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Or me either!
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and the Environment, neither does the mention of any
product or procedure constitute an endorsement of such
by those agencies.




The challenge, in our
geological setting is to
Remove Nitrogen from
Wastewater




It's gonna
be a long
night.




The Impacts of Nitrogen
In Marine Settings



Mission of the Massachusetts Alternative
Septic System Test Center

e To provide a facility where research, development and
testing of advanced onsite septic systems can be conducted.

* Provide information to boards of health and other
environmental decision makers regarding the efficacy of
advanced treatment units (in our area particularly for
nitrogen).




Massachusetts Alternative
Septic System Test Center
Wastewater Source

Coast Guard residential housing and
a county jail




Test Center from Space (circa. 2003)

Wastewater Treatment Plant




Test Center from Space (circa. 2003)

R Wastewater Treatment Plant
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Concept 1

Test systems In triplicate over two
years. Issue open invitation.




Construction 1998-1999




General Schema of Septic Systems Installed at the
Massachusetts Alternative Septic System Test

Center
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Treatment Unit leaching
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Profile Schema of Pan Lysimeter Precipitation ?
Configuration — Massachusetts
Alternative Septic System Test Center
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End View Schema of Pan Lysimeter
Configuration — Massachusetts
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AutoSamplers

sComposite Sample
«Set for 24 hrs.

«Synchronized with discharge







Average Daily Electric Consumption
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SeptiTech (G2) Fast(Ds) Bioclere (H1)  Amphidrome (B1) ~ GeoFlow (ES)

System

Waterloo (A3)




— __NVIRONMENTAL
ECHNOLOGY
NITIATIVE

Two Years of Bi-weekly Testing

Five Systems and a Standard Septic
Tank Leach Trench System Started

Four Treatment Systems Finished!
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STANDARD “TITLE 5" SYSTEM



Profile Schema of Pan Lysimeter R
Configuration — Massachusetts Precipitation ?
Alternative Septic System Test Center

Sampling Ports

Distribution Box

Pan Lysimeters Containment Liner
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AMANCECREONY "CENTER FEED”

AIR/VACUUM RELIEF
VALVE (PLUMBED TO PVOD)

ZONE FLUSH VALVE
PLUMBED TO PVC (TYP)

GEOFLOW MANIFOLD
CONNECTION
(PVC TO ELL)

PVC FLUSH MANIFOLD

PVC SUPPLY MANIFOLD

GEOFLOW MANIFOLD
CONNECTION
(PVC TO TED)

REMOTE CONTROL VALVE

WITH FILTER AND PRESSURE

REGULATOR

GEOFLOW DRIPLINE LATERAL

PVC FIELD FLUSH
RETURN LINE

AIR/VACUUM RELIEF
VALVE (PLUMBED TO PVO)

PVC FLUSH MANIFOLD

ZONE FLUSH VALVE
PLUMBED TO PVC (TYP)

AIR/VACUUM RELIEF
VALVE (PLUMBED TO PVO)

Not To Scale

Geoflow® Drip
Irrigation






Geoflow® Drip
Irrigation

Sampling Ports
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Pan Lysimeters Containment Liner




Drip Dispersal

Replicate #2




GeoFlow Drip Irrigation

Geoflow TDN mg/l
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WATERLOO BIOFILTER









Waterloo Biofilter PV

From House ETI

Pump
Chamber|—|

| |
‘ Septic Tank

Discharge

Generally TN~15-
17 mg/l TN.

Excursions related
to short circuiting.

Influent TN  Effluent
(mg/l) TN (mg/l)

Mean 37.5 14.7
Median 38.0 13.9
Count 103 130
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Waterloo Biofilter MicroFAST
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Standard 150 on,single compartment
septic tanks
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AMPHIDROME

Sequencing Batch Reactor






Amphidrome®

AIR SUPPLY

T

" EQUALIZATION/ ™

FLOW STORAGE __HMINI
AREA L

— P
\
\— AMPHIDROME MEDIA
~~__ > SUPPORT MEDIA

~— UNDERDRAIN

PROCESS AND BACKWASH
FILTER

Generally TN<15. Performance
excursions related to sludge buildup in
primary tank

\
\
\_ BACKWASH/

FLOAT
CONTROLS

— -
DISCHARGE TO
LEACHING
FACILITY

T~ EFFLUENT
PUMP

RETURN PUMP

Mean
Median

Count

Influent
TN

(mg/1)
36.8
37.0

60

Effluent
TN

(mg/1)
10.7
9.1

116




aterloo Biofilter
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MICroFAST®

Influent TN  Effluent
(mg/l) TN (mg/l)

Mean 37.5 17.3
Median 38.0 17.1
Count 103 114

ACCESS TO INSPECT PUMP
OUTS MUST BE PROVIDED ~——————

WASTEWATER
FROM

SETTLING
ZONE

BLOWER WITH HOOD
" (BY BIO-MICROBICS)

4
CTRICAL CONDUIT
BLOWER CONTROL SYSTEM
~—_ 2" AIR SUPPLY
LINE
DISCHARGE TO LEACHING
FACILITY

MICRO FAST INSERT
(BY BIO-MICROBICS)

Generally <19mg/l TN, provided that the sludge level is regularly
monitored. Excursions related to sludge buildup
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RUCK and ECO-RUCK

Influent
Graywater

Influent
Blackwater
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Standard 245

The evolution of a standard




pTv

Bioclere

Septic

Tank Discharge

Recycle line

Effluent Influent
(TN mg/l) (TN mg/l)

15.6 37.9
13.5 38.0
52 82










Waterloo Biofilter FTV

From House

| |
‘ Septic Tank

Pump
Chamber|—|

Discharge




SEPTITECH

From House

Mean
Median

Count

SEPTIC TANK

Influent Effluent
TN (mg/l) TN (mg/l)

38.0 13.8
38.0 13.8
98 57
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RSF Recirculating

Sand Filters Recirculating Sand

From House Filter

| |
‘ Septic Tank PUMp _‘

Chamber

Generally expect TN~ 20-25 mg/Il, but there
are possibilities for higher removal rates with
design modifications and oversight.
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Recirculating Sand Filter

FROM

FROM BUILDING

BUILDING

SPLITTER
—— VALVE (VARIOUS

DESIGNS) ~_ DAM ACROSS BOTTOM
OF SAND FILTER

FLOW SPLIT INBOTTOM
OF SAND FILTER

DISTRIBUTION
BOX

DISTRIBUTION
BOX 2

SAND FILTER

SAND FILTER

TO SOIL ABSORPTION



Nitrex

From Recirculating Sand

House Filter
Nitrex

| . . Py Filter
‘ Septic Tank : 5

Pump
Chamber

Discharge




Performance Comparison of Selected Denitrification Systems Tested at the
Massachusetts Alternative Septic System Test Center 1999-2004,

¢ Mean
e Median
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Norweco

TO SOIL
ABSORPTION
INFLUENT TREATMENT UNIT SYSTEM

— 0 ©®

RECYCLE LINE




MicroSeptec rso




Presently repeating a Standard 245
following a successful test in Texas

www.hootsystems.com/systems/hoot.html







Puraflow

Treatment using peat




Partial List of Particiupants in Testing at the Massachusetts

Alternative Septic System Test Center

Std. Septic Tank-
Leach Trench

, R&D, Other

MicroSeptec®

Other

Amphidrome®

, R&D

EcoPure®

Other

Waterloo Biofilter®

, R&D

For Denitricifation

Zabel Scat®

Other

Waterloo Biofilter®

(Single Pass)

Other

REGHI)

GeoFlow® Drip

Piranha

Other

MicroFAST®

, R&D

RSFs (Generic)

, R&D, Other

Bioclere®

, INSE STD40

OAR (Microbiological

Enhancement)

R&D, Other

SeptiTech®

Phosphex

Phosphorus Removal

Nitrex

Other (denite)

PhosRID

Phosphorus Removal







Phosphorus -

No free Ride

PROJECT SUMMARY
Test five onsite technologies for phosphorus removal capability.

Report available on technologies tested as well as a review of
relevant literature.

One technology (PhosRID®) continues research and development
at MASSTC.




:The R:ID T :unit

Total Total Phosphorus Total
Phosphorus. i Mean3.9mg/l  :ppgsphorus.
Mean 5.2 mg/l i Median4.lmgll :y\10an 0.2 mg/l :
Median 5.2 mg/l : : Median 0.3 mgl/k
: Iron Dissolution : C
(solubilized iron
: combines with
: phosphate)

e
il

Soluble iron

compounds Remaining iron-
containing phosphorus compounds
Mean 5.7 mg/l phosphorus precipitate on sand as

Median 5.7 mg/I precipitate on strengite
: J sand filter

Influent




Gravelless Test Protocol

Control Trenches (Aggregate and Pipe)

Dosing

Mechanism

Common Wastewater

Source

=
i \Volume
measure and

Test Cells (sized to be the equivalent
of stone-and-pipe controls)




Graveless Test Protocol

PROFILE VIEW . .
Filter Fabric Perforated PVC Pipe

Observation Ports

9” layer of 1/8”
peastone over entire

module
Double Washed Stone
Aggregate %.’- 1-1/2”

\Wastewater Feed | g
|

/ 2’ of C33 Concrete Sand

40 mil Impervious Liner

Bottom Drain ( to
percolate sampling
port)







Each test cell was placed in its own liner. Sand
was compacted in 6-inch lifts.

ASTM C-33 sand



Each test cell was compacted to an estimated
“standard” firmness to the elevation of the basal
area of the soil absorption component.

ASTM C-33 sand



After each test cell was compacted to an
estimated and standard degree, soil core samples
were taken to verify soil in-place properties.

Bottom trench
elevation



Stone trenches were constructed having the same
basal width as the gravelless product.



Gravelless structures were sized according to
reductions (in comparison with stone trenches)
specified by the manufacturer.

**Details blurred to prevent the identity of product used in pilot tests.






All test cells were covered with a permeable fabric
cloth to prevent plant growth.



Overflow discharge hole set at

pessssannnas - required volume for dose
: v v v v v v
Ol |© o o [|O o

volume set to overfill leachfield.
dosing buckets

Timed Dose in . m| | O O O
accordance with . E Discharge to Leach Trench
STD40 Protocol, . : (one typ?cal shown) Release valve to allow dose to

Leach Trench (1 Of 10 typical)

Septic
Tank

Test System Operation

Summary
1) Septic tank effluent doses ‘ = :
to calibrated buckets on : : . : :
STD 40 dosing schedule : : 2’ of C33 Concretg Sand
2)  After dosed is completed, MR M v M M M ]
system pauses to allow T TS TS TS ES ED £ 65 63 E3 B B3 E3 FR SR am S S S S f ros e e,

overflows in calibrated
buckets to assume

calibrated volume. “Dipper” D’box for
3) Solenoid triggers release sampling port and
of dose to six leaching accommodation of dat
trenches (3 control and 3 logger for volume
test) discharged
4)  Solenoids close and await determination

next cycle






New Concepts




New Concepts

What if the wastewater was B U SSe
treated within the house?



\Wastewater Alternatives

Using Elemental Sulfur to Reduce Nitrate

Theoretical Basis: Nitrified effluent enters sulfur container where organisms
oxidize the sulfur (reducing the nitrate to nitrogen gas). The oyster shells
buffer the production of acid as the sulfur is oxidized.




\Wastewater Alternatives

Using Elemental Sulfur to Reduce Nitrate

_ N . » 1o Soll
Septic Tank \__Nitrifying ] Absorption

Unit System

Basin Containing
Elemental Sulfur and
Oyster Shell

Theoretical Basis: Nitrified effluent enters sulfur container where organisms
oxidize the sulfur (reducing the nitrate to nitrogen gas). The oyster shells
buffer the production of acid as the sulfur is oxidized.




\Wastewater Alternatives

Using Elemental Sulfur to Reduce Nitrate

Preliminary- DataTotal Nitrogen Levels in WNH

Denitrification System —e—DC EAST
—a— \WNH-Denite
—a— WNH-Effluent
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3/2/2006
4/2/2006
5/2/2006
6/2/2006
7/2/2006
8/2/2006
9/2/2006
10/2/2006
11/2/2006 -
12/2/2006 -
1/2/2007




Presby Environmental - Denyte
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The promise of passive denitrification
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Presby Environmental System (2005)
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Previous design was serially fed resulting in overloading of
the carbon source in some areas and underutilization of
carbon source in other areas







SEPTIC TANK Presby Environmental System
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CARBON SOURCE BOXES POSITIONED BELOW THE
LEACHING PIPE.




DENITE
BOX
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BSERVATION PORTS
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Preliminary Data Comparison of Presby DeNyte and

——- Presby DeNyte

Standard Stone Aggregate System

—a— Standard Aggregate
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Bottomless Technologies

Technologies that are situated directly on the soil and have
no point discharge.

 Eljen Indrain

* Presby
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Creating and underdrain to capture the percolate passing through
bottomless systems.




Constructing the bottomless systems within the liner.










Eljen Indrain is presently testing their bottomless
product under three modes

e Gravity fed
* Pressure to a distribution box

*Pressure distribution




Basic Septic Tank Research

Waterloo Biofilter is conducting research and development of the
WaterTube™ tank and comparing effluent results with standard one
and two-chambered tanks.




Septic Tank Research

Comparing the WaterTube™ to
standard concrete tanks using a
“CSA B66” Protocol

WaterTube:
Reference Reference
WaterTube Tank Ratio
cBOD (mg/L)
Mean 155 171 0.91
Median 155 160 0.97
TSS (mg/L)
Mean 42 51 0.82
Median 40 45 0.89
COD (mg/L)
Mean 303 332 0.91
Median 296 315 0.94

1 Year testing
protocol

eStress Tests

*50% design
flow (750 gpd)

*Cold weather
(<10 deg C) for
three months.



what about
Seasonal

apptloat’wws ?




Total Nitrogen - mg/l (TKN+nitrate+nitrite) at the Discharge of the Waterloo
Biofilter Operated Under a Simulation for Weekend Usage- Massachusetts
Alternative Septic System Test Center

Restart after —=— Influent

3 months —a— Waterloo Biofilter
—e— Bioclere

Weekend Test Period

. A
~_ETVTesting ( i ] . WA AAL
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D 8/3/2002 -
8/17/2002
8/31/2002
9/14/2002 -
9/28/2002

10/12/2002

10/26/2002
11/9/2002 -

11/23/2002 -
12/7/2002 -

12/21/2002

1/4/2003 -
1/18/2003 -
2/1/2003
2/15/2003 |

7/20/2002 ~
@

)

2/16/2002
3/2/2002 -
3/16/2002
3/30/2002 -
4/13/2002 -
4/27/2002
5/11/2002 ~
5/25/2002
6/8/2002 -
6/22/2002
7/6/2002

Test Protocol

Monday A.M —Thursday P.M. System Off

Friday A.M — Monday 7:00 A.M System On

Composite Sampler set Sunday 7:00 A.M.- Monday 7:00 A.M.




Total Nitrogen - mg/l (TKN+nitrate+nitrite) at the Discharge of the
FAST Operated Under a Simulation for Weekend Usage-
Massachusetts Alternative Septic System Test Center

—e— FAST Effluent
—m— Influent

"
4

Start 6/17 - First Sample 6/26 ’\’/'\0 o *
20.3 mg/l TN .
.

>

TN (mg/l)

A

L 2

5
()
=
)
>
o

" Simulation

5/11/2002
6/11/2002 -
7/11/2002 -
8/11/2002 -
9/11/2002 -

10/11/2002 -

11/11/2002 -

12/11/2002 -
1/11/2003 -
2/11/2003 -
3/11/2003 -
4/11/2003 -
5/11/2003 S
6/11/2003 -
7/11/2003
8/11/2003
9/11/2003 -

Test Protocol
Wednesday A.M. —Monday A.M. System Off
Monday A.M. — Wednesday 7:00 A.M. System On

Composite Sampler set Tuesday 7:00 A.M.- Wednesday A.M.
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Comparison of Field vs. Test Center Installations
of MicroFAST for Total Nitrogen

o 1st Quartile
— Minimum

Maximum Value — Median

— Maximum
x 3rd Quatrtile

50 % of all

(observations
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Minimum Value

Field Installations (128) Test Center Installations (3)




Comparison of Field vs. Test Center Installations
of MicroFAST for Total Nitrogen

o 1st Quartile
— Minimum

— Median

— Maximum
x 3rd Quatrtile
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Field Installations (128) Test Center Installations (3)




Comparison of Field vs. Test Center Installations
of Bioclere for Total Nitrogen

o 1st Quartile
— Minimum

— Median

— Maximum
x 3rd Quatrtile
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Field Installations (4) Test Center Installations (1)




Comparison of Field vs. Test Center Installations
of Recirculating Sand Filters for Total Nitrogen

o 1st Quartile
- Minimum

— Median
— Maximum
x 3rd Quartile

~
-l
~~
(@]
E
N
c
O]
(@]
(@]
p .
=
Z
®©
4
o
|_

Field Installations (40) Test Center Installations (2)




Conclusion

Test Center nitrogen data
appear to be a reasonable
conservative approximation of
performance in “real”
situations.

Test Center data indicate
performance 7-15%0 below
that of “real” situations.




Major Reports

m http://www.buzzardsbay.org/etiresults.htm
(Five Major Reports)

m http://www.epa.gov/etv/verifications/vcenter9-
3.html (Six Major Reports)

m http://ciceet.unh.edu/progressreports/2005/3 2
005/sengupta2003/ (Results of sulfur
experiments)




Operated by

George Heufelder, M.S., R.S. and
Keith Mroczka

Barnstable County Department of Health and Environment
(o
Massachusetts Alternative Septic System Test Center
MASSTC@cape.com (Ph. 508-563-6757)




