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Introduction:  water storage needs and strategies over time 

Drainage in south Florida has produced increased flows to receiving water bodies during wet periods, 
creating harmfully deep water in lakes and rivers and surges causing salinity problems in coastal 
estuaries.  This unnaturally rapid loss of water from the landscape subsequently makes droughts more 
severe. Human and natural systems then compete for less water in a dewatered landscape.  Difficult to 
predict surges in water flow known as “flashiness” in the water management system regularly 
contributes to loss of fisheries and birdlife in Lake Okeechobee and the Everglades (Havens et al. 2005, 
Fletcher et al. 2013).  The impact of altered freshwater deliveries to Florida’s coastal systems has been 
implicated as the largest human-related ecosystem stressor. 

Building large amounts of new water storage capacity in south Florida was an overarching theme of the 
Comprehensive Everglades Restoration Project (CERP) in 1999.  More recently, the Water Institute at the 
University of Florida studied south Florida water management needs (Graham et al. 2015) and 
concluded that about 1.6 million acre-feet of storage will be needed to meet demands north, south, east 
and west of Lake Okeechobee to attain an acceptable level of performance for water management. 

The Original Plan 

In the ranchlands north of Lake Okeechobee, the “Lake Okeechobee Watershed Project” (LOW) of CERP 
devised a decade ago focused on large structural projects that included a 12+ foot deep 200,000 acre-
foot capacity reservoir (perhaps 20,000 acres in size), several smaller reservoirs and Stormwater 
Treatment Areas.  The cost of these public works projects was originally estimated to be many billions of 
dollars. Current construction costs most certainly have risen since these proposals were conceived. For 
political, economic, social, and environmental reasons, the original concept LOW project appears stalled 
interminably.  

The original CERP plan also relied on Aquifer Storage and Recovery wells (ASR) to attain a large amount 
of storage. Aquifer Storage and Recovery wells (ASR) inject water underground during wet periods and 
pump it back up for use during dry periods. ASR has undergone numerous tests. While feasible in some 
settings, this technological approach does not appear to accomplish the amount of storage originally 
envisioned in CERP (National Research Council 2015). This leaves a large void in water storage capacity.  

Storage will be accomplished in reservoirs already in the planning and construction stages on the St. 
Lucie and Caloosahatchee Rivers. The C-44 Reservoir/STA will store about 50,000 Acre Feet of water 
when complete.  This reservoir requires an investment of $544.4 million to construct, and additional 
operational expenses after the project is complete. Completion remains many years in the future. While 
this is an essential and much needed project, its costs demonstrate the challenge inherent in advocating 
a singular public works approach to the storage of water.  



Dispersed Water Management (DWM) 

Dispersed Water Management (DWM) has been utilized as an alternative, and/or complimentary, 
means of attaining water management goals outside of large structural public works projects.  DWM is 
the practice of retaining or holding back water on private and public lands throughout the watershed.  
DWM projects aim to reduce drainage and increase retention of water in canals, ditches, wetlands, and 
soils within an existing land use.  Some DWM sites have employed shallow reservoirs (less than 4 feet 
deep) and some include retaining water that is pumped onto the project site from public canals or 
rivers.  DWM typically includes modifying existing structures formerly used to drain a project site, or 
new structures to retain more water on an existing land use including natural areas, agricultural lands, 
and former agriculture lands.  

The relative ease of starting DWM projects and the interest of private landowners and agencies has led 
to a dramatic increase in DWM projects in recent years (Table 1).  Yet, the economics and exact benefits 
of DWM remain poorly known.  This paper compares the benefits expected from DWM to other water 
management strategies, reviews cost estimates from several sources, and makes recommendations for 
developing and incorporating DWM in the future.   

 

Water Flows into the Newly Operational Nicodemus Slough DWM Project by Lykes Ranch 

 



DWM has many attractive features including: 

• DWM on private lands keeps land on the tax rolls, still producing food and fiber 
• Provides an additional revenue stream for landowners and an incentive to not develop their 

property more intensely 
• Makes private landowners part of the solution rather than “part of the problem” 
• Can be quickly implemented 
• Avoids high construction costs for the levees required for deeper storage which may now be 

imposed by “post Katrina” Army Corps of Engineers Dam & Levee Safety Criteria.  
• Can be placed virtually anywhere with space and appropriate topography (the speed and 

location advantages make DWM a very agile water management activity) 
• Often creates wildlife habitat 
• Retains and detains water 
• Reduces nutrient movement 
• Recharges groundwater 

 

Multiple Benefits of Water Detention and Habitat Restoration at Nicodemus Slough Project 

Along with the benefits are limitations compared with other water management strategies.  Since DWM 
storage is shallow, it cannot store as much water per acre of footprint as deep reservoirs or ASR wells, 
requiring more acres of DWM for similar downstream impacts.  The acreage becomes a logistical 



concern when considering scaling DWM up to watershed-wide use, administration could become 
unwieldy.  The low start-up costs of DWM compared with reservoirs or ASR may be offset at least in part 
by higher recurring annual expenses for services. 

Typically, DWM also is not long term “storage”.  Rather, it retains or detains water for a period of time, 
and the water still leaves the project through base flows (subsurface seepage).  Thus, DWM changes the 
timing of water deliveries to the receiving body rather than preventing the movement of water.  
Reservoirs and ASR conceivably can hold water back indefinitely, or at least for a season.  Thus, DWM 
cannot store water for later use like reservoirs and ASR can.  An exception may be very large scale DWM 
facilities such as the Lykes Nicodemus Slough project, which includes 16,000 acres of land and has a 
capacity in excess of 30,000 acre feet.  

DWM has been credited for producing promising water quality benefits. The results across many 
projects have been mixed (Bohlen 2009, Bohlen et al. 2009). Other projects have clearly excelled.  In 
2014, one DWM project, the Lykes West Water Hole project, retained eighty-eight percent of the total 
phosphorus inflow, or 10.3 metric tons. About 79 metric tons of nitrogen was pumped into the 
Lykes West Waterhole at the Inflow pump, of which 56% (48.8 metric tons) was retained. A detailed 
study of the phosphorus and nitrogen removal at Lykes West Waterhole over multiple years is available 
here: http://bit.ly/1FVECNT. Nitrogen removal has been more reliable but more analysis is needed to 
reach a conclusion about the overall phosphorus removal across many projects.  One effect of DWM is 
that projects have about 20% less annual outflow than non-projects1, which reduces nutrient outflows 
concomitantly.  Finally, if DWM can slow the movement of water, that could allow time to apply other 
water quality measures not now possible in the flashy watersheds. 

Structural features (such as reservoirs or storm water treatment areas built by the water management 
district itself) are considered to be long term projects. DWM is commonly viewed as short term or 
temporary. The “short term” perceptions associated with DWM are not necessarily true.  If DWM is 
supported with continued annual funding, DWM can be conducted under long term, renewable 
contracts making DWM projects just as “permanent” as government owned public works projects 
typically designed for a 50 year life expectancy.    

Cost comparisons of DWM and other features 

Many cost comparisons have used static storage capacity to calculate dollars per acre-foot, but the one-
time storage capacity but the maximum static storage capacity does not necessarily account for the total 
water management benefit that can derive from a given facility.  For example, one project known as the 
“Caulkins Water Farm” had an estimated annual capacity of 6,780 acre-feet on its 450 acres. However, 
operational records show that 11,840 acre-feet were pumped into it during the first operational year, 
the extra volume being absorbed by a combination of evaporation and percolation. It is likely many 
projects will exceed static capacity with water cycled through them in different “pulses” during a given 

                                                           
1S. Shukla, University of Florida, personal communication. 

http://bit.ly/1FVECNT


year. This is a benefit, yet it complicates accurately predicting the annual capacity of any given project 
thus making comparisons problematic. 

Table 2 contains cost estimates of different projects prepared by various authors.  The lowest cost per 
acre-foot of storage is $8 (Beirnes and Bhagus 2014) for DWM on public lands.  This number very low 
because the original cost of the land, which usually is used when estimating cost effectiveness of other 
public projects such as reservoirs, was not included.  

Nonetheless, the examples in Table 2 indicate DWM is comparable or competitive with reservoirs in 
relative costs per acre-foot of water capacity.  No comparison with ASR wells is made because those 
costs remain uncertain (NRC 2015).  Similarly, water quality changes related to DWM have proven 
complex enough that data do not yet exist for definitive cost estimates of that function.     

 

Audubon Team Visits With Landowners at Rafter T. Ranch DWM Project 

Conclusions 

Using DWM on private lands as part of Okeechobee and Everglades restoration has many benefits that 
are difficult to assign exact monetary value.  The 10 bulleted items in the introduction of this document, 
and the apparent cost-effectiveness compared with reservoir storage appear sufficient to justify 
expanded use of DWM.  Because any storage plan that will achieve system-wide results will need to be 
very large and expensive, a better understanding of DWM function at large scales is needed. 



To date, there has been no modeling effort to assess how much DWM would be needed to make a 
major impact on Lake Okeechobee’s hydrology or how much that would cost.  The SFWMD’s Inspector 
General review (Beirnes and Bhagus 2014  of DWM (http://bit.ly/1FVENJ6) noted that, “According to 
DWM Program staff, there are no plans to scientifically determine the impact of current operational 
DWM projects on flow reduction in the three watersheds to the estuaries.”   The Inspector General’s 
review stated that the SFWMD should do a complete assessment of storage needs and options 
upstream of Lake Okeechobee, including the mix of all storage options, a recommendation Audubon 
strongly supports.  A recommendation for this type of storage study in Okeechobee’s watershed also 
was made in the UF Water Institute study (Graham et al. 2015). 

Recommendations 

The South Florida Water Management District (SFWMD) should conduct a thorough study of water 
storage needs and options upstream of Lake Okeechobee.  The study must include a watershed-scale 
model of DWM impacts and costs. 

SFWMD should continue implementing DWM programs with a monitoring component to learn as much 
about DWM function as possible.   

SFWMD should develop better cost and return estimates for DWM projects that include:  downstream 
restoration benefits, on-site restoration benefits, nutrient reductions, the value of keeping land on the 
tax rolls and slowing development, the role of DWM in the landscape matrix (corridor-type effects), and 
the carbon dynamics of DWM projects.   
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Name Timeline Type Acres Volumes 
Conservation 
Easements  

Pre-2000 Some wetland 
restoration  

Unknown, 
isolated 

Unknown 

Wetland restoration 
on government 
lands 

Pre-2000 Wetland 
restoration 

Unknown, 
isolated 

unknown 

Florida Ranchlands 
Environmental 
Services Project 
(8 projects) 

 2005-2011 Storage in shallow 
impoundments, 
wetlands, and 
uplands 
(experimental) 

9,163 9,974 acre-feet 

PES Phase I (8 
projects) 

2013 Shallow storage 9,068 4,778 

PES Phase II (2 
projects) 

2014-15 Shallow storage 5,713 3,858 

Lykes Nicodemus 
Slough 

2014 Shallow storage 16,000 34,000 

Water Farming (3 
projects) 

2014-2015 Shallow reservoirs 1,373  

Alico, Inc. 2014 Shallow 
storage/reservoirs 

35,192 91,944/year 

Fisheating Creek 
Wetland Reserve 
Program 

2012-2016 Wetland 
restoration 

34,122 total 
(13,500 
wetland) 

27,000  
(Audubon 
estimate) 

 

Table 1.  Various DWM projects conducted in south Florida in recent years.  Note the increased 
investment and acreages in the past three years. 

  



Feature type $/acre foot stored $/pound of P 
removed 

source 

Reservoir 162-264  Lynch and 
Shabman 2011 

Reservoir 182-325  Hazen and Sawyer 
2011 

Reservoir 167  Beirnes and 
Bhagus 2014 

Reservoir 162-24  Meiers 2013 
Reservoir and STA  1300-1500 SWET 2008 
DWM 138-268  Meiers 2013 
DWM 8-103  Beirnes and 

Bhagus 2014 
Retention/detention 
(retention pond 
situations, ~DWM) 

 11-116 SWET 2008 

    
 

Table 2.  Cost estimates for various water management features and purposes.  The wide variety is due 
to differing characteristics of each project, ever-changing costs of project elements (e.g., fuel, land, 
construction, building standards) and author assumptions.   

 

 

 

 

 

 

 

 

 

 

 

 

 



Name date Type Acres Volumes cost $/acre foot 
       
Alico 2014 Shallow 35,192 91,944/year $4M 

construction; 
$12,000,000 
annual 

136 

Bull 
Hammock 
(PES-2) 

2014 Shallow 608 228/year $0 
construction; 
$28,500/year 

125 

Adams and 
Russakis 
Ranch (PES-
2) 

2014 Shallow 
storage 

1000 508/year $50,500 
construction; 
$57,500 
annually 

125 

Babcock 
(PES-2) 

2014 Shallow 
storage 

1499 1,214/year $189,367 
construction; 
$150,222/yr 

119 

Spring Lake 
Improvement 
District 

2013 Shallow 
reservoirs 

700    

PES first 
solicitation 
n=8 

2013 Shallow 
storage 

9,068 4,778   

PES second 
solicitation 
n=2 

2014 Shallow 
storage 

5,713 ac 
 

3,858 ac-ft   

Lykes West 
Water Hole 

2008-2014 Nutrient 
removal 

2,370 Removed:  
52% water 
88% P 
56% N 

  

Nicodemus 
Slough 

2014 Shallow 
storage 

16,000 34,000 $28 million 
total over 10 
years. 

$84.25 

Caulkins 
Water Farm  

2014 Shallow 
reservoir 

413 1,652 static; 
11,840 
annual in 
2014-15 

$554,000 
construction, 
$570,830 
annual O&M 

77 

Evans Water 
Farm 

2015 Shallow 
reservoir 

900  3,635 
annual 
estimate 

$317,780 
construction, 
annual O&M 
$537,169 

147 

Spur Land & 
Cattle Water 
Farm 

2014 Shallow 
reservoir 
and wetland 
outflows 

60  240 static, 
870 annually 

$136,000 
construction. 
$54,720 
annual O&M 

81 

 

Table 3.  Statistics of Major Dispersed Water Management Projects.  



 

From Teets, T. Discussion of water storage options.  SFWMD Governing Board presentation April 9, 2015 
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(Beirnes and Bhagudas 2014) 

 

 



 

From Oct 17, 2013 presentation to SFWMD Governing Board by D. Meiers 
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