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NextGen Septic, LLC requests the Arizona Department of Environmental Quality 

to list its treatment system, NextGen Septic, LLC Zero Liquid Discharge (ZLD). 

This treatment system is designed to treat wastewater from a single family house 

with a maximum average daily flowrate of 1,000 gallons per day.  

The NextGen Septic Zero Liquid Discharge (ZLD) system consists of the NextGen 

Septic treatment system coupled to a Zero Liquid Discharge (ZLD) system, that 

evaporates the treated disinfected water into ambient air, thereby having no liquid 

discharge.  The NextGen Septic system is a patent-pending, advanced system 

which combines anoxic decomposition of solids, followed by aerobic treatment.  

The wastewater is biologically treated using aeration and moving biomedia, 

consisting of plastic mesh spheres with open cell foam inside, which grows active 

biofilms to convert the organic load to carbon dioxide and water. It also converts 

ammonium to nitrogen gas through simultaneously nitrification and denitrification. 

Treated water is filtered through two sel-cleaning membranes – 5 micron and 0.2 

micron pore size and disinfected using ozone, generated from ambient air. The 

trtaed, disinfected water is then injected into a flow of ambient air with water 

droplets with an average size of 30 microns, thereby allowing the high surface area 

of the drops to rapidly evaporate the water into the air.  Even at 95% relative 

humidity, the water drops evaporate before they reach the ground or freeze in the 

winter time. 

The NextGen Septic ZLD system can be used when there is insufficient land to 

dispose the water or the percolation rate of the soil is very low. 
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Product Description  
The NextGen Septic ZLD process is designed to treat the wastewater from a single 

family house (maximum flowrate of 1,000 gallons per day) using a three step 

treatment system. The first step consists of a 1,730 gallon, standard, plastic septic 

tank, installed below ground, which has a single baffle. This tank serves as the 

Equalization and Filtration Tank. Wastewater with solids from the house flows by 

gravity into this tank, wherein the solids are allowed to settle down and the clear 

liquid, overflowing the baffle, flows into the second compartment, wherein there is 

self-cleaning filter (50 microns), which is equipped with a submersible pump.  This 

pump flows some of the filtered water to the rotating nozzles, located inside the 

screen, which continuously cleans the screen, while the remaining filtered water 

flows into a second, identical, 1,730 gallon septic tank, also installed below 

ground. This second Bioreactor tank represents the second treatment step, in which 

the water is aerated using a blower and porous tubes, installed at the bottom of the 

tank.  There is moving biomedia, consisting of a spherical plastic mesh (2 inches in 

diameter) in which a 2 inch cubic piece of open cell foam is enclosed inside the 

mesh. These balls of Biomesh Biomedia move around the tank, while it is being 

aerated. The plastic mesh protects the open cell foam from being clogged by the 

suspended particles, while the open cell foam inside the mesh provides a very high 

surface area for the active biofilms. A drawing of the moving Biomedia and the 

first and second septic tanks are attached in the following sheets. 



 

Page 11 of 112 
 

 

 

 

 

 

 

 

 



 

Page 12 of 112 
 

 

Moving Biomedia characteristics are given below. 

 

 

 

 

 

 

 

Biomesh Biomedia Characteristics Value 
Biomesh Biomedia dimensions 2 inch diameter, spherical with foam inside 
Number of Biomesh Biomedia/ft3 412 
Weight per ft3 2.4 lbs 
Material  Virgin polyethylene 
Specific Gravity 0.95  
Volume % in Bioreactor 20 vol% 
Effective surface area 3,000 m2/m3 (914 ft2/ft3) 
COD Treatment Rate 12.5 lbs COD/ft3.day 
NH4-N Treatment Rate 0.25 – 0.28 lbs NH3-N/ft3.day 
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Biomesh Biomedia balls consist of a spherical, plastic 
mesh enclosing a 2-inch cube of open cell foam. The 
outside surface of the open cell foam immobilizes aerobic 
biofilms, while the inside surface area of the foam, which 
has limited penetration of dissolved oxygen, supports 
anoxic biofilms. These anoxic biofilms convert the 
nitrate/nitrites to nitrogen gas.  

The contaminants (BOD, ammonium, etc.) are treated in 
this Bioreactor Tank, which has a single baffle, separating 

the tank into two compartments. Water from the Bioreactor compartment flows 
into the smaller second compartment, which has a self-cleaning filter (50 microns 
screen size) and a submersible pump.  This self-cleaning and pump is identical to 
the self-cleaning filter in the first septic tank. 

Filtered water from the self-cleaning filter in the second septic tank is pumped to a 
5 micron screen size, stainless steel membrane, which is located inside a 
Technology Box, shown below. 
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This Technology Box is usually installed on top of the second Bioreactor Tank, 
between the two risers, such that the cover of this box and the riser covers of the 
second Bioreactor Tank are above ground. This allows easy access to the 
components inside the Technology Box, for maintenance purposes. 

Water which passes through the 5-micron membrane flows into a separate 100 
gallon tank, while the unfiltered water, which does not cross the stainless steel 
membrane is recycled back to the first septic tank.  The technology box also houses 
an air blower and a stand-by blower. In addition, the Programmable Logic 
Controller (PLC) and an air compressor are also installed inside this box. 

Filtered water from the stainless-steel membrane flows into a 100 gallon tank, 
shown below, which houses a submerged Ultrafiltration Membrane, with an 
average membrane pore size of 0.03 microns.  There is a submerged pump in this 
100 gallon tank, which pumps the water back into the stainless-steel membrane to 
periodically back flush the solids off the stainless-steel membrane into the first 
septic tank. 
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Filtered water from the Ultrafiltration Membrane flows into the Zero Liquid 
Discharge (ZLD) system, which is installed above ground on a concrete platform, 
as shown below. 

 

A reversible pump pulls water from the Ultrafiltration Membrane in the 100- 
gallon tank and stores it in a 20 gallon tank. Periodically, this pump reverses to 
push water from this 20-gallon tank to back flush the Ultrafiltration membrane. 

Water from the 20-gallon tank is pumped through a venturi in which ozone, 
created from dried, ambient air, is mixed to disinfect the water.  Ozone is made 
from ambient air, from the air compressor, which is dried in a regenerable air dryer 
and then through a solid-state ozone generator, which generates 3-4 volume% 
ozone from the oxygen in the dried ambient air flow.  Ozone is a very strong 
disinfectant. 

Treated, disinfected water is then pumped by a high-pressure pump through 
multiple nozzles, which create small water droplets in an air flow, 4,200 cubic feet 
per minute, from a blower.  
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The Zero Liquid Discharge (ZLD) process relies on the small water droplet size 
(typically less than 50 microns), created by the atomizer, and the high interfacial 
area of these small water droplets with the ambient air.  The surface area of the 
water droplets for various water droplet sizes, are shown in the table below. 

 

 

 

 

 

 

 

 

 

 

For water droplets in the range of 30-40 microns diameter, the time it takes to 
reach the ground from a distance of 10 ft is about 39 seconds, and this is 
considering free fall due to gravity. In actual practice due to the air velocity 
through the stack, 18 inches in diameter, and air flowrate of 4,200 acfm, the air 
velocity is 2,373 ft/min (40 ft/sec). This allows the water droplets to travel about 
1,000 ft above the stack before they would begin to free fall to the ground.  The 
number of water droplets formed from 1 gallon of water will be 57.8 billion. The 
surface area of the water droplets is about 4,887 ft2.   

Detailed analysis and experimental data shows that these water droplets, even at 
95% humidity and 25 deg C, will evaporate before they can reach the ground. Even 
at sub-zero ambient temperatures, which will also have low ambient humidity, 
these droplets will evaporate faster than they will cool down enough to form 
ice/snow. 
  

Droplet 
Size 

(micron) 

Time to fall 10 ft 
(seconds) 

Distance moved 
in 4,583 ft/min 
air flow** (feet) 

Number of 
Water Droplets 

in 1 gallon 

Surface Area of 
1 gallon of 
water* (ft

2
) 

10 1,020 68,000 7.23 trillion 24,450  

40 64 4,200 113 billion 6,113  

100 11 720 7.23 billion 2,445  
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NextGen Septic, LLC warrants, to the purchaser and subsequent owner during the 
warranty period, every new NextGen Septic ZLD treatment system to be free from 
defects in material and workmanship under normal use and service, when properly 
used and maintained, for a period of one year from date of purchase by the end user. 
No allowance will be made for shipping charges, damages, labor or other charges 
that may occur due to product failure, repair or replacement. This warranty does not 
apply to and there shall be no warranty for any material or product that has been 
disassembled without prior approval of supplier (NextGen Septic, LLC), subjected to 
misuse, misapplication, neglect, alteration, accident or act of nature; that has not been 
installed, operated or maintained in accordance with Supplier's installation 
instructions; operated without pump out of the accumulated solids in the Equalization 
and Filtration Tank when the solids occupy more than 50% of the first compartment 
volume; influent wastewater characteristics exceed the typical values specified in this 
document; influent flowrate exceeds the average daily flowrate of 1,000 gallons per 
day; spare parts not supplied by NextGen Septic, LLC are used in the treatment 
process and general maintenance and sampling procedures are not followed by the 
operator. 
 
The warranty set out in the paragraph above is in lieu of all other warranties 
expressed or implied; and we do not authorize any representative or other person to 
assume for us any other liability in connection with our products. 
 
MANUFACTURER (NEXTGEN SEPTIC, LLC) EXPRESSLY 

DISCLAIMS LIABILITY FOR SPECIAL, CONSEQUENTIAL OR 

INCIDENTAL DAMAGES OR BREACH OF EXPRESSED OR 

IMPLIED WARRANTY; AND ANY IMPLIED WARRANTY OF 

FITNESS FOR A PARTICULAR PURPOSE AND OF 

MERCHANTABILITY SHALL BE LIMITED TO THE DURATION 

OF THE EXPRESSED WARRANTY. 

 
Some states do not allow limitations on the duration of an implied warranty, so the 
above limitation may not apply to you. Some states do not allow the exclusion or 
limitation of incidental or consequential damages, so the above limitation or exclusion 
may not apply to you. 
 
This warranty gives you specific legal rights and you may also have other rights which 
vary from state to state. 
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The raw wastewater from the house will have the following maximum 
parameter values: 

Average Daily Flowrate (ADF):        1,000 gpd 
Maximum Influent BOD:                  900 mg/L 
Maximum Influent Ammonia-N:                   60 mg/L 
Maximum Influent TSS:                  300 mg/L 
 

The treated water pumped into the Zero Liquid Discharge (ZLD) system, 

after treatment will have the following water parameters: 

BOD       Below Detection Limit 
(BDL) 
TSS       Below Detection Limit 
(BDL) 
Total Nitrogen               Below Detection Limit 
(BDL) 
E Coli                Below Detection Limit 
(BDL) 
Maximum ambient humidity:   >95% 
Minimum Ambien temperature:   -30 deg C 
 
The PVC line from the house to the NextGen Septic treatment system will 
be at least 4 inches in diameter, with no valves or pipe size reductions. 
Raw wastewater will flow from the house to the NextGen Septic treatment 
system by gravity. 
 
The NextGen Septic ZLD system will operate using 110V single phase 
electrical supply which will be generated from the DC supply from the 
solar cells using an inverter, located near the solar cell’s power generation 
system, which will minimize the wire size from the solar power system to 
the NextGen Septic treatment system. 
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A schematic of the NextGen Septic ZLD system is shown below: 
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The design and operating conditions are summarized below: 

Design and Operating Conditions Value (units) 
Equalization Tank and Filtration Tank  

Volume of Equalization Tank (Infiltrator Water Technologies, 
IM-1530) 

1,787 gallons 

Liquid volume in Equalization Tank 1,537 gallons 
Maximum Depth of water in tank 44 inches 
Number of Baffle in Tank 1 
Average Daily Influent Flowrate (Stream numbered 1 in flow 
diagram) 

1,000 GPD (0.70 GPM) 

Maximum Daily Settleable solids in Influent Flow (numbered 1 
in figure) 

2.5 lbs/day (dry) 

Influent Daily BOD 7.5 lbs BOD/day 
Influent Daily NH3-N 0.5 lbs NH3-N/day 
Number of pumps in self-cleaning filter 1 
Power consumption by each sump pump 0.5 HP; 9.5 amps max; 110V 
Maximum flowrate from sump pump 10 GPM 
Maximum exit pressure from sump pump 120 ft head 
Discharge line size 1-1/2” NPT 
Solids Handling capacity for sump pump ½” solids 
Recycle flow into Self-Cleaning Filter 4 GPM 
Maximum Flow into Bioreactor Tank 8 GPM 
Bioreactor Tank  

Max. Influent flowrate into Bioreactor Tank (numbered 3) 8 GPM 
Total volume of Bioreactor Tank 1,787 gallons 
Depth of water in tank 444 inches 
Aerator Inlet pipe size for air flow 2” 
Air flow into Bioreactor Tank (stream 4) 25 acfm 
Power consumption of Blower 0.5 HP 
Number of Air Blowers 2 (one standby) 
Volume of biomedia in bioreactor tank 0.25 m3 
Number of Bimesh Biomedia in bioreactor tank 3,640 
Diameter of Biomesh Biomedia piece 2 inches 

Specific Gravity of Biochip Biomedia 0.95 
Material of Biomesh Biomedia Polyethylene 
Surface Area of Biomesh Biomedia 3,000 m2/m3 
Max. Flow out of Self Cleaning Filter to Stainless Steel 
membrane (stream 5) 

8 GPM 

Recycle flow to Self-Cleaning Filter 4 GPM 
Recycle flow to Equalization and Filtration Tank (stream 2) 7.58 GPM 
Filtered flow to 100 gallon tank (stream 6) 2 GPM 
Power consumption by pump in self cleaning filter 0.5 HP; 9.5 amps max; 110V 
100 Gallon Tank with UF membrane  

Size of 100 gallon tank 23-1/8” diam; 65.5” height 
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Depth of water in tank 60 inches 
Flowrate of water into tank from Bioreactor Tank 2 GPM 
Recycle flowrate to backflush stainless steel membrane (stream 
7) 

1.58 GPM 

Maximum Flowrate into reversible pump in ZLD Box 070 GPM 
Ozone generation rate 4 gms/hr 
Blower in ZLD Box 38 watts  
Blower in ZLD Box air flowrate 420 acfm 
Power for water atomizer 2.5 HP 
Total Power consumption by NextGen Septic and ZLD 
Processes 

5.0 HP 

Annual Electrical Operating Cost at $0.07/kWh $2,300/year 
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ENGINEERING DESIGN CALCULATIONS 
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The following are the design calculations as required in the 15A NCAC 18A .197, Engineered 
Option Permit rule. 
 
Raw Wastewater Influent from Each House 
Average Daily Flowrate (ADF):  1,000 gpd 
Surge Factor     4.2 
Maximum Instantaneous Flowrate:  3.0 gpm (180 maximum instantaneous hourly 
flowrate) 
Maximum Influent BOD:      900 mg/L 
Maximum Influent Ammonia-N:       60 mg/L 
Maximum Influent TSS:      300 mg/L 
 
Equalization Tank Volume 
As given in the following table, equalization tank volume is typically 50% of the Average Daily 
Flow. 

 
Calculated volume of Equalization Tank = 50% of Average Daily Flow (ADF) = 0.50 x 1,000 
gpd = 500 gallons 
 
The actual tank selected has a total volume of 1,735 gallons with a liquid volume of about 1,500 
gallons. Since the raw wastewater will be typical domestic sewage, the following influent raw 
wastewater parameters have been assumed for the design calculations: 
 

Wastewater Parameter (mg/L) Raw Wastewater from House 
BOD  900 
TKN 60 
TSS 300 
Total Nitrogen 60 
Chloride 200 
Phosphorus 30 
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Effluent Standards 
The following effluent standards need to be met by the proposed wastewater treatment system to 
meet the NC TS1 levels: 
BOD     <10 mg/L 
TSS     <5 mg/L 
% Reduction of Total Nitrogen > 90% 
Bioreactor Design 

The Bioreactor is a well-mixed tank with moving biomedia.  Hence, the design of the bioreactor 
has to follow the design procedure for a Moving Bed Bioreactor or MBBR system. 
 

 
  BOD Loading Rate = 0.001 x 900 x 8.34 x 453.59 = 3,405 g/day 

 
 Required Biomedia Carrier Surface Area = 3,405 g/day/SALR 
The SALR value which is the Surface Area Loading Rate for the moving Biomedia is 
determined from the following table (Reference #1): 
 

 
 

The Treatment Target Rate = ((Influent BOD – Effluent BOD)/Influent BOD) x 100 =  

= (900-5/900) x 100 = 99.4% 
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We will select a design SALR value of 5.0 g/m2.d to achieve 99.4% removal of influent BOD. 

Required Biomedia Carrier Surface Area = 3,405/5 = 681 m2 

The surface area of the Biochip Biomedia is 3,000 m2/m3 as given earlier in this document 

 

 Required Biomesh Biomedia volume = 681 m2/5000 m2/m3 = 0.14 m3 

We will use 0.25 m3 of Biomesh Biomedia in the Bioreactor Tank with a total volume of 1,500 
gallons. 

 

The Maximum Biomesh Biomedia fill % = 25% 

Required Bioreactor Volume for the Bioreactor Tank = 0.25 m3/0.25 = 1 m3 = 264 gallons 

Actual Bioreactor volume = 1,500 gallons of water (5.7 m3) in the 1,730 gallon tank, as shown in 
the drawing. 

 

The actual % volume occupied by the Biomesh Biomedia = [0.25/(5.7-0.25)] x 100 = 4.6 % 
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Average HRTdes ave = (1,500)/(1000/(24*60)) = 2,160 minutes = 36 hours 

Average HRTpeak hr = 36 hours/4.2 = 9.0 hours where the Peak hour factor given at the beginning 
of the design calculation section was 4.2 

The Surface Area Removal Rate (SARR) is determined based on the following table and a straight 
line fit between SARR/SALR vs SALR, as shown below: 

  

Remember the SALR value we used = 5 g/m2.d to achieve 98.3% BOD treatment 

SARR/SALR = (Slope)*(SALR) + Intercept = -0.007*5 + 0.983 = 0.948 

SARR = 5*0.948 = 4.74 g/m2.d 
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Estimated BOD Removal Rate = 4.74 g/m2.d *5,000 m2 = 23,700 g/d 

 

Estimated Effluent BOD concentration = (3,405 g/d – 23,700 g/d)/(0.0006)/8.34 which is a 
negative value 

Hence, by using a total of 0.25 m3 of Biochip Biomedia, in the two bioreactor tanks, all the influent 
BOD should be treated biologically. 

Now we also have to calculate the ammonia-N treatment level, and for this calculation, we have 
to use the SARR value for ammonia-N oxidation, which is given in the following table. 

 

If we maintain a dissolved oxygen level in the Bioreactor water at 3 mg/L, the SARRmax is 0.88 
g/m2.d and the minimum NH3-N at this SARRmax value is 0.8 mg/L.  
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 The minimum temperature assumed is 60 deg F or 15 deg C, which is used in the above equation. 

Ammonia Loading Rate = 1000 gallons/day x 3.785 Liters/Gallon x 60 mg/L  = 227 g/d 

Surface Area of Biochip Biomedia needed for nitrification of ammonia = 227/0.88 = 258 m2 

Volume of Biochip Biomedia needed = 258/3000 = 0.1 m3. 

Hence, using 0.25 m3 of Biochip Biomedia in each of the two Bioreactor Tanks will result in 
ammonia-N treatment, and meet the required effluent ammonia-N concentration of 4 mg/L in the 
summer time and 10 mg/L in the winter time. 

 

Aeration Rate 

Oxygen is consumed to treat influent BOD and ammonia-N.  The total oxygen consumption can 
be calculated as follows: 

Total Oxygen Required =  1000 x 3.785 (900 mg/L + 4.57*60)/(1000*453.6) =  9.8 lbs oxygen/day 

Volume of air needed for aeration =  

=9.8 lbs of oxygen/day/0.0173 lbs oxygen/ft3 air/Oxygen absorption Efficiency of 5% = 11,330 

ft3 of air/day at the average daily flow of water, which is equal to 8 acfm.  

Volume of air needed at the maximum instantaneous flow of wastewater = 4.2 x 11,300 ft3/day = 

47,460 ft3/day = 33 acfm for the maximum instantaneous wastewater flowrate. 

 
This aerator will provide an air flow rate of 40 acfm and this air will be bubbled through porous 
tubes installed at the bottom of the bioreactor tank.   
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The Zero Liquid Discharge (ZLD) process relies on the small water droplet size (typically less 
than 50 microns), created by the atomizer, and the high interfacial area of these small water 
droplets with the ambient air.  The surface area of the water droplets for various water droplet 
sizes, are shown in the table below. 

 

For water droplets in the range of 30-40 microns diameter, the time it takes to reach the ground 
from a distance of 10 ft is about 39 seconds, and this is considering free fall due to gravity. In 
actual practice due to the air velocity through the stack, 4 inches in diameter, and air flowrate of 
400 acfm, the air velocity is 4,583 ft/min (76.4 ft/sec). This allows the water droplets to travel 
about 3,000 ft above the stack before they would begin to free fall to the ground.  The number of 
water droplets formed from 1 gallon of water will be 57.8 billion. The surface area of the water 
droplets is about 4,887 ft2.   

The evaporation rate of these water droplets is controlled mainly by the humidity of ambient air 
and water temperature.  The change of the water droplet radius with time is given by the 
following equation [Kukkonen J., Vesala T. and Kulmala M., The Interdependence of 
Evaporation and Settling for Airborne Freely Falling Droplets ,J. Aerosol Sci., Vol. 20, No. 7, 
pp. 749 763, 1989]: 

where dr/dt is the time rate of change of the droplet radius [m/s], Dcorr is the corrected diffusion 
coefficient of water vapor in air [m2/s], Pv is the ambient water vapor pressure of the atmosphere  

Droplet Size 
(micron) 

Time to fall 10 
ft (seconds) 

Distance 
moved in 4,583 
ft/min air flow** 

(feet) 

Number of 
Water Droplets 

in 1 gallon 

Surface Area of 
1 gallon of 

water* (ft
2
) 

10 1,020 68,000 7.23 trillion 24,450  

40 64 4,200 113 billion 6,113  

100 11 720 7.23 billion 2,445  



 

Page 46 of 112 
 

[atm], Pd is the vapor pressure of water at the surface of the droplet [atm] (the factor of 101,325 
converts both vapor pressures into Pascals),  is the density of liquid water [g/mL] (the factor of 
1 x 106 converts the density to g/m3), Hv is the heat of vaporization of water (J/mol], R is the 
universal gas constant [8.314151 J/(mol.K)], Tis the local atmospheric temperature [oK], Mv is 
the molecular weight of water agent vapor [g/mol] and kcorr is the corrected thermal conductivity 
of air [W/(mK)].  

To obtain Dcorr, the molecular diffusion coefficient D [m2/s] is first computed based on Hall and 
Pruppacher (1976) and Pruppacher and Klett (1978): 

where T0 is the reference air temperature [273.15 K], Po is the reference pressure [ 1 atm], T is 
the local air temperature [oK], and P is the local pressure [atm]. The diffusion coefficient is then 
corrected for non-continuum effects through ventilation and collision geometry terms: 

 

The ventilation coefficient Cvent is a function of the Reynolds number (Re = Ud/) and the 
Schmidt number (Sc = /D), where U is the droplet speed [mis], d is the droplet diameter [m], 
and   is the kinematic viscosity of air [m2/s]: 

 

The collision coefficient Ccoll is a function of a geometry coefficient and a sticking coefficient: 
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Here, r is the radius of the droplet [m], MFP is the mean free path of water in the vapor phase [ 
m], and Cstick is the sticking efficiency [0-1]. For water vapor, the sticking efficiency is set to 
one.  

The vapor pressure Pv of the ambient atmosphere is determined from the relative humidity 
profile and the saturation vapor pressure of water: 

 

The saturation vapor pressure Psat [atm] is computed using: 

where Psat0 is the reference vapor pressure of water [ 6. 03 X 10-3 atm ], Mv is the molecular 
weight of water vapor [g/mol], R is the universal gas constant [8.314151 J/(mol.K)], Tis the 
atmospheric temperature  [oK], TO is the reference temperature [273.15 K], A has a value of 
3.14839 x 103 J/g, and B has a value of 2.370 J/(g.oK).  

The vapor pressure of water at the surface of the droplet Pd [atm] is 

where  is the surface tension of the water droplet [N/m], Mliq is the molecular weight of water 
[g/mol], r is the radius of the droplet [m], and liq is  density of water [g/mL] (the factor of l x 106 
converts the density to g/m3). The water droplet surface tension is calculated using:  

where 1 = 7.593 x 10-2, 2 = 1.15 x 10-4, 3 = 6.818 x 10-5, 4 = 6.511 x 10-6, 
5= 2.933 x 10-7,  
6 = 6.283 x 10-9, and 7 = 5.285 x 10-11.  
 

The heat of vaporization Hv [J/mol] is determined from 
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while the corrected thermal conductivity of air kcorr [W/(rn.oK)] is specified using 
where Cvent and Ccoll are as defined above with the exception of the Schmidt number the mean 
free path of water vapor, and the sticking efficiency being replaced with the Prandtl number Pr= 

Cp/k , where Cp is the heat capacity of air [J/(kg.oK)]),  the mean free path of air, and k the 
thermal conductivity of air, respectively. 

 
Experimental and model calculated results for 40 micron and 30 micron size water droplets are 
shown below: 

 
Comparison of experimental results (A: dotted) with calculations (B: curve) are shown above.  
The ambient temperature was 25 deg C and 60% with an initial droplet size of 30 microns (blue 
color) and 95% Relative Humidity and 40 micron drop diameter (red color).   The water droplets 
evaporate in about 10 seconds (dotted) when the ambient temperature is 25 deg C and the 
Relative Humidity is 95%. 
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The droplet settling time depends on its free fall velocity, which is achieved when the drag force 
of the air is balanced by its weight.  The sedimentation velocity is given by the following 
equation: 

 

Note that Cd,s  is the drag coefficient at sedimentation; it depends on Reynolds Number  and 
therefore on sedimentation velocity itself. This implies that sedimentation velocity can only be 
calculated iteratively, using the expression above. Convergence rate depends on drop size, but it 
can be shown that the sedimentation velocity is accurate within 1% after 6 iterations at most, and 
within 0.1% after 8 iterations at most. Substituting Cd =24/Re  will return the above equation to 
the sedimentation velocity in the Stokes regime, as required.  

 
The figure below shows sedimentation velocity as a function of drop diameter for water drops in 
air, as calculated from the above equation. The dashed line shows the velocity as computed from 
Stokes’ law. Clearly for drop diameters larger than about 50 m Stokes’ law is not applicable, 
and may overestimate the actual velocity considerably.   

  

Using the 50 microns water droplet diameter, the sedimentation velocity, as given by the above 
equation, is 0.2 m/s or 0.65 ft/s.  For this droplet to free fall 10 ft height it will take about 15 
seconds to deposit on the ground, which is more than the evaporation time.  Hence, clearly, even 
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when the ambient humidity is 95%, the 50 micron or smaller water droplet will not deposit on 
the ground and will evaporate before it can reach the ground surface. 

 
The second question is regarding the cooling of the water droplet if the ambient temperature is 
below freezing.  The heat transfer model used is given by the following equation: 

 

 
where Nu = 2rh/kair is the Nusselt number for convective heat transfer from ambient air, h is the 
convective heat transfer coefficient, a is the radius of a droplet, m is the mass rate of evaporation 
per unit of droplet’s surface, ρw and cw are the density and specific heat capacity of water, Lev is 

the latent heat of water evaporation, Tair is the air temperature at a distance from the droplet 
(outside the thermal boundary layer), kair is the thermal conductivity of air. the first term in the 
right-hand side of the equation given above and characterizes the incoming heat flux, while the 
second term is the heat loss due to the evaporation of water. In the Stokes flow regime the 
problem is simplified. In addition, we do not take into account the effect of vapor blowing on the 
convective heat transfer. In this case, Nu = 2, and the equation becomes: 

Note that the mass rate of evaporation is related to the derivative of the droplet radius. This gives 
us an additional differential equation for the droplet radius: 

In the case of constant temperature of a droplet, the above equations gives the following 
expression for the evaporation flow rate: 

This enables one to solve the above equation and obtain the known d-squared law (d = 2a) is the 
droplet diameter): 
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It was shown in [Levashov, V.Y.; Kryukov, A.P.; Shishkova, I.N. Influence of the non-
condensable component on the characteristics of temperature change and the intensity of water 
droplet evaporation. Int. J. Heat Mass Transf. 2018, 127, 115–122], that more realistic parabolic 
approximation of a quasi-steady temperature profile in the droplet (instead of the assumption of 
isothermal droplet) gives the so-called elliptic law instead of the d-squared law for the time 
dependence of droplet size. Results of the simulation and comparison with experimental data 

gave the following results. 

Comparison of experimental results (A: dotted) with calculations (B: curve) are shown above.  
The ambient temperature was 25 deg C and Relative Humidity  60% (blue color) and 95% 
Relative Humidity (red color).   The 50 micron water droplet evaporates in about 10 seconds 
(dotted) when the ambient temperature is 25 deg C and the Relative Humidity is 95%.  
Experimentally, the time taken for the droplet to decrease the temperature from an initial 
temperature of 25oC to its final temperature of 18.5oC, as shown by the dotted red line (95% 
Relative Humidity) is about 10 seconds while for 60% Relative Humidity it is about 6 seconds 
(blue dotted curve).   

 
I could not run the simulation at below freezing temperature and high humidity since these 
two conditions are mutually incompatible. However, from the previous analysis we know 
that water droplets in the 30-40 micron diameter range take about 5- 10 seconds to 
evaporate completely.  However, from an analysis of water droplet temperature it shows 
that temperature decline is a much slower process with temperature decreasing about 
6.5oC in the time period of 6-10 seconds. This decrease in temperature is not sufficiently 
high to cause any phase change. 
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Simulations were run at -10oC, when the Relative Humidity was very low, the 30-40 micron 
droplets evaporated in 1-3 seconds, which was not high enough to either cause the water 
droplets to reach the ground from a distance of 10 ft and also did not freeze since the 
temperature decrease was only about 10oC in the few seconds it took for the water droplet 
to evaporate completely. 
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INSTALLATION MANUAL 
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Proposed Installation Layout 
 The proposed installation of the NextGen Septic ZLD system is shown below: 
  
 

 
 
 As mentioned earlier, the Bioreactor Tank with the Technology Box 
(underground  with the riser covers and Technolgy Box cover above ground) 
and the Zero  Liquid Discharge (ZLD) system can be installed in a building, 10 
ft z 12 ft area to   keep them out of direct sunlight. 
 
 
 
 
 
 
  
 



 

Page 55 of 112 
 

Installation of the NextGen Septic System 
Installation of the two septic tanks (Equalization and Filtration Tank and Bioreactor 

Tank) is accomplished as for a standard Infiltrator, Model IM-1530 tank.  The Zero 

Liquid Discharge (ZLD) system is installed above ground on a concrete platform, 3 

inches high, and 5 ft x 6 ft size. 

Installation procedure for the two tanks is detailed in the following pages. 
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OPERATION AND MAINTENANCE 
MANUAL 
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Service Recommendations 
Maintenance Checks to be performed for the Bioreactor Tank, Technology 

Box and 100 gallon Tank with Membrane 

1. Remove the level sensor stick (same as in the Equalization Tank) and 
 manually clean the rods; 
 
2. Check the level of water in the tank using a depth stick; we recommend 
 AdirPro 16 ft Dual Side  Aluminum Grade Rod - 10ths, 5 Section 
 Telescopic Rod with Carrying Case ($40 on Amazon) 
 
   (a) If the pump in the self-cleaning filter is not running, the  
    level in the tank should be below 15 inches; 
   (b) If the pump is running, the level of water should be at 20  
    inches or higher, but below the 40 inch alarm depth; 
   (c) If the level of water is 20 inches or higher, and the pump  
    in the  self-cleaning filter is not running, either there is no 
    electrical power to the tank (check breaker at the house)  
    or the pump has failed; If there is power to the tank, then  
    replace the pump in the self-cleaning filter. 
   (d) If the level of water in the tank is below 15 inches, it  
    indicates a water leak from the tank – this is a serious  
    problem which can only occur right after the system  
    is installed.   
    The only other reason for this is that the level stick  
    did not function correctly and allowed the pump to  
    keep running even after the level had attained a depth 
    of 15 inches. If this is the case, cleaning the level stick  
    should eliminate this problem. 
 
NOTE:  The septic tank is an underground tank, and hence has a thin plastic 
wall. If during installation, the installer drags the tank on top of rough ground 
or installs the tank with stones at the bottom, the tank can very easily develop 
a leak. 
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HENCE, IT IS IMPERATIVE, THAT AFTER INSTALLATION OF THE 
TREATMENT SYSTEM, YOU SHOULD CHECK IF THE WATER DEPTH 
IN THE TANK IS BEING MAINTAINED, WHEN THE POWER TO THE 
SYSTEM IS OFF. THIS WILL CHECK IF THERE ARE ANY LEAKS IN 
THE WALL OF THE SEPTIC TANK, WHICH HAVE OCCURRED DUE 
TO IMPROPER INSTALLATION. IN THIS CASE, THE INSTALLER IS 
LIABLE FOR THE COST OF TANK REPLACEMENT AND 
INSTALLATION OF THE SELF-CLEANING  FILTER WITH PUMP IN 
THE REPLACEMENT TANK. 
 
NOTE: THIS TANK HAS BIOMEDIA AND HENCE SHOULD NEVER BE 

PUMPED OUT. 

 3. Check that the air blower in the Technology Box is working.  The  
  pressure gauge installed on the exit pipe of the blower should read a  
  gauge pressure higher than 2 psi if the blower is working.  There is a  
  spare blower provided in the event that the blower has failed. This  
  spare blower can be used in the event of a failure for the working  
  blower. 

 4. Check if there are any water leaks in the Technology Box. If there are  
  any leaks, just tighten the screw on the joint to see if that stops the  
  water leak. 

 5. Check if the air compressor is working by reading the pressure at the  
  exit of the compressor, shown by the pressure gauge. Also, the air  
  compressor is pushing the air into the Ultrafiltration Membrane   
  installed in the 100 gallon tank and the air bubbles will rise inside the  
  body of the membrane housing and bubble up to the  surface of the  
  water in the 100 gallon tank, after exiting the top of the membrane.  
  These air bubbles coming to the water surface will be visible when the 
  lid of the 100 gallon tank is opened. 
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 6. There is a test button provided, which when pressed will allow the  
  following treatment system units to start and stop: 

   (a) Start and stop the air blower; 

   (b) Start the stop the air compressor; and 

   (c) Backflush the stainless steel membrane, by starting the  
    submersible pump in the 100 gallon tank. 

   (d) Check the level in the 100 gallon tank and see if there is  
    no high level alarm 

The following diagram shows the 100 gallon tank with the Ultrafiltration 
Membrane immersed in the water. 
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Maintenance Checks for the Zero Liquid Discharge System 

The Zero Liquid Discharge (ZLD) schematic is shown on the following page. It is 
installed in a separate above-ground box, which is typically installed near the 
house, such that the stack can be supported by the side of the house.   The Zero 
Liquid Discharge (ZLD) has a reversible pump, which draws the liquid from the 
top of the Ultrafiltration (UF) membrane and pumps it into the 20 gallon tank.  The 
water from this tank will be pumped through a venturi which draws in ozone from 
an Ozone Generator.  Some of the water is by-passed around the venturi and mixed 
after the addition of ozone.   

The liquid is then atomized into 20-30 micron size droplets of water and entrained 
by air flow from a blower. The stack’s rain cap, at the top of the stack, is located 
just above the roof line of  

The critical unit in the ZLD system is the ozone generator, which disinfects the 
water before being atomized.  Ozone is a very effective disinfectant, which when 
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dissolved in water within the venturi system, enables all viruses, bacteria and any 
other living form of life to be killed within a few seconds. The disinfected water is 
then atomized and the 30-50 micron size water droplets are entrained in a the flow 
of ambient air from the blower. 

The following maintenance checks need to be performed on the ZLD unit: 

 1. There is a test button on the ZLD box, which when pressed, will turn  
  and turn off every pump and blower in the ZLD unit. This allows each 
  pump and blower to be tested. There are pressure gauges at the exit of  
  each pump, which allows the pump’s performance to be determined  
  also at the same time. 

 2. Switches and LED status indicator lights are provided for the ozone  
  generator and the integrated air compressor. The concentration of  
  ozone discharged is controllable from 0 to 100% by a dial   
  potentiometer to vary the current to the CD tube, as displayed on a  
  300-800 mA amp meter.  The unit is protected electrically by an  
  externally accessible fuse.   

 3. Check if the level in the 20-gallon tank is lower than the high level  
  and there is no high level alarm; and 

 4. Check if the water droplets coming out of the stack are barely visible  
  against the sky background, which indicates that they are in the 30-50  
  micron range. 
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INDEPENDENT TESTING 
REPORTS/DATA 
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NextGen Septic has installed several NextGen Septic treatment systems without 
the Zero Liquid Discharge (ZLD) option, since in most cases, direct discharge 
options for the treated water were available.  

Field data has been collected for over 27 houses in which The NextGen Septic 
treatment system, without the Ultrafiltration Membrane and the Zero Liquid 
Discharge System, have been installed and is currently operating.  The effluent 
flow was disinfected using the ozone disinfection system, which is housed in the 
Zero Liquid Discharge System, for the proposed treatment system.  

Analytical report on field data for the effluent before the Ultrafiltration Membrane 
but with ozone disinfection for a typical house is attached in the following pages. 
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