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Task B of the Florida Onsite Nitrogen Reduction Strategies Study (FOSNRS) includes performing field
experiments to critically evaluate the performance of nitrogen removal technologies that were identified
and pilot tested in FOSNRS Task A. To meet this objective, full scale treatment systems will be
installed at various residential sites in Florida, operated on septic tank effluent under actual onsite
conditions, and monitored over an extended timeframe. The Task B Quality Assurance Project Plan
(Task B.5) documents the objectives, monitoring framework, sample frequency and duration, and
analytical methods to be used at the home sites. This report documents the installation of a passive
nitrogen reduction system at a home site in Hillsborough County, Florida (B-HS2).

System Overview

The B-HS2 system was installed in Hillsborough County, Florida in September 2012. It consists of a
replacement 1,050 gallon two chamber concrete primary tank; 300 gallon concrete recirculation tank;
900 gallon concrete Stage 1 unsaturated media filter; 300 gallon concrete pump tank; and 1,500 gallon
two chamber concrete Stage 2 saturated media biofilter. Figure 1 is a site schematic showing the
system components and layout of the installation. The complete as-built system drawings are included
in the attached Appendix A.

Household wastewater enters the 1% chamber of the primary tank and exits the second chamber as
septic tank effluent through an effluent screen into the recirculation tank. The recirculation tank
contents are discharged by gravity to a distribution box, located inside the Stage 1 biofilter, which splits
the flow between two perforated distribution pipes along the top of the unsaturated Stage 1 biofilter
media. The Stage 1 biofilter contains 10 inches of coarse expanded clay media (Riverlite™ 1/4; 1.1 to
4.8 mm) above 20 inches of finer expanded clay media (Riverlite™ 3/16; 0.6 to 2.4 mm). Wastewater
proceeds downward through the expanded clay media where nitrification occurs. Stage 1 biofilter
effluent then flows into the pump tank (which contains the pump and float switches). The pump tank
discharge is split via two throttling globe valves which allow for a portion of the Stage 1 biofilter effluent
to be sent back for recirculation with the rest proceeding to the Stage 2 biofilter. The system was
designed with two recirculation modes of operation. The first option (which will initially be tested) is to
have the recirculated effluent return to the recirculation tank for mixing with incoming septic tank
effluent. The second option is to have the recirculated effluent return to the top of the Stage 1 biofilter,
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dispersed by three spray nozzles. Recirculation back to either the recirculation tank or Stage 1 biofilter
increases the hydraulic loading on the Stage 1 biofilter. Effluent form the unsaturated (Stage 1) media
tank enters the denitrification (Stage 2) biofilter into a standing water column lying above the media in
the first chamber (lignocellulosic media), flows downward through the media, moves laterally through
the baffle wall to the bottom of the second chamber, and upward through the media in the second
chamber (elemental sulfur and oyster shell). The Stage 2 biofilter contains 42-inches of lignocellulosic
media in the first chamber. A collection pipe along the bottom transfers the effluent to the second
chamber which contains 24-inches of elemental sulfur mixed with oyster shell media. The Stage 2
biofilter effluent discharges near the top of the tank; therefore denitrification occurs in the saturated
environment. The denitrified treated effluent is discharged into the soil via the existing mounded
drainfield (P.T.I.™ bundles). A flow schematic of the system is shown on Figure 2.
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Figure 1
Schematic of B-HS2 PNRS installed in Hillsborough county
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Figure 2
Flow Schematic of B-HS2 PNRS installed in Hillsborough county
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Installation

Installation of the system commenced September 10, 2012 and was completed on September 12,
2012. The installation began with a pump out and removal of the existing 1,050 gallon septic tank,
which was found to be cracked during the system evaluation. After the pump out was completed, the
old septic tank was removed (Figure 3).

Figure3
Old septic tank removed

A 1,050 gallon, two compartment replacement concrete primary tank was installed. The first larger
chamber serves as a primary receiving tank, receiving the raw sewage from the household. The sewer
pipe from the house was plumbed into the 4”’D (diameter) inlet hole shown in Figure 4. An effluent
screen (Polylok™, PL-68) was installed in the outlet tee of the second chamber (Figure 5).
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4"D inlet pipe
connection

Figure4
1,050 gallon, two chamber, primary Tank

Figure5
Primary tank effluent screen
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Following the primary tank installation, the remaining passive nitrogen reduction system components
were installed (Table 1). A single chamber (900 gallon) concrete tank was installed beside the primary
tank (Figure 6). The purpose of this tank is to hold the Stage 1 expanded clay media. The 4"D inlet of
the tank is connected (gravity flow) to the recirculation tank discharge. The 27D inlet is connected
(pressurized flow) to the recirculation pipe from the pump tank. The 47D outlet (Figure 7) of the pipe is
located near the bottom of the tank to allow for unsaturated operation. The 4”D underdrain pipe
(perforated) with gravel surrounding was installed along the centerline of the bottom of the tank for
effluent collection (Figure 8). Following gravel installation and leveling, 20-inches of fine (3/16
Riverlite™) expanded clay media was installed (Figure 9). Above the fine media, 10-inches of coarse
(1/4 Riverlite™) expanded clay media was installed (Figure 10). Following media installation and
leveling, the influent distribution network was installed. The 4"D influent pipe, connected to the
recirculation tank discharge, discharges into a distribution box which flows to two 4’D perforated pipes
across the top of the media (Figure 11). The distribution box includes two Polylok equalizer™ weirs to
allow for the adjustment of the flow split (Figure 12). The 2"D influent pipe is reduced to a 1D pipe
along the centerline with three spray nozzles attached to distribute the recirculated effluent. The spray
nozzles are removable for cleaning in the event clogging occurs (Figure 13).

Table 1
Passive Nitrogen Reduction System Components
Tank Volume Surface Area Media
(gal) (ft*)
Primary Tank 1,050 37 none
Recirculation Tank 300 12 none
Stage 1 Biofilter 900 37 e 10" Riverlite 1/4
e 20" Riverlite 3/16
Pump Tank 300 12 none
Stage 2a Biofilter, downflow 1,000 (1,500 total) 36 (54 total) 42" lignocellulosic (Southern
yellow pine)
Stage 2b Biofilter, upflow 500 (1,500 total) 18 (54 total) 24" Elemental sulfur (90%)
& oyster shell mixture (10%)
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4" D outlet connection

to pump tank
2"D inlet pressurized
recirculated effluent connection
4"D inlet gravity
recirc tank connection
Figure 6

900 gallon, single chamber, stage 1 biofilter tank

Figure7
Stage 1 biofilter 4” D outlet pipe, with cleanout
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Figure8
Stage 1 biofilter gravel underdrain

Figure9
Stage 1 biofilter 20-inches of fine media (3/16 Riverlite™)
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Figure 10
Stage 1 biofilter 10-inches of coar se media (1/4 Riverlite™)

Spray nozzle
4D perforated
distribution pipe
D-box
4"D inlet pipe
from recirc tank
2’D inlet pipe
from pump tank
Figure11
Stage 1 biofilter influent distribution system
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Equalizer weirs

Figure 12
Stage 1 biofilter d-box

Figure 13
Removable spray nozzle
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The 300 gallon concrete recirculation tank was then installed (Figure 14). The 4”D inlet is connected to
the septic tank effluent discharge, and the 2” D inlet is connected to the recirculation pipe from the
pump tank. A bull run valve™ (Figure 15) was installed following the septic tank outlet to allow the flow
to either be completely directed to the new passive system (to the recirculation tank) or to the existing
distribution box (to the existing drainfield). A riser pipe was installed to grade over the valve, so that the
valve can be turned after installation is complete. The valve is turned with a wrench on a rod which is
long enough to reach with the riser installed (Figure 15).

2D connection
from pump tank

4" D connection
from septic tank

Figure 14
300 gallon recirculation tank
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1D inlet pipe
from pump tank

All flow to passive system
(torecirc tank 4”D inlet)

All flow to existing drainfield
(to existing d-box)

Bull run valve™

Sample tee for
septic tank effluent

Figure 15
Bull run valve™
Next, the 300 gallon concrete pump tank was installed downgradient of the Stage 1 biofilter (Figure 16).
The outlet pipe connection was plugged since the pump discharge pipe is installed through the riser.
The pump was installed within a holding bracket which also supports the float tree (Figure 17). Three
float switches were installed to maintain the effluent level in the pump tank and are attached to a float
tree installed in the pump tank and connected to the control panel. The height of the floats is adjustable
and once the proper heights were established, screws were used to secure the floats to the float tree.

Two inline flow meters were installed following the pump discharge. The first inline flow meter was
installed prior to the recirculation flow split, to record the cumulative flow in gallons pumped from the
pump tank (Figure 18). At this location, the flowmeter measurement includes the forward wastewater
flow (F) and the recirculation flow (R). Two throttling globe valves were installed to allow for the
adjustment of F and R flow to achieve the target recirculation ratio (initially set at approximately 3:1).
The second flowmeter installed downstream of the F globe valve measures the forward wastewater
flow to the Stage 2 biofilter (Figure 18). As previously discussed, the design includes two modes of
operation for the recirculation of Stage 1 effluent: 1) to the recirculation tank or 2) to the Stage 1 biofilter
spray nozzles. Two ball valves were installed (Figure 19) which either shut on or off the recirculation
mode desired (initially set so that all the recirculation flow returns to the recirculation tank).
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4" D Stage 1 outlet

Figure 16
300 gallon pump tank
Pump
Float tree
Pump and float tree support
1D pump discharge
Figure 17
300 gallon pump tank (pump and float tree)
Hazen and Sawyer, P.C 14 September 2012

0:\44237-000-TPA\44237-001



1/2"D sample tee

Combined (F+R)
flowmeter

F flow throttling
globe valve

R flow throttling
globe valve

F flowmeter

Figure 18
Recirculation flow split and monitoring

Ball valveto
recirc tank
Ball valveto
Stage 1 biofilter
Figure 19
Recirculation mode of operation flow split
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The last tank installed was a two chamber (1,500 gallon) concrete tank (Figure 20). The purpose of this
tank is to hold the Stage 2 lignocellulosic and sulfur media. The 1’D pipe downstream of the F
flowmeter is expanded to 4’D and connects to a perforated pipe which distributes nitrified effluent over
the lignocellulosic media within the first chamber of the Stage 2 biofilter. The nitrified effluent flows
downward through the lignocellulosic media (within first chamber) and upward through the sulfur media
mixture (within second chamber).

A 4°D underdrain pipe (perforated) with gravel surrounding was installed along the centerline of the
bottom of the tank for transfer from the first chamber to the second chamber (Figure 21). The tank
arrived with a coupling cast into the baffle wall near the bottom to connect both chambers of the tank.
Following the underdrain gravel installation (Figure 22) and leveling, 24-inches of elemental sulfur and
oyster shell media was installed and mixed (Figure 23) within the second chamber. A stainless steel
drivepoint sampler tree (Figure 24) was installed for sampling at 3, 7, 12, and 18-inches above the
bottom of the sulfur media mixture (Figure 23).

Above the gravel underdrain within the first chamber of the tank, 42-inches of lignocellulosic media was
installed (Figure 25). A stainless steel drivepoint sampler tree was installed for sampling at 0, 6, 12, 18,
24, 30, and 36-inches above the bottom of the lignocellulosic media. A 4’D perforated pipe was
connected to the inlet of the tank for effluent dispersal above the lignocellulosic media. A 4"D tee was
installed at the outlet of the tank which allows for saturated operating conditions across the biofilter
(Figure 26). The 4”D outlet is connected to the distribution box to the existing drainfield.

Figure 20
1,500 gallon stage 2 biofilter tank
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Coupling in wall

Figure 21
Stage 2 biofilter tank perforated pipe along bottom (lignocellulosic chamber)

Figure 22
Stage 2 biofilter tank gravel underdrain (sulfur chamber)
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Figure 23
Stage 2 biofilter tank (sulfur mixed with oyster shell)

Figure 24
Stage 2 biofilter tank SST drivepoint sampler tree (sulfur chamber)
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Perforated
distribution pipe

SST drivepoint
sampler tree

Clean-out for
underdrain pipe

Figure 25
Stage 2 biofilter tank (lignocellulosic media)

Figure 26
Stage 2 biofilter tank outlet tee
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A power meter was installed between the main power box of the house and the control panel to record
cumulative power usage of the system in kilowatts. The equipment connected to the power meter are
the recirculation pump and the control panel. Figure 27 shows the power meter installed inside the
control panel.

The system control panel (Figure 27) allows for a timed pump cycle which can be overridden if the
effluent levels are too low or too high in the pump tank. If the floats indicate a low effluent level in the
tank, the timed cycle is turned off to protect the pump. If the floats indicate a high effluent tank level,
then the pump cycles faster (off cycle reduced) until the water level reaches the optimal range. An
alarm will indicate if the water level goes above a critical level. The control panel is connected to a
phone line which transmits data to Vericomm for monitoring.

Power meter counter
Power meter

Figure 27
Control Panel

During final testing of the system, the system operated with no visible signs of leaks, etc. The system
area was filled and all disturbed areas on the property were graded (Figure 28) and covered with sod
(Figure 29).
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System
/ control panel

Septic tank

Septic tank sample tee

Bull run valve

Recirculation tank

Stage 1 biofilter

Stage 1 clean-out
Pump tank
F flowmeter

R+F flowmeter

Stage 1
recirc ball valve Stage 2 biofilter
Recirc tank
recirc ball valve
Figure 28
Overall PNRS system installed
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Figure29
Sod cover over PNRS system

Hazen and Sawyer, P.C 22 September 2012

0:\44237-000-TPA\44237-001



Operation and Verification

On September 25, 2012, the pump tank was filled with potable water for system operational testing.
The pump was tested, and the globe valves were set to an approximate 3 to 1 recirculation split, with 3
parts going back to the recirculation tank and 1 part going to the Stage 2 biofilter tank. Through the
Vericomm system, the on and off pump cycles were set. A call to Vericomm was initiated from the
control panel to transmit the data following the testing. In addition, the two flowmeters and electric
meter were read and recorded (Table 1).

Table 1
Initial Settings and Readings Recorded
September 25, 2012 11:45am
Recirculation Ratio 3:1

Control Panel Settings

Pump Run Time (hr:min) 0:07
Pump Cycles Today 5
Override Cycles Today 1

On time cycle (min:sec) 01:12
Off time cycle (min:sec) 60:00
Electric Meter Reading

Electric Meter (kWh) 2
Flowmeter Readings

Household use flowmeter (gal) 32660
Combined flowmeter (R+F) (gal) 00000351.9
Stage 2 flowmeter (F) (gal) 00000102.2

Estimated Cost

The final construction cost for the installed system was $19,142.18 as detailed in Appendix B.
System Start-up

The system was started up September 25, 2012, when all flow was diverted to the new passive system.
Routine checks of the system were made for the first two weeks to ensure the system was functioning
as intended. Tanks were noted to be full on October 5, 2012. Preliminary sampling will begin in
October to monitor nitrification.
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APPENDIX A
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APPENDIX B

CONSTRUCTION COSTS



Table B.1

Construction Cost Summary

PROJECT: FOSNRS Study Field Site Installation B-HS2
CLIENT: FDOH

$ 19,142.18

TOTAL

B Bh B h B

®© #h B

R - R A R -

R - R e R

100.00
680.00
20.00
30.00
73.59

390.00
15.00
20.00

800.00
109.38
45.19
15.00
15.00
16.45
23.58
275.83
275.83
50.00
35.00
45.00

390.00
531.00
202.40
900.00
287.90
151.40
159.37
7.50
10.00
100.00
15.00
100.00

1,000.00
60.00
20.00
45.19
10.00

500.00
969.96
13.50
25.00
25.00

1,500.00
5,000.00
220.00
1,000.00
300.00

TOTAL
ENGINEER OR
CONTRACTOR
ITEM NO. DESCRIPTION SUPPLIED QUANTITY UNIT UNIT PRICE
STE Tank
1 Inlet pipe (4"D) and connection to existing 4" SDR Contractor 1 LS
2 1050 gallon concrete septic tank (2 polyethylene lids and risers to grade) Contractor 1 EA
3 4" tee on outlet pipe for sample collection with grade access Contractor 1 LS
4 4" outlet pipe Contractor 1 LS
5 Bull run valve Engineer 1 EA
Recirculation Tank
6 300 gallon concrete tank (1 polyethylene lid and riser to grade) Contractor 1 EA
7 1"D pressure pipe connection (seal) Contractor 1 LS
8 4"D outlet pipe, baffle tee Contractor 1 LS
Stage 1 Biofilter
9 900 gallon concrete tank (3 polyethylene lids and risers to grade) Contractor 1 EA
10 Polylok distribution box and accessories Engineer 1 LS
11 4"D perforated pipe (inlet and outlet) Engineer 1 LS
12 4"D pipe connections inlet and outlet Contractor 1 LS
13 1"D pipe connection into tank Contractor 1 LS
14 Orenco spin nozzles Engineer 3 EA
15 Pipe support Engineer 1 LS
16 Upper media (super sack 1/4 Riverlite) Engineer 1 EA
17 Lower media (super sack 3/16 Riverlite) Engineer 2 EA
18 Gravel underdrain Contractor 3 CcYy
19 4" sanitary wye, 45 elbow, and clean out to grade Contractor 1 LS
20 4"D outlet pipe and cleanout Contractor 1 LS
Pump Tank
21 300 gallon concrete tank (1 polyethylene lid and riser to grade) Contractor 1 LS
22 Effluent pump Engineer 1 LS
23 Float assembly Engineer 1 EA
24 Vericomm Control panel Engineer 1 EA
25 Power meter Engineer 1 EA
26 2 flowmeters Engineer 2 EA
27 2 globe valves Engineer 1 LS
28 1"D Ball valves Contractor 2 Ea
29 1"D Check valves Contractor 2 Ea
30 1"D pipe Contractor 1 LS
31 Fittings to expand from 1"D to 4"D Contractor 1 LS
32 Electrical wire to panel, conduit (for flowmeters, floats, pump connection) Contractor 1 LS
Stage 2 Biofilter
33 1500 gallon concrete tank (2 polyethylene lids and risers to grade) Contractor 1 LS
34 Baffle wall pipe connection (4"D) Contractor 1 LS
35 4"D baffle tee on outlet Contractor 1 LS
36 4"D perforated pipe (inlet and outlet) Engineer 1 LS
37 Stainless steel drivepoint samplers, tubing Engineer 1 LS
38 Media - sawdust Contractor 1 LS
39 Media - elemental sulfur Engineer 1 LS
40 Media - oyster shell Engineer 10 EA
41 4"D outlet pipe Contractor 1 LS
42 4"D Tee for STE pipe and outlet pipe connection to existing d-box Contractor 1 LS
Miscellaneous
43 Onsite system contractor Labor (8 hr day onsite) Contractor 2 EA
44 Onsite system contractor mobilization and transport Contractor 1 LS
45 Fill around tanks Contractor 1 LS
46 St. Augustine grass restoration Contractor 1 LS
47 Pump out old septic tank Contractor 1 LS
48 Existing system evaluation Contractor 1 LS

LS = Lump Sum

365.00

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

"$
$
$
$
$
$
$
$
$
$
$

"$
$
$
$
$
$
$

903.59
100.00
680.00

20.00
30.00
73.59

425.00

390.00
15.00
20.00

2,114.98

800.00

109.38
45.19
15.00
15.00
49.35
23.58

275.83

551.65

150.00
35.00
45.00

3,023.47

390.00

531.00

202.40

900.00

287.90

302.80

159.37
15.00
20.00

100.00
15.00

100.00

2,790.15
1,000.00
60.00
20.00
45.19
10.00

500.00

969.96

135.00
25.00
25.00

9,885.00
3,000.00
5,000.00
220.00
1,000.00
300.00
365.00



