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is driven by indoor usage, it tends to not have high peaks and valleys in month-to-month variability, 

as shown in Figure B-1.  

Reuse Demand Variability 

Demand data for the reclaimed water reuse system in the ESA does not extend as far back as 1995. In 

the absence of long term historical reclaimed water PAR demands from EWRF, theoretical irrigation 

demand data was developed using available meteorological data. The method is based on estimating 

net irrigation as the difference between crop evapotranspiration (ETc) and effective rainfall (Pe) as 

described by Kisekka et al (2016), as shown below: 

𝑁𝑒𝑡 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 (𝐼)  =  𝐸𝑇𝑐 − 𝑃𝑒 

The crop evapotranspiration, which quantifies the water lost from the root zone to atmosphere 

through soil evaporation and crop evapotranspiration, can be estimated as follows: 

 𝐸𝑇𝑐 =  𝐸𝑇𝑜 × 𝐾𝑐 

Where: ETo is reference evapotranspiration  

Kc is the crop coefficient. 

The effective rainfall can be estimated based on an empirical method developed by United States 

Department of Agriculture-Natural Resources and Conservation Service (USDA-NRCS) called TR-21 

(USDA, 1970) as described below: 

𝑃𝑒(𝑖𝑛𝑐ℎ𝑒𝑠) = 𝑆𝐹×[0.70917 𝑃𝑡
0.82416 − 0.1156]×[ 100.02426 𝐸𝑇𝑐] 

Where:  Pt is monthly precipitation (inches) 

ETc is the crop evapotranspiration (inches)  

SF is the soil water storage factor 

The soil water storage factor (SF) is estimated based on usable soil water storage depth (D) using a 

third-order polynomial equation, as defined below: 

𝑆𝐹 = 0.531747 + 0.295164 𝐷 − 0.057697 𝐷2 + 0.003804 𝐷3 

Where:  D is the usable soil water storage (inches) 

The SFWMD uses the above method to determine allocations for its water use permits (WUPs). While 

the SFWMD approach uses a modified Blaney-Criddle method to determine evapotranspiration (ET) 

from long-term average daily meteorological data, daily estimations of ETo were available for all of 

Orange County on a 2-kilometer grid basis for 1995-2017 from the U.S. Geological Survey (USGS). 

Using the ETo data for east Orange County (Lake Nona region), monthly ETc was estimated using Kc 

data for sod (SJRWMD, 2008), as shown in Table B-1.  
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Table B-1. Monthly Crop Coefficient 

Month  Kc  

1 0.92 

2 0.92 

3 0.92 

4 0.98 

5 0.98 

6 0.92 

7 0.88 

8 0.88 

9 0.88 

10 0.88 

11 0.88 

12 0.88 

A usable soil water storage depth (D) of 0.2 was used for east Orange County (SFWMD, 2015) for 

estimating SF. Using the above formulae, estimates of net irrigation were developed for each month 

during the 1995-2017 period. Gross irrigation was estimated using an irrigation efficiency of 80% for 

micro-sprinkler systems (Kisekka et al., 2016), a commonly used method for irrigation in Florida. 

The theoretical irrigation estimates developed from the above method were highly variable, as they 

were based entirely on weather (rainfall and ET) and not consistent with the observed data for the 

area. During high rainfall months, the above method predicted no net irrigation requirement on 

several occasions, which is not realistic. In actual practice, most irrigation systems are on timer and 

therefore carry on with irrigation cycles even during wet periods. Therefore, the theoretical estimates 

were adjusted during a calibration process to match actual PAR irrigation data from OCU’s ESA and 

SSA. For the calibration, monthly irrigation was limited to a minimum of 0.2 inches/month, and a 

power function calibration factor was used as described below. 

𝑌 = 𝑎𝑋𝑏 

Where; Y is the calibrated irrigation (inches/month) 

X is the estimated irrigation (inches/month) 

a and b are calibrated factors 

The best calibration between the estimated and observed irrigation values from ESA and SSA was 

achieved using values of a = 1 and b = 0.55 in the power function. As shown in Figure B-2 the simulated 

reuse irrigation demand peaking factors for the period from 1995 through 2017 ranged from 0.35 to 

1.92, which is similar to actual historical monthly peaking factors observed for the OCU ESA and SSA.  

Figure B-3 shows that the frequency distribution of calibrated monthly peaking factor matches well 

with the actual historical monthly peaking factors observed for the ESA and SSA. The calibrated 

estimates of irrigation peaking factors matched reasonably well with the actual peaking factors for 

both the SSA and the ESA and therefore were deemed adequate for use in the water budget modeling 

exercise.  
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Figure B-2. Simulated and Actual Monthly PAR Irrigation Demand Peaking Factors  

 
Figure B-3. Frequency Distribution of Simulated and Actual Reuse Irrigation Demand Monthly Peaking Factors 
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Stanton Energy Center Demand Variability 

Figure B-4 shows the historical reclaimed water flows sent to the Orlando Utilities Commission’s 

Stanton Energy Center (SEC) for the 23-year period and the historical monthly peaking factors 

developed for the SEC monthly demand. As shown in Figure B-4, the monthly demand variability at 

the SEC can be quite variable, reaching a high of 1.89 times annual average, but also dropping to 0.33 

during periods of low demand.   

 

Figure B-4. Historical Reclaimed Water Flow to SEC and Normalized Monthly Peaking Factors 

Wetland Hydration Demand Development  

Reclaimed water augmentation to meet the minimum hydration demand for the wetlands was 

estimated by assuming a fixed demand of 1.0 million gallons per day (MGD) annual average daily flow 

(AADF) for each month, which needed to be met by the combination of rainfall and reclaimed water. 

Recharge from rainfall directly over the 300-acre wetland was estimated. Reclaimed water 

augmentation in the model was provided for months when the rainfall volume over the 300-acre 

wetland was less than 1 MGD AADF. For the 23-year period, the hydration demand of the wetlands 

met by reclaimed water augmentation was estimated to be about 0.3 MGD AADF, varying between 

0.14 and 0.46 MGD AADF, consistent with estimates from previous studies.  
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Wet Weather Facilities 

Wet weather flow from EWRF currently can be sent to the on-site rapid infiltration basins (RIBs), the 

on-site wetlands, or to the Orlando Easterly Wetland (OEW) system via the City or Orlando’s Eastern 

Regional Reclaimed Water Distribution System (ERRWDS). While flows to the on-site RIBs and 

wetlands are constrained by the limits in EWRF’s Operational Permit, actual limits to flows to these 

systems comes from practical operation of these systems. Flow to the OEW system is constrained by 

the available capacity in the City’s pipeline at the time of a wet weather event. 

RIBs 

To model the response of a RIB site in a water budget model, it is important to know the time-variant 

infiltration capacity of that RIB site. However, a RIB loading study has not been conducted at EWRF to 

determine site specific estimates of reliable annual average and peak short-term (e.g., monthly) 

infiltration capacities. Historical data suggests that the EWRF RIBs may have less functional capacity 

than their permitted capacity of 2.5 MGD AADF. For the purposes of the water budget analysis herein, 

a functional limit of 1.2 MGD AADF was assumed for the RIBs. A peak month flow constraint for the 

RIBs was estimated largely based on the above ground storage capacity of the RIBs with some 

infiltration. For a water depth of 4 feet, the total above ground storage in the 90-acres of RIBs was 

estimated to be nearly 117 MG, or 3.8 MGD average daily flow (ADF) for the month. Assuming about 

1 MGD of infiltration, a maximum month flow constraint of 4.8 MGD ADF for the RIBs was found to 

be reasonable for use in the water budget analysis, and consistent with historical monthly flow 

records. 

Wetlands  

Although, the EWRF wetlands are permitted for 12.2 MGD AADF, it is uncertain whether the wetlands 

can sustain such flows for an extended period with the current wetland structure and performance. 

Therefore, a variable range of wetland flows was used for the water budget analysis. For a peak 

monthly flow limitation, a fixed value of 14.2 MGD ADF was used, as this is the observed historical 

peak flow sent in a single month. Wetland vegetation usually can withstand high flow variability, but 

for short periods of time. Highly variable flow through wetlands for longer periods can be detrimental 

to its vegetation. Therefore, a fixed maximum month value was used for the water budget analysis. It 

should be noted that the analysis of possible adverse impacts due to the assumed peak month flow 

of 14.2 MGD for the wetlands was not included in the scope for this project. 

ERRWDS 

While the agreement with the City allows EWRF to use a peaking factor of 3.0 for flows sent into the 

ERRWDS, the actual flows to the OEW system via ERRWDS are subject to available capacity in the City 

system. A small monthly peaking factor of 1.5 was assumed for potential EWRF wet weather flows 

into the ERRWDS. Therefore, for water budget modeling, ERRWDS flows were constrained at 4.0 MGD 

AADF annual average and 6.0 MGD ADF peak month flow. The ERRWDS constraints used in the model 

provide a conservative approach to determining the future wet weather needs for EWRF. 
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Model Setup 

For the 23-year simulation period, the normalized series of reclaimed water supply peaking factors, 

shown in Figure B-1, was converted into a predicted (future) series of anticipated actual monthly flows 

(over a 23-year period of climatic variability) by multiplying the monthly peaking factors by the 

projected future AADF supply for the Phase VI planning horizon (i.e., 31 MGD AADF). Similarly, the 

normalized series of reuse demand peaking factors for both PAR demand and SEC demand, shown in 

Figure B-2 and Figure B-4, were converted into predicted (future) monthly demands by multiplication 

of the projected future annual average reuse demands for Phase VI. Reclaimed water augmentation 

for wetland hydration was estimated each month as rainfall deficit from the estimated 1.0 MGD AADF 

minimum wetland hydration need. Finally, a future storage capacity of 24 million gallons (MG) in 

ground storage tanks (GSTs) (12 MG at EWRF, 10 MG at ESA Storage and Repump Facility (SRF) and 2 

MG at Lake Pickett SRF) was used in the water budget model for the assumed EWRF Phase VI flow 

conditions.  

For any given month, if the reclaimed water supply exceeded the demand, excess water was sent to 

storage (up to the available storage volume), and conversely, for months when demand exceeded the 

supply, any available water in storage was used to help meet the demands. To simulate wet weather 

discharge (during months when excess reclaimed water was left over after meeting the demands and 

storage capacity), any remaining excess reclaimed water was directed to wet weather facilities in the 

following sequence: (1) Wetlands, (2) RIBs, and (3) ERRWDS, subject to the individual constraints for 

each facility.  

Using the 23-year water budget model, the predicted needs for future supplemental supply and 

additional wet weather discharge facility capacity were determined as follows: 

 For any month when the reclaimed water demand exceeded the supply from the plant and 

the GSTs, the unmet demand was the supplemental supply need predicted for that month.  

 In contrast, if reclaimed water supply remained after meeting all demands, filling available 

storage and sending the maximum feasible to the wetlands, RIBs and the OEW system, the 

computed leftover supply represented the predicted need for additional wet weather 

management facility capacity for that month. 
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Appendix B 

REPORT OF GEOTECHNICAL ENGINEERING 

INVESTIGATION, EASTERN WATER 

RECLAMATION FACILITY (GEC, 2003) 

 




















