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Executive Summary 
 
This research effort addresses one of four eligible projects listed in TCEQ Solicitation 582-21-
10767, RT-2.3.4, states research is needed to identify technologies and applications that can be: 

1. Utilized to eliminate liquid water discharge from on-site sewage facilities; and 
2. Coupled with on-site sewage facilities to utilize roof and/or wall space for disposal area. 

Under current 285 rules specifications for the design requirements, availability of adequate and 
suitable disposal area will continue to be a challenge for properties served by OSSFs. Residential 
and commercial properties are constantly faced with choosing between on-site disposal and the 
use/enjoyment of valuable real estate. In the realm of OSSFs, several aerobic treatment 
technologies are available to the public, however, adequate, and suitable effluent disposal area is 
proving to be less than available. The goal of this project is to develop design solutions for alternate 
disposal areas using Enhanced Vapor Effluent Discharge (EVED) technique to reduce effluent 
volume through increased atmospheric discharge.  
 
While the results from this research project may not reduce costs associated with OSSFs, they will 
offer an option to trade-off use of valuable real estate space for a disposal system that could offer 
other beneficial usage. EVED technique, if proven reliable for reducing the liquid discharge, may 
offer a disposal solution for properties that are not currently suitable for development, especially 
those limited by space (i.e., available land area) for installing an OSSF.  In this research project, 
we asked the following three research questions: 
Q1: What effect does an EVED installed on top of a wetland cell have on liquid effluent 
discharge as compared to a wetland cell without EVED? 
Q2: What is the operating experience of existing green-infrastructure buildings using green-
roofs and onsite wastewater systems, in terms of reductions in liquid effluent discharge? 
Q3: If an EVED technique evaluated in this project reduces liquid discharge by 50% or more 
then what modifications, if any, are needed in 30 TAC Chapter 285 to allow use of EVED 
technologies, such as a semi-climate control greenhouse with forced-air ventilation system? 
 
Two wetland cells that are lined and connected to the two aerobic treatment units (ATUs) operating 
at the TAMU OSSF research facility were used to evaluate the performance of an EVED technique 
for reducing liquid discharge.  A semi-climate control greenhouse was purchased and installed on 
top of one of the two wetland cells and both the wetland cells were dosed about 100 Gallons Per 
Day (GPD) effluent from the ATUs. A tipping bucket type innovative device was installed in the 
existing effluent collection container at the end of each wetland cell. Influent and effluent volume 
was recorded daily from mid-November 2022 to mid-November 2023 to determine the reduction 
in liquid discharge from the wetland cell with the EVED system. Temperature and relative 
humidity data were also collected from both wetland cells. Monthly averages were calculated from 
the daily data for influent, effluent, temperature, and relative humidity. Both wetland cells were 
planted uniformly with salt-tolerant wetland plants purchased from an AgriLife Extension Center 
in Houston to maximize evapotranspiration losses.  Rainfall data were collected using an 
automated rain-gauge to determine gallons per day rain input into the open wetland cell.  
 
The results from the one-year study showed that the wetland cell with the EVED technology 
reduced the liquid discharge by 48% compared to 11% from the wetland cell without the EVED 
technology. Capital cost of installing the semi-climate control greenhouse was $8,500.  
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Section 1. Introduction and Background 
 
On April 29, 2021, TOGP issued the first Request for Grant Application (RFGA), in which the 
following four research topics were identified as “Eligible Projects” that must be addressed to 
make a project eligible for funding (TCEQ RFGA No 582-21-10767, 2021): 
1. Wastewater Treatment Challenges at RV Parks 
2. Proper Dosing Techniques and Application Rates for Drip Irrigation 
3. Aerobic Treatment Units in the Real World (Sampling and New Data) 
4. Reduction of Wastewater Effluent from On-Site Sewage Facilities 
 
The RFGA stated the following explanation for the 4th research topic: 
“Under current rules, adequate and suitable disposal area will continue to be a challenge for 
properties served by OSSFs. Residential and commercial properties are constantly faced with 
choosing between on-site disposal and the use/enjoyment of valuable real estate. Research is 
needed to identify technologies and applications that can be: 

1. Utilized to eliminate liquid water discharge from on-site sewage facilities; and 
2. Coupled with on-site sewage facilities to utilize roof and/or wall space for disposal area. 

Concepts need to focus on eliminating disease transmission, high component durability, long 
service life, relatively cost-effective operation, and simple-to-maintain/exchange components. In 
the realm of OSSFs, treatment is attainable. Adequate and suitable disposal area is proving to be 
less than available. The goal is to develop solutions for alternate disposal areas.” 
 
Texas’ population has been growing and is expected to grow during this century.  While most of 
the dwellings in Texas are served by centralized water and wastewater (sewer) systems, about 20% 
are served by On-Site Sewage Facilities (OSSFs).  Texas A&M University (TAMU) research and 
extension team (TAMU OSSF team) is involved in various activities related to OSSF, including 
maintaining an inventory of the OSSFs. The total number of dwellings served by OSSFs in Texas 
at end of year 2022 was more than 2.3 million, which is expected to grow at a rate of about 30,000 
per year based on the historical data.  Figure 1 shows increasing use of aerobic treatment unit 
(ATU) spray type OSSFs (measured as number of permits issued per year) in Texas to meet the 
demands in areas where soil and site conditions are not suitable for septic tank drain field type 
OSSFs. An ATU approved by TCEQ that meets NSF/ANSI Standard 40 (NSF, 2018), followed 
by either a chlorine or a UV (Ultraviolet) disinfection unit is required for ATU spray systems. 
 
All OSSFs require a wastewater treatment and an effluent disposal system. §285.33 of the current 
OSSF regulations specify the criteria for various types of effluent disposal systems and required 
treatment system before disposal. Three categories of the disposal systems included in the current 
regulations are (a) Standard disposal system, (b) Proprietary disposal system, and (c) Nonstandard 
disposal systems.  Each of these three categories has multiple sub-categories of disposal systems, 
which allows a designer to develop a site-specific disposal system design to meet the soil and site 
criteria specified in the regulations. The goal of the disposal system design is to determine the area 
(square footage, Sq.Ft.) necessary to dispose of the wastewater flow (gallons per day, GPD) 
generated by the dwelling based on the loading rate (GPD/Sq.Ft.) for the soil type or site location. 
Thus, two ways to reduce the required disposal area is either to reduce the liquid discharge volume 
for disposal or to increase the loading rate for subsurface and land disposal. This research focuses 
only on the reduction in liquid discharge volume by increasing vapor discharge volume.   
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Figure 1: Trend showing increasing use of aerobic treatment unit (ATU) spray in Texas since 
mid-1990s. The Y-axis shows the number of permits issued in Texas and the X-axis is the year. 
Data compilied from the TCEQ OARS information received annually since year 2016.   

Section 1.1 Sizing criteria specified in 30 Texas Administrative Code Chapter 285 
regulations for determining land area for three types of disposal systems. 

For subsurface (underground) disposal, OSSF Regulations 285, specifically the §285.91(1) 
specifies the effluent loading rate based on soil classification as following: 

Figure 2: Loading rate for subsurface disposal system based on soil classification from the 
current OSSF Regulations. (Taken from the 285 Regulations) 

The absorptive area required for effluent disposal increases significantly as the soil classification 
(texture) changes from Class Ib (sandy soil) to Class IV (clay soil).  For example, the required 
absorption area for 100 gallons per day (GPD) system in sandy soil will be about 265 square feet 
(100 ÷ 0.38) compared to 1,000 square feet for clay soil (100 ÷ 0.1). Actual land area required to 
install the required square feet of absorption area is typically more and it is calculated using the 
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formula specified in the OSSF Regulation §285.33(b).  Land area requirements can be reduced if 
the liquid gallons per day flow is reduced by allowing enhanced atmospheric discharge in the 
form of vapor, i.e., Enhanced Vapor Effluent Discharge (EVED) of the aerobic effluent.  
The allowable application rates for aerobically treated wastewater (disinfected effluent from a 
state approved ATU) are specified in §285.90 (1) as shown in Figure 3 based on the geographical 
location and the rate varies from as low as 0.035 gallons per day per square foot in the eastern 
part of the state to as high as 0.115 gallons per day per square foot in the western half of the 
state.  Figure 3 shows the allowable loading rate for land application (spray) system. Thus, for 
100 GPD system in the eastern part of the state, the area required in the eastern part of the state 
will be greater than 2,222 square feet (100 ÷ 0.045) compared to less than 1,163 square feet (100 
÷ 0.086) in the western half of the state.   

 
Figure 3: Application (Loading) rate for land application (surface dipsosal) system baesd on 
geographic location. (Taken from the 285 Regulations) 

When soil site conditions are deemed as “unsuitable” for subsurface absorption (disposal) systems, 
the current 285 regulations allow use of an Evapotranspiration (ET) system in areas where annual 
average evaporation exceeds the annual average rainfall.  The sizing requirements (loading rates) 
for an ET bed based on the net evaporation rate are specified in the §285.91(7) and are shown in 
Figure 4.  The total area required for an ET system is calculated by the formula specified in 
§285.33(b)(2)(B), which is A = 1.6 x Q ÷ Ra, where Q is the daily flow (GPD), and Ra is the 
loading rate (GPD/Sq.Ft.). Information from the TCEQ’s OSSF Permitting Database (OARS) 
indicates that about 17,400 permits were issued for ET systems between 1992 and 2022, which is 
less than 2% of the total permit issued during that period. Thus, ET systems are not widely used 
in Texas mainly because it requires a large land area. However, if the overall rate of ET is enhanced 
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by use of a Greenhouse type structure to cover the ET bed, then it is possible to reduce the area 
requirement. This research was designed to determine if the land-area requirements can be reduced 
significantly by using an EVED system in Bryan/College Station area. 

Figure 4: Sizing requirements for an ET bed in Texas. (Taken from 285 Regulations).  
NOTE that the conversion factor from inches/day to GPD/Sq.Ft. is 0.623; for example, the net 
evaporation rate for College Station is 0.12 inches/day = 0.07 GPD/Sq.Ft.  
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While the Texas OSSF regulations 285 allows the use of ET beds, the permitting records indicate 
only 17,390 permits issued for this option over the 30-year period between 1992 and 2022.  
Table 1 shows the list of Counties where >10 ET beds permits were issued in the past 30 years: 

Table 1: List of Counties with 10 or more ET bed permits issued in the past 30 years: 
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It is interesting to note that the top four counties with more 1,000 ET beds are not located in far 
west Texas, where the allowable application (loading) rates for ET beds are the highest as shown 
in Figure 4, thus requiring less area for installation.  It is also important to note that almost all the 
ET beds permitted in Texas are for disposal of septic tank effluent and not aerobic effluent.   

Section 1.2 Consideration of options to reduce liquid discharge. 

A climate control greenhouse is typically used for reducing water demand to grow crops; 
however, this research project was designed to determine effectiveness of a greenhouse to reduce 
liquid discharge, thus reducing land area requirements.  TAMU OSSF team operates a hands-on 
training, research, and demonstration center on RELLIS Campus (Figure 5) with capacity to 
conduct a field scale applied research project to address the concerns raised under the Phase-I 
Texas Onsite Grant Program (TOGP-I). The center modified the research site to compare the 
performance of an EVED system to a non-EVED system.  Figure 6 shows the plumbing diagram 
for the E-Flow project, where two identical ATUs (Clearstream Model N-500) are connected to 
two wetland cells, one with the Greenhouse (EVED) and one without (non-EVED).  Both the 
wetland cells are identical in size (12’ wide x 25’ long x 1.5’ deep) and both cells were dosed 
with the same quantity of aerobically treated wastewater (~100 GPD) thus allowing the 
comparison of effluent rate reduction between EVED and non-EVED systems.  

 
Figure 5: TAMU OSSF Center aerial view showing layout of the two ATUs, location of wetland 
cells used for evaluating performance of EVED and non-EVED systems and effluent flow line. 

Non-EVED 

EVED 
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The RFGA specified indicated utilization of a roof and/or wall space for disposal area, meaning 
the concepts of using a green roof and/or green wall for disposal of adequately treated wastewater. 
While these two concepts were not investigated in this project, several observations were made of 
an existing green wall on the main campus of the Texas A&M University and an existing green 
roof that is being used for reuse of AC condensate in downtown Houston.  Photo 1 shows both 
structures.  Based on our observations, it was concluded that these structures are not suitable for 
integrating with an onsite sewage facility due to potential risks to public health from unintended 
overflow and/or discharge during heavy rain periods, as shown in Photo 2. 
 

  
Photo 1: Green wall on TAMU main campus (L) and green roof in Houston (R) 

  
Photo 2: Green wall (L) and green roof (R) after a rain event, showing potential for overflow of 
effluent, thus not a suitable option for integration with an onsite sewage facility. 
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Finally, a new idea was conceptualized during the second quarter of this project, related to “dual 
use” drainfield area.  Discussion with a private company (Infiltrator Water Technologies), that has 
developed design specifications and construction materials for using their traffic load bearing 
chambers under a parking lot.  Dual-use systems will allow OSSF users to use the drainfield area 
for other beneficial use such as a parking lot.  NOTE: TAC 285 regulations may prohibit this, 
however, discussions outside Texas indicate that this concept is utilized specifically for 
commercial projects where land is at a premium.  An example case study shared by the company 
is of the Gillette Stadium, Home of the New England Patriots in Boston, MA.  For this 68,000-
seat stadium, there were two challenges, lack of an adequate amount of water to meet the demand 
and lack of land area for installation of a disposal system.  These challenges were addressed by 
installing an on-site non-potable reuse system to meet the demand for flushing toilet reusing treated 
wastewater and use of the large parking lot for installation of a chamber system under the parking 
lot to dispose of excess effluent.  Figure 6 shows photos taken from the case study of this project. 

Figure 6: Installation of a chamber system under the parking lot (L), Stadium (M), and reuse 
water tank to meet the demand of toilet flushing.  Photos are shared by Infiltrator.  

Infiltrator Water System is ready to offer technical guidance and design documentation for 
installing a similar system in Texas, when necessary.  Dr. Jantrania met with a regulator in one of 
the counties to discuss a potential application and demonstration of this concept for a commercial 
facility that is facing challenges for finding land area for installation of a subsurface disposal 
system but has land area available for the parking lot.  However, that project is on hold as of the 
end of this project, thus no further actions were taken.   

The rest of this report includes the details on the installation of an EVED system at the OSSF 
Center on RELLIS Campus, comparison of liquid discharge quantity from the EVED and non-
EVED systems, and data analysis to determine effectiveness of the EVED system for reduction of 
the liquid discharge. While most of the research efforts were focused on studying the quantity of 
effluent (GPD), a few samples of the effluent at various points in the systems were also collected 
during the summer REEU (Research and Extension Experience for Undergraduate) program to 
determine the quality of the liquid.  Sections 2 and 3 contain details on the methods and data 
analysis, while Section 4 contains the conclusions and final recommendations.  Appendix-A 
includes the quarterly reports submitted during this project and Appendix-B contains the raw data 
set for the flow quantity (influent and effluent) as well as temperature, rainfall, and RH. 
 
It is important to note that Ryan Gerlich, one of the research team members with the TAMU-OSSF 
team was instrumental in all aspects of retrofitting the Center for conducting this project.  
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Section 2. Material and Methods 
 
The final contract for this project was signed on November 5th, 2021, and the concept for this 
project was discussed during the afternoon session of the 3rd annual meeting of the TOGP advisory 
committee held on the RELLIS Campus on November 10th, 2021. Due to delays in getting this 
project started, the QAPP document for the project was submitted to TCEQ in May 2022, which 
was approved in early October 2022.  Thus, the modification of existing wetland to evaluate the 
EVED and non-EVED systems started only after the approval of the QAPP. During the early 
months of 2022, the research team did preliminary work to ensure that both the wetland cells and 
both the ATUs were ready for this project. Since the ATUs were used in the first phase of the 
TOGP program, they were operational and well maintained. The only modification needed was to 
connect both the ATUs to the wetland cells so that effluent can be dosed into wetland cells before 
returning to the RELLIS sewer line through the central discharge tank.  The research team also 
contacted several greenhouse companies to get quotations for a custom build greenhouse that 
would fit one of the two wetland cells. Figure 7 was prepared to share with the greenhouse 
companies for the dimension of the greenhouse and the location where it will need to be built. It 
was decided that the south-side (facing left when seen from the front end) wetland cell will be 
covered with the greenhouse and the other one would remain open.  

 
Figure 7: Layout of the wetland cells with dimensions and spacing from the nearby structures. 
NOTE that the wetland cell on the south side is not shown in this figure. However, it is of the 
same size as the cell shown in this figure. Also, at this point only this wetland cell was receiving 
ATU effluent, thus it shows vegetation, and the other cell does not. 
 
The wetland cell with the vegetation shown in Figure 7 has a lined bed with wooden frame 
around it, while the wetland cell on left of it is contained in a concrete container. Both cells were 
inspected for water leakage and the concrete wall was found to have several cracks, which were 
repaired using quick-settling concrete. Both cells were flushed using fresh water to remove 
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previously dosed wastewater and both cells were tested for watertightness by holding a constant 
water level for a day.  Photo 3 shows a few pictures of fixing the concrete wall and holding a 
constant water level in the cell. 

Photo 3: A few pictures of the repair work done to the concrete wall of the wetland cell. 

A fully climate control greenhouse with an automated roof opening for removing humidity, as 
shown in Photo 4, to maximize reduction in liquid discharge has been in operation in Virginia 
since 1999 with great success (>90% reduction liquid discharge with reuse for toilet flushing).  
The company that delivered material to build the greenhouse used in Virginia is no longer in 
business, however, Dr. Jantrania found another company based in Mobile Alabama (Gothic Arch 
Greenhouse) that offers custom build greenhouse with full automation for climate control.  After 
several phone conversations, the company sent a quotation for the total of $56,922.50 to install 
the greenhouse for this project.  The price was not affordable for this project, nor would it be 
affordable for a homeowner interested in this type of system to reduce liquid discharge.  

 
Photo 4: Virginia greenhouse project photo in Year 1999 (L) and photo in Year 2019 (R) 

With the help from Texas A&M AgriLife Director for the Facilities & Planning, another 
company in San Antonio, Texas was identified and contacted in late August 2022.  The company 
is called Greenhouse etc. (https://www.greenhousestx.net/) and they offered semi-climate control 
with manual ventilation controls, and a handle to open and close a window at one end of the 

in Year 1999 (L) and photo in Year 2019 (R)

https://www.greenhousestx.net/
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greenhouse, for a total cost of less than $10,000.  The final quotation from the company was for 
$8,341 for complete installation of their product called “11x24 Big Barn Greenhouse.”  The 
company representative came to the Center and installed the greenhouse in one day, indicating 
that such a system would be feasible to integrate with the OSSF installation work!  Photo 5 
shows the wetland cells before and after installation of the Greenhouse.  Note that in this report, 
the wetland cell with the Greenhouse is referred to as either Greenhouse or EVED system and 
the cell without the Greenhouse is referred to as either Open or non-EVED system. 
 

  
Photo 5: Wetland cells before (L) and after installation of the Greenhouse (R) 
NOTE: Ignore the metal frame on the wetland next to the Greenhouse, that was removed before 
the start of this research project. 
 
Texas A&M AgriLife Extension operates a wetland plant nursery in the Houston area, from which 
salt talrent wetland plants were obtained for planning in both wetland cells along with the canna 
lylly orginally present in the open wetland. Equal number of plants were planted in both the cells. 
Photo 6 shows the wetland with plants planted in early October 2022. 
 

  
Photo 6: Wetland plants planted in both the cells (October 6, 2022) 
NOTE: The planters shown in the open wetland cells were eventually buried inside the gravel. 
One final challenge associated with this project was to develop and implement a method for 
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measuring the gravity discharge from both the wetland cells.  A tipping bucket, typically used in 
a gravity drainfield for even distribution was the answer to address that challenge.  Ryan Gerlich 
from the reseach team designed and built a gravity flow measurement system using the tipping 
bucket (available from Polylok, Inc.) and Hobo data logger (HOBO® MX2300 Series Data 
Logger) system that will allow to accurately measure the gravity discharge volume on a daily basis 
from both the cells.  Photo 7 shows several pictures of the effluent discharge measurement system 
installed at the outlet end of both the wetland cells.  Each tip of the tipping bucket = 1.5 gallons.   
 

   
Photo 7: From Left to Right, Tipping bucket, installed at the effluent end, and Hobo data logger. 
NOTE: Contact Ryan to get details on how he designed and built this system! 
 
Measuring influent on a daily basis was relatively easy as both the wetlands were dosed using a 
pump system installed at the end of the two ATUs used for this project, and the ATUs were dosed 
using two separate pumps operated using a digial control panel with the input from the flow meters.  
Photo 8 below shows the the digital meters recording the daily flows to the Greehouse (i.e., EVED) 
and the Open Wetland (i.e., non-EVED) system.  Of course, this is not the perfect solution for 
collecting daily influent data because the digital meter readings are stored for only 7 days, thus 
one of the graduate students assisting with this project was assigned a task to take digital pictures 
once a week and maintain a spreadsheet to determine daily flow during this project.  In the future, 
when adequate funding becomes available, TAMU OSSF research team expects to upgrade this 
system such that the digital data are collected and stored on an annual basis, not just weekly.    
 

  
Photo 8: Digital flow recorders for influent (L), and example of the flow data for one week (R). 
 
Overall plumbing diagram for this research project is presented in Figure 8.  
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Figure 8: Plumbing configuration for the E-Flow project   
NOTE that the two ATUs used in this project are the same as those used in TOGP-I ATU 
evaluation project.  However, for this project, both ATUs were time-dosed hourly and the total 
flow to each ATU was kept around 100 GPD.  Wetland Cell without Greenhouse = non-EVED, 
and Wetland Cell with Greenhouse = EVED. 
 
Both the systems were set up by mid-November 2022 for the experimenting and data collection 
started on November 17, 2022, with the goal of collecting one-year of data before the grant 
required date to end the project. Since the funding agency (TCEQ) agreed to extend the project 
end date from August 31, 2023, to November 29, 2023, the research team was able to collect and 
analyze the data set for the one-year period starting from November 16, 2022, to November 16, 
2023. Graduate students working on this project helped with the data collection on a weekly basis.  
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Even though under the TOGP-II grant agreement, data collection for this project was officially 
completed after one year, the TAMU research team plans to continue collecting data after the end 
date to see the effects of long-term operation of the greenhouse in reducing liquid discharge. It is 
important to run this type of project for at least three years to understand the effectiveness of a 
natural system operating in the greenhouse as well as to understand the maintenance requirements 
of this type of natural system. During the TOGP-III phase, performances of EVED and non-EVED 
systems will be incorporated in Project 3, “Flow Equalization or Dosing Refinement” mainly to 
determine the reduction in liquid discharge at a higher hydraulic loading rate.  
 
During the second quarter of the project, a new idea was conceptualized related to a “dual use” 
drainfield area. Dr. Jantrania contacted Infiltrator Water System that offers design specifications 
and construction materials for installing an effluent disposal system under a parking lot, thus 
allowing dual use of the area.  Dual-use systems will allow OSSF users to use the drainfield area 
for other beneficial use such as a parking lot.  Current 285 regulations may prohibit installation of 
a drainfield under a parking lot, however, project(s) done outside Texas indicate that this concept 
is utilized specifically for commercial projects where land is at a premium.  To explore a potential 
field-demonstration site for such a project in Texas, Dr. Jantrania had a daylong meeting in Denton 
County with the DR during which one of the sites visited would be a potential candidate for 
installation of an effluent dispersal system under a paved parking lot. The DR shared details of the 
site including preliminary soil information and his notes from the “pre-development” meeting with 
the client who is planning to build a store on that site. The Infiltrator Water System agreed to offer 
their technical guidance to design a disposal system under the parking lot when the project moves 
forward.  However, that project has not moved forward as of November 2023, thus that concept is 
not going to be able to be studied further at this point. 
 
In late October 2022, Dr. Jantrania visited the green roof facility located in downtown Houston to 
see if this concept should be further investigated as an alternative site for disposal of treated 
wastewater.  The Green roof located on top of the Post Houston (https://www.posthtx.com/) known 
as the Skyfarm, a one-acre urban food farm operated by Blackwood Educational Land Institute 
(https://blackwoodland.org/the-skyfarm-at-post-houston/). The Green Roof facility is built and 
operated to maximize use of AC condensate water for irrigation needed in the farm operated on 
the roof.  This facility could make a very good place to monitor the amount of water lost through 
ET from the roof.  However, there are no water meters installed at this facility to monitor the flow 
nor is it possible to monitor the discharge from the roof of excess water, which is diverted into the 
city stormwater drainage system. Based on the observations made during the site visit, several wet 
spots and standing water pool were noticed, indicating overflow (see Photo 1 and 2 in Section 1). 
Based on this observation it is concluded that use of green roof, or a green wall should be ruled-
out of consideration for flow-reduction techniques because sizing will not be any different from 
the current sizing for ET beds which is not feasible for areas with negative ET rates.  
 
During the 4th quarter of this project, a decision was made to integrate this project with the DRIP 
project allowing both the research projects to use the wetland cells.  300 feet of drip tubing were 
hand installed just below the gravel surface in both wetland cells and were used to dose the effluent 
daily. This integration was beneficial to both the projects as both could use the same quality and 
quantity of aerobic effluent without having to install drip lines in another area where a disposal 
permit could have been required.  Discharge from the wetland is returned to RELLIS sewer.  

https://www.posthtx.com/
https://blackwoodland.org/the-skyfarm-at-post-houston/
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Section 3. Results and Discussion 
 
The primary objective of this field research was to determine the net-evapotranspiration (net-ET) 
rate of the EVED and the non-EVED systems installed at the research center on Texas A&M 
RELLIS Campus, located in Bryan, TX.  Actual flow data measurements (influent and effluent) 
were used to determine the reductions in liquid discharges from the EVED (wetland with the 
greenhouse, greenhouse wetland) and the non-EVED (wetland without the greenhouse, i.e., open 
wetland).  Both wetlands were dosed uniformly at the rate of about 100 GPD (± 1%), thus allowing 
to compare the effects of using a greenhouse to reduce the liquid discharge, thus reducing the land 
needed for an effluent disposal system. 
 
  Reduction in liquid discharge = GPD Influent – GPD Effluent 
 
Influent data were collected from the digital flow meter readings (Photo 8) and the effluent flow 
data were collected using the Hobo data logger that records the number of times the tipping buckets 
installed at the effluent end tipped per day (Photo 7).  Note that one tip = 1.5 gallons. 
 
Temperature and humidity sensors were installed both inside and outside the greenhouse and 
dedicated Hobo data loggers collected data at four data points per hour.  The data loggers were 
programmed to report daily average Temperature (oF) and Relative Humidity (%).  Note that the 
relative humidity data collection started only in mid-January 2023.  The automatic rainfall data 
logger that was used during the TOGP-I “LPD” Project was used to log daily rainfall (inches/day) 
and the results were converted into GPD rain input to the open wetland (non-EVED) system.  
 
 GPD Rainfall into the open wetland (non-EVED) = Rainfall (inch/day) x conversion factor. 
 NOTE that the wetland area = 300 Square Feet, thus the conversion factor for the wetland 

is1 inch/day rainfall = 187 GPD 
 
Table 2 shows the template used for recording daily values of Influent, Effluent, Temperature, 
Relative Humidity, and Rainfall.   At the end of the month, average values for all the parameters 
were calculated to determine the reduction in liquid discharge for that month for the EVED and 
non-EVED systems, and to compare the temperature and relative humidity values inside the 
Greenhouse and outside the Greenhouse.  Table 3 shows the monthly average values and the % 
reduction in liquid discharges from EVED and non-EVED.   
 
Data collection started on November 17, 2022, and continued for 365 days concluding on 
November 16, 2023.  During this year long period, average daily influent flow into EVED 
(greenhouse) system was 101 GPD and that into non-EVED (open) wetland was 100 GPD, thus 
within 1% as desired.  Table 3 shows monthly averages for influent and effluent values.  Since 
the focus of this study was to determine the reduction in effluent (liquid) discharge from both the 
systems, variation in the monthly average influent values do not adversely affect the results. 
 
Field observations of the vegetation growth were observed on a regular basis and photos were 
taken for both the systems.  Photos 9 through 16 show the vegetation inside the EVED and non-
EVED systems, clearly showing the positive effects of semi-climate control conditions on 
vegetation grown.   
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Table 2: Spreadsheet templet developed to store and process monitoring data. 

NOTE: Appendix B contains all the data for the influent, effluent, temperature, relative humidity, 
and rainfall recorded during the 365 days observation period.    
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Table 3: Comparisition of EVED and non-EVED systems on a monthly basis. 
 

On an annual basis, the average reduction in liquid discharge from the EVED system was 48 
GPD, while that from the non-EVED system was 11 GPD.  This indicates that the EVED system 
was able to significantly reduce the liquid discharge (>400%) compared to non-EVED system.   

Figure 9 shows the graphical representation of the monthly average flow data, indicating the 
effects of rain (green line) on the effluent discharge from the non-EVED (open wetland) system 
(yellow line).  Since the greenhouse prevents rainfall addition, the effluent discharge from the 
EVED (greenhouse) system (red line) is consistently less compared to the non-EVED system.  

 
Figure 9: Graphical representation of the EVED and non-EVED systems for reduction in liquid 
discharge.  
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Photo 9: Vegetation in EVED and non-EVED systems, early November 2022 

 

  
Photo 10: Vegetation in EVED and non-EVED systems, early January 2023, effects of freeze.  

 

  
Photo 11: Vegetation in EVED and non-EVED systems, early March 2023 
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Photo 12: Vegetation in EVED and non-EVED systems, mid-April 2023 

 

  
Photo 13: Vegetation in EVED and non-EVED systems, mid-July 2023 

 

  
Photo 14: Vegetation in EVED and non-EVED systems, early September 2023 
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Photo 15: Vegetation in EVED and non-EVED systems, mid-November 2023, end of 
observation period for TOGP-II. 
 
The E-Flow project was included in the 2023 Reuse Water Quality Research and Extension 
Experiences for Undergraduates (REEU) program’s field activities (reeu.baen.tamu.edu/).  
During the five-week summer program, undergraduate students studied the concept of the 
effluent flow reduction technique used in this project, and they collected water-quality samples 
from six sampling points, Raw WW, ATU effluent, wetland effluent, greenhouse dehumidifier, 
the distillation unit used to “polish” the effluent from the open wetland, and DW. An automated 
dehumidifier manufactured by Dri-Eaz (www.legendbrandsrestoration.com/Products/LGR-
6000Li-Portable-Dehumidifier) was installed in the greenhouse to harvest water from the humid 
air when the % RH value exceeded 80%.  The dehumidifier generated about 10 gallons of water 
during the night hours. The results of the water quality analysis are presented in Table 4 below.   
 

 
Table 4: Summary of the water quality data collected during the 2023 REEU Program. 
NOTE: Units for all the parameters are mg/L except for the E. Coli and Turbidity.  Unit for E. 
Coli is MPN/100ml, while that for Turbidity is NTU.  Values reported as 0 are the actual values 
reported by the Laboratory. 

http://www.legendbrandsrestoration.com/Products/LGR-6000Li-Portable-Dehumidifier
http://www.legendbrandsrestoration.com/Products/LGR-6000Li-Portable-Dehumidifier
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A tomato seedling was planted in both the wetland cells on the same day in late March; however, 
the growth of the tomato plants was significantly different, the one inside the greenhouse grew 
far better compared to the one outside the greenhouse as shown in the Photos 16 and 17.  Also, 
the plant inside the greenhouse produced significantly more and bigger tomatoes compared to the 
one outside demonstrating the benefits of growing vegetables inside the greenhouse.  The 
research team wanted to get the tomatoes’ quality tested in a food laboratory, however, due to 
time constraints, that work was not done during this project. A cautionary label was placed on 
both the plants indicating that reuse/reclaimed wastewater was used to grow the tomatoes, thus 
they are not for human consumption.  
 

   
Photo 16: A few days after the tomato seedlings were planted (early April). 
 

    
Photo 17: Tomato plants and fruits at the end of the REEU program (late June). 
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During the seven-week period starting September 11, 2023, to October 26, 2023, water quality 
sampling for influent, effluent, and dehumidify water was conducted. Water quality samples 
were collected and delivered to Aqua-Tech Laboratories (a certified laboratory close to the 
research site) by the graduate students assisting on this project.   

A total of 425 samples were collected and analyzed for typical constituents of interest.   

Tables 5 and 6 give summary statistics for the water quality, which indicates that the effluent 
from the EVED system meets the requirements of non-potable reuse water quality, thus after 
adequate disinfection and polishing can be used for toilet flushing. 

 

Table 5: Number of samples collected from each location and number of analyses done.  

The number of samples collected was strictly based on the funds available to cover the cost of 
sample analysis, based on the quotation received from the Aqua-Tech Laboratory.  All samples 
were grab samples collected by the graduate students who also delivered the samples to the 
Aqua-Tech Laboratory.   
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Table 6: Results from water quality analysis for samples expressed as average values. 
NOTE: E. Coli and Fecal Coliform are Geometric Mean, while the other values are Arithmetic 
Mean.   

Results from the Aqua-Tech laboratory showing the raw data used for developing Tables 5 and 6 
are included in Appendix B.   
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Section 4. Conclusions and Recommendations 
 
In this research project, we asked the following three research questions: 
 
Q1: What effect does an EVED installed on top of a wetland cell have on liquid effluent 

discharge as compared to a wetland cell without EVED? 
Q2: What is the operating experience of existing green-infrastructure buildings using green-

roofs and onsite wastewater systems, in terms of reductions in liquid effluent discharge? 
Q3: If an EVED technique evaluated in this project reduces liquid discharge by 50% or more, 

then what modifications, if any, are needed in 285 regulations to allow use of EVED 
technologies, such as a semi-climate control greenhouse with forced-air ventilation system? 

 
Based on the flow quantity data collected during the 365 day-observation period (from November 
17, 2022, to November 16, 2023), answer to the Q1 and Q3 are as follows: 
 
A1: The EVED system studied in this project (a 300 square-feet wetland cell operating inside a 

semi-automated greenhouse with forced-air ventilation system) was able to reduce the liquid 
discharge 4.36 times (436%) more than the non-EVED system (similar size wetland cell 
operating without the greenhouse, i.e., open wetland) when both the wetland cells were 
dosed with 100 GPD aerobic effluent. This significant increase in the reduction of the liquid 
discharge is the result of primarily two reasons: (1) increased net evapotranspiration (net-
ET) rate achieve by enhanced plant growth inside the greenhouse, 0.26 inch/day, on an 
annual average basis compared to 0.06 inch/day outside the greenhouse, and (2) removal of 
the excess water addition due to rainfall on open wetland (8,160 gallons of rain along with 
36,500 gallons of effluent during the yearlong observation period).  

 
A3: While the wetland operating in a semi-automated greenhouse with forced-air ventilation 

(EVED system) studied in this project was very effective in reducing the liquid discharge 
compared to the open wetland (non-EVED system), it did not reduce the liquid discharge 
by 50% or more on an annual basis. The annual average reduction rate was 48% for the 
EVED system compared to 11% for the non-EVED system.  The lowest monthly reduction 
rate observed for the EVED system was 30% in April, while that for the non-EVED system 
was negative 61% due to rain input, i.e., the monthly average effluent GPD was > influent 
GPD.  While the results from this study indicate and support the use of a semi-automated 
greenhouse structure to reduce liquid discharge, thus reducing the land area requirements, 
they are not adequate to recommend regulatory changes at this point.  Additional data 
collection is needed to study the performance of the EVED system at an influent flow rate 
>100 GPD to determine the sizing criteria in terms of the EVED system volume compared 
to the GPD influent flow rate. Such a study is planned for the TOGP-III under Project #3. 
Water quality data collected during the REEU program and during the past few weeks of 
this project period (during September and October 2023), indicate that both the EVED and 
non-EVED systems can treat the aerobic effluent to indoor non-potable reuse water quality 
after final disinfection and polishing necessary to meet the esthetic and public health 
requirements.  Thus, it is possible to integrate use of the EVED system with the reuse 
system to get additional reduction in liquid discharge quantity.   
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Based on the visual observations made of a green roof operating in downtown Houston, Q2 is 
answered as following: 
 
A2: While the experience in using a green roof for disposal of AC condensate is quite positive 

at a large commercial facility (The Post) in downtown Houston, such a structure is not 
adequate for disposal of aerobically treated effluent due to potential for human contact 
during excessive rainy days. It is also important to note that the excess (unused) AC 
condensate at the Houston facility is discharged into the city storm drainage system. 

 
The following five recommendations are made for further investigation of liquid discharge 
reduction concepts: 
 
1. Continue the flow data collection of the EVED and non-EVED systems for at least two 

more years with increased influent flow volume up to 350 GPD and develop sizing criteria 
in terms of optimum volume of the greenhouse needed to reduce maximum gallons per day 
liquid discharge in relation to the influent flow volume.  
 

2. Integrate the use of an EVED system with indoor non-potable reuse of treated wastewater 
for toilet flushing and for growing consumable vegetables, to maximize the reduction of 
liquid discharge and thoroughly investigate non-potable reuse water quality and the quality 
of vegetables to ensure their quality for meeting public health standards.   
 

3. Study the air quality inside the greenhouse to determine potential for public health concerns 
from airborne pathogens when the effluent is released using fogging nozzles to maximize 
humidity inside the greenhouse.  NOTE that this idea to use fogging nozzles to maximize 
humidity inside the greenhouse was recommended by one of the TOGP advisory board 
members, however, was not implemented due to the concerns raised about the potential 
public health impact as our research facility is a public place.  
 

4. Conduct a field demonstration related to a “dual use” drainfield area concept, whereby the 
land area used for a parking lot or something similar can also be used for a drainfield, thus 
reducing the demand for a dedicated land area for effluent disposal systems. One of the 
leading companies in the onsite wastewater industry is ready to offer technical assistance 
and design guidance for such a demonstration in Texas. 
 

5. Finally, a design concept for a drip system installed at a depth greater than five feet (deep 
installed drip system) has been successfully used in Virginia for more than ten years, which 
is worth studying in Texas.  A demonstration of this concept at our research center would 
allow us to evaluate this concept and develop design standards for Texas. This concept, if 
successful would allow the use of drip systems in areas that are deemed unsuitable under 
the current regulations and industry standards for use of drip systems.  
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Appendix-A Quarterly Reports 
 
During the grant period, eight quarterly progress reports were submitted.  All those reports are 
included in this Appendix.  
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Quarterly Progress Report #1 
Work Period: November 5, 2021 – November 30, 2021 

 
 

For Texas On-Site Sewage Facility (OSSF) Research Contracts  
#582- 22-31143, #582-22-31192, and #582-22-10767 

Reduction of wastewater effluent from on-site sewage facilities 
Understanding problems and identifying solutions for Texas OSSFs using drip irrigation 

A sampling program to collect and store data for addressing wastewater treatment challenges at RV parks 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
Anish Jantrania, Associate Professor & Extension Specialist 

Gabriele Bonaiti, Extension Program Specialist 
 June Wolfe III, Associate Research Scientist 

Texas A&M AgriLife Research & Extension  
ajantrania@tamu.edu  
g.bonaiti@tamu.edu  

    jwolfe@brc.tamus.edu  

December 15, 2021 
 
 

  

mailto:Donna.Cosper@tceq.texas.gov
mailto:ajantrania@tamu.edu
mailto:g.bonaiti@tamu.edu
mailto:jwolfe@brc.tamus.edu
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Following tasks were completed during the first quarter of these projects: 
 

1. Project contracts were signed, and funding accounts were established by the Texas A&M 
Extension Services and Texas A&M AgriLife Sponsored Research Services. Appendix A 
contains the signature page of each contract. 
 

2. A Texas On-Site Sewage Facility (OSSF) Grant Program (TOGP) Advisory Committee 
Meeting was held to review results from the first round of TOGP projects funded by the 
Texas Commission on Environmental Quality (TCEQ) under Request For Grant 
Applications (RFGA) Number 582-19-93772 and to discuss plans for the second round of 
TOGP projects funded by TCEQ under RFGA Number 582-21-10767.  The meeting was 
conducted at the Texas A&M RELLIS Campus in Bryan on November 10, 2021, from 
10am to 3pm.  Twenty-one people representing academic, onsite wastewater industry, and 
Texas regulatory interests were in attendance.  
 
In the morning session, Principal Investigators (PI) Jantrania, Bonaiti, and Wolfe presented 
Blackwater Reuse, Low Pressure Drip, and Aerobic Treatment Unit research results and 
findings, respectively.  TOGP Advisory Committee comments and interests were noted 
and considered during preparation of the final reports. At this time, it was also learned that 
contracts for the second round of TOGP research projects had been finalized.  
 
During the afternoon session, PIs discussed preliminary plans and methodologies for the 
upcoming projects funded through the TOGP’s second round RFGA. TOGP Advisory 
Committee comments and interests were noted and will be included as the projects 
progress. The meeting concluded with a visit to the RELLIS OSSF Research and Training 
Center where the  group discussed the upcoming activities and observed the facility’s 
amenities for conducting research, providing demonstrations, and supporting education 
and work-force development programs.  
 
Overall, the TOGP Advisory Committee was pleased with the Texas A&M OSSF Team’s 
ability to deliver quality research and recommended supporting the Team’s future 
activities. Appendix-B contains the meeting agenda and pictures taken during the day. 
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Appendix – A: Contract signature pages 
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Appendix – B: TOGP Advisory Committee Meeting agenda and photos 
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The Texas A&M AgriLife OSSF Team presents results from first round TOGP projects and discusses plans for 
second round TOGP projects during the Texas Onsite Grant Program Advisory Committee meeting held at the 
RELLIS Campus on November 10, 2021.  Top: presentations; Bottom: field visit to the RELLIS OSSF Research 
and Training Center. 
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Quarterly Progress Report #2 
Work Period: December 1, 2021 – February 28, 2022 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

March 15, 2022 
 
 
 
 

  

mailto:Donna.Cosper@tceq.texas.gov
mailto:ajantrania@tamu.edu
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The following tasks were completed during Year 1 Quarter 2: 
 

1. Initiated search for a vendor to design and construct a greenhouse at the research center, 
met with one vendor who is interested in offering his design-build service and he visited 
the center to get details on the size of the wetland where greenhouse is proposed. Plumbing 
to divert ATU effluent to the wetland cells, where the greenhouse will be added, was 
completed.  
 

2. Started discussions with greenhouse facilities managers operating on TAMU west-campus. 
A set of small greenhouses is operating on the roof of Building #1515 (Plant Pathology and 
Microbiology Building) while a standalone large greenhouse is operating on the roof of 
Building #1516 (Horticulture Field Laboratory).  Both are good candidates for 
investigation to determine water loses. (See photos in Appendix A).   
 

3. A new idea is being conceptualized related to “dual-use” drainfield area.  Discussion with 
a private company that offers design specifications and construction materials for this 
concept has started.  Dual-use systems will allow OSSF users to use the drainfield area for 
other beneficial use such as a parking lot.  NOTE: TAC 285 regulations may prohibit this, 
however, discussions outside Texas indicate that this concept is utilized specifically for 
commercial projects where land is at a premium.  We plan to explore this concept further 
during next quarter before making any decision for including it in this project. 

 
4. Learned about a LEED Certified commercial building in Houston that has Green Roof and 

Reuse system to conserve water. We plan to explore this situation further during the next 
quarter and schedule a site visit to determine if this facility would add benefit to this project.   

 
The following tasks will be addressed during Quarter 3: 
 

1. Finalize and submit QAPP for TCEQ review along with the other two projects.   
 

2. Evaluate proposals for at least two vendors to build a greenhouse at the Center. 
 

3. Develop and install a metering device to control and measure greenhouse influent. 
   

4. Explore the idea of using a commercial facility parking lot as a drainfield area and prepare 
a short report for consideration by the advisory group 
 

5. Visit the commercial building in Houston that has a green roof and reuse system in use for 
water conservation, part of LEED certification.  
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Appendix – A: Examples of greenhouse on roof of two buildings on TAMU West Campus:  
 

 
Building #1515, multiple greenhouses on roof top 

 
Building #1516, one large greenhouse on roof top 
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Quarterly Progress Report #3 
Work Period: March 1, 2022 – May 30, 2022 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

June 15, 2022 
 
 
 
 

  

mailto:Donna.Cosper@tceq.texas.gov
mailto:ajantrania@tamu.edu
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The following tasks were completed during Year 1 Quarter 3: 
 

5. Continued search for a vendor to design and construct a greenhouse at the research center, 
received a quotation from one vendor located in Alabama, see details in Appendix-A. Since 
the quoted price for installation of a greenhouse is more than $55K, it will neither be 
affordable for this project or for a typical homeowner who may be interested in using such 
an option, in future depending on the results of this project. 
 

6. Met with the research assistant Cooper Svajda, who manages operations of greenhouses on 
the roof of Building #1515 (Plant Pathology and Microbiology Building).  Cooper has 
provided valuable suggestions and indicated that he would do search on “Hoop Houses” 
which may be a simpler and affordable way to go for this project.  I will stay in touch with 
Cooper during the next quarter to get additional information and quotations for a hoop 
house.  Cooper has received details on the dimensions of the wetland cell (Appendix-B for 
details) that we are planning to use for installation of a greenhouse structure.   
 

7. Had a daylong meeting in Denton County with the DR of Denton County, Leslie Freeman, 
during which one of the sites visited would be a potential candidate for installation of an 
effluent dispersal system under a paved parking lot. Leslie has shared details of the site 
including preliminary soil information and his notes from the “pre-development” meeting 
with the client who is planning to build a store on that site. Once the project moves forward, 
Leslie will share the concept with the client and organized a meeting with the OSSF 
designer to discuss the ideas of conducting a field scale research project.  

 
8. Requested assistance from the AgriLife Director for Facilities & Construction, David 

DeLeon, who has helped with the installation of the field laboratory at our center last year.  
David visited our center last month to get more information on our plans for the greenhouse 
installation and he has agreed to offer his help on moving our project forward next quarter.  
He will send his “greenhouse” expert from his team to meet with us early June.  
 

9. Worked with other Dr. Wolfe on finalizing the QAPP document, which was submitted to 
TCEQ for review in May. 

 
The following tasks will be addressed during Quarter 4: 
 

6. Work with the AgriLife facilities and construction team as well as with Cooper Svajda to 
get more affordable option for installation of the greenhouse.   

 
7. Visit the Wooster Polytechnic Institute campus during July to learn more about their energy 

efficient evaporating system, which may be helpful in the greenhouse to reduce humidity. 
 

8. As far as possible, complete installation of a greenhouse and metering devices at the Center 
to start data collection at the start of the next quarter. 
   

9. Visit the commercial building in Houston during July ASABE meeting to learn more about 
that project and possible addition to this research project.  
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Appendix A – Quotation received for installation of a greenhouse for this project based on the 
dimension details shown in Appendix-B:  
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Material ~ $27,639.50 + Installation ~$29,283.00; thus Total ~$56,922.50
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Appendix-B: Dimension details shared with public and private sectors for obtaining pricing. 
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Quarterly Progress Report #4 
Work Period: June 1, 2022 – August 31, 2022 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

September 15, 2022 
 
 
 
 

  

mailto:Donna.Cosper@tceq.texas.gov
mailto:ajantrania@tamu.edu
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The following tasks were completed during Year 1 Quarter 4: 
 

10. Worked with the AgriLife Director for Facilities & Construction, David DeLeon, his team 
members, and Research Assistant - Cooper Svajda.  Identified a company in San Antonio 
(Greenhouse etc., https://www.greenhousestx.net/) offering an ideal product for this 
project.  Received a quotation for the “11x24 Big Barn Greenhouse”.  Completed 
assessment of project needs and finalized a bid to purchase and install greenhouse on one 
of the two wetland cells. See Appendix-A, photos show the before and after greenhouse 
installation with construction photos.   
 

11. Worked with Ryan Gerlich, TAMU OSSF Team member, to determine best method to 
measure gravity outflow from wetland cells.  After evaluating several options, Ryan 
concluded that a modified “Dipper”, available from the PolyLock, combined with an event-
counting datalogger, available from Hobo, is best option for measuring and recording 
discharge flow from the wetland cells. Ryan completed installation of one Dipper for the 
wetland cell with the Greenhouse (experimental cell) and demonstrated that the product 
accurately measures a 1.5 Gallons per tip from the wetland cell.  The datalogger will be 
installed next which will include an electronic switch attached to the Dipper which will 
count and record each time the dipper empties, thus allowing discharge flow measurement 
per month.  NOTE – we have received two additional Dippers from PolyLock that will 
allow us to install one on the other wetland cell (Control Cell) and replace the one that 
Ryan used for the experimental cell.  See photos in Appendix-B showing details of the 
Dipper and installation in the experimental cell. 
 

12. With the greenhouse installed and the wetland discharge flow measurement system 
designed, the experimental set-up almost complete.  The experiment will focus on 
measuring the wetland effluent discharge flow, on a monthly basis, from the experimental 
wetland cell (wetland + greenhouse) and the control wetland cell.  Difference between 
these readings will provide an indication of effluent flow reduction attributable to a 
greenhouse installed on a wetland designed based on loading rates prescribed in current 
285 rules.   

 
13. Organized a meeting with the Drip Project PI (Dr. Bonaiti) and local drip system 

designer/distributor (Mr. Jim Prochaska, JNM Technologies) to discuss ways to conduct 
both the Drip and the Effluent Flow Reduction projects simultaneously at the TAMU 
AgriLife OSSF Center. Based on discussions, both wetland cells will be dosed using ~300 
ft of drip tubing (maximum possible) laid out uniformly ~6 inches below the gravel.  
Conducting project efforts is expected to provide synergism with respect to cost and time.  
More on this in the next report. 
 

14. Worked with Dr. Wolfe to address draft QAPP comments received from TCEQ. Returned 
an updated draft QAPP to TOGP for 2nd review on 18 August 2022. 

 
 
 
 

https://www.greenhousestx.net/
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The following tasks will be addressed during Quarter 5: 
 

10. Finalize the flow rate calculations and hypothesis needed to test during this experiment; 
use the Evapotranspiration (ET) system sizing calculations from the current OSSF 
Regulations Section 285.33(b)(2) and the net evaporation rate for College Station presented 
in Section 285.91(7).   
 

11. Work with Ryan and Dr. Wolfe on completing the flow measuring systems for both the 
wetland cells, calibrate the devices and start measuring the effluent flow.   

 
12. Compete the installation of maximum allowable drip tubing on both the wetland cells and 

start time dosing both the cells with ATU effluent at 100 GPD monthly average flow as 
soon as the QAPP is finalized and approved by all parties. 
 

13. Discuss the current status of the project with the TOGP advisory group during the 4th annual 
meeting on RELLIS Campus during the next quarter. 
   

14. Work on scheduling a meeting with the building management company that is responsible 
for the commercial building in Houston that has a reuse plus the effluent flow reduction 
technology (green roof) installed several years back. (NOTE, this task has not been 
completed due to scheduling challenges with the building management company) 
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Appendix A – 11x24 Big Barn Greenhouse Installation at TAMU OSSF Research Center. 
 

 
Before - Wetland cell on the left (with concrete sidewalls) ready for Greenhouse installation 
 

 
11x24 Big Barn Greenhouse installation day. 
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Photo on the left showing the wetland cell covered with the Greenhouse and big window at the 
back end, and on the right showing one of the two fans to be installed in the front windows. 
 

 
View from the back end of the Greenhouse, note the large window at the back end has an 
adjustable opening mechanism to control the air flow through the Greenhouse.   
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After - View from the front, both the window in the front has fans and louvers that opens 
automatically when the fans are turn on at a set temperature point. 
 
Next steps will be to set-up influent distribution systems in both wetland cells, connect two 
ATUs effluent pump tank with the influent distribution systems, re-plant the wetland cells, install 
the effluent flow measuring devices and start dosing the wetland cells 100 GPD ATU effluent.  
Data collection will begin after the QAPP is approved. 
 
 

   
BEFORE GREENHOUSE     AFTER GREENHOUSE  
 
Addition of the Greenhouse at our research facility will be quite useful for future projects related 
to Onsite Wastewater Reuse and we are looking forward to discussing ideas on how to build 
future reuse projects using this newly added Greenhouse during our meeting with the TOGP 
advisory group.    
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Appendix-B: Details on the “Dipper” from PolyLock to be used for the effluent flow 
measurement from both wetland cells. 

 
Technical details on the “Dipper” from the PolyLock website https://www.polylok.com/dipper-
prod-128.html

https://www.polylok.com/dipper-prod-128.html
https://www.polylok.com/dipper-prod-128.html
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Dipper set on a riser lid, ready for installation in the wetland effluent collection tank. 
 

 
Dipper with the concrete weight installed in the wetland effluent collection tank. 
(Video clip is also available to see how the flow will be measured). 
 
NOTE – an electronic switch with a counter will be installed next, which will allow us to record 
number of times dipper tips per month, and Ryan confirmed that each tip = 1.5 gallons, which is 
also the weight of the concrete used in the small tray shown on the bottom left of the Dipper.   
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Quarterly Progress Report #5 
Work Period: September 1, 2022 – November 30, 2022 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

December 15, 2022 
 
 
 
 

  

mailto:Donna.Cosper@tceq.texas.gov
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The following tasks were completed during Year 2 Quarter 1: 
 

15. Worked with Dr. Wolfe and Dr. Bonaiti to finalize the Quality Assurance Project Plan 
(QAPP) addressing current Texas Onsite Grant Program (TOGP) contracts (i.e., 582-22-
10767 Real world RV/ATU data, 582-22-31192 Drip irrigation, and 582-22-31143 
Effluent reduction).  The signed QAPP became effective 4 October 2022.   
 

16. Continued working with Ryan Gerlich, TAMU OSSF Team member, to finalize the 
wetland plant selection, purchasing of the plants from Houston Extension office, designing 
the drip layout for both the wetland cells, and finalizing operating instructions for the 
Greenhouse once all the installation work is completed.  On October 20, 2022, both the 
wetland started receiving 100 GPD from the ATUs as planned.  Before this date, the open 
cell wetland received 200 GPD of ATU effluent (combined flow from both the ATUs) 
while the Greenhouse wetland received 100 GPD tap water.  TDS measurement taken on 
this day reflected the effects of ATU effluent (TDS values in ppm were 850 for tap water, 
1060 for effluent from Greenhouse wetland, and 1600 for the effluent from open wetland). 
We plan to measure TDS values quarterly to see the effects on wetland cells. Appendix-A 
contains photos showing the status of the Greenhouse and Open Wetland Cells.  NOTE the 
as of the end of this quarter, Greenhouse is operated only using the Temperature control 
system. We are still evaluating use of Humidity control system to work with Temperature 
control for operating the Greenhouse, along with use of dehumidification system.   
 

17. Organize and conducted a day long TOGP Advisory Committee meeting on 12 October 
2022 at the RELLIS Campus in Bryan.  This was the fourth annual meeting held on 
RELLIS Campus, attended by 24 representatives from TCEQ and TOWA, to present 
progress reports regarding current TOGP projects and discuss other matters related to 
future of OSSF research program at TAMU. After the morning sessions and lunch indoor, 
the participants visited the research facility to see the progress on E-Flow and DRIP 
projects.  Appendix-B contains several photos from the center visit.   

 
18. After several unsuccessful attempts to visit the green roof facility in Houston area, I was 

able to organize a day long visit with the Houston Green Infrastructure coordinators in late 
October who gave me a detailed tour of the Green roof located on top of the Post Houston 
(https://www.posthtx.com/) known as the Skyfarm, a one-acre urban food farm operated 
by Blackwood Educational Land Institute (https://blackwoodland.org/the-skyfarm-at-post-
houston/).  Appendix-C contains several photos from the site visit. The facility is built and 
operated to maximize use of condensate water for irrigation needed in the farm operated 
on the roof.  This facility could make a very good place to monitor the amount of water 
lost through ET from the roof.  However, there are no water meters installed at this facility 
to monitor the flow nor it is possible to monitor the discharge from the roof of excess water. 
Based on the observations made during my visit where I noticed several wet spots and 
standing water pool, I have concluded use of green roof, or a green wall should be ruled-
out of consideration for flow-reduction techniques because sizing will not be any different 
from the current sizing for ET beds which is not feasible for areas with negative ET rates. 
Note that a green wall project operated on TAMU main campus also discharges water 
during wet/humid weather conditions as shown in photos included in Appendix-C. 

https://www.posthtx.com/
https://blackwoodland.org/the-skyfarm-at-post-houston/
https://blackwoodland.org/the-skyfarm-at-post-houston/
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19. Finalized the mathematical model for assessing the effluent flow reduction technology (i.e., 
wetland operating in the greenhouse OR Enhanced Vaporization Effluent Disposal or 
EVED™) by comparing the daily discharge quantities (Gallons Per Day) from the two 
wetland cells, one with the Greenhouse and one without.  Calculations shown in the 
following table: 

Inflow and outflow data collection systems were installed and calibrated during the 
month of November and data collection started on November 17th.  Following table 
shows the difference in daily effluent quantity from both the wetland cells and rainfall:

 
Average daily effluent discharge from the Greenhouse Wetland was 68 GPD and that for 
Open Wetland was 110 GPD, indicating effects of rainy days in mid-November.    
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20. Started conversation with a homeowner in central Texas who also has a business building 

rainwater harvesting tanks and an OSSF for wastewater management.  They are interested 
in “donating” their home to conduct a field research and demonstration project that could 
combined previously TOGP funded REUSE project and the current E-FLOW project.  To 
minimize the land area required for effluent disposal and to maximize reuse potential for 
treated effluent, we believe that combining these two concepts is the way to move forward 
and develop design, construction, and operation recommendations for a new type of OSSF 
in Texas.  More on this subject in the next quarterly project report.   
 
 

The following tasks will be addressed during Quarter 6: 
 

15. Ensure that the flow data collection systems (flow meters on ATU pumps and Dippers on 
the wetland discharge end) are working properly with no hick-ups and decide when to 
officially start the data collection for the final reporting.  Also, work with Dr. Bonaiti to 
start collecting rainfall data from the automatic rainfall gauge that was used in previously 
funded LPD project. This will allow for better understanding of effects of rain events on 
effluent discharges from both the wetlands.    
 

16. Investigate various instrumentations available for measuring humidity inside and outside 
the Greenhouse and acquire one that is most suitable for use in this project.  Also, look into 
use of a dehumidifier inside the Greenhouse to make water during high humidity conditions 
and connect operation of one of the fans and the humidifier when humidity exceed a pre-
determined value. This will help us study effects on flow reduction by adding these items.   

 
17. Train the new hire who is staring in early January to take responsibilities for data collection 

and field observations. 
 

18. Start the process with the Texas A&M Office of Sponsored Research Services managers 
to send request to TCEQ for extending completion deadlines for this and the other two 
projects by nine months in order to get adequate time for proper completion of field work 
and data processing plus preparing final reports.  
 

19. Continue discussion with the homeowner who is interested in field demonstration project 
to combine both REUS and E-FLOW project and try to find funding for such a project 
during next year or so. 
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Appendix A – Current status of the E-Flow Project Site. 

Planting both inside and outside Greenhouse wetland cells (early October) 

  
Plants’ growth inside Greenhouse wetland in about a month (from early October to early 
November) 
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Photos taken on November 18th a few days after the first freeze on November 13th in BCS area, 
plants doing better inside Greenhouse than outside during cold temperatures.   



65

Appendix-B: TOGP Group visiting the Research Center after the morning session during the 4th 
annual meeting on RELLIS Campus (top two pics) and visitors from Australia on the day after 
the TOGP meeting… 

 
TOGP Group visiting the site during the afternoon of the 4th Annual Meeting on RELLIS. 
 
 

  
Visitors from Australia inside the Greenhouse the day after the TOGP Meeting, October 13th … 
 

th
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Appendix C: Photos from the visit to the Green Roof in Houston (October 25, 2022).  Note that 
there no rainy days for more than week before this visit, however standing water was observed 
on the roof strongly indicating potential for surfacing if this concept and questioning if this 
concept should be considered for effluent flow reduction.   
 

  
The building entrance and the LEED Certification signage  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Green Roof covering about one-acre space, and big wet spot indicating over irrigation 
and/or lack of ET losses. 
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Similar observations were made around the Green Wall that is in operation on the main campus.   
 

 
Green Wall operating on TAMU Main Campus, showing wetness indication of excess irrigation 
(September 7, 2022) 
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Quarterly Progress Report #6 
Work Period: December 1, 2022 – February 28, 2023 
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P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

March 22, 2023 
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The following tasks were completed during Year 2 Quarter 2: 
 

21. Data collection for inflow and outflow from both wetland cells continued during this 
quarter.  Added an electric heater in the greenhouse to protect plants from winter freezing.  
Raw data from Hobo data logger are now available for both the wetland systems as well as 
the inflow data from ATUs.  Monthly averages are calculated to determine the % reduction 
in flows from both wetland systems. Examples of raw data tables and the summary of 
monthly averages are shown in Appendix-A. 
 

22. The greenhouse system experience freezing conditions in December, during which 
temperatures inside the Greenhouse dropped below 40 degrees and plants experienced 
stressful conditions.  However, plants inside the Greenhouse were better overall than the 
plants outside (see Appendix-B). 
   

23. In mid-January, relative humidity sensors were installed for measuring Relative Humidity 
(RH) as percent for both wetlands (i.e., inside and outside greenhouse).  RH datalogging 
intervals are set to match the tipping bucket effluent dataloggers, once every 15 minutes.  
RH sensors began logging at 4PM on January 11, 2023.  Average temperature and relative 
humidity data for this quarter are show in Appendix-A.   
 

24. The greenhouse system experienced a pest infestation (i.e., spider mites) in February 
causing visible plant damage (see photos in Appendix-C).  The TAMU Extension Plant 
Specialist was contacted for guidance.  The use of soapy water was recommended as a low-
toxicity solution.  Two applications were made with some success. Additional, a stronger 
method may be employed (i.e., pesticide application) if the problem continues.     
 

25. Mr. Josh Segura, a new Research Technician for the TAMU OSSF Research Center, was 
trained and will work as needed with Mr. Ryan Gerlich on data collection and management 
of both wetland systems.   
 

 
The following tasks will be addressed during Quarter 7: 
 

20. Review of the raw data set to ensure that flow parameters (inflow, outflow), temperature, 
and relative humidity data are properly synched (i.e., pre-set frequency of 15 minutes for 
temperature, relative humidity, and influent flow to match with ATU dosing frequency.     
 

21. Investigate options to increase evapotranspiration (ET) rate inside the greenhouse with 
plans to implement them during Quarter 7. Selected option(s) will be implemented 
uniformly in both wetlands, inside and outside the greenhouse.     

 
22. Continue investigation of options to eliminate pest infestation inside the greenhouse and 

implement options as necessary to resolve the situation. 
 

23. Continue working with the Texas A&M Office of Sponsored Research Services managers 
on the request to TCEQ for extending completion deadlines  and or budget revisions for 
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this and the other two projects by nine months to allow adequate time for proper completion 
of field work and data processing plus preparing final reports.  
 

24. Continue discussion with the homeowner who is interested in field demonstration project 
to combine both REUSE and E-FLOW project and try to find funding for such a project 
during next year. 
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Appendix A:  

Data from HOBO datalogger, processed, and stored in spreadsheet format – daily data example: 

Monthly Average Summary Table and % Discharge Reduction Comparisons: 

NOTE: GPD (Gallons per Day) RAIN is calculated based on the open wetland size and monthly 
average rainfall recorded at the site. 

Average Temperature and Relative Humidity data collected so far: 
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Appendix B – Effects of freezing weather on plants inside and outside greenhouse. 
 

  
Photos taken on December 11, 2022 (before freezing conditions) 
 
 

  
Photos taken on December 22, 2022 (during freezing conditions) 
 
 

  
Photos taken on February 23, 2022 (second freezing event) 
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Appendix-C: Pest infestation inside the Greenhouse 

 
Spider Mite infestation noticed inside the greenhouse (photo taken February 23, 2023) 
 

   
Spider Mite infestation following two applications of soapy water (photo taken March 13, 2023). 
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Quarterly Progress Report #7 
Work Period: March 1, 2023 – May 31, 2023 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

June 15, 2023 
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The following tasks were completed during Year 2 Quarter 3: 
 

26. Data collection for inflow and outflow from both wetland cells continued during this 
quarter.  Added a dehumidifier in the greenhouse to “harvest” water and to determine both 
quantity and quality of that water (see photos in Appendix-A).  Greenhouse wetland 
monitoring is added to the REEU research platform thus the federal funds from that project 
will be used to pay for water quality monitoring.  Monthly averages are calculated to 
determine the % reduction in flows from both wetland systems. A draft version of the 
average data table is included in Appendix-B.  Note that the values presented in the draft 
table may change once we conduct our final analysis at the end of this project.   
 

27. Attended the Texas Onsite Wastewater Association (TOWA) annual conference in Waco, 
TX from March 6 to 8 and delivered an oral presentation entitled “AgriLife Research and 
Extension Updates” and assisted in two other presentations, one made by Dr. Bonaiti on 
Drip Project and the other by Dr. Wolfe on RV/ATU project. All three presentations were 
well attended and there seems to be a great amount of interest in final reports for all three 
projects. During these presentations, we also made several contacts for future site visits to 
learn more about the challenges faced in these subjects.   
   

28. Travelled to Hood County with Dr. Bonaiti and spent two days with the county health 
department staff visiting several sites to see operating conditions of existing drip systems 
and to see new installations.  Purpose of this trip to really understand drip systems problems 
based on real-world experience by regulators, designers, and installer.  Several photos from 
the site visits are included in Appendix-C.  Information gathered from the site visits will 
be used to develop recommendations for improvement for drip design, installation, and 
operation later this year.   
 

29. Traveled to the Dallas area with Dr. Wolfe and met with a private RV park owner/engineer 
interested in monitoring an aerobic/drip system.  While Dr. Wolfe has offered his assistance 
in developing a monitoring plan for this site, I plan to work with the owner/engineer to 
design a different type of drip system based on the design concept presented in my book 
and based on my experience with this design that has been successfully operating in 
Virginia for more than 10 years. I plan to revisit this site later this year, time permitting. 
 

30. Worked to get the Center ready for the REEU program in which 12 undergraduate students 
will be spending five weeks to learn about water quality sampling and analysis. This project 
is included on the research platform and students will collect water quality samples from 
the aerobic treatment unit that is feeding the wetland covered by the greenhouse, effluent 
from that wetland, as well as the dehumidify water to be collected from the dehumidifier.  
See the research plan details in Appendix-D.    

 
31. Continued discussion with the TAMU-SRS staff about getting the extension for completing 

this and the other projects.  We will need six more months to complete all the work for all 
three projects.  
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The following tasks will be addressed during Quarter 8: 
 

25. Continue review and analysis of the raw data set to ensure that flow parameters (inflow, 
outflow), temperature, and relative humidity data are properly synched and start recording 
the amount of dehumidify water removed from the Greenhouse as well as any effluent 
removed from the wetland cells for the REEU projects. 
 

26. Continue dosing the wetland cells using the drip tubing to support the drip research project 
and to see if drip dosing enhances the evaporation losses.     

 
27. Continue monitoring of the pest infestation inside the greenhouse and implement options 

as necessary to control the situation. 
 

28. Continue working with the Texas A&M Office of Sponsored Research Services managers 
on the request to TCEQ for extending completion deadlines  and or budget revisions for 
this and the other two projects by nine months to allow adequate time for proper completion 
of field work and data processing plus preparing final reports.  
 

29. Continue discussion with the homeowner who is interested in field demonstration project 
to combine both REUSE and E-FLOW project and try to find funding for such a project 
during next year. 
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Appendix A – Difference between the two wetland cells and dehumidifier operation inside the 
Greenhouse to harvest atmospheric water. 
 

  
Photos taken on April 19, 2023 (wetland vegetation growth more inside Greenhouse) 
 
 

  
Photos taken on May 22, 2023 (Dehumidifier operating inside Greenhouse and water collected) 
 

 
Photos taken on May 23, 2023 (water quality samples installed for REEU sample collection) 
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Appendix-B: Example of E-FLOW data recording spreadsheet, daily and monthly values. 

Data from HOBO datalogger, processed, and stored in spreadsheet format – daily data example 
(note that the yellow high-lighted cells mean missing or erroneous data): 

Monthly Average Summary Table and % Discharge Reduction Comparisons:

NOTE: GPD (Gallons per Day) RAIN is calculated based on the open wetland size and monthly 
average rainfall recorded at the site. 



79 
 

Appendix-C: Drip sites visited in Hood County. 

  

The drip system has not been working properly since the start-up, effluent surfacing at several 
locations and the homeowner is not happy with the system.  The owner is in the process of 
getting another contractor to work on repairs based on the suggestions developed during the visit. 
 

  
New installation in progress, note the gravel material used by this installer to allow drip system 
work better than otherwise on sites with clay soil.  This site will be revisited after 3 years to 
study system performance. On the right, filter used in this system.  
 

   
Screen filter typically used in drip system, to be cleaned during the routine maintenance service.   
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Appendix-D: Treatment trains to be studied during this year REEU program in June. 
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Quarterly Progress Report #8 
Work Period: June 1, 2023 – August 31, 2023 

 

For Texas On-Site Sewage Facility (OSSF)  
Research Contract  

#582- 22-31143 

Reduction of wastewater effluent from on-site sewage facilities 

Report submitted to: 
Donna Cosper, P.E., Project Manager 

Program Support and Texas OSSF Research Grant Program 
Texas Commission on Environmental Quality 

P.O. Box 13087, MC - 235 
Austin, Texas 78711-3087 

Donna.Cosper@tceq.texas.gov  

Report Submitted by: 
 

Anish Jantrania, Associate Professor & Extension Specialist 
Texas A&M AgriLife Extension & Research  

    ajantrania@tamu.edu  

September 15, 2023 
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The following tasks were completed during Year 2 Quarter 4: 
 

32. Requested and received a three month extension from TCEQ to complete the project.  The 
date of completion is November 30, 2023, instead of August 31, 2023.  This extension was 
needed as the start date of this project was delayed by more than three months in 2021. 
 

33. Continued inflow and outflow data collection (see Appendix A for the daily average values 
and monthly summary table of effluent flow reduction rates).  
 

34. Included Reuse Water Quality Research and Extension Experiences for Undergraduates 
(REEU) 2023 program in project activities (see https://reeu.baen.tamu.edu/).  REEU 
fellows studied effluent flow reduction needs/concepts and collected water-quality samples 
from four sampling points: ATU effluent, wetland effluent, greenhouse dehumidifier, and 
from the distillation unit used to “polish” the effluent from open wetland.  See Appendix 
B for water-quality results and REEU photos.   
   

35. Worked with the TCEQ and TOWA leadership to finalize a date for the 5th annual TOGP 
annual meeting to discuss details on this and upcoming research programs.  The meeting 
date is set for September 26 on RELLIS Campus. Invitation responses indicate that more 
than 2/3rd of the group plans to participate.  
 

 
The following tasks will be addressed during extended Quarter 9: 
 

1. Continue effluent quantity data collection and start the effluent quality monitoring 
program to add value to the data collected during the REEU-2023 program. 
 

2. Engage two graduate research assistants on an hourly wadge basis to assists with effluent 
quality samples, deliver samples to the certified laboratory, and retain services from the 
laboratory for conducting sample analysis and reporting results during September and 
October. Complete the sampling and analysis by October end so that results can be 
included in the draft final report which is due on November 30th.  
 

3. Organize the 5th annual TOGP advisory group meeting on September 26th and present the 
content of the draft final report for this project. 
 

4. Complete the data collection by the end of October and prepare the draft final report for 
submission by November 30. 
 

5. Work with the SRS team to ensure that all/most of the funds are drawn-down available 
for this project. 

 
  

https://reeu.baen.tamu.edu/
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Appendix-A: Example of E-FLOW data recording spreadsheet, daily average values and 
monthly summary. Data from HOBO datalogger, processed, and stored in spreadsheet format – 
daily data example (Note: yellow high-lighted cells have missing or erroneous data): 

 

 
Monthly Average Summary Table and % Discharge Reduction Comparisons: 

NOTE: GPD (Gallons per Day) RAIN is calculated based on the open wetland size and monthly 
average rainfall recorded at the site. 

246 07/20/23 90.8 63.0 102.2 0 246 07/20/23 89.0 58.9 100.4 0
247 07/21/23 89.6 63.5 102.5 53 247 07/21/23 87.9 57.8 100.7 0
248 07/22/23 90.5 61.6 102.8 29 248 07/22/23 89.8 54.8 100.2 0
249 07/23/23 90.6 62.0 103.1 27 249 07/23/23 89.1 53.7 100.8 0
250 07/24/23 89.5 63.1 104 41 250 07/24/23 87.3 59.1 100.3 0
251 07/25/23 90.0 62.5 103.1 24 251 07/25/23 87.8 59.4 100.9 0
252 07/26/23 90.0 62.4 103.6 30 252 07/26/23 88.1 57.3 101 37 0
253 07/27/23 89.8 62.6 117.9 38 253 07/27/23 87.6 58.3 115.1 65 0
254 07/28/23 88.6 62.2 103.4 52 254 07/28/23 86.6 56.9 101.6 78 0
255 07/29/23 89.1 62.7 104 29 255 07/29/23 87.1 57.5 101.8 80 0
256 07/30/23 89.9 62.6 121.1 23 256 07/30/23 88.4 55.2 119.7 69 0
257 07/31/23 91.3 61.6 103.6 62 257 07/31/23 90.3 52.7 102.8 75 0
258 08/01/23 91.7 60.9 103.7 29 258 08/01/23 90.6 51.5 102.3 74 0
259 08/02/23 91.6 57.6 103.5 18 259 08/02/23 90.4 49.3 101.4 68 0
260 08/03/23 91.4 61.3 102.9 25 260 08/03/23 89.5 57.1 101.3 58 0
261 08/04/23 92.2 59.9 103.3 30 261 08/04/23 84.2 71.3 101.6 64 0
262 08/05/23 92.2 59.9 103.7 29 262 08/05/23 90.6 56.0 101 60 0
263 08/06/23 92.1 59.2 103.4 26 263 08/06/23 90.7 55.5 101.5 57 0
264 08/07/23 92.6 59.3 102.9 26 264 08/07/23 91.2 55.7 101.7 69 0
265 08/08/23 92.3 60.1 102.5 23 265 08/08/23 90.3 57.9 101.1 70 0
266 08/09/23 92.3 60.9 33.9 24 266 08/09/23 90.7 58.5 33.6 76 0
267 08/10/23 93.0 59.5 102.8 24 267 08/10/23 91.5 56.6 100.9 56 0
268 08/11/23 92.8 59.4 101.8 25 268 08/11/23 91.4 56.4 100.3 64 0
269 08/12/23 92.5 61.5 101.3 33 269 08/12/23 90.9 59.8 100.7 76 0
270 08/13/23 92.2 60.1 72.2 24 270 08/13/23 90.6 57.6 71.5 72 0
271 08/14/23 91.6 61.5 102.1 25 271 08/14/23 90.5 56.3 100 39 0
272 08/15/23 89.4 51.8 101.7 21 272 08/15/23 89.4 39.8 100.6 68 0
273 08/16/23 85.8 54.3 102.2 25 273 08/16/23 85.7 37.5 100.4 67 0
274 08/17/23 88.8 58.5 101.7 35 274 08/17/23 88.5 48.9 100 68 0
275 08/18/23 91.1 55.8 101.9 38 275 08/18/23 90.3 48.2 100.3 100 0
276 08/19/23 91.1 58.9 101.5 33 276 08/19/23 90.1 52.5 100.9 58 0
277 08/20/23 93.1 54.6 102.5 35 277 08/20/23 93.5 45.2 100 51 0
278 08/21/23 91.9 53.7 102.3 27 278 08/21/23 92.3 43.2 101.9 56 0
279 08/22/23 91.3 61.4 102.3 34 279 08/22/23 90.3 54.3 103.1 77 0
280 08/23/23 90.4 61.6 101.7 36 280 08/23/23 89.5 53.9 100.9 74 0
281 08/24/23 92.6 56.4 102.7 34 281 08/24/23 92.7 46.6 101 77 0
282 08/25/23 93.4 53.5 101.5 42 282 08/25/23 92.9 44.7 101.6 27 0
283 08/26/23 91.2 57.8 101.8 33 283 08/26/23 90.6 49.3 101.3 10 0
284 08/27/23 89 5 60 5 102 2 34 284 08/27/23 89 1 53 9 101 6 0
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Appendix-B: REEU-2023 Research program and inclusion of the E-Flow Treatment Trains # 
3&4 Sampling Points. 

 

 

REEU Fellows working on the E-Flow Project – water quality sample collection: 

 

Number of Samples Tank - A Tank - F Tank - G Tank - H Tank - I Tank - J
BOD 10 10 5 2 2 1

TSS 10 10 5 2 2 1
Ammonia-N 10 10 5 5 5 2

Nitrate/Nitritie-N 10 10 5 5 5 2
TKN 10 10 5 5 5 2

E. Coli 10 10 5 2 2 1
TP 10 10 5 5 5 2

Turbidity 10 10 10 10 10 10
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Appendix-B Raw Data Sets and Lab Reports 

NOTE: Yellow highlighted cells indicate missing data due to malfunctioning of the data 
collection and/or recording system. 
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Aqua-Tech Lab Reports Result Pages Only. 
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Appendix-C Greenhouse Dimension and Volume Calculations 
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