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This i s the f inal report of  the impoundment opt imization demonstration project. Discussion on  
the engineering and design, construction, data collection and BMP performance are presented in 
the document. Data collected can be found in the attachments.  
 
Project Location: The demonstration project was conducted at C & B Farms located in Hendry 
County on the southeast corner of the C-139 Basin next to the District stormwater treatment area 
(STA) 5. T he total farm acreage is approximately 1,687 a cres out of which 1,225 a cre are used 
for ve getable p roduction. D rainage f rom t he v egetable f ields i s r outed t o t hree impoundments 
(reservoirs) as shown in Figure 1.  
 

 
Figure 1. Project Location 

 
Engineering and Design: This project evaluated the phosphorus (P) removal effectiveness of the 
southernmost reservoir (reservoir 3) after modifications were made. The modifications consisted 
of a series of internal smaller cells separated by low dikes or berms and connected with weired 



culverts with risers s et a t e levations t o i nsure shallow f looding and treatment w ithin each  c ell 
(see Figures 2 and 3). As depicted in Figure 2, cell 6A discharges to cells 6B, 6C, 6D and 6E; 
cell 6C  di scharges t o c ell 6D ; a nd c ells 6 B, 6 D, a nd 6 E di scharge t o 6F . In a ddition, the 
discharge structure was moved 0.45 miles north, away from the nearest inflow pump structure to 
maximize s torage an d p revent an y s hort-circuiting. O nce t he w ater l eaves r eservoir 3 , i t can  
either b e r ecovered b y a tail w ater recovery system or can f low t o t he S &M C anal. Richard 
Thompson with RHT Engineering, Inc. completed the engineering and permitting phase while D. 
R. Rogers surveyed dike and culvert weir elevations. 
 

 
Figure 2. Mapping of Internal Cells 



 
Figure 3. Reservoir 3 Configuration 

 
Construction: The berms were constructed by a track hoe provided by Interlaken, Inc. The soils 
were dug on both sides of the berms as a series of shallow pits to avoid creating a borrow canal 
that w ould a llowed f or channeling around t he c ells. An i nflow and a n outflow w eired c ulvert 
were installed in each of the seven cells for a total of 14 weired (see Attachment 1 for pictures of 
the c onstruction a nd i nstallation of  e quipment). Also, t o ke ep t he i ntegrity of  t he or iginal 
perimeter d ike w hen w ater l evels are ab ove t he b erms’ h eights, the i nternal dikes w ere t hen 
compressed and graded.   
 
Data C ollection: Water qua lity and qua ntity da ta w ere m onitored dur ing t he pe riod of  A ugust 
2009 through August 2010. Flow proportional automatic samplers and depth sensors (to measure 
the height of the water flowing over the weir) were installed in the header canal (initial Cell 6A) 
and a t t he di scharge s tructure ( final C ell 6F ) t o m easure t otal phos phorus ( TP) c oncentrations 
and flow. See Attachment 3 for pictures of the equipment installed. 
 
During periods of discharge, water quality samples were collected by the autosampler, preserved 
and composited for a maximum of 7 days. The composite samples were analyzed for TP no later 
than 28 days from the date the first individual sample was collected. Additionally, grab samples 
were co llected during 7  d ischarge events and analyzed for TP, di ssolved P  (TDP) and soluble 
reactive P (SRP). Particulate P was calculated as the difference between TP and TDP. 
 



Results a nd D iscussion: Review of  d ata f rom December 2009 t o A pril 2010 (dry s eason) 
indicates that th e modified reservoir reduced monthly P l oadings f rom 5 7% t o 94% , and t he 
results from June to August 2010 ( wet season) also showed remarkable reduction of  P  loading 
from 66% to 92%. Attachment 2 contains daily values of canal s tage, daily f low, daily load as 
well as the grab samples results for a 12 month period. The full 12 months of data could not be 
used because of unexpected conditions as described next:   
 

• From A ugust t hrough November 2009 t he m easured out flows w ere greater t han t he 
inflows be cause o f unmeasured i nflows f rom ups tream reservoirs 1 and 2. W eather 
conditions blew the weired culvert and it could not be repaired because high water table 
levels prevented equipment access. When the water levels on the north portion of Cell 6F 
lowered, t he w eired cu lvert w as r e-installed ensuring th at a ll in flows w ere th rough th e 
measured header canal and did not bypass any treatment cells.  

 
• In May heavy rainfall caused a breach on the east side of cell 6B (between cell 6B and 

6F), s hort-circuiting th e in flows to t he d ischarge s tructure. T he b reach was cau sed b y 
excessive ve getation pl ugging t he out let c ulvert of  t he c ell. T he b reach w as fixed 
promptly but May data were compromised.  

 
Over all, including the month of May, when the berm failed, an average of 78% reduction of P 
loading was obtained. TP concentrations were also substantially reduced between inflows (550 
ppb) a nd out flow ( 236 ppb) on a verage a s i ndicated b y autosampler m easurements. The g rab 
samples also substantiate the auto sample collections. 
 
BMP P erformance Evaluation M ethod: The e valuation m ethod c onsisted of  c omparing t he 
performance of  t he m odified r eservoir 3 ( post B MP) t o a n un modified r eservoir 1 (pre-BMP) 
within the same farm. Both reservoirs were monitored concurrently, thus were subject to similar 
rainfall, cropping conditions, and farming operation methods. Note, however, that the reservoirs 
were subject to different unit flow and P surface loading conditions. Please refer to Table 1. 
 

Table 1. Reservoir Characteristics during the Studies Overlapping Period 
Reservoir Data Pre-condition 

(Reservoir 1)1 
Post-condition 
(Reservoir 3)1 

Acreage 36.7 192.81 

TP In (ppb, average) 545 550 

TP Out (ppb, average) 411 236 

Inflows (in) 339 537 

Outflows (in) 406 307 

P Load In (kg) 887 6298 

P Load Out (kg) 775 1125 
1 Evaluation Period: December 2009 through July 2010 



The use of the data collected at reservoir 3 prior to the modifications was initially considered to 
develop the pre-BMP conditions. However, there were various factors that discouraged their use 
including 1) different rainfall distribution during the monitoring period with, 2) no reservoir 
inflow data being available, 3) reservoir outflow data collected on a time-proportional basis, 
while the post-BMP data were flow-proportional, and 4) some leakage was observed at the 
original reservoir discharge structure.  
 
Project Costs: 
 

Table 2. Project Costs 
Item Unit Price No. Units Total1 

Engineering Services 

Administrative $8.00 9 $72.00 

Engineer $130.00 127.5 $16,562.00 

Construction  

Built berm - - $6,815.00 

Culverts $1,476.686 10 $14,766.86 

Set up culverts - - $1,200.00 

Survey land elevation and set weir height - - $4,000.00 

Relocation of discharge structure - - $15,000.00 
Total funding provided by District $56,595.00 

 
Additional construction and engineering costs by C&B Farms 
 $11,820.86 

Total Design & Construction  $68,415.86 



Table 3. Demonstration Costs 

Item Unit Price No. Units Total1 

Monitoring 

Datalogger w/ radio $716.90 2 $1,433.80 

Sealed white fiberglass enclosure $278.20 2 $556.40 

Polyphaser surge protector w/18-inch jumper $139.10 2 $278.20 

Antenna cable $89.88 2 $179.76 

Antenna $208.65 2 $417.30 

Sampler control cable $186.18 2 $372.36 

ISCO Sampler $2,461.00 2 $4,922.00 

20-Watt solar panel $481.50 2 $963.00 

Pressure transducer $782.44 2 $1,564.88 

Other (shipping) - 1 $217.30 

Lab analyses -  $7,000.00 

Reports 

Final Report $5,000.00 

Monitoring equipment & reporting funding provided by District $19,084.14 

Additional equipment, maintenance & reporting funding provided by C&B 
Farms 

$10,000.00 

Total monitoring equipment & reporting $99,320.85  

1Taxes (7%) included 
 
Conclusion: 
 
This s tudy a nd de monstration pr oject suggests that by c onstructing internal b erms w ithin a n 
existing reservoir and correctly flowing water through these constructed cells, farm TP loads can 
be further reduced in comparison to the water quality treatment provided by typical reservoirs. 
Based on eight (8) months of data collected, assuming a project life of 10 years and maintenance 
costs of  $5,000 pe r year, t he c ost of  t he a dditional P  r emoved be cause of  t he pr oject i s 
approximately $13.30.  Additional w ater qua lity and f low m onitoring w ould be  r equired t o 



quantify BMP effectiveness i n t he l ong t erm. This is  a  good a nd s imple a lternative f or la nd 
owners to reduce TP loads leaving their properties.  
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MONITORING EQUIPMENT 

Header Canal 

Discharge Structure 



 

 

 

 

ATTACHMENT 2 

DAILY DATA 







































 

 

 

 

 

 

 

 

 

ATTACHMENT 3 

C&B FARMS TOPOGRAPHY 
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