ti& level for one 
of the scenario nms, while Figure C-2 through (2-46 present salinity distributions for the 45 
scenarios. Average WatQ volumes during the last two days of the simulation period for various 
salinity ranges for each Scenario nm arc presented in Table 1. 

Based on model results of these scenario nms, the following canclusions can be drawn: 

( I )  If the release of fresh water &om the dam is small (5 cfs or Icss), the volume of fk4-1 water 
(salinity Ins than 0.5 ppt) in the river will be too small for the model grid system to rtsolvc. 

(2) By increasing the freshwater release to 10 cfi, a small frrshwater zone (540 m’) cau be 
maintained near the bax of the dam. The size of the M w a t c r  zone is af€ccted by the 
Sulphur Springs flow entering to the river at about 2 2  miles downmeam of the dam. For 
o~amplc, ifthe Spring flow is 40 cfs or greater, the size of the fkhwatcr zone is at least 150 
me- in the longitudjnai direction. 

(3) With a release of water from the reservoir of 40 cfs or greater, a salinity zone with lcss than 
1 ppt from the surfm to the bottom can be maintained in the first lo00 meters downstmm 
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of the dam. 

(4) Romng a portion of the flow from Sulphur Springs to the base of the dm could have a 
pronounced effect on salinity lsuibutions in the river by red- sal- below the dam. 
For example. routing 10 cfs of spring wam to the base of the dam would create a zone Of 
water below the dam with salinity values less than 4 ppr saliniry. The size of this zone would 
be 82,700 m’, with the lowest salinity values ranpins h e m  2 and 3 ppt. Increasing the 

dam on all tides. 
rOUtCd Spring-flow IO 15 CfS would rrsUlt in s ~ m e  water lMS than 2 p ~ r  OCC- b C l O W t h ~  

(5) Becausethe ,flow from Sulphur Springs has an average s a l i i  of 1.2 pps muring a portion 
of spring wam to the base of the dam would not create a k h w a t e r  ulne (< 0.5 ppt) below 
the dam. unless flow released from the reservoir is at least 75% hghathau the routed spring 
flow. 

It should be pointed out that Table 1 was calculated from the model results using a p i d  
system with a lonptudmal rcsohxtion of 300 meters or longer, except for Scenario =a This means 
thar any salinity zont which is smaller than 150 meters (the salinity point is at the center of the grid) 
in the longitudinal direction would not be recognized by thc modcl . For a low frrshwater release 
ratc,therrmightbeasmaller~watcrzone(salini~~O0.5ppt)neartbcbaseofthedam. However, 
the model could ovdook this fhhwater zone if it is smaller tban 150 metas in the longnudid 
*on. OnecxamplcisSccnario23 witharcleascratcof10cEs~mrheresavoirandawnsrant 
Sulphur Springs dscharge of 31 cfs. Intuitively, one would think that &ere must be a small 
freshwater zone ncsr the base of tbc dam because 10 ck would amke some diffcrmcc. Homva, 
the model results shown in Table 1 indicate that no frrshwata z01lc exists in the riva forthis 
scenario. The reason for this obvious dscrqmcy is thstthe model did not use a grid system which 
is small enough for the region near the dam to be rcsoivcd. In order to impruve the model resolution 
for low flows, anew grid sysrem was created by splirtmg the first grid, which has a length of 300 
meter$ into three equal grids, each with a length of 100 metm. The model was re-run for scenario 
No. 23 using the new grid system with a grid size of 100 meters m the 1- direction near 
the base of the dam. Model results show that the model WBS able to d+tecta freshwatazom near 
the base of the dam, which had a twoday average volmc of over 500 cubic metcrs (Scenario Ua). 
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5. spbif;v Response to the CbPnge of the Zipstream Fmbwntcr Rcle~se Rnte 

In the above discussions. it has been mentioned W model rrmlt~ d m  the first couple of 
days would nonnally not have good agreement with measured darabccauK a spin-up pcriod is needed 
for the initial condiuons 10 become &ipificanl. Th~s implies that the d o n  rime of d i n i n .  10 
changes of tide. upstream frrslhwam &scharpe. etc. is in the order of couple of days. C o n s i d d o n  
of the rime lag bmvccn salinity and u p m  b h w a t c r  release is impomt in sc~king The 
relationship berwan salinity in the river and the ups awn^ frcshwaur release me. For example. a lou- 
diniry at the 2nd d o n  may bc unexplainable with a low sameday flow rcleascd from the dam. 
but may be explained by high flows during prccdhg days. 

This section studies the rrsponse time of saliniv in the Lower Hillsbornugh River to the 
change of the up- kshwater release rate. In the following, the salinity rrsponw time was fim 
ad& m a t h d d l y  for two idealized cases: apure advective transport case and a pure diffusive 
transpon cax. T h m  the LAMFE model was used to study salinity responses to the upmeam 
hshwater release cbges  for the Lower Hillsbornugh River. 

5.1 Qnsntitative Analyses 

Before conducting numerical simulations of salinity response to the change in uptresm 
freshwater discharge using the LAMFE model, let us have some quantitative considerations. First, 
let us consider salinitytrcmsport in an open channel with a steady, uniform flow of Q cfs. Before time 
= 0. the flow enrCringthe charu~el had a constant SaIinay of& From time 10 on, salinity in the flow 
entering to the upstrram of the channel suddenly reduced to 0 ppt. Intuitively, OMY salinity in the 
incoming water is reduced to 0 ppt, a frrshwarcr h u t  would be formed and move in the downstrwm 
direction with a speed of Q/A, wtmt A is the cross-section area of the river. Ifthe vertical trartsport 
is negligible, salinitytmqort in the channel can be approximated witb a one-dimcnsid advective 
nansporr equation as follows 

A &  
- + u - =  0 a &  

where s is salinity, t is time, u is velociry, and x is the x-coordina~~ whose direction is h r n  the 
upstrram to the downsacam. The initial condition is that s = So evaywhcrc at t = 0. 'fhe velociry, 
u = Q/A, is a constant. The above equation has the following solution: 

s = s,p(x- u t )  (16) 

This solution shows that the h h w a t e r  front moves fiom the upsneam side to the dowasmam 
side without changing its shape with a speed of u. At adis tanex = LI fromthe upsream boundary. 
salinitywould havcasuddcn derrease from So to m a t r  =ah. In other words, saliniry a t x  = u does 
not response to thc change of the upstrram discbarge until r z du.  Thus, the time lag at x = CI would 
bc du. 

This time lag atx = u can also be sought by a dimensional analysis of Equation (15). Lctx 
= x h ,  t = t'T, and s = s*s, Equation (I 5) beromes 
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6s' uT&' (1 7) 
-f--- . - 0  
6l- P & 

Becaw x'. I - .  and s' are non-dimensional. the quanuty uT/a would be in the order of UDity 
uT -= qI) 
a 

This means that T-mu. 

Now, let us consider a pure diffusive wnspon case. For the same open channel. assume that 
the upsacam is a dead end and water in the channel b a zero velocity. The iniual condition for 
salinity is that s = 0 for x < L and s= S, for x > L. For this ca~. salinity uansport is mainly diffusive 
rranspon. Assuming that vemcal mrnspon is negligible and the horizontal dif€usiviry is a wnstan~ 
the following one-dimcnsional equation can be obtained: 

where D is the horizontal diffusiviry along the x-axis. The initially condition for salinity can be 
cxpresscd as 

s = s,q(x-  L) 
Equation (1 8) has the following solution: 

where erf(7) = ke'dA is the m o r  funaion. As t - -, s - son. -fore the ambient salinity 

is s,/2. Let us define the threshold of saliniry rcspoasc as 500h of the ambient s a l i t y  at x = a. In 
other words, after atime lag T, salinity atx = a will be 50% ofthe ambient value or higher. We get 

This leads to T =a - u f / D .  which mcans that the time lag for salinity response a!x = a  is proportional 
to the squarc of the distance h m  the downsncam boundary and invmely proportional to the 
dif€usivity. 

This~lationshipcanalsobesoughtbyadimcnsionalanalysisofEquation(18). Lax-x'n-  
a), I = r'T, and s = s's, Equation (1 8) becomes 

The quantity TD/(L-rr)' has to be of the order of unity, O(1). This also leads to T - (L-u)'/D. 
The above discussions arc for idealized cases. In reality, longitudinal salinity tranSpOfi in the 

Lower Hillsborough River consists of both advection and diffusiodmixing. Salinity nspom t ime 
at a cenain location (e.g., 22nd Stmzt) would be functions of both u and D, which vary with time and 
location. Other factors such rs barhymctry, wind, tide, stratification, vertical mixing, ctc. would also 
affect saliniry response time. Nevatheless, when the freshwater release horn the reservoir is high 
saliniv in the portion (especially upsetam of the Sulphur Springs) of thc river is primarily 
conmlled by the advcctive transport and the salinity response rime can be estimated by du.  For 
example. if no frrshwatcr is rcleaxd from the dam for over a week, salinity near the dam would be 
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around 5 - 6 ppt. fmhwavr is released from the nservoir. the SdQ' water will bc Push4 tornd 
downswam. Within a shon coursc from the base of the dam. the salt w&e will move toward 
d o m e a m  at a speed approxlmatcly Q/A. The average CroSs-Senion arra from the dam to '2nd 
Street is about 200 square feet for an averape ride. If Q is 40 cfs. then the spc#l of the salt wedF 
movement would be 6.1 cm/sec or less within the disance from the dam to t2nd StreeL whch 1s 

about 1 OOO meurs downmcam of the dam. A rough estimate is that it takes the fkhwater h n l  
abut 5 hours to reach 2 n d  Som. As the At wedge moves further do- its speed will 
become smaller and smaller. Evcmually. the salt wedge will stay at a quasi-steady location. On the 
other hand. if the frcshwavr relcase is suddenly reduced to zero. then the lorqirudinal saliniq 
transpon in the ~ p ~ r r r a m  portion of the river would be primarily conmlled b! longitudinal 
mixingMiffusion. Let us assume that a At wedge is located about 3 kilometas below the dam when 
there is a freshwater release from the dam. Ifthe release is suddenly reduced to zero. then the wedge 
will m i p t e  to upsneam. If we assume that D is in the ordcr of 10 m'ls, then about 5 days Lavr 
Salinity at a cross-section 1 OOO mcurs downstRam of the dam would reach about 50% of its ambimt 
value. 

5.2 Salinity Raponse to Varioos Rdenee Schcdals 

The two-dimensional model was used to study the salinity rrsponsc in the river to the 
freshwater release from the upsueam reservoir. ' h e  model was nm for the same 1 &day period as that 
in the scenario runs. M d  sraface elevations and salinity at Plan Street were used as boundary 
conditions. The time period in which field data wtn uscd as boundary conditions was tk same as 
that for the scenario MIS. &a& nmoff causcdby rains were tlrmed offinthe model simulations. 
Same as in the scenario nms, a constant flow of 3 1 cfi was assumed for Sulphur Springs flow with 
a constant saiinity of 1.2 ppt. 

Various release schedules w a r  studied udng the two-dimensional hydrodynamic model 
LAIvlFE. For five upsmeam freshwater release rates (10,20,40.60, and 100 cfk), the modcl was nm 
to study the following release schedules: 

1. F m h  water is released in the fusf 9 days, but not in the second 9 days 
2. Fresh water is released in the second 9 days, but not in the first 9 days 
3. Fresh war~risrelcase in the first 7 daysthmrumed off@ cfs)onDays 8 through 10, a r ~ I  

4. Frcshwatm release is turned on and off cvcry other day with a doubled rate of the above 
then released again from Day I 1  to Day 18, and 

four cases. 

Table 2 iUustratcs the above four cases for the freshwater release rate of 10 cfs. Note that the 
release rate in Case 4 is actually twice the rate of the rate in Cases 1,2, and 3. 

Model rrsuhs of the four release schedules for diffcrent release ratts me presented m Figures 
D-l through D20, which also show model results of a baseline nm with 0 cfs relaw. FOT 
comparison, tlodcl results of conthous releases of 10,20,40,60, 100 cfs  arc also ploned in the 
correspondent figurrs. 
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Figures D-1 through D-20 clearly confirm the quantitative analyses presented above. There 
is indeed a response time lag between salinity and upsaam frcsbwatn reltase. The response time 
lag is generally longs for a decreasing upstream releasing rate than that for a in- rcleasc rate. 
When fieihwatcr flow increases from 0 cfs to a certain rate of Q, the response time lag is dependant 
on the magnitude of Q. A larger (2 results in a shorvrtime lag bccause larger hshwatcr releasc will 
cawc larger do- velocity and thus pushes the salt wedge t o d  downmcam quicker. 

From Figure D1 through D-20, it can also be concluckd that the hhwater release from the 
reservoir has a less effect on do~nmeam salinity than on upsecam salinity for a flow rate mr@g 
from 0 ck  to 100 cfs. This is understandable bccause the downstream salinity is mainly controlled 
by the downsacam tide and salinity. If the release is very lugher, however, it can greatly reduce 
downsueam salinity. For example, with a release rate of lo00 cfs freshwater can reach the 
downmeam boundary. 

Model results for the fourth relcase schedule indicate that releasing fresh water a a doubled 
rate of 2Qevery other day has almost tht same &ect on salhty as releasing it at a constaut rate of 
Q every day. Tbis can be explained by the rime lag of salinity response to the upstream fie&- 
discharge. Because the salinity response time is about a week and the fkquency of upstream 
freshwater release is 0.5 l/day, the rckively quicker variation of the upsaeam hshwata discharge 
is filtered out by the r i v a  system. Thcrcfore, saliruty at a cross-section of the river (let us say at 22nd 
Street) is, to a great extent, a function of the average upstream hshwatn flow during the p m d n g  
week or so. 
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6. Case Studies for a Minimam Flow of 10 cfS  

Model rcsuits p m u d  in Table 1 can be w f u l  for the evaluation of minimum flows for the 
Lower Hillsborough River. Depending on the ecological mptto be set for the river. a water volume 
for a d n  range of salinity can be predicted for the river. Then. aminimuum flow can be determined 
from Table 1 bascd on the established water volume w e t  Howevcr. the 18 dys used in rrcaring 
Table 1 acrually rrpKSCnt a worst case scenario. in which rainfall was turned off and the tide was 
spring tide at the end of the 1 8-day period. In order to see how a minimum flow would improve 
salinity in the ~ V C I ,  @ally the upsaeam rcaches, i! was worthwfiilcto re-mu the two-dimensiod 
model for the 12-month period h m  September 1981 thrOUgb August 1982 with an assumed 
minimum flow. 

As mentioned in Section 3.  a 10 cfs freshwater release from the dam would create a small 
freshwam zone ( a . 5  ppt) MBT the base of the dam. Although the two-day average water volume for 
this frrshwater zone is just about 540 cubic mefas. and can not be detccud by the model with a grid 
size of 300 meters in the longirudinal direction, it is detectable if the @id size near the dam is reduced 
to 100 meters. Therefore, 10 cfs of freshwater flow h m  the reservoir does make some differences 
as long as a freshwater zone is concerned. It would be very in- to see what kind of diffcrrnca 
a 10 cfs minimum flow would make to the fkqucncy Mbution of water volumes for various 
salinity ranges if meafllred dara during the 12-month period from Septunber 198 1 to August 1982 
are used to nm the model. The minimum flow of 10 cfs may be maintained by either rclcasiug 
reservoir wam or diverting Sulphur Springs flow. For the forma cax, wt have 

Q, = Max (Qh. 10) (20) 

where Qh is measured flow (in cfi) rcleascd from the reservoir and Q, is the flow (in cfs) cntaing 
to the first grid in the model. 

For the latter case, we have 
Q, = a+ AQS 
C ? > = Q m -  A& 
A& = Max(0. 10- pC) 

where Q,, is measured flow (in cfs) h m  the Sulphur Springs, dQ, is the flow (in &) diverted from 
the Sulphur Springs (AQ, = 10 - Q, if Q, is less than 10 cfs, otherwise a,,- 0 cfs)tothe base 
of the dam, and Q, is the rCmaining spring flow (in cfs) entering to the river aftcr dQ, is diverted. 

In Equation (21), flow from the reservoir has a salinity of 0.1 ppt, while flow out of the 
Sulphur Springs has a salinity of 1.2 ppt. Consequently, Q, in Equation (20) has a salinity of 0.1 ppt, 
while salinity in Q, of Equation (21) is (0.1 Q, + 12 dQ>(Q,, + AQm). 

Equations (20) and (21) wcre unnecessary for the months of September 1981 and July and 
August 1982 because the flow from the reservoir in thesc months was very high (> 300 &). In kct, 
due to the high flow, the 2 2 d  Stnm station was consistently fresh duringthese thta month S i  
a I0 cfs minimum flow would not bc in effect duringthis period, this study chose to justnmthe 
model for a mod from the end of September 198 1 through June 1982, instead of running it for the 
entirc 12 months. 
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Model results for the two cases were compared with thosc for the 0 cfs minimum flow case. 
which was the real case which used flow daxa collected at the dam in 1981 and 1982. Fwu~nc!  
analyses were conducted for the two 10 cfs minimum flow cases and the real case with a minimum 
flow of 0 cfs. The model was modifcd to ourput hourly wam volumes for Various d i n i ? ~  ~ e s  In 
the river. Daily avcraged water volumes for each dinity range were then calculated apd used for the 
frequency analysis. Bccaw the model needs about a week to spin-up. model d t s  d m  the first 
seven days were not included in the analysis. The total n u m k  of days available for the analysis was 
274 days. of wluch 135 days had Ins than 10 cfs releasad from the reservoir. Frequency analysis was 
done xparately for the entire 274 days and for the s u b  of the 135 days which had less than 10 cfs 
flow released from the reservoir in the historic rcwrd. 

For the zero cfs minimum flow case, model results presented in the Section 3 (Model 
Calibration and Verification) can be directly used for the frequency aualysis. For the two 10 cfs 
minimum flow cases, the model was run with the same input fiies as the 0 cfs minimum flow case. 
except that the daily flow rates from the reservoir and the spring w m  adjusted according to eirher 
Equarion (20) or Equation (21). 

Results of thee analyses arc pmmted in Tables 3 and 4 in tcrms of cumulative frequency 
functions of daily average salinity zone volumes. Each table has tbnx parts: the top OM shows results 
for the 0 cfs minimum flow case. while the middle one is for the a s c  of releasing10 cfs minimum 
flow from the reservoir. Results for routing AQU Sulphur Springs flow to the base of the dam when 
thefTeshwatcrreleavratcwaslessthan 10cfsareshownatthebottomofthetwotabIes. Cumulative 
frtquency functions in Table 3 were calculated from the entire 274 days of daily average water 
volumes, while those in Table 4 a the cumulative frequency fimctions calculated from the results 
ofthe 135dayswithlcssthanlOc~idiscbargefromtbereservoir. 

It can be seen from Table 3 that with a minimum flow of 0 cfs (real case), the daily average 
freshwater volume (€0.5 ppt) in the river was 45,700 m3 or less for 40 prcent of the 274 days. For 
at least 30 percent of tbe 274 days, a hshwater zone did not exist in the river. There was no 
puarantee that a salinity zone with less than 4 ppt would always exist althoughthe river had a d % t y  
zone of less than 4 ppt with a warn volume of 30.270 m3 or larger 90 percent of the b e .  The less 
than 1 ppt and less than 1.5 ppt salinity ranges didnot OCM in the river for at least 30 and 20 percent 
of the 274 days, respectively. 

The above salinity condition could be significantly improved if a minimum flow of 10 cfs 
wcre released from the reservoir. As can be seen in the middle portion of Table 3, a salinity zone with 
less than 4 ppt would always exist in the river and have a minimum volume of 35,420111). The 
keshwam zone (< 0.5 ppt) would occur in the river witb a minimum volume of 2, 1301x1’ for at least 
80 percent of the 274 days. Water volumes for the d i t y  ranges of < 1 ppt and < 1.5 ppt also 
improved. The < 1 ppt and < 1.5 ppt water volumes were at least 8,570m’ and 23,690m3, 
rrspectively, for at least W h  of the 274 days. 

With spring flow routcdto the base of the dam to guarantee a minimum flow of 10 cfi, the 
improvement of salinity range in the river would not be as significant as that of releasing 10 cfi 
reservoir water. The bottom portion of Table 3 shows that a salinity range of less than 4 ppt would 
not be guaranteed 100% of the time. The saliniq range of less than 1.5 ppt had just a minor 
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impmvemmr. Because the Sulphur springs flow has an average saliniry of 1.2 ppt the frequencies 
for freshwater and the less than 1 ppt &iniv tones show slight dmease comparrd to the z c r ~  cfs 
minimum flow case. 

Results of the kquency analyses for the 135 days of less than 10 cfs releawd from the 
reservoir are similar to those for the entire 274 days. As cm be seen from Table 4. the river did nor 
have a freshwater zone (< 0.5 ppt) of MY size in ova  70 percent of days of these 135 dac for rhe 
zero minimum flow case. It did not even have a zone with a salinity range less than 4 ppt for at least 
10 percent of the 135 days. Releasing a minimum of 10 cfs of flow from the reservoir would make 
a significant di f€mcc .  For example. the less than 4 ppt tone would be puarantad all the time. and 
a freshwater pool would occur for at least 40 percent of 135 days with a size of 1,6801~1' or larger. 
Over 90 percent of the 135 days, the river would have a less than 1 ppt water volume of 1010m' or 
larger. The< 1.5pprsalinityran~ewouldhaveavolumeof 18,140m3orlargcrforatleast90~r 
of the low flow days (< 10 cfs). 

Figure 8 shows the comparisons of simulated salinity values in November 1981 at the 22nd 
Street. Shgh Avenue. and Columbus Drive stations for 0 cfs minimum flow, 10 cfs minimum flow 
released from the reservoir, and 10 cfs minimum flow guman14 by mubug a portion of Sulphur 
Springs flow to the base of the dam. Ascan be sanfrom this figure, aminimum flow of lo& will 
makea di f fmce to d i t y  at the 22" Street station, no mannHmaheritis h t h t r w r v o i r o r  
from the Sulphur Springs. A 10 cfs minimum flow from the reservoir would improve salinity 
condition at the 22" Stmet station more sipificantly than routing a p~mon of spring flow.  he 
minimum flow of 10 cfs has a much greater effect on salmity at 22nd Stra than at Sligh Avmuc. 
It barely has any effect on salmty at Columbus Drive. 

. 
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Table 3 Cumulative fkquency funnions of daily average water volume (in IOOb’ )  for various 
salinity ranges in the Lower Hillsborough River with 0 cfs minimum flow (MF), 10 cfs MF ~ I I I  the 
reservoir, and 10 cfs MF guaranteed by Sulphur Springs flow (sample size274 days). 
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7. Conclusions 

The two-dmcnsional hydrodynamic model for the Lowa HiIlsborot@ Riva was verified 
using measured dam of water surface elevation and s a l ~ ~ ~ t y  dumq a 12-month penod during 198 I 
and 1982anda30-daypericddu1ingJune 1997. Thewrificdmodciwasuwdtoconduct45 d o  
runs. The following conclusions can be dram from these sccnario runs: 

If the release of ik sh  warer from the dam is small (5 cfi or Icss), the volume of fresh 
water (salinity less than 0.5 ppt) in the riva will be too small for the model gnd 
synem to rsolve. 

By inmasing the lksl~warer release to 10 cfs, a small ficshwater zone (540 m') can 
be maintaiOed near the base of the dam. The size of the hshwatcr zone is affected 
by the Sulphur Springs flow entering to the river at about 2.2 mila downsatam of 
the dam. For example. ifthc spring flow is 40 cfs or grtater, the sirc of the freshwater 
zone is at least 150 mefm in the longitudinal direction. 

With a releare of watcr from the reservoir of 40 cfs or greater, a salinity mne with less 
than 1 ppt from the surfixe to the bottom CBI) be mainlaincd in the fim 1000 mcfcrs 
downstrcm of the dam. 

RoutjIlg a portion of the flow from Sulphur Springs to tht base of tk dam could have 
apronounced &axon salinjrdistribrrtioasintheriverbyreducingsalininityklowtlle 
dam. For orample, moutinp 10 cfs of spring water to the base of the dam would create 
a zone of water below the dam with salinity values lasthan 4 ppt salinrry. The size 
of this zone would be 82700 m', with the lowest salinity values ranging bctwzr~ 2 
and 3 ppt. Inmasing the routed spring-flow to 15 cfs would result in some wam less 
than 2 ppt occuning below the dam on all tides. 

Because the flow from Sulphur Springs has sn average salinity of 1.2 ppt, muting a 
portion of spring water to the base of the dam would not creatc a fxcshwatcr zont (< 
0.5 ppt) below the dam, unless flow released from the reservoir is a! least 75% higher 
than the routed spring flow. 

Salinity in the river does not follow the change of the upstrram frrshwata release 
immediately. There is a salinrty rrsponse time lag which can be a week or longer. Quanatative 
analyses of the salinity response time wm given and confinned by numerical d e s  Using the two- 
dimmsional model LAMFE. Four upstrtam release schuiulcs with five d B m t  rclcasc rata were 
simulated to see how salinity in the river respows to various release schtdules for each release rate. 
Conclusions of these model studies include: 

(1) Forthe release iatc ranging from10 cfs to100 cfs, the salinitytime lag is significant 
only in the upmeam portion of the river. For the d0vmshz-m @on of the rim, 
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d h o w  a salinity time lag still exists. it is not vcry sipruficant because the effect of 
an u p m m  freshwater release on salinity becomes weaker and weaker toward the 
downstregm with a m e  less than 100 cfs. 

The response time of salinity at the 22nd Street station depends on whether the 
upstream freshwater release incrtass or decrrases. lfthe releasc is increased from 
0 cfs to Q cfs, the response time &menses as Q increases. For example. if Q= 10 cfs. 
it takes salinity at the 2 n d  S m  about two days to rcach the ambient condition. If Q 
= 40 cfs. it rakes salinity at the Und SW less than 24 hours 10 reach the ambient 
condition. Onthe other hand. if the ikshwatcr release rate k dmxeased from Q cfs 
to 0 cfs. the mponse time will be much longer. Usually, it taka salinity at the 22nd 
S m t  station about one week to reach its ambient condition. 

Because of the difference in rrsponsc times for incrraSing and decrrasin g flow rates. 
it is possible to allow 0 cfs freshwater rclcasc to occur for two or thm days bcrween 
two long-term release event without letting salinity at the 22nd Street station have a 
significant increase. 

Releasing lizshwam from the dam every other day with a doubled flow rate (2Q cfs) 
docs not make a lot of d i f fmces  from releasing &&water every day with the rate 
Q cfs to salinity at the 22nd SW d o n .  This is because salinityrrsponses to the 
change of the upstream rclcasc slowly and the relatively quicker change in releasing 
kesh water at the upstream boundary is filtered out by the river system. Because 
nothing can be gained fium this kind of release schedule, it is not recommended to 
rclcase M w a t e r  from the dam evay other day with a doubled flow rate (2Q cfs). 

(2) 

(3) 

(4) 

A minimum flow of 10 cfs released from the reservoir can si&cantly improved salinity 
condition in the upsaeam portion of the river. A salinity zone with less than 4 ppt would always 
exist in the river and have a minimum volume of 35,420 m3. The fkshwatcr zone (< 0.5 ppt) would 
occurintheriverwithaminimumvotumeof~130m’foratl~80percerrt ofthesimulationperiod 
(274 days). 

With the option that routing a portion of the Sulphur Springs flow to the base of the darn to 
make up a mhhum flow of 10 cfS, however, the freshwater and less than 1 ppt volumes in the river 
would bc substantially less than that resulting from the rdcase of 10 cfs of rrsnvoir water. The 
salinity range of less than 4 ppt would not be guaranteed 1 OOO? of the time. Bccausc the Sulphur 
Springs flow has an avaage salinityof 1.2 ppt. the frequencies offreshwater and the less than 1 ppt 
salinity zones show slight dccrcascs compared to the zero cfs minimum flow case. 
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