Recommendations of the On-Site

Wastewater Treatment Systems

Nitrogen Reduction Technology
Expert Review Panel

FINAL REPORT

Submitted by:

Robert Adler, Eric Aschenbach, Jason Baumgartner, Jay Conta, Marcia Degen,
Robert Goo, Joyce Hudson, Jeff Moeller, Dave Montali, Rich Piluk, Jay Prager

Submitted to:

Wastewater Treatment Workgroup
Chesapeake Bay Partnership

Report version: February 2014
Report and Appendix G Approved by WQGIT: July 14, 2014
Prepared by:

'It TETRATECH

Tetra Tech, Inc.
10306 Eaton Place, Suite 340
Fairfax, VA 22030-2201



Recommendations of the On-Site Wastewater Treatment Systems

Nitrogen Reduction Technology Expert Review Panel February 2014
Contents
ACKNOWIEAGIMENTS ...ttt em e e e s e et e e e e s smmme e e e e e e e e e e e e e e e s ammne s 8
Summary Of RECOMMENUALIONS. .......oiiiiiiiiiiei et e e e e amme e e e e s r e e e e e e e smmme e e e e e s annes 9
1 Expert Panel Charge and Membership.........cooooiiiirii i eememr e 14
2 Baseline Loadings from ORSItE SYSEMS......uuuuuuiiuiiiiiiiimmr e e e e e e e e e ee e e e e s aeees s a e 16
2200 R 1 11 oo [ [od 1 o o PRSP PRPR 16
2.2 EXIiSting MOl SYNOPSIS.......cooiiiiiiiiiieeeeeeeeee et e e e as 16
2.3 Baseline Septic Tank Effluent TN Recommendation.............cccvviiimmmneeeeeeeeieeeeieeceeeeee 17
2.4  Baseline Edg®f-Drainfield TN Recommendation..............c.uuveviiiiieeeeeeeeniissiiieeeee e 19
2.5 Overall Recommendations for Assessing BMP Efficiencies.............ccccvvvieeeiiieieeeeinnns 20
2.5.1 Assessingx SituTreatment to Reduce TN Prior to Soil Treatment 22
2.5.2 Assessindn SituTreatment to Reduce TN within Soil Unit 23
2.5.3 Assessing Combinex Situln SituBMPs 23
3 BMP Definitions and Qualifying ConditioNS........ccccooieiiiiiiiiii i rrer e 24
3.1.1 Overarching Management Activities 25
3.2 Proprietary and Nonproprietary BMBPS..........coooiiiiiiiemiieeee e eese e 26
3.2.1 Proprietary System Protocol 27
3.2.2 Nonproprietary System Protocol 28
3.3 BMP Summary RecOmMmMEeNatiQNS.........eeiiiiieiiiieeneieiiiiiee e mees e e e e 28

3.4  Secondary Treatment Systems Certified Under NSF Standard 40 Class | or Equivaler®2

3.4.1 Detailed Definition of Practice 32
3.4.2 Nitrogen Load Reduction and Recommended Credit 33
3.4.3 Ancillary Issues and Interactions with Other Practices 34
3.4.4 Design and Installation Criteria 35
3.4.5 Temporal Performance 35
3.4.6 Recommended Management Requirements 35
3.4.7 Review Timeline and Recommendations 35
3.5 Intermittent (Single Pass) Media Filters.......... ... 36
3.5.1 Detailed Definition of Practice 36
3.5.2 Nitrogen Load Reduction and Recommended Credit 37
3.5.3 Ancillary Issues and Interactions with Other Practices 38
3.5.4 Design and Installation Criteria 38
2

@ TETRATECH, INC.



Recommendations of the On-Site Wastewater Treatment Systems

Nitrogen Reduction Technology Expert Review Panel February 2014
3.5.5 Temporal Performance 38
3.5.6 Recommended Management Requirements 39
3.5.7 Review Timeline and Recommendations 39

3.6 SubsurfaceConstructed Wetlands/Vegetated Submerged Beds............ooooceemniiiiinenen. 39
3.6.1 Detailed Definition of Practice 39
3.6.2 Nitrogen Load Reduction and Recommended Credit 41
3.6.3 Ancillary Issues and Interactions with Other Practices 42
3.6.4 Design and Installation Criteria 42
3.6.5 Temporal Performance 43
3.6.6 Recommended Management Requirements 43
3.6.7 Review Timeline and Recommendations 44

3.7 Recirculating Medial FiltEIS .........uuiiiiiiiiie et meee e ne e 44
3.7.1 Detailed Definition of Practice 44
3.7.2 Nitrogen Load Reduction and Recommended Credit 45
3.7.3 Ancillary Issues and Interactions with Other Practices 46
3.7.4 Design and Installation Criteria 46
3.7.5 Temporal Performance 47
3.7.6 Recommended Management Requirements 47
3.7.7 Review Timeline and Recommendations 47

3.8  Anne Arundel CoUNLY IFAS ... ... rrrr e e e e e e e e e e e e e e e e e e aanenrees 48
3.8.1 Detailed Definition of Practice 48
3.8.2 Nitrogen Load Reduction and Recommended Credit 51
3.8.3 Ancillary Issues and Interactions with Other Practices 53
3.8.4 Design and Installation Criteria 53
3.8.5 Temporal Performance 55
3.8.6 Recommended Management Requirements 56
3.8.7 Review Timeline and Recommendations 56

3.9 ShallowPlaced, Pressii2oSed DISPErSal...........ooiiiuiiiiiiiiieeniiieee e 56
3.9.1 Detailed Definition of Practice 56
3.9.2 Nitrogen Load Reduction and Recommended Credit 57
3.9.3 Ancillary Issues and Interactions with Other Practices 64
3.9.4 Design and Installation Criteria 64
3.9.5 Temporal Performance 65
3.9.6 Recommended Management Requirements 65

@ TETRATECH, INC.



Recommendations of the On-Site Wastewater Treatment Systems

Nitrogen Reduction Technology Expert Review Panel February 2014
3.9.7 Review Timeline and Recommendations 65
3.10 Elevated Sand MOUNGS........cooiiiiiiiiie it eree e e e e e e e s emmr e e e e e e e 66
3.10.1 Detailed Definition of Practice 66
3.10.2 Nitrogen Load Reduction and Recommended Credit 66
3.10.3 Ancillary Issues and Interactions with Other Practices 72
3.10.4 Design and Installation Criteria 72
3.10.5 Temporal Performance 73
3.10.6 Recommended Management Requirements 73
3.10.7 Review Timeline and Recommendations 74
3.11 Permeable REACHVE BAITIELS..........ccoiuiiiiiiiiieeiiie ettt rmee e 74
3.11.1 Detailed Definition of Practice 74
3.11.2 Nitrogen Load Reduction and Recommended Credit 75
3.11.3 Ancillary Issues and Interactions with Other Practices 77
3.11.4 Design and Installation Criteria 77
3.11.5 Temporal Performance 78
3.11.6 Recommended Management Requirements 79
3.11.7 Review Timeline and Recommendations 79
EXAMIPIES e e s aa— e r e e e e e e s 80
Future Research and Management Recommendations.............o.oooovev i eeeeeeeveeevveeeveeeieenneees 81
5.1 AIKAIINILY CONIIOL....cciiiiiiiieieeieeee e eeee e m—ae e e e e e aeeeeaeaeeas 81
5.2 BMP S@MPIING....iiiiiiiiiiiiiiiii e e e e 81
5.3 Data Sharing and RECIPIOCILY........cutiiieeiiiiiiiiemerittie et e e e e s meeb e e e e e e s nneeaeeeas 81
5.4 Variable Baseline and BMP Performance by Soil TYPE.......ccovveviiiiiiiiee e 82
B REFBIBNCES ...ttt 83
Tables
Table ES1-1. Summary of BMP Recommendations Eor SituUnit Processes.........cccooeveeeveei e, 11
Table ES1-2. Summary of BMP Recommendations foiSitu Soil Treatment Unit Processes......... 12
Table ES1-3. Summary of Net TN Load Reductions for Combihe&ituandEx SituSystems........... 13
Table 11. List Of OWTS PaNeliStS.......uuuuiiiiiiiiiiiiiiiimmmeeeeeeeeeeeeee et esees s e e smmmeeeeeees 14
Table 21. TN Concentratiorfor VariousDesignFlow ASSUMPLIONS........ccoooveiiiiiiiiii i 19
Table 31. Summary of BMP Recommendations Eot SituUnit ProCeSSes.......ccccoveeviieeiiiniiiceeeeee. 29
Table 32. Summary of BMP Recommendations lioiSitu Soil Treatment Unit Processes............... 31
Table 33. Summary of Net TN Load Reductions for Combife&ituandEx SituSystems................ 31

@ TETRATECH, INC.



Recommendations of the On-Site Wastewater Treatment Systems

Nitrogen Reduction Technology Expert Review Panel February 2014
Table 34. Loading Rates for CONAINET TESLS.........ccciiiiiiiiiii e 59
Table 35. TN Reduction for Column STUAIES...........uuriiiuiiiiiiieree e s 60
Table 36. TN Reduction by EfflUENt TYPE.. ... eeeer e 60
Table 37. Site and System CharaCteriStCS. ........uuuiiiieeiiiiiieee e 61
Table 38. Nitrogen Species Concentrations versus Horizontal Distance from Mound................. 69
Table 39. TN Removal for SoiBased Treatment SYStEMS. ........uuuiiiiiiiiiiicre e eeeeeveaeeee s 70
Table D1. Analysis of Soil Texture BY COUNLY............coooiiiii i eree e e e e e e 110
Figures

Figure 21. Summary of Baseline ReCOMMENatiONS. .........cooiiiiiiriimmeiiiiiiee e eeeeeee e 20
Figure 23. Schematic of System with BMPS..............oooiii e 21
Figure 24. Drawing of System WItEEX SItUBMP............uuuiiiiiime e eeees e 22
Figure 25. Edgeof-Drainfield Schematic IUSIration................eevviiiiiiiiccc e 22
Figure 31. TypicalContinuousFHlow, Suspendedsrowth AerobicTreatmentUnit. ..............ccccveveeeeee.. 32
Figure 32. FixedFim System usindPeatMoss as dreatmentMedium....................ciiiieeeiicicnnn, 33
Figure 33. Intermittent Sand Filter CroSBCHON.........c.viiiiiiiie e 36
Figure 34. Vegetated Submerged Bed SChematiC..............cccuvvriieemiinieiieeeeeeniiiiiiieeeeesrieeeeee e 40
Figure 35. Recirculating Media Filter Schematic...............cccoooi e e 4D
Figure 36. Example TweCompartment Tank Conversion Profile...........ccccvvvvviiiieeeiiiiiiieie e, 49
Figure 37. Example Thre€ompartment Tank Conversion Profile............cccooiiiieemiiiiieens 50
Figure 38. Example Plastic Tank Conversion Profile..............cccoooiieeeiiiiiiicicccee e, 51
Figure 39. Plastic Tank Cutaway Photographs................oooiiii e 51
Figure 310. Elevated Sand MoUNd DIiagraimL..........uueeeeeiiiiiiremriiieee e e e e e e s sssreeireen e e e e e e e e aannes 66
Appendices

Appendix A List of Resources for Making Informed EBite Wastewater Technology Decisions
Appendix B Summaryof Interviews with OWTS Expert Panel Members
Appendix C  Septic Tank Pumpg BMP Justification Calculations

AppendixD  Evaluationof Nitrogen Removal and Evapotranspiration Associated with Vegetative
Cover Present 0Bn-Site Sewage System Dispersal Areas

AppendixE Summary of SORA/NEHA Conference Discussmrinterstate Cooperation dvutrient
Reduction Technology, July 2013

AppendixF  Assessing the Practicality of Generating and Assigning a Single Soil Texture for Each
County in the Chesapeake Bay Watershed

@ TETRATECH, INC.




Recommendations of the On-Site Wastewater Treatment Systems

Nitrogen Reduction Technology Expert Review Panel February 2014

Acronyms

ALR area loading rate

ATU aerobic treatmeninit

BAT bestavailabletechnoloy

BMP bestmanagemenpractice

BNR biological nitrogen removal

BOD biochemical oxygen demand

BODs 5-day biochemical oxygen demand

CBPO Chesapeake Bay Program Office

CSM Colorado School of Mines

DO dissolved oxygen

ES effective size

FOG fats, oils and greases

FWS free water surface

gpcd gallons per capita per day

gpd gallons per day

HLR hydraulic loading rate

HRT hydraulic retention time

IFAS integrated fixeefilm activated sludge

IMF intermittent media filter

ISF intermittent sand filter

LHD local health department

LPD low pressurdistribution(or dispersal)

LPP low pressure pipe

MDE Maryland Department of the Environment

mpi minutes per inch

NAHB National Associgaon of Homebuilders

NEHA National Environmental Health Association

NOs/NO, nitrate/nitrite

NPDES National Pollutant Discharge Elimination System

NSF NSF International (formerlilational Sanitation Foundatipn

O&M operation and maintenance

OLR organic loading rate

OwWM USEPA Office of Wastewater Management

OWTSExpertPanel On-Site Wastewater Treatment Systems Nitrogen Redudiexrhnology
Expert Review Panel

PE population equivalest

PRB permeable reactive barrier
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RME responsible management ewntit

RMF recirculating media filter

RR recirculation ratio

SA surface area

sf square feet

SORA State Onsite RegulatoAdliance

STE septic tank effluent

TMDL total maximum daily load

TN total nitrogen

TKN total Kjeldahl nitrogen

TP total phosphorus

TSS total suspended solids

ucC uniformity coefficient

USEPA U.S.Environmental Protection Agency

VSB vegetated submerged bed

WIP watershed implementation plan

WWTWG Wastewater TreatmelYorkgroup
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Summary of Recommendations

The On-Site Wastewater Treatment Systems Nitrogen Reduction Technology Expert Review
Panel(OWTS ExpertPanel) was tasked witdentifying and recommending esite wastewater
treatment technologies or modifications to existing wastewater treatment systems that would
reducetotal nitrogen (TN) loads to the Chesapeake Bay water3ted®OWTS ExpertPanel was
instructed not to address the issueitbgen attenuation in theativesoils between the edge of
the treatment system (drainfield) and the edge of the ststacethe Chesapeake Bay Program
Office (CBPO) and a future Expert Panel will review and addhessssueThe OWTS Expert
Panelalso reviewed the existing scientific research and provided recommendatidins for
reduction creditshat can be assigned fgpecific OWTS technologies and system modifications.
To theextent possible, the associated TN reduction credits were linklad ptanning, design,
installation and operationatlements of OWTSRecommendations were also made regarding
verification ofbest management practice (BMP) performaiites report is intended to be an
internal technical document for the CBPO to use to adapt the extdtegppeake Bay Model

and BMP crediting program. A number of other valuable resources are available to assist
regulators, designerand owners in making decisions about the type of systems to install based
on the benefits, drawback, cqsiad other characteristics of specific systeAppendixA lists
these resources

As a starting pointhie OWTSExpertPanel sed existingCBPO guidancandreviewedrecent
literature to develop baseline TN loastimategor usein modeling andMP performance
comparisonsThis exercise required t@WTS ExpertPanelto determine how much TN was
discharged per capita apaseline necessary to model system performaneeOWTSExpert
Panelconcluded thab kg TN/person/year a60 mg/L concentration of Thata flow rate of60
gallons per capita per dagdcd could be reasonably estimatasthe TN loading associated
with the septic tank effluent (STE) applied to thainfieldfrom a conventional septic tank
system. The OWT&xpertPanel agred thathe current CBPO assumptidhata 20percent TN
reductionoccurs withina conventional gravity flow drainfield was reasoleaBased on these
assumptions, the OWTExpertPanel also concluded that the loaddischargedt theedgeof-
drainfieldcan be estimated to Bekg TN/person/yeamas currently defined in théhesapeake
Bay Model.

The OWTSExpertPanel divided appropriate BMPs into two main categoersituBMPs that
occur prior tathe drainfield andin situ BMPs that are implemented as enhancements to the soil
treatment unjtincluding the drainfieldReduction credits fagx situsystems wee compared to
the baseline of 5 kg TN/person/year associated 8/ Reduction credits fan situand
combined BMPs we comparedvith the baselineedgeof-drainfield performance of 4 kg
TN/person/yeathat was used to model the performance of a comr@ltseptic tank coupled
with a gravityflow drainfield. Tables ESL, ES2, and ES3 summarize thOWTS ExpertPanel
recommendations fax situBMPs,in situBMPs and combined BMPs, respectivelhe

OWTS Expert Panetecommendsontinuing to offer thexisting 5 percent TN reduction credit
for pumpoutof septic tank and 100 percent TN reduction (transfer from thsitsector to the
National Pollutant Discharge Elimination SysteNPDESY sector) for septic systems that are
decommissioned and connedtto NPDES (discharging) facilities
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In addition to the distinction betweamnsituandex situBMPs, the OWTS Expert Panel

recognized fundamental differences between proprietary and nonproprietary Bidpsetary
systems are those developed, markedad constructed by a manufactutdonproprietary

systems are those designed on a-tgsease basis for each sieables ESL, ES2, and ES3

address nonproprietary BMPs. A tiiered approval protocol is recommended for proprietary
BMPssince themanufacturer typically has standardized design and operating protocols, which
increase the |ikelihood that the system wil/
recommendations are followed. The proprietary BMP protooosists of an initial provisial
approval on the basis of a recognized tpadty testing protocolA final approval, based on the
results of the field testing, is also recommended. Nonproprietary BMPs, hovespere

evaluationon an individual basis unless the state or local gowent validates the performance

of nonproprietary systems that are constructed with standardized system designs and materials
and operated under recognized and specified operation and maintenance (O&M) protocols.

At a minimum,all of thein situandex stu BMPs describedhouldhavea systenoperator
(typically a contract operator) consistent with the U.S. Environmental Protection Agency
(USEPA)Level 2 management program modelSEPA 2003)The operatoperformsspecified
O&M activities, verifes propersystem functionand repod back to thdocal health department
(LHD) or state.An operatingor constructiorpermitshould also be required. Stassued and
renewabl e per mits tevahZImasagemant program rhodd) SEP A6 s
encouraged but noleemed mandatory for reduction cre@esponsible management entities
(RMEs) arealsoencouraged and, fgermeable reactive barriers (PRB®quired.

During the course dheir work,the OWTSExpertPanelconsidered a number of additional
BMPs andelated issuesNhere applicable, the OWTExpertPanel provided information and
recommendations to help the CBPO and future Expert Panels refine the representatisiteof
systems in the CBPO model and better understand factors associated with Tédlimdidns
from this sectorThe OWTSExpertPanefs broad recommendations inclutie following

1 Ensuring sufficient akalinity is critical for nitrification and thus TN reduction.
Although it is frequently monitored, little effort has been made to cbalikalinity in on
site TN reduction systems. Additional research and development of alkalinity control
methods would help optimize the TN removal associated with biological nitrogen
removal systems and, if widely implemented, could allow for higher Tictexh credits
to be justified for OWTS BMPs. The critical concern is that alkalinity control be
relatively easy to manage and ideally, not be reliant on the system owner (e.g.,
homeowner) for effectiveness.

1 BMP sampling is encouragedby the OWTS Expert Peel, butnot recommendeds
mandatoryfor ongoing BMP verification or used to disqualify credit at individual sites.
Monitoring plansshould be left to the discretion of the statéevertheless, installation
of BMPs throughout the watershed offers a gopgdortunity to collect additional data
that could be useful in refining TN reduction performance and also suggest design or
operational enhancements. Numerous protocols for and examples of statistically robust
sampling and assessment exastd interestedarties can usthemas models to design
their own programs.
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1 Data sharing and interstate reciprocityshould be the focus of data management efforts
to support Chesapeake Bay watershed total maximum daily load (TMDL)
implementation. States and local jurigthns generally lack the resources to ensure BMP
performance at a high level of confidence, either through sampling or field inspection.
Additionally, duplicative protocols for technology approval can present logistical and
financial obstacles for techrag)y developers. These obstacles can preclude the display of
promising TN reduction technologies, potentially at the expense of Chesapeake Bay
watershed water quality. Therefore, ChesapeakenBdégrshed states and other
jurisdictions should share informati to the greatest extent possible. USEPA Office of
Wastewater Management (OWM) has offered to help facilitate data sharing.

1 Soil typeshould be considered a potential predictor of TN reduction performance in
future watershed models. The OWTS Expert Pesmignizes that the characteristics of
the soil within the drainfield highly influence both baseline and BMBIitsnsystem
performance. Soil texture, in particular, is a relatively easy characteristic to represent in a
model that is known to influence &tnent. e existing model only allosithe
assignment od single soil texture percoun#.l t hough t he
analysis suggests that it is feasible to assign a predominant soil texture for each county, it
is recommended that the future Attation Expert Panel explore this issue in more
detall, since it relates to the interaction between natural soil conditions and system

performance

Table ES-1. Summary of BMP Recommendations for Ex Situ Unit Processes.

OWTS Expert

Best Management
Practice

Qualifying Conditions

Ex Situ
Reduction
Credit*

Septic tank (baseline
practice)

N/A

0

NSF 40 Class |
Equivalent
Secondary Systems

1 Certified as Class | under NSF International Standard 40 or
similar (e.g., CAN/BNQ 3680-600, CEN Standard 12566-3)

1 Design, installation, and operation in accordance with
manufacturer recommendations and state or local
regulation

20%

Intermittent media
filters

9 Timer-based flow equalization with 121 24 doses/day

{ 26depth (sand) media ES=0.5 1.0mm;UCO 4. 0 ;
passing #200 sieve

fHLR O 2 gpd/ sf
fOLR O 5 1l000sBOD/ 1
{ Uniform, pressurizeddi stri bution O 6 s

20%

Constructed wetlands

| (2ddepth media ES = 401 80 mm inlet/outlet; ES = 20i 30
mm treatment zone, extending 0.1 m above water level

1 Length-to-Width ratio < 10:1

{ Surface Area O 45f/PE

1 Width between 0.56 and 1.31 feet/PE

1 Outlet structure allows for variable flooding depth
1 60top layer of planting media

20%

@ TETRATECH, INC.
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Best Management
Practice

Qualifying Conditions

Ex Situ
Reduction
Credit*

Recirculating media
filters

1 Timer-based flow equalization with 247 48 doses/day
9 26depth media
mm;

1 Sand media: ES=1.0i5. 0 ; uc O 2.5;
#200 sieve; HLR O 5 g,000%fsf ;

1 Gravel media: ES=5.0120 mm; UC O 2. 5;
#200 sieve; HLR O 15 gpd/ sf

{l Uniform, pressurized distri but i on O 6 sf/ o

1 Device capable of recirculating 3i 5 times forward flow back
to anoxic zone

50%

Anne Arundel County
IFAS

1 2-day HRT anoxic chamber

fi1day HRT aerobic
fixed-film media

9 Aeration device capable of maintaining 3.0 mg/L DO

1 Device capable of recirculating 3 5 times forward flow back
to anoxic zone

9 Alarm for aeration device fault

chamber wi

50%

Proprietary treatment
systems

1 NSF 245 certification or similar
9 Technology-specific
1 Percent removal based on qualifying third-party field testing

O 50%

" TN reduction beyond STE baseline of 5 kg/person/year. Additional TN reductions will take place in the in situ (soil)

treatment unit.

BOD = biochemical oxygen demand; ES = effective size; HLR = hydraulic loading rate; IFAS = integrated fixed-film
activated sludge; OLR = organic loading rate; UC = uniformity coefficient; HRT = hydraulic retention time; NSF = NSF
International; SA = surface area; PE = population equivalent (typically 2 PE/bedroom); gpd = gallons per day; sf =

square feet.

Table ES-2. Summary of BMP Recommendations for In Situ Soil Treatment Unit Processes.

Best Management Practice

Qualifying Conditions

In Situ
Reduction
Credit*

practice)

Conventional system (baseline

N/A

20%

dispersal

Shallow-placed, pressure-dosed

DriporLPDi nst all ed within 1

surface horizon (e.g. A or A/B)

1 Credit not provided where sand or loamy sand
soilspredomi nate within
dispersal depth

1 Lines placed on contour
9 Drip requires prefiltration system, automatic flush
cycle, flow equalization, air release valves

9 LPD requires: working pressure head of 2i 56 ,
dosing volume of 71 10 times distribution system
piping, lateral flushing provisions, max flow
variation of 10% for each lateral

12

50%

Elevated sand mounds

1 Installation on intact natural surface horizon (e.g.

50%

@ TETRATECH, INC.
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In Situ
Reduction
Best Management Practice Qualifying Conditions Credit!
A or A/B)
9 Scarify surface of soil under mound
9 Uniform, pressurizedd i st r i 6sf/orifice n
fMinimum 0.506 (for secaad
(for STE) layer of sand: ASTMC33;0 20% b
weight > 2 mm; D10 =0.15t0 0.3 mm; UC =410 6
1 Max. top of sand ALR = 1 gpd/sf for STE, 2 gpd/sf
for secondary
9 61 120loamy cover layer
1 Credit not provided where sand or loamy sand
soilspredomi nate wimound n 12
Permeable reactive barriers 1 Site-specific Case-by-
case

" TN reduction applied to ex situ system effluent load (from Table ES-1.
LPD = low pressure distribution; UC= uniformity coefficient; ALR = aerial loading rate; STE = septic tank effluent; D10
= 10% cumulative undersize particle size distribution; gpd = gallons per day.

Table ES-3. Summary of Net TN Load Reductions for Combined In Situ and Ex Situ Systems.

In Situ Practice
Ex Situ Practice

Conventional
Baseline

Shallow, Pressure
Dosed

Elevated Mound

Septic Tank Baseline

4.0 kg/plyr (0%)

2.5 kg/plyr (38%)

2.5 kg/plyr (38%)

NSF 40 Class | Secondary Systems

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Intermittent Media Filter

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Vegetated Submerged Bed

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Anne Arundel Co. IFAS

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)

Recirculating Media Filter

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)

Note: Percent reductions in table entries represent net reduction from baseline of 4 kg/person/year at edge-of-

drainfield.
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1 Expert PangChargeand Membership

The OWTSExpertPanel was initially convened in January 2@h2er theProtocol for the
Development, Review, and Approval of Loading Bfidctiveness Estimates for Nutrient and
Sediment Controls in the Chesapeake Bay Watershed Madbd¢ 11 lists the members of the
OWTSExpertPanel

Table 1-1. List of OWTS Panelists.

Panelist Organization

Jim Anderson University of Minnesota

Eric Aschenbach Virginia Department of Health

Jason Baumgartner Delaware Department of Natural Resources and Environmental Control
Derrick Caruthers Delaware Department of Natural Resources and Environmental Control
Marcia Degen Virginia Department of Health

Kitt Farrell-Poe University of Arizona

Joshua Flatley Maryland Department of the Environment

Robert Goo U.S. Environmental Protection Agency

Rick Hertges West Virginia Health and Human Services

Mike Hoover North Carolina State University

Joyce Hudson U.S. Environmental Protection Agency

Randy Miles University of Missouri

Jeff Moeller Water Environment Research Foundation

Dave Montali West Virginia Department of Environmental Protection

Sushama Pradhan North Carolina State University

Jay Prager Maryland Department of the Environment

The main charge for the paness to review available science on the pollutant removal
performancef treatment practices to derive nutrient removal rates for icha@yon-site
wastewatepracticesThe pacticesmustcurrently be in use or have the potentiilisein the
Chesapeake Bay watersh&the primary objective of the OWTExpertPanelwas to review
documentation and provide concise definitions and pereédnttions for nitrogen load
reduction practiceS’he OWTS ExpertPanelcould proposehanges to the method of modeling
to the CBPO

The OWTS ExpertPanel wa specifically requested toqvide a definition for each treatment
practice and the qualifyingonditions under which creditan be receivedeyond this specific
charge, the panelas asked to

1 Recommendvhetherto establishnterim removal treatment ratpesior to the conclusion
of the panel fowatershed implementation plaw/(P) planning purposes

1 Recommend procedures for reporting, trackamgl verifying the recommended retrofit
credits.
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1 Critically analyze any unintended consequerassociated with the credind any
potential for doubleor overcounting the credst

This report is intended terve as amternal technical document for the CBPO to use to adapt
the existingChesapeake Bay Modahd BMP crediting program. A number of other valuable
resources are available to assist regulators, desjgmer®wners in @king decisions about the
type of systems to install based on the benefits, drawspeokts and other characteristics of
specific systemsAppendixA lists these resources

The treatment practicasitially suggested by the statesthe Wastewater TreatmeWwtorkgroup
(WWTWG) include

1 Shallowplaced dispersal systems using gravity flow

1 Secondary treatment to shallgphaced pressuraloseddispersal systems

1 Dentrification unit coupled with shallowplaced, pressurdoseddistributionsystems

The treatment practices suggested by panel mermmusle
1 Sand mounds
1 Shallowplaceddrip irrigation

OWTS ExpertPanel members were surveyed for their perspectives on issues of importance to
the OWTSExpertPanefs chargeAppendixB provides a summary of the survey resubased
onthe survey and ensuimjscussions among the OWEXpertPanel, thdist of practicesvas
refinedto include:

Ex situ(or pretreatment) system components

1 NSFStandardtO Class kecondarysystems

1 Intermittent (singlepass) media filters

1 Constructed wetlandsegetated submerged beds)

1 Recirculating media filtereERMFs)

1 Anne Arundel Countyntegrated Fixedrilm Activated SludgelFAS)
1 Proprietaryex situtreatment systems

In situ (soil treatment) system components

1 Shallowplaced, pressurdosed dispersal
i Elevated sand mounds
M1 Permeable reactive barriers

The charge of the OWTBxpertPanel was tonly addresgreatment technologieb the future
the CBPO and another Expert Panél keview nitrogenattenuation irthe soil betweerthe edge
of thetreatment systend(ainfield) andthe edge othereceiving waterThis Attenuation Expert
Panelwill not look atBMPs or other system modifications.
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2 Baseline Loadings fro@nSte Systems

2.1 INTRODUCTION

The OWTSExpertPanel wa charged with developing and reviewing proposed BMPs for the
on-sitesector The BMPs must be assessed agammsbaseline nutrient removaerformance
defined for conventional septic systems (septic tank and graigitiybuted drainfield) in the
Chesapeake Bay Moddlhis sectionprovides asummay of the OWTSExpertPanets
understanding afurrent model assumptions artommendsbaseline figurebased onthose
assumptions.

BMPs for theon-site sector will normally fall into one of three categori€k). treatment to
reduce TN loading to the soil; (2) soil dispersal configurations other than gravity trewbies
reduce TN from then-site system; o(3) a combination of the two

In order to assess proposed BM®baselind' N reductionmust be identified for (1) the applied
TN to the soil from a conventional systeamd @) the resulting TN at the edgé-drainfield for
a conventional system

Idealy, the reduction of TN by a BMR based on actual influent concentration, if known.
However, representative influent samples can be difficult to collentsite systems, owing to
highly variable wastewater generation characteristics and system deglyms appropriate
locations for influent sampling. Therefothe OWTSExpertPanel recommendke utilization
of standard baseline TN loads based on published data

During the period of applicabiyi of theChesapeake Bay Mod®&I3.2, baselinedgeof-

drainfield load estimateare presentedonsistent witlthe representation of conventional systems
in the existing modeFuture model revisions could include a variable baseline loading based
soil characteristics (e.g., texture); howewkre b a lack of informationthe OWTSExpertPanel
could notjustify a recommendation at this time.

2.2 EXISTINGODELSYNOPSIS

Documentation for the Chesapeake Bay ModelRaace et al. 1998)iscusses the basis for the
loadings used in the moddlo the OWTSExpertPanefs knowledge, subsequent versions of the
model remain unchanged with regard to dhesite sector Thereforethe OWTS Expert Panel
assumes thahis documentation isurrent andaccurateSections H.2.2.1.3 and H.2.2.1.4 discuss
theon-sitesector. The followingtemsare noted in the document:

1. The models designed to includenly threeBMPs:hookup to central sew¢it00
percent TN reductionredit foron-site sector) a 50 percent TN removal
denitrification treatment syste(®0 percent reduon credi)); androutinepumpoutof
theseptic tank’5 percent reductiooredi.

2. An assumed flow of 75 gpad used for thanodel(Salvato 1983).
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3. The model documentatiaeportsa TN concentration of 3¢ng/L at the edge of the
septic field In thedocumentation fiis is noted t@ompare favorably with Salvato
(19823), who calculatedn-sitewastewater management systéhh concentrations of
36 mg/L.

4. At 39mg/L and 75 gpcd, the loading at the edge of the drainfadéined herm as
the effluent from the soil treaent systenat the point where itejoins thereceiving
environment)s 4 kg N/persornyearor 8.82 Ib N/persogkar There isinsufficient
informationin the model documentatido directlydeterminghe TN load applietb
the soil or the influent TN to the septic tafikke model documentation provides only
theedgeof-drainfieldvalue, 4 kg/person/year.

5. The model documentation provides attenuation assumptions fon#ite sector
The documentation definetenuationin the Chesapeake Bay Model as the reduction
in TN loading that occurs between thegeof-drainfieldand the edgef thestream
The current model assume§@ percenattenuation rate

The OWTS ExpertPanelwas instructedo not consider attenuatioim the receiving environment
thatmight occur after the effluent is discharged from the soil treatment sybtsause it
represents nitrogen reductions not directly associated with verifiable management preatices
evaluate this issu¢he CBPO will conveaa separatéxpert Panebr reassigrthe OWTSEXxpert
Panel

2.3 BASELINESEPTICTANKEFFLUENT NRECOMMENDATION

The applied TNoadingto thesoil treatment units equivalent tadhe product othe STE
concentration and flownderaverage conditions

Studieshave attempted to quantify the raM inputs to a septic tanRecent studiessed
whole-house raw wastewateampling to determinthe baseline measurement of pollutants
Over the last 10 years, the Colorado School of Mines (CSM) has published the most
comprehensive studie§he comprehensive literature review that has served as the basis for
numerous presentations and reportshgyCSM research teasuggests that these data support
an increase in TN mass loadings from 11.2 to g§i8rson/day4.09 to4.85 kg

TN/person/ga).

In a1979 studyon moundsHarkin et al (1979)reporteda TN loading oflL3.7 g/person/day5
kg N/person/ga) from the septic tankl heynoted that an assumed protein intake of 100
g/person/day would result in a raw wastewater loabbddg/person/dayb5.84 kg
N/person/yegt

Tchobanoglous et al2003)reportthe typical raw loading abtal Kjeldahl nitrogenTKN) from
individual resideces as 13.8/person/day4.85 kg/person/yegt with a rangeof 9.0to 21.7
gpcd (3.29 to 7.9 kg/persondar) depending on the use of garbage grindéng 13.3
g/person/dayigure assumethat25 percentof the homes have garbage grinders.

USEPA(2002)reportsa range of TN mass loadingg6 to 17 g/person/day (2.19 to 6.2
kg/person/ga), with an average of 11.2 g/person/ddy09 kg/personka).
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The Chesapeake BaodeldocumentatiofUSEPA2010)also recognizes that the influent load
can vary andtates that th&N loading rate is typically between 11 and 13 Ib/persem/{b to 6
kg/person/ga).

Large studies in Californid_everenz et al2002 Ventura Regional Sanitation District 2001)
demonstrated that septic tanks do little to reduceR&énoval rates wengot onlynegligible in
those studiedut they were also negligible in a lafggd assessment and demonstration project
in LaPine,Oregon(Rich et al.2003a, 2003h.

Based on this summary of thelevantliterature, the reported range of raw TN load&§om
2.19 to 7.9 kg/person/yeés kg/person/yeaaverageof rangg. Accordingly, the OWTS Expert
Panel assunithat the average generated TN loa® &f TN/person/ga is deliveredto the soil
in the STE.

Usingthe existingmodelflow rate d 75 gpcd and the estimated load of 5kg TN/perseeay/yhe
calculatedSTE concentrations 48 mg TN/l However,recent studiedo not supporthis flow
figure and resulting concentratioBtudies have generally shown a decreasing treadarage
daily household flows and an increase in concentration over recent years.

The model flow figure of 75 gpcd is found in several state regulations, thaiuightto represent
a pealdaydesignflow from a residence, not an average fldWwerefore, thisigher figure
includesa hydraulic safety factor to allow for higlow wash days, water leakage, .@#tayer et
al. (1999)conducted the largest known residential water stlilgreportedaverage dmand of
69.3 gpcd includes 16 gpcd of leaks and other uses (e.g., outtlgadron) thatmight not reach
the wastewater stream from the hautthis 16 gpcd wereubtractedthe average daily flow
would be 53.5 gpcd.

A morerecent studyRockaway etl. 2011)verifies the decline in water demand by single
family homesin North Americaln this study, the researchers noted thia¢ majority ofthe
decline is due to reduced numbers of residents per household and the wider uskoof low
applianceandfixtures Rockaway et al. (2011) used various modelanalyze théargedata
set which generally showed a 10 to fpércentreduction in water use over the past decAde
CSM study(Tucholke et al2007) exhibited approximately a 3@ercenteduction from the
Mayeret al. (1999¥igure of 69.3 gpcd to 45 gpdshsed on datiiom monitoedon-site systems
in three differenstates

USEPA(2002)reference®\nderson et al(1994)and indicates a me&iTETKN concentration
of 44.2mg/L, with a range of 19 to 53 reported based on 11 samfesate-N was negligible
in the sudy with a maximuntoncentratiorof 0.16mg/L.) However as water use declines, the
resulting concentration of constituents in wastewater tends to incessssening thahere is
little change in humagenerated TN loadbtudies within the lastO years indicate higher
concentrations of TNRich et al (2003, 2003h, Tucholke et al(2007), andHarden et al
(2010)imply thatSTEwill contain between 62 and 67 mg TNAnd that the nitrogen is almost
completely made up of organic and ammonium species.
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TheMarylandDepartment ofthe Environment (MDEses a treatment unit influent TN of 60
mg/L as the baseline concentration for comparison to the treated etikipatt otheir testing
protocol for denitrification treatment unitsfluent to a treatment unit is typically from a septic
tank oranother settling tank withat least a 2dour detention time.

Based on this summary of the relevant literattire ,expecteTE TN concentrationn the
model documentation of 48g/L is low compared to recent study dakae lower value is
partially due to the higher flow figure used in the modfeit is assumedhat theTN loadshave
remainedhe same and #t the concentration vaéesdue to flow, then comparing the
concentrations based on various flow assumptiesslts in the TN concentrations shown in
Table 21.

Table 2-1. TN Concentration for Various Design Flow Assumptions.

Average Daily Flow TN from Septic Tank
(gpcd) (mg/L)

50 72.44

60 60.36

75 48.29

Note: Assumptions based on a constant per capita load of 5 kg/person/year.
gpcd = gallons per capita per day.

Based on this reviewhe OWTS ExpertPanelrecommendshe adoption of daselineSTETN
concentration of 6@ng/L for the purposes of comparing treatment BMPs wherespieific
influent concentration data is lackinthis value recognizes that using a lower daily flow figure
of 60gpcdis more representatived average flows than the modeturrent75gpcdvalue and

the resulting TN concentration compares well with available dagl&toncentration.

The OWTS ExpertPanelrecommends tit the baseline load applied tioe soil treatment system
from a conventional septic tate 5 kg TN/personBe, which isthe loading associated with a
60 mg/L TN concentration adn assumedlow of 60gpcd

2.4 BASELINEEDGEOFDRAINFIELD NRECOMMENDATION

As previously indicated, the current model documentaiges aredgeof-drainfieldload of 4kg
TN/person/ga. Therefore assuming that th8TEload is 5kg TN/person/year, the model
assumes baseline reduction across the drainfiel@@percent([(5.0-4.0)/5.0] x 100).

Conventional gravityfed soil treatment systems can account for significant TN removal,
typically in inverse proportion to soil grain siZelatively permeabléoamysoils, which might

be expected atariouslocationsin the ChesapeakBay watershegdshout provide20 to 25

percent TN removallJensenand Siegrisii990; Long 1995) The OWTSExpertPanel believes
that the currenbay model baseline assumption of 20 percent TN removal by conventional
systems represents a good average TN removal estim&bdsapeakBay watershed soils.
Although some soils in the watershed will be coarser savtdsh are not expected to provide as
much TN removalsome are tighter clays that should provide better thgpe&&n{TN removal
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The OWTS ExpertPanel recommends accepting dugeof-drainfieldbaseline value as
4kg/TN/person/year for the purposes of comparing BMR®twentional systems, as
represented ithe existing model

2.5 OVERALIRECOMMENDATIONS FASSESSINBMPEFFICIENCIES

The ovearchingobjectiveis to determine the reduction in TN loading to GleesapeakBay
watershed foa given BMP as compared to a conventional systaseline

BMPs for theon-site sector will normally fall into one of three categori€l).ex situtreatmento
reduceTN loading to the soil; (2n situsoil treatment unit desigr®ther tharbaselinegravity
trenche} which reduce TN from then-sitesystem; or (3) a combination of the two

In order to assess proposed BMPs under (1) above, a baselineenmlesttified for the applied
TN to the soil from a conventional system and for {2 baseline reduction from the point of
soil application to thedgeof-drainfield The above analysis sets the baseline for (1) as 5 kg
TN/person/year or 6fg/L at 60 gpcd and for (2) as 4 kg TN/person/yasFigure 21
illustrates Figure 22 depicts a conventional (baseline) septic system.

Edge-of-
Drainfield

Drainfield

4.0 kg TN/person/year

Septic Tank

Effluent Additional attenuation

e —

to edge-of-stream

;5.0 kg TN!personfyearv
(60 mg/l @ 60 gpcd)

Figure 2-1. Summary of Baseline Recommendations.
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Septic Tank

Edge-of-Drainfield

.\k
Source: Joubert et al. (2005)
Figure 2-2. Drawing of Baseline Conventional Septic System.

As indicatedthe CBPO will compar@N reduction systems (depictedrigure 23 andFigure
2-4) against the baseline conventional system.

Edge-of-
Drainfield

Drainfield

<4 .0 kg TN/person/year |

Ex Situ

Effluent s .
- Additional attenuation

1

to edge-of-stream

5.0 kg TN/person/year Ex Situ

In Situ System
| <5.0 kg TN/person/year I

Figure 2-3. Schematic of System with BMPs.
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—% 4
\ Treatment Unit Edge-of-Drainfield

\ TN |l oad O
>D T7k / Drain field ka/perlyear

.

f ——_ R

WATER TABLE \MA

Source: Joubert et al. (2005)
Figure 2-4. Drawing of System with Ex Situ BMP.

For illustration purposes, tlegigeof-drainfield includeghe vertical and bottom planar faces of
the drainfield which represent the transition tifed r a i n infiltrativedsdils through which
effluent passes to more natural soils beneath and alongside the drgsdfedidyure 22 and
Figure 25). No specific dimensiors are associated with the eegfedrainfield, as they vary with
site features, soil characteristisgstem characteristics and other factidgeof-drainfield is
used conceptually in this document simply to distinguish BMPs that improve TN reduction
within thesystemversus TN reductiathat occunaturallyin the receiving environment.

Conventional
Drainfield

%

, ! Natural
Soil Backfill
ot Backil Undisturbed

renh —{— # 1/ [
N

Distribution Pipe \/

Drainfield Infiltrative Soils Edge-of-Drainfield

Figure 2-5. Edge-of-Drainfield Schematic lllustration.

2.5.1Assessing=x Situ Treatmento ReduceTN Prior to Soil Treatment

Ex situtreatment (often callebretreatmend) units will typically usea septic tank oother
primary treatment device (e.graslisettlingtank) followed byan advancetteatment unitThe
primary treatment unihightalso be used as an anoxic reactor for denitrifying recirculated
nitrified secondary effluenhe point of assessment for the BMP efficiencgtithe end of the
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treatmenprocesgrior to application to the soillhe TN loadreductionis based on a reduction
in the load of TN in the effluenas compared to the influeN load(5 kg/person/day or 60
mg/L).

In controlled esting facilitiesinfluent and effluent flow and TN concentraticzen be

monitoredso that the load reduction through the treatment unit can be calctiatedver in

more representativieeld testing, it is difficult to measure flow from an individual household
becausenost systems are not equipped vatitow monitoring devicelt is exceptionally

difficult to collect a representative sample of raw wastewater from a home, given vwadghygv

flows and usage types throughout the day. Sampling from the septic tank is an accepted way to
collect representative composite samples from households, but the design of some treatment
units(e.g., ones that recirculate back to the septic or atamig makes itdifficult to measure

the influentinto a treatment unit.

Based ora review of the available informatiotihe OWTSExpertPanel recommendhat for ex
situtreatment unitsshe TN reduction across the drainfidhethe sameas for STHe.g.,20
percenfor abaseline conventional systerfjowever, heassumptiorof consistent TN reduction
across the soil treatment system, regardless of pretreatment effluent charactsribgcsibject
of much debateAs researchers learn more about tHatienship between nitrogen removal in
pretreatment stages versus nitrogen removal in the soil treatment unit, more specific
recommendationsiight be possible

2.5.2Assessingn Situ Treatment to Reduce TN within Soil Unit

According to the modelhebaselineeemoval across a conventional gravieég drainfield is 20
percent ol kg TN/person/ga, becausét reduces the load frofito 4kg TN/person/ga at the
edge of the drainfieldAny soil-based BMP, such as a modified dispersal method, must
demonstrate eeduction in applied TN in excess of gércent or demonstrate an edije
drainfield load of less than 4 kg TN/person/y&dre TN reduction credit would be for the
additional removal beyond the baseline.

Soil-based BMP efficiency should recognize thessebaesduring the period of applicability of

the existing modelAlthough the existing model was designed to reflect a 20 percent N reduction
for the drainfield, the use of varying baselines in future mddels adjusted for soil texture)
couldimprove the accuracy of future model runs.

2.5.3Assessing Gmbinedex Situ/In Situ BMPs

Combinedex situin situBMP desigrs must be assessed based on performance of the overall
system rather than on the individual components. In other words, the combinech&P
ultimatelyreduce TNoelowtheedgeof-drainfieldvalue of 4 kg TN/person/year in the model
baselingi.e.,more than the 20 perceindom the raw loadings of 5 kg TN/person/year

Section 3 addresses credits for combined BN g with credits for staraloneex situandin
situ BMPs.
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3 BMP Definitions and Qualifying Conditions

In this section, rogenreduction credits associated witkdtmentind dispersakchnologes
recognized as BM$are assumed to provi@eeragenitrogen reduction performance across the
population of installed systems, provided ttiet system iserified to bemaintained and

functioning as designe@he OWTSExpertPanel does not recommend sampling each system on
an ongoing basis to confirm the TN reductcre to the expense tgssemowness. Accordingly,

the OWTS ExpertPanel only recommends as BMPs th@senproprietaryfreatment units

whose performance is wedlipported by science and verifiable data

As previously described, the OWExpertPanelconsidered two main categories of BMP types:
ex situBMPs (precede the soil treatment yrandin situ BMPs (implemented within or down
gradient of the soil treatmeanit).

The subsections that follow provi@P recommendationt® complement existing state
regulations and policies, not to supplant them. Althcatgkes should apptie recommended
nutrient reduction credits equally, recommendations regarding dasdigmna and management
(e.g., O&M, verification) provisions should be customizeérsure consistenayith existing
state practices.

Likewise, he OWTS ExpertPanelacknowledges that most states heggain criterige.g.,

design flow rateabove a satumber, typically2,000 to 5,00@allons per daydpd), that trigger
additional restrictions (e.gdesign and certification byrofessional Engineer, state approval,
additional permits, additional management provisions, etc.). Accordingly, these
recommadations are intended to apply to only those systems that do not exceed these state
specific thresholdd-or proprietary systems arle smaller set of highiisk (e.qg., larger) systems
that do trigger additionataterequirementsstatesshould be encouged to provide more robust,
caseby-case verification oT N reductionthan the minimum standards identifieerein

The OWTSExpertPanel recommendsllowing theWastewater TreatmelYorkgroup
(WWTWG) BMP Verification Protocol Narrativier on-site system BMPsOn-site TN removal
systems are highly dependent on proper oversight to ensure sustained perforina@TS
ExpertPanelprovides recommendations for O&M frequency and activities in the
recommendations for individual BMPs below.

Nitrification is the most critical step in the overall nitrogen removal process because nitrifying
bacteria are slowgrowing and their growth is easily inhibited. Some of the factors that can
inhibit nitrification are: low temperature, nareutral pH, inadequate alknity, low dissolved
oxygen DO), highbiochemical oxygen demand (BO@nd inhibitory chemicals. Due to these
factors andflow rates and wastewater characteristics that can vary greatly from household to
household (and even from individual homes oirae}, achieving optimum levels of nitrogen
reduction from individual homes is not always possibiewever, performance witireatly
improveif trained practitioners providesponsibl@peration and maintenance

At a minimum,all of thein situandexsitu BMPs describedhouldhavea systenoperator
(typically a contract operator) consistent WtBEPAS kevel 2 management program model
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(USEPA 2003) TheoperatomperformsspecifiedO&M activities, verifesproper system
function and repoid back to tle LHD or state.An operatingor constructiorpermitshould also
be requiredStateissued and renewabtermitsconsistent withJSEPAS kevel 3 management
program modeare encouraged but not deemed mandatory for reduction. drRé4is arealso
encourageand, forPRBs required.The RME role can be fulfilled by LHDs, public or private
wastewater utilitiesand some system manufacturers.

Given the variability between states on how they regulate and evatusite systemseach

state andheir local LHDsmust determin®MP verification provisionslt is anticipated that

BMP system installations need to be documented when approved and reported to the state by the
LHD.

In Delaware, a management contract is required for at least 2 Axegrsmterruption ofthat

contract will likely be reported to the LHBvhich will in turn notify the state as a further check

on the status of the systeRor innovative/alternative technologies, the contract must last the life
of the system.

MDE tracksbest availabléechnology(BAT) for TN removal.The state requires servicing by
certified service providers trained by the product manufacturers (for proprietary systems).
Annual reporting isiecessary

In Virginia, all alternative system desigless than or equal tqa00 gpdare regulated under the
Regulations for Alternativ®n-site Sewage Systemghich requirean O&M manual, a minimum
of one O&M visit per year by a licensed operatrdBODs (and possibly residual chlorine and
fecal coliforms)measuremenwithin 180 days of startup and every 5 years thereafter for all
third-party tested systemi.a third party does not test the systéime, frequency increases to
every6 months foR2 yearswith an assessment made of performance after a total of 5 samples
are colleted For systems greater than 1,000 gpd, the requirements for O&M and monitoring
increase as the flows increase.

3.1.10verarching Management Activities

Reducing th&'N in systems at individual homes requipeper operation and maintenance of
the systemsTheBMP recommendations in this document provide specific verification and
O&M requirements

Certain operational factors and considerations are common to the recommended BMPs that rely
on biological nitrogen removal (BNR; nitrification followed by denitrfiion).In certain
applicationsnitrification and denitrification processeanbetestedduring maintenance visstoy
methods that give immediate resuttsallow for immediate operational adjustments if

necessary. Commercialvailable test kits prode a quick and inexpensive method of field

testing the effluent of BNR system&hile not recommendefr useto disqualify credit, this

type of monitoring and subsequent mitigating action might allow improved performance at an
individual site.Important ictors for BNR includéhe following

1 Optimum pH range for nitrification is 616 8.0. Thereforgin areas with acidic (low
alkalinity) well waters, nitrificatiorcouldbe inhibited If nitrification is restricted, then
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so isdenitrification To ensure adquate buffering for nitrification, maintain alkalinity
levels of no less than 58g/L as CaCQin the final effluentWhere the influent

alkalinity is less than 20fg/L as CaCQ, alkalinity feed should be included in the
design Supplemental alkalinitgan be provided through the drinking water supply or be
added to the wastewater system through a dosing system, calcite filter, etc.

1 Nitrifying bacteria are susceptible to a wide range of organic and inorganic inhibitors
The type of cleaning products aprhctices used at households can greatly affect
nitrification. Not only can heoveruse of antibacterial and disinfecting chemiaaisbit
nitrification, butso carncertain concentrations of surfactants from the major brands of
laundry detergents.

1 Additionally, it should be noted thapttmum nitrification occurs around 30 °C (86 °F);
at 10 °C (50 °F), nitrificadn is only 20 percent dast. This is mainly for information,
although there are some things that an operator can do to a suspended grewthosyst
compensate for depressed reaction rates during colder conditions (e.g., increasing sludge
age by wasting less).

3.2 PROPRIETARY ANDNPROPRIETARBMES

On-site systems use bogmoprietary and nonproprietary treatmésthnologiesProprietary
systemsare those developed, marketadd constructed by a manufacturer. The manufacturer
typically also has some responsibility for system design, installamhongoing management

(a required responsibility in many stgteéBecause of #se factorsand becase these systems

are typically standardized in their design and construction and there is little variability between
the same model delivered to different job sigtates typically gramhanufacturers model

specific approvals.

Nonproprietary systemseathose designed on a cdsecase basis for each site. These are
typically constructed using nonspecific and readily available materials and mechanical
equipment. Although design standafdisthese nonproprietary systemsist design variations
based orocally available materials and designer preferences are common. In contrast to
proprietary systemd,HDs or statesypically approvehese on @aseby-case basis.

In general, th©OWTSExpertPanel @es not favor assigning\lreduction crediteand BMP
specificationsto general categories pfoprietarytreatment units, due to the widange of
results fordesignswithin the sameeneralkcategoriesAn exception was made for NS&tandard
40 certified systems as describedattion3.4. Additionally, here areseveral nonproprietary
BMPsthat have beewell-documentedo achieve consisteiN reductions wheiollowing
specific design criterial his report addresses soswected nonproprietary systeraad
additional systems can be added in the futareeededit is anticipated thattber
nonproprietary engineered designil eventually be added to this list wheuofficient data are
generated to support the given design asgbciated N reductioncredit
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3.2.1Proprietary System Protocol

A proprietary syeemshouldundergo thireparty testingoefore it is recognized as a system that
canachieve a given effluent quality. Many states have a protocol for recognizing proprietary
systems as meeting a defined effluent qualityese protocolgary from acceptance of third
party tesing according to a standapdotocol such as NSIternationalformerly theNational
Sanitation Foundation)o a combination of a thirgarty andn-statefield testing. This
discussioroutlinesa recommended pratol for accepting proprietary products as a recognized
BMP with a definedI'N reductioncredit This recommended protocol is moeantto supplant
existing protocd, but rather teencouragestates to pool resources and datal N-reducing

BMPs in the Chsapeake Bay watershed

The OWTS Expert Panel recommends-tiered protocol that consists of an initial provisional
approval on the basis bISF Standard4b certification,a recognized thirgharty testing

protocol or similar protocalThe OWTSExpertPanel also recommenttsat inal BMP approval
bebased on the results of field testing. Hnevisionalapprovalwould allow a system to
initially be used ira statebut would require field testing to verify tAeN reduction creditOnce
a treatment desigpasses thield testing component, the proprietary treatment technology
would be accepted as a full BMP. MBEBay Restoration Fund provides a good example of
such a twetiered protocol adopted byGhesapeakBay watershed sta{@DE 2013)

Provisional Testing: A third party must conductrpvisionaltestingat or near the urét design
flow and loadhg for BOD:s, total suspended solid$$S), and TN. There is currently only one
recognized protocol that evaluate§0percentTN reduction in treatmentnits. NSFStandard
245 evaluates the percéml reduction through the treatment ur@ertification under NSF
Standard 245 requires a TN reduction of at least 50 pefdemiCBPO and Chesapeake Bay
watershedstates can considetherprotocolssuch as ENL25663 asthey are proposed for use.
Appropriateprotocolsmustminimally include loading at or near the design flow; stress test
mode; documentation of influent conditions including alkalinity; and seasonal variation.

Field Testing: The OWTS Expert Pahstrongly recommendsdid testing because of the
potential for high variability in field performaneersus performance in controlled testiige
field testing should incorporate the followietgments

A third party should conduct the field testing.

A minimum of 12 field siteshould be sampled

There should be minimum of four sampling events p&ite overfour seasons.

All sampling and analyses must follow 40 CFR 136 for sample collection, sample
preservation, holding times, and analytipedcedures. 2four composite samples
should be collected for all parameters except pH and alkalinity.

5. Paired influent and effluent samplingnscessaryo verify the TN reduction
capability unlessthe state acceptsm assumedhfluent(e.g., 60 mg/L)

Influent parameters to be tested include BOLSS, flow, pH, TKN, and alkalinity.
Effluent parameters to be tested include BOLSS, pHAmMmoniaN, TKN,
NO,+NOs-N, and alkalinity.
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Influent sampling can be difficult depending on the design ofrdament unitFor those
systems that receive influent fronpamary unit gettling tank or septic taj)jkhe OWTS Expert
Panelrecommendthat the effluent from that primannit be sampled as the influent to the
treatment unitSome states have opted to not include influent sampling due to the difficulty
obtairning a representative sampleherefore, these statedy on an assumed influent TN
concentration of 6@ng/L. The OWTS ExpertPanelrecommendshat where paired
influenteffluent data are not available, an influent off®@@/L TN to anex situtreatment unibe
assumede.g.,an effluent TN of 30ng/L would reflect a 5ercentTN reductior).

Field testing does not necessarily have to be unique to a particulaiStaee should consider
utilizing field data collected in other states if the climate is similar and the data collection
methodology is adequate. TRAVTS ExpertPanel recommends thdSEPAserve as a
repository for data collected from various states. The aatla deusedin accordance with each
statés protocol for data analysis and acceptance or rejection of a treatment unit.

Under the recommended protocol, technologies exhibiting a TN reduction of greater than 50
percent will be assigned a TN reductmmedit of 50 percentf, howeverthe technologwvill be
managed according to ESP A Ibegel 3 management program mogl higher) the actual
field-verified TN reduction can be used as the cré#BE P A Ibegel 3 management program
modelincludes statéssued and renewable permitsaddition to service contracts and other
requirements of lower level management program mq&S&PA 2003)

Data Analysis: Long-term averages araost relevant to determirt@mpliance with TMDIs.
Thereforethe data from edcunit in the field test should be averagaad then the means from
all treatment units averagethe mean of the aggregated dessablishes the TN reduction credit
for theBMP.

3.2.2Norproprietary System Protocol

The OWTSExpertPanel recommends a tvabep approach for engineered nonproprietary
systemghat arenot currentlyassigneaditrogenreduction credits in this documerithe first step
would be the submittal of engineering design justification that follows standard emginee
practice for nitrogen removal. €lsystemshould then undergo accelerated testing to verify the
design and estimated TN removal. Testing shouldtbeastl to 2 years in duratiareeasonal
and otherwise in accordance with the field testing protfmrgdroprietary systems

Those seeking watersh&dde approval for nonproprietary systems will need to contact the
WWTWG, which can then assign the BMP review to the OVBxpertPanel. The BMP

recommendations and supporting information reported belowda@ood examples of the type
of information and level of detail required for justifying new BMPs.

3.3 BMPSUMMARYRECOMMENDATIONS

The OWTS Expert Panel has defifgdliPsfor bothex situandin situtreatmentEx situ
processes are those occurring prior to dispersing effluent into the soil treatmédeéseribed in
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section3.2.1). The baselinex situtechnology is the septic tajfor whichthe OWTS Expert
Panel recommend® TN reductioncredit(i.e., STETN will be the same as the TN for raw
wastewater, 5 kg/psonyear).Ex situBMPs includevarioussuspendedrowth,attached

growth, and hybridbiological treatment processes for secondary treatmaetOWTS Expert
Panel recommends additional overarching BMPategoryto account for the many proprietary
technologiesvailable(described irsection3.21).

There areex situpretreatment devicesvailablethat are generally expected to provit{eto 25

percent nitrogen reduction, includipgoperly loaded aerobtreatment uni{ATU) systems,

sand and peat filters, and vegetated submerged beds (subsurface wetlands). Higher TN removals
of around 5(percentare achievablasingrecirculating media filters. The best removals of about

90 percentcan be achievedsingdenitrification systems thatseadditional labile carbon

materials (e.g., wood chips) to drive the reaction to near compl&womall BMPsthe OWTS

Expert Panedssumedtandard residentiadtrengthSTEwith a TN of approximately 6@ng/L;

150 to 250mg/L BODs; TSS of 50 to 10@ng/L; and fats, oils and greases (FOG) below 15

mg/L. Large nonresidentiakystems and systems treating higseengthwastewaters (e.g.,
restaurants) should be handled by CBPO and the states onlayazs® basis.

Tables 31, 32, and 33 summarize the OWTS Expert Panel recommendatiorexfeituBMPs,

in situBMPs, and combined BMPs, respectively. The OWTS recommends continuing to offer
the existing 5 percent TN reduction créditr pumpoutof septic tanks and 100 per¢diN
reduction (transfer from the esite sector to the NPDES sector) for septic systems that are
decommissioned and connected to NPDES (discharging) facilittesOWTS Expert Panel
further recommends that the 5 pergemtpoutcreditapplyonly to conventional systems that do
not receive any other TN credit resulting from the use of a BMP, siedérecommendtiors

for these other BMPs include a requirement for routine septic tank punfysdgtailedin the
supporting information for tkicredit AppendixC), the 5%creditvalue appears justified for
conventional systems where solids have accumulated for 5 years or more. Therefase, for a
given system, this 5%redit should not be given more frequently than every 5 years, even
though moe frequent pumping for some systemay be appropriate for other reasons

Table 3-1. Summary of BMP Recommendations for Ex Situ Unit Processes.

Ex Situ
Best Management Reduction
Practice Qualifying Conditions Credit*
Septic tank (baseline N/A 0
practice)
NSF 40 Class | 1 Certified as Class | under NSF International Standard 40 or 20%
Equivalent Secondary similar (e.g., CAN/BNQ 3680-600, CEN Standard 12566-3)
Systems 1 Design, installation, and operation in accordance with

manufacturer recommendations and state or local

! One OWTS Expert Panel member objected to this recommendation, arguing that the septic tank acts as a sink
where accumulated solids sequester nitrogen until removed and that the 4 kg/person/yefadedgield load
assumes proper septic tank mainteeanc
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Ex Situ

Best Management Reduction
Practice Qualifying Conditions Credit*

regulation
Intermittent media filters | § Timer-based flow equalization with 127 24 doses/day 20%

{ 26depth mediaES=0.5-1.0mm; UC O 4. 0; <
#200 sieve

fHLR @pd/&

fOLR O 5 I b BOD/ 1000 sf

1l Uniform, pressurizeddi st ri buti on O 6 s

Constructed wetlands | (2dédepth media ES = 401 80 mm inlet/outlet; ES = 20i 30 20%
mm treatment zone, extending 0.1 m above water level

1 Length-to-Width ratio < 10:1

{ Surface Area 054 sf/PE

1 Width between 0.56 and 1.31 feet/PE

9 Outlet structure allows for variable flooding depth

1 60top layer of planting media

RMF 1 Timer-based flow equalization with 247 48 doses/d 50%

126 depth media

1 Sand media: ES=1.0i5. 0 mm; uc O 2.5;

#200 sieve; HLR O 5 gpd/sf;
1 Gravel media: ES=5.0120 mm; UC O 2. 5;
#200 sieve; HLR O 15 gpd/ sf

{ Uniform, pressurizeddi stri bution O 6 s

9 Device capable of recirculating 37 5 times forward flow back
to anoxic zone

Anne Arundel County { 2-day HRT anoxic chamber 50%

IFAS fi1day HRT aerobic chamber wi
fixed-film media

9 Aeration device capable of maintaining 3.0 mg/L DO

fDevice capabl e otimesrfoenard flow backa
to anoxic zone

9 Alarm for aeration device fault

Proprietary treatment 1 NSF Standard 245 certification or similar O 5009
systems 1 Technology-specific
1 Percent removal based on qualifying third-party testing

" TN reduction beyond STE baseline of 5 kg/person/year. Additional TN reductions will take place in the in situ (soil)
treatment unit.

BOD = biochemical oxygen demand; ES = effective size; HLR = hydraulic loading rate; OLR = organic loading rate;
RMF = recirculating media filters; UC = uniformity coefficient; IFAS = integrated fixed-film activated sludge; SA =
surface area; PE = population equivalent (typically 2 PE/bedroom); gpd = gallons per day; sf = square feet.

In situ processes are those occurring aftesitutreatnent, within the soil treatment unikhe
baselinan situtechnology is a conventional gravity flow, gravel trenchrdieid, for whichthe
OWTS Expert Panel recommenal®aseline 20 percergduction in TN is recommended (i.e.,
STETN will be reduced by 2fercento 4 kg/per/year).
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Table 3-2. Summary of BMP Recommendations for In Situ Soil Treatment Unit Processes.

In Situ
Best Management Reduction
Practice Qualifying Conditions Credit!
Conventional system | N/A 20%
(baseline practice)
Shallow-placed, fDriporLPDi nstalled within 1206 of 50%
pressure-dosed horizon (e.g. A or A/B horizon)Credit not provided where sand
dispersal orloamysandsoilspr edomi nate within
dispersal depth
1 Lines placed on contour
1 Drip requires: prefiltration system, automatic flush cycle, flow
equalization, air release valves
9 LPD requires: working pressure head of 2i 56 dosing volume
of 71 10 times distribution system piping, lateral flushing
provisions, max flow variation of 10% for each lateral
Elevated sand 1 Installation on intact natural surface horizon (e.g. A or A/B) 50%
mounds { Credit not provided where sand or loamy sand soils
predominate within1 2 6 bneolna w
9 Scarify surface of soil under mound
{ Uniform, pressurizeddi st ri bution O 6 sf
fMinimum 0.506 (for sec ®@2nifdrSTE)
layer of sand: ASTMC33;0 20% by wei ght
0.15t0 0.3 mm; UC =410 6
9 Max. top of sand ALR = 1 gpd/sf for STE, 2 gpd/sf for
secondary
176i120 | oamy surface | ayer
Permeable reactive 1 Site-specific Case-by-
barriers case

" TN reduction applied to ex situ system effluent load (from Table 3-1).
LPD= low pressure dispersal; UC= uniformity coefficient; ALR = aerial loading rate; STE= septic tank effluent.

Table 3-3. Summary of Net TN Load Reductions for Combined In Situ and Ex Situ Systems.

In Situ Practice
Ex Situ Practice

Conventional
Baseline

Shallow, Pressure
Dosed

Elevated Mound

Septic tank baseline

4.0 kg/plyr (0%)

2.5 kg/plyr (38%)

2.5 kg/plyr (38%)

NSF 40 Class | Secondary Systems

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Intermittent Media Filter

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Vegetated Submerged Bed

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Anne Arundel Co. IFAS

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)

Recirculating Media Filter

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)

Note: Percent reductions in table entries represent net reduction from baseline of 4 kg/person/year at edge-of-

drainfield.

IFAS = integrated fixed-film activated sludge; kg/p/yr = kilograms per person per year.

The subsections below provide detailed recommendations for each BMP
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3.4 SECONDARYREATMENSYSTEMEERTIFIERINDERNSFSTANDARD
40CLASSI OREQUIVALENT

3.4.1Detailed Definition of Practice

The NSFStandardiO Class | protocqgland related protocols, including CAN/BNQ 36800
andCEN Standard 12568) evaluates a variety of treatment units for compliance with the
construction and effluent standards of the prototoeése units are certified to prodwef@uent
that is less than or equal to 30 mg/L B&2dhd TSS. The treatment processes fall into three
broad categoriesctivated sludge, fixed film, and a combination of the two.

USEPA(2009ddef i nes the activated sl udrgwhpmpaesscess as
that maintains a relatively Higpopulation of micreorganisms (biomass) by recycling settled

bi omass back t o tdrasite wastawaterdreatment sysiethss precess

typically consists of a primary settling zone, an aenazone, and a clarification zorla the

primary settling zone, heavier solids and floatables are remdhedsettled effluent travels to

the aeration zone where air is injected into the liquid for mixing and to increa@®the
concentratiopwhich fadlitates breakdown of the waste by the miorganismsin the

clarification zone, the biomass is separated from the treated effluent by gravity Setiéng

biomass is returned to the aeration zone for additional treatifentlarified effluent is

distributed to the drainfield

The configuration of the system varies by manufactligure 31 shows a common
configuration

~ ¢
_1 Ll
Elactric J
wotor g g
i 7 e J
—— I = /
e e — — e g [ T
] |07 = == - = —___-Q_:l
g ~PR N
Vs
Aarafion I
C:om partmant -
2 \ .
Air / i | Settling
Discharge ’ /, /'-l—lh— | Compartmant
rd

Mixing Retum / Sludge Return

Source: USEPA (2002)
Figure 3-1. Typical Continuous Flow, Suspended Growth Aerobic Treatment Unit.

Fixedilm treatment units apply settled wastewater to a media in an unsaturated environment
The media used include sand, gravel, plastic, textile, andTfeatinits may or may not have a
recycle componenfFigure 32 shows acommon system layout
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/’\\‘ ﬁ“‘" o s SINGLE HOUSE INSTALLATION .
. T ——. PEAT MEDIA ACTS LIKE A
s COMDENSED DRAJNFIELD
-
_11'/ BIOLOGICAL PURIFICATION
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ALIDID & WISLIAL ALARM & POLYETHYLEME MODULES
—I - CONTANING BIOFIBROUS PEAT

AAMP UP WITH S0 TO
UNDER EDGE OF CCVE:i{_,a"

~N i

SEFTIC Tk Pump/Sump

PUMP LINE - ‘"‘{:' PERFDRATIONS IN BAS
1 k' BROKEN STONE  EoR PERCOLATION

TREATED EFFLUENT CAN PERCOLATE
T SO OF CISCHARGE TO DRAPY

Source: USEPA (2002)
Figure 3-2. Fixed-Film System using Peat Moss as a Treatment Medium.

A variation of the treatment process involves the addition of a-fikednedia to the suspended
growth process so that the procasss both fixed and suspended growthis combined
treatment process is refed to as an integrated fixditm activated sludge (IFAS) system.

Nitrogen is not actively removed by such treatingnits, but there are incidental losses that
occur through the settling in the primary zone, uptake by the rarganisms in the activated
sludge, and denitrification in the clarifier

This BMP applies to treatment units that are certified to ClasddruNSFStandardiO or its
equivalent.

3.4.2Nitrogen Load Reduction and Recommended Credit

The OWTSExpertPanel recommends thdSF Standard 40 Clas&huivalentunitsdesigned,
installed, operategnd maintained in accordance with this sectioagstggned 20-percent TN
reduction for anex situeffluent concentration of 48 mg/L TN or an effluent TN load of 4
kg/person/year going into the drainfielthble 33 summarizeset TN reductions for various
combinations oéx situandin situBMPs

The removal bN in these systems is limited and occurs to some degreeveyapathways

1 N associated with solids is removed in primary settling.

1 N (in the form of the relatively volatile ammonia ion) is stripped from solution during
aeration.

1 N is incorporated ito the cell mass and typically represents aboyiet@entof the cell
mass When the activated sludge is removed from the system, the N present in the cell
mass is removed

1 Anoxic conditionsand denitrificatiorcan occur in the clarifier and in the aeration
chamber duéo slow removal rates of the settled sludge or aeration dead. BIEBA
(2002 notes that average TN concentrationslaterresgdential extended aeration unit
effluentsrangel from 17 to 40 mg/lUSEPA(2002)goes on to note that most aerobic
units, including IFAS, remove 15 to P®&rcenfTN.
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For fixedfilm systemsUSEPA(2002) notes that removal rates range from 0 tpe86ent

For theNational Pollution Discharge Elimination SysteNRDES-permitted treatment

facilities, Virginia conducted a study of the reported TN in the effluent from secondary treatment
systems. Approximately 25 treatment plants contributed data. None of the plants were operating
in other than a secondary treatment mdde reported average TN was 18.7 mg/l with an
assumed influent of 30 mg/l (37 percent TN reduct{@ohn KennedyVA Department of
Environmental Qualitypersonal communicatipnThe Virginia Department of Environmental

Quality later usedhis average TNconcentratioras a default TN loading in the TMDL for the
existing discharging systemBhe reduction is noted to have been credited to some nitrification
and then unintended denitrification in dead zones in aeration tanks and clarifiers. The 37 percent
removal rate compares well with reported TN removal rates in engineering texts thile
percenfor conventional primary and seedary treatment plants (Hamnig75).

While the OWTS secondary treatment unis&the same basic processes as the larger
discharging secondary treatment plants, the OWTS systems are not actively masaged
result,the OWTS Expert Panel does not expect tiemchieve the same levels of removals as
the discharging secondary plarfier example, the N that is captured ifid®or biomass can be
released back into the water column of the treatment unit if the solids are not removed on a
routine basisThe amount of nitrification that occurs is also limited by alkalinity and aeratton
the amount of N available for denitdétion is limited. As a resylthe OWTSExpertPanel has
set the BMP removal rate at pércento reflect the limited O&M occurringgndalso to
recognize the benefit of using secondary treatment in reducing N applied to the soil.

The BMP is limited tgroprietary treatment units certified under the NBFClass | standarar
equivalent, includingcZAN/BNQ 3680-600usedin Canada and CEN Standard 125066sedin

the European UniorNo field testing is required for the BMP because the units do not actively
remove N. The BMP recognizes the incidental N removal that occurs in all secondary treatment
units. The limitation of the BMP to NS&tandardt0 Class Equivalentunits will ensure that

only third-party tested units aresed which will provide assurandbat (1) the units will

function as secondary treatment systems with the incidental TN removal; (2) the units have been
proven to meet the construction and function standards of the NSF protoctiiag(3)l the units

will function as designed.

3.4.3Ancillarylssues and Interactions with Other Practices

Several of the bay states have usstbadarytreatment units to offset site limitations such as
depth to restrictions and drainfield area. These units reduceg BQDTSS to 30 mg/L or less
andalsoreduce lhe level of pathogen3he reduced organic and solids load extends theflife
the drainfield and the reduced level of pathogens reduces the public healftheisore there
is benefit to public health and the environment from using secondary treaystaths even
though they do not actively remove TN.

As with any of theexsitu BMPs, this BMP will interact within situ BMPs to further reduce the
TN released to the environment
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3.4.4Design and Installation Criteria

Minimum design and installation criterfiar NSFStandardiO Class Equivalentproprietary

treatment units include:

1
Standard 12568)

= =4

Selectionofthg r oper si ze uni-t
regard to design flow and load

An appropriately sized primary settling tank if not

t i
he

uni
of

Installation of tke
Startup

n
uni

= =4 =4 -9

t t in

3.4.5Temporal Performance

Certified undeNSF StandardtO Class br similar (e.g., CAN/BNQ 36803600, CEN

Sized in accordance with local regulations for flow and loading
accordance

i n

integral to the treatment unit

Siting of the unit in accordance with local regulations
accordance

he
Wi

wi t h
accordance

t

m

t h

wi th

anuf
t he

As with most biological systems, secondary treatment units will take several weeks to be fully
functioral. The time frame is dependent on the temperature and the losdanmer
temperatures will speed up the time to full functioow loading will reduce the time to full

function.

3.4.6Recommended Management Requirements

I n general the system sho
recommended O&M requirementdditional O&M visits
may be needed for proper operatidncillary equipment
(e.g.,separatseptic tank, effluent filter, pump tanks, and
drainfield) will require additional O&M

3.4.7Review Timeline and Recommendati

The secondary treatment units certified through the NSH
StandardiO protocol are generally fairly robubut are not
designed to antely reduce TNThe 20 percent TN
reduction assigned to these units is very conservative, b
considered appropriate given the range of the units and
lack of data specifically from these small systems
Additional research could lmoneto determine ifa higher
reduction is actually occurringhe OWTS Expert Panel
recommends eeview period of 5 years to follow such
developments

vAnngal Ifspeqtign ghaekligt [ e

I Check all mechanical systems
such as pumps and blowers for
proper operation. Perform any
maintenance required such as
cleaning filters, lubrication, etc.
Check the sludge depth in the

DINS aeration zone and clarifier, and
pump out if needed.

r

T Foll ow the manuf
instructions for O&M for additional
detail. More frequent O&M visits
may be needed to ensure proper

ut  operation.
th®e Conduct other generic O&M

on the other components of the
system (measure sludge/scum

tank as needed, clean effluent

procedures as needed depending

levels in septic tank, pump septic

screenf/filter, walk drainfield, etc.).

nanuf
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3.5 INTERMITTENENGLEPASS MEDIAHLTERS

3.5.1Detailed Definition of Practice

An intermittent orsingle passmedia filter isafilter packedwvith sand or other granular media.
They supporaerobicbiological mechanismandphysical pocesses such as sedimentation,
filtration, and chemical adsorptiohe basic components ahintermittent media filterlMF)
system includea septic tank, a@osing tank, a pump with controller (or a siphon), a distribution
network, the filter bed, and amderdrainFigure 33). The wastewater is periodically dosed to
the filter via the distribution systerwhere it percolates through the mettidhe underdrain that
carries the treated effluent from the unit process.

lid distribution pipes
»

media pea L

(sand) rock underdrain liner
Source: Gustafson et al. (2002a)
Figure 3-3. Intermittent Sand Filter Cross-Section.

Intermittent sand filters (ISF) have begsed for decades to purify wastewabdajor cities even
used them in the late 18Q0s®wever, the space required for ISFs treating large flows eventually
limited their useThe primary historical use of ISFs was based on their ability to effectively
remoe organics (BOD) and suspended solids (T8Spn-sitetreatment systemshere are
some common design variatiomstribution vialow pressure dispersdliPD) is most common,
but use of drip dispersal is on the riSgray irrigation is also sometimeseaal.In addition to
sand, medigypescommonly usedodayincludepeat, gravel, crushed glass, bottom ash from
coal burning, foam chips, and coafgeer syntheticsOne additional media variatiog high-iron
sandsand gravelswhich enhance the duratiandcapacity ofphosphorusemovalby ISF
systemsHowever, for the purposes of this BMBRe OWTS Expert Panehly consideredgand
IMFs.
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As a TN removal procesgeported performance Variable, buwith hardmedia effective sizes
(ES) near Inm, thelMF usually removes 2t 25 percenTN. Manipulationof hydraulic and
organic loading rates, media size (smaller ES imprteesment, andthedistributionand
dosingregimencan enhance TN remov&tecentrecommendtions suggest the useafanic
loadng as adesigncriterioninstead of only using hydraulic loading.

3.5.2Nitrogen badReductiorand Recommended Credit

The OWTSExpertPanel recommends that IMFs designed, installed, opeetddnaintained in
accordance with this section assigned 20 percentTN reduction for anex situeffluent
concentration o8 mg/L TN or an dfluent TN load of4 kg/person/year going intbe

drainfield Table 33 summarizes net TN reductions for various combinatiorexaituandin

situ BMPs

Since most BOD and@SS are removed in the top 6 inches of the filter bed, the media can quickly
nitrify influent TNto nitrate (NQ-N). Depending on the filter medibyIFshave variable ability

to denitrify the nitrate. However, that ability is limitddeto the lack of lalbe carbon to drive

that reactionespecially in hard media like most sands, gravel, plasticTktes, TN removal is
limited toan average a?0 percent Peat mediaouldenhance denitrification by providiray

supplyof labile carbonPeatbasedsystems aréypically proprietary in natureso they are

addressed under the protocokettion3.2.1

The primary referencesedto develop this recommendation sthe USEPAONR-Ste

Wastewater Treatment Systems Marf@@D2a), whichconsideredh broadset of references, and
was authored by researchargolved in the seminal studies IMFs fromthe University of
Wisconsin in the 1970s. Other important references include:

Darby, J., G. Tchobanoglous, M. Asri Nor, and D. Maciolek. 1996. Shallow intermittent sand
filtration. The Small Flows Journg®):1.

Johnson, C.G., and J.C. Converse. 2001. SiRgks Sand Filter and Soil Dispersal Unit
Performance in Reducing Pathogamnsl Nitrogen from Domestic Wastewater. In
Proceedings of TONOWRA Conference and Exhibitirginia Beach, VA.

McLellan, J.K., and C.A. Rock. 1986. The application of peat in environmental pollution
control.InternationalPeat Jounal (1).

Otis, R.J. 200. Estimates of Nitrogen Loadings to Groundwater flomSte Wastewater
Treatment Systems in the Wakiva Study Afaak 2 Report for the Wekiv@n-Site
Nitrogen Contribution Study.

Pell, M., F. Nyberg, and H. Ljundggren. 1990. Microlmambersandactivity during
infiltration of septic tank effluenin asubsurface sand filteWater Regarch24(11).

Pincince, A.B., and J.E. McKee. 1968. Oxygen relationships in intermittent sand filtration.
Journal of the Proceedings of the American Society of Engineers Sanitary Engineering
Division 94(SA6):109311109.
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USEPA (U.S. Environmental Protection Agency). 19M8nagement of Small Wadtows
Small Scale Waste Management Project of the University of WiscdR#&600/278-173.
U.S. Environmental Praction Agency, Cincinnati, OH.

3.5.3Ancillary Issues andtkeractions witlotherPractices

By having excellenBOD and TSS removal andtrification capability ISFs have been a
popularmeans obasic pretreatment of STE am-site systems prior to soil dispersal

IMF systemsare occasionallgubject to odors in hot climatéslthough covering, ventingnd
other design modifications generally prevent thasel) todistribution systenfreezing in colder
climates(again, various dégn provisions prevent freezing)

3.5.4Design and Installation Criteria
Minimum design and installation criteria for IMFs include:

1 Preceded by properly sized/designed septic tamkimum 48hourhydraulic retention
time [HRT] in most states)

 Properly sizedpmp tank( O 1 . 5 with tinkeFbased flow equalization controls to
dose 120 24 times/day

1 Media(sand)size and specifications

o ES=05 1mm

o Mediauniformity coefficient UC)O 4 . 0

o O @ercenfines passing #200 sieve

Media depth 26

Hydraulicloal i ng rate (HLR) O 2 gpd/ sf

Organic loading ratedaf OLR) O 5 I b BOD/ 1000

Uniform, pressurized distribution with a spacing that provides 4st@ér orifice (i.e.,
x 200r 20% 30grid)

1 Installation within watertight tank or ithe ground with 30mil liner

= =4 =4 =2

3.5.5Temporal &formance

In warmer periods, full functioninig expected less thahweeksfrom startup Therecanbe a

delay in severe cold periods, but that delay is mostly related to the sensitivity of nitrification
bacteria to cold climateall other biological functions should be complete in less than 2 weeks,
while physical and chemical functions are immediate.

Depending on the structural status of the housing,gatel media should experiereservice
life of 20 to 30 years
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3.5.6Recommendelllanagement Requirements

O&M requirements forMFs are quite simple and
include an annual check of the pump, controls, and
surface conditionThedistribution systenshould also | 1 Check pump and control
be flushedht least once per yeandthe pressure head operation.

resetif needed IMFs withbaresand surfacegersus T ﬁggggda”d/ Bl e e

Annual Inspection Checklist

cover Iaygr o_f gr_avel or other med'm_r)d tho_se _With f  Check operating pressure for
surface distribution of effluent require periodic (atskea distribution system. Flush system
annual)rakingof the surface to unearth vegetation, clgar and reset head as needed.
surface biofiimsand maintain permeabiliti2roperly 1 Conduct other generic O&M
sized media rarely requires replacemértlogging procedures (measure
becomes an issue, replacing the tdp 62 inches of sludge/scum levels in septic tank,

i . . p 9 p' . pump septic tank as needed,
media typically is sufficient toe-establish permeability. clean effluent screenffilter, walk
Pumps need periodic replacement (roughly evernyl® drainfield, etc.).

years for planning purposes), kiey are readily
available, relatively inexpensiyand easy to replace

3.5.7Review Timeline and Recommendations

IMFs are a fully developaechnology Future development efforts could include research into
the use ofilter media with special properties well as design enhancements that can enhance
TN removal

The OWTS Expert Panel recommendgwaew timeline of 5 year® follow such deglopments.

3.6 SUBSURFAGEONSTRUCTBNETLANDA/EGETATESUBMERGED
BEDS

3.6.1Detailed Definition of Practice

Constructed wetlands are wastewater treatment systems consisting of shallow ponds or channels
that are usually less thameter deephave been plantedith aquatic plantsand rely upon

natural microbial, biological, physicand chemical processes to treat wastewater. They

typically have impervious clay or synthetic lineas, well aeengineered structures to control the

flow direction, liquid detentin time and water level. Depending on the type of system, they
sometimesontain an inert porous media such as rock, graveland.

For some applications, they are an excellent option because they are relagixpdnsiveo
construct and maintajffer stable performance, provide a natural appearandepotentially
havesome ecological benefits. Constructed wetlands following septic tanks adesioit
wastewater treatment from individual homes @ordsmall communities where inexpensive land
is available and skilled operators are hard to find.

The literature and practitioners classify constructed wetlandswatonain types. Free water
surface (FWS) wetlangsvhich arealsoknown as surface flow wetlanddpsely resemble
natural wetlands in agarance because they contain aquatic plants that are rooted in a soil layer
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on the bottom of the wetlan@Vater flows through the leaves and stems of plants. By§@&ms

are typically used as a tertiary process in lavgetewater treatmemtstallationsand areanainly
usedfor polishing secondary effluent. Vegetdtsubmerged bed (VSB) systems, whichadge
known as subsurface flow wetlandse the focus of this report because thaye no visible
standing water and are most common in small systemM&r'S Expert Panel recommendations
excludeFWS systems from the BMP due to the potential for vector attraction and public health
concerns with thEWS

The VSB is essentially a horizontal gravel filter with attractive vegetation growing upon its
surface(Figure 34). Without any harvesting of the vegetation, pollutant removal is comparable
to that produced by horizontal gravel filteResearchers have not undertaken any precise studies
of VSBs to determine the lower limit of particulaitained by the sysin However, one can
assume that it will be in the range of 0.1 to 1.0 micron, which will remove a significant
proportion of bacteria and algae. This is somewhat validated by the commonly expressed
removal oftwo logs of fecal coliform organisms, whichaemparable to the performance of a
typical secondary biological treatment system without tertiary filtration or a disinfection unit, or
asinglepass coarse media (gravel) filter.

Subsurface
Plastic Membrane Treatment Required
Lingr or Impermeable Sol

No Scale

Source: University of Georgia Department of Chemistry (2003)
Figure 3-4. Vegetated Submerged Bed Schematic

Europe and North America have employ&8Bs for passive treatment of wastewaters and
stormwater for oveR5 years.VSBs providdiltration in a horizontal mode with aone attractive
appearane than a simple gravel filter.

Normally, the VSB receives effluent from the septic tank and delivers its effluent to the soil.
However, the reduction of BOD and TSS approaches secondary treatment requjramaeiiss
serves to prect the soil from clogging and assists in accomplishing overall required removals of
otherconstituents.
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VSBshaw occasionallypeenused to provide denitrification of previously nitrified effluents. In
this application, an aerobic pess is employellefore the VSBAIthough here areseryfew
studies of this application of VSBstudies shovthat denitrification and nitrogen removal is
limited on ayearroundbasisby thelack of labile carbon available in tSB during non

growing seasongiowever,a recent field study of a septic tank, RMF, and VSB where 5 to 25
percentbof the STE was bypassed to the VSB to provide necessary labile ciidead that an
effluent TN of about 10ng/L wasachievabldLeverenz et al. 2010Theynoted thathe
additionof organic woodchip media in VSBs can enhance the naturally low TN removal in
laboratory studiesA laboratory studyDuncan et al 1994 showed an 18ercenincrease in TN
removal by the septic tank, VSB, and pressiosed soil column over the septic tank alone prior
to pressure dispers&d)SEPA (2000notesthat a VSBfollowing a nitrification systemsuch as

an intermittent sand filtecan remove 55 t@5 percentof TN.

Some recent design approaches that artifcaid mechanically provideO to the VSB in

order to improve pollutant removals and effluent DO levels have been studied, but there is little
experience to support these design variations. Since one of the primary reasons for using VSBs is
their simplicity of operationpse of these variations is not common

3.6.2Nitrogen Load Reductiand Recommended Credit

The OWTSExpertPanel recommends that VSBs designed, installed, operated and maintained in
accordance with this section assigned 20 percent TNreduction for anex situeffluent

concentration o8 mg/L TN or an effluent TN load of kg/person/year going intbe

drainfield Table 33 summarizes net TN reductions for various combinatiorex@ituandin

situ BMPs

Removalof TN is not in itselfa major issue in desigf a VSB VSBs are most likely to remove
the pollutants associated with influent particulates and coarser calioigphysical
sedimentation, sorption, and filtratiémllowed by biological transformatioareits primary
treatmet mechanismsContact time and media characterista8 influence TN removal
efficiencies

For typicalsystems and treatmespplicationsi(e., STE before soil dispersai)nder typical
hydraulic and organic loading ratéise OWTS Expert Panel expea®dest{TN removas.
Using lower loading ratesanenhance TNemoval

The most complete and accurate publications on constructed wetlands for small residential
applicationgnclude

USEPA (U.S. Environmental Protection Agency). 2000nstructed WetlandBreatment of
Municipal WastewatersEPA 625/R99/01Q U.S. Environmental Protection Agency
Cincinnati, OH.

WERF (Water Environment Research Foundation). 28@taltScale Constructed Wetland
Treatment System@/ERFreport01-CTS5, Alexandria, VA.
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With limited additional input from other sources, these two references constitute the most
comprehensive discussion of the use of these treatment systems for individual households and
small neighborhoods producing domestic wastewaters. Some other referenpesviiat

relevant informationnclude

Duncan, C., R.B. Reneau, Jr, and C. Hagedorn. 1994. Impact of Effluent Quality and Soil
Depth on Renovation of Domestic WastewalieiProceeding®f Seventh ASAE
International Symposium on Individual and Sn@dmmunity Sewage Systertianta, GA

Leverenz, H.L., K. Haunschild, G. Hopes, G. Tchobanoglous, and J.L. Darby. 2010. Anoxic
treatment wetland®r denitrification Ecological Engneering36(11):15441551.

Whitehill, T.J., B. Tercha, and J.F. Davis. 30&valuation of a Recirculating Sand Filter
Followed by a Subsurface Flow Constructed Wetland to Achieve Denitrific&ioall
Flows Quarterly(4) 4.

VSBsarenottypically the technology of choice where effluent requirements call for significant
TN removal. In their normal application, they generaigynove between 20 30 percentf the

TN, with a high degree of variability owing to the makeup of3fA& colloidal and particulate
fractions.

At this time, theras not enough reliable data on therformance of VSBs following nitrification
units to make a recommendation for this application.

3.6.3Ancillary Issues andteractions with Other Practices

VSBs are normally used to tréaT E prior to soil dispersallhey also help reduce soil dispersal
systemcloggingbecause they can be used to further redig® and BOxoncentrationswvhich
canslow the rate o$oil clogging. Another primary reason for VSB use idritkanplicity: they
generally laclelectremechaital componentsvhich simplifiesassociated operation and
maintenance demands. VS§Bre alspopularbecause athe aesthetic value of their appearance
during the growing season.

In order to extend the service life of the systepstemsieed some meais reducing large
suspended solids and debris from the raw wastewsterto the VSB The septic tank fulfills

this role. Almost alwaysa soil treatment and dispersal system follows owing to the anaerobic
nature of the VSB effluent. Thus, the system fits into the conventional septic sysiézots the

soil systemand allows system installation on marginal lots without the need fdreelec
mechanicakquipmentThere are few limitations on the siting of a VSB system provided there is
sufficient area for installation and for siting the soil absorption system.

3.6.4Designand Installation Criteria

Minimum design and installation criteria for BSfollow recommendations idSEPA (2000)
andinclude:
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1 Preceded by properly sized/designed septic tank
1 Media size and specifications

o0 40to 80 mm ES gravel in inlet distributiandoutlet collection zonedll gravel
media should have a hardness of 3 orearamd be washed clean of fines and debris.

o 20to 30 mm ES in treatment zone

o 60top layer of planting media (e.g., peat, soil, expanded slate) for planting natural,
attractive specieChickenwire can be installed underneath this layer and in the
berms tadeter burrowing animals

f Media depthO2 feet (0.6 m)of stoneextendingat least 0.1 m above the water level

1 Lengthto-Width ratio < 10:1 and preferably < 2:1

f Sur f ace sfpersomr P& (55person

1 Width between 0.56 and 1.31 feet (0-:X0.4 m)/persoror PE

1 Ability to vary flooding depth using outlet structy@utlets are generally simple rotating
90-degree elbows that can be adjusted as needed.

1 Installation within watertight tank onitheground with 30 mil liner

1 The bed surface should level, and the bottoroanslope slightly teenhancealrainage

when necessary

USEPA (2000) describes more detailed design criteria

3.6.5Temporal Performance

VSBs can be employed immediately and functioning in lessdlaaeksince the treatment is
primarily physical in nature. There are temporary removals that occur during the life of these
systems. For a period after starttige systentanremovetotal phosphorus (TP) rather

efficiently until the media becomes exhausted in its ability to uptake the plasgdboring the
growing seasois some apparent enhancement of nitrogen and phosphorus removal by the
vegetation. However, since the vegetation is not typically harvested, most of the N and P follow
the natural cycle of uptake in the growing season andréb the soil toward the beginning of
senescence.

An on-siteseptic tank, VSB, and gravity soil dispersal and treatment system should have a
service life of 30 or more years with the appropr{at@imal) monitoring and maintenance. The
unknown factor ishe rate 0SB media clogging, which has never been vdsfined. Ifone
follows the conservativ&)SEPA design criteria anperforms the installation properlgne
shouldanticipate a service lifef at leastl0 years beforenitigatingmedia clogging.

3.6.6Recommended Management Requirements

VSB operation and management is relatively straightforward, consisting of mostly visual
inspections of the inlet and outlet structures, media, plantmgksstructural elements of the

2 PE = Population Equivalent; often assumed to be 2 persons, or PE, per bedroom for residences.
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Annual Inspection Checklist

system. Media clogging is generally the
most significant potential problerif. f  Conduct other generic O&M procedures
clogging occurs it usually ressin a slow (measure sludge/scum levels in septic tank,
orfi s offiltréthat isobvious to any pump septic tank as needed, clean effluent
screenffilter, walk drainfield, etc.).
operator. Rem(_)val of clogged Stone_s andg 1 Conduct monthly visual inspections of the VSB
replacement with &sh washed ones is a media, screens, berms, etc. to assess damage
large undertakingvhich generally from muskrats or similar animals.
requires heavy equipment. For household Remove dead vegetation and replant as needed.
systems, itnight be easierto build a new Check any other mechanical (inlet or outlet)
system adjacent to the old one or perforn components that are part of the VSB annually.

high- dia cl . 1 If a treatment unit is used before the VSB,
Ign-pressure media cleaning. complete O&M in accordance with the

recommendations for that unit.

=a =

3.6.7Reviewlimeline and
Recommendations

New information orthe TN reduction associated wMEBs is generated slowly given the lack
of research fundingespecially considering that traditional BSare rarely usei situations
where ntrient reduction is a treatment objectiikdore data imecessargpn media life before
clogging, media replacemeiatnd the expected service life.

Additionally, more data isecessaryo establistihe expectegerformance of different VSB
designsgespecidly those that follow nitrification systemb.such reviews develop a solid case
for use of VSBdor denitrification the TN reductiomecommendation can be revised
accordingly

The OWTS Expert Panel recommends a review timelineyef2sto follow such developments

3.7 RECIRCULATINZEDIAHLTERS

3.7.1Detailed Definition of Practice

The systemperformanceof RMFsdiffers from singlepass filterge.g., IMFs)in thatRMFscan
removean average adbout 5Qpercentof the TN. Media with a largeES allows for higher

HLRs and smaller filter sizes (surface area). This footprint advantage is somewhat offset by the
need for a recirculation tank that mix@§E with filter effluent to allow significant
denitrification.The engineered systentvered in this sectiogenerally use gravel or coarse

natural media (e.g., sand) specifically designed for recirculating filters and readily available to
the construction sit€€ommercidly marketed RMF¢covered under theroprietaryBMP
protocol)geneally use lightweight media that minimize shipping costs and facilitate installation.

For effectivenitrogen removalthe influentmustfirst benitrified by periodically dosing ifrom a
recirculation tankunder pressure to the surface of the filter wipereolation of wastewater
through the filter draws in air that promotes aerobic treatment. Denitrificatiaailisatedby
recirculatinga majority of thenitrified effluent back to a septic taiikhere it mixes with
influent) or separateecirculationtank (where it mixewith STE). Septic tanks or recirculation
tanks generallyeature conditions that promote denitrificatiomcludingalack of DO (anoxic
conditions) and a sufficient quantity of labile carbon.
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RMFs are dosed with a mixture 8T Eand(nitrified) recirculated sand filter effluerilixing is
typically donein a separate recirculation tank that follows a conventional septic tank, although
someaimes effluent igecirculatel back to an oversized septic tank to take advantage of the
slightly higher organic loads in the r&8W Ethat drive denitrification. The disadvantagfethis
designis thatthe relatively large recirculation flovate, which is typically at least three tisne

that of the forward flowgandisruptprimary treatment in the septic tafke effluent from the
recirculaton tank istypically pressure dosed onto the surface (or just below the surfate) of
filter. Effluent from the filter is split toeturn nitrfied effluent to theecirculation tank for

further denitrification and return to the filtethile allowingthe discharge dbrwardflow (in

most caseto a soil treatment unitfFigure 35 provides aschematic drawing of a typical RMF.

e Recirculaling
e, sand filter

Distribation media, 127

e
[p=iiy] Traalmant madia, 247

dwelling
-_&__‘___ —— Crainage media, min. 12
S — “,  With slope of bass
— _--__ \_\ =1"par g
— [ ‘..__\_ \\\
Eaptic-""--- .--'ﬂ-""-::q._.‘.t___.-- ey [HEE e
fank - e + -_:_'_Th___d._-_-.'.';'."-i #aecirculation line e
e [ “ ¥ 7 retum to purng tank e,
tank — e
el [
Puip T rsity Now to

dispersal swetem

Source: Gustafson et al. (2002b)
Figure 3-5. Recirculating Media Filter Schematic.

3.7.2Nitrogen Load Reductiand Recommended Credit

The OWTSExpertPanel recommends that RMFs designed, installed, operated and maintained in
accordance with this section assigned 50 percent TN reductigrfor anex situeffluent

concentration 080 mg/L TN or an effluent load of 2.kg/person/year going intthe drainfield.

Table 33 summarizes net TN reductions for various combinatiorex@ituandin situ BMPs

Some studies show bettdian 50percentTN reductionsachieved througdifferent means of
recirculaton. For example, if the septic tank is used as the recirculation unit, a greater organic
carbonto-nitrate ratiomight permit more complete denitrification. Some studies show slightly
poorer performance for other design changes that reduce the denitnfijgatential. The best
references for these issues:are

Converse, J.C. 2004. Field Evaluation of ATU and Packed Bed Filtd?Psoéeedings of
2004 NOWRA ConferencalbuquerqueNM.

Piluk, R.J., and B.R. Byers. 2001. Small recirculating filters for nitrogen redudtamal
of Environmental Healtb4(2): 1519.

Rich, B., D. Haldeman, T. Cleveland, J. Johnson, and R. Weick(l200&nitrifying
Systems Using Packed Bed Filtershie LaPine National Demonstration Projeaot.
Proceedings 02003National Onsite Wastewater Recycling Associatideattle, WA.

Sandy, A.T., W.A. Sack, and S.P. Dix. 1987. Enhanced Nitrogen Removal Using a Modified
Recirculating Sand Filter (RSHh Proceeding obth ASAE National Symposium on
Individual and Small Community Sewage Systé&hgago, IL
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USEPA (U.S. Environmental Protection Agency). 20@n-Site Wastewater Treatment
Systems ManuaEPA/625/R00/008 U.S. Environmental Protection Agen€incinnati,
OH.

3.7.3Ancillary Issues and Interactions with Other Practices

RMFs normally follow septic tanks in the treatment train. There is no reason to add other
intermediatepretreatment}ystems.

3.7.4Designand Installation Criteria
Minimum design andnistallation criteria foRMFs include:

1 Preceded by properly sized/designed septic tamkimum 48hour HRT in most states)

1 Properly sizedecirculationpump tank O 1 . 5 with tinkéFoAsped flow equalization
controls to dose 2tb 48 times/day

1 Mediasize and specifications
o For andmedia

A ES=1-5mm

Uuco 2.5

HLR O5 gpd/sf

OLR O5 Ib BOD/1000 siday

O (ercenfines passing #200 sieve

o For gravel media:

A ES =5t020 mm

Uuco 2.5

HLR O15 gpd/sf

OLR 015 |b BOD/1000 sflay

O (ercenfines passing #200 sieve

Media depth 26

Uniform, pressurized distribution with a spacing that provides 4st@ér orifice (i.e., &

x 200r 206x 36grid)

1 Recirculation device capable of recirculatBigp 5 times théorward flow back to
separate anoxic recirculation tank ocaed compartment of péc tank

1 Installation within watertight tank

> > > >

> > >

= =

As noted above, TN removal is generally in the range of 50 pefidestecirculation rateés
between 3 ané times the forard design flowto optimize denitrificationPeriodic saturation
and draining of the filter media is important for drawing air into the system for effective
nitrification. Accordingly, filtersare generally dosed under pressewery 30 minutes tanhour.

USEPA (2002provides other relevant design criteria.
Although many RMFs are engineered and built to local specifications, there are numerous

commerciali.e., proprietarysystemsavailable. Theesystemsare generallgasier to install
because dtheir lightweight media and ease of hookup with other system compoSents.
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might also havepacesaving features that make limited lot areas sufficiehé approval
protocol described in section 3.2.1 couvirsseproprietary systems.

3.7.5Temporal Perfarance

RMFs are extremely reliable treatment systeanslyupset by variations itocal conditions

(e.g., wastewater flow or load changeéR)ey are far less sensitive than typiocaisite suspended
growth systemd.ike any biological systa, however, the is a startup period during which the
microbial population develops and stabilizes. For RMFs, this period is typically no moie than
couple monthsduring which TN removalsanbe lower than they will be during stable
performanceNitrification capacitytypically takes time to develoguring this startup period
Because nitrifier growtls temperature dependetite startup periodanbe somewhat longer
during cooler seasons. Once nitrification capacity has been established, however, it should
remain cosigent regardless of temperatpassuminghat the design provides for appropriate

aerobic conditions.

3.7.6Recommended Management
Requirements

O&M requirements for RNFs aresimilar to those for
IMFs; howeverthe OWTSExpertPanel recommendm
increased frequengginceRMFs requireadditional
mechanical components (e.g., recirculating tank, pumg
and controls, recirculation devic®roperly sized media
rarelyrequires replacemenf clogging becomes an
issue, replacing the topt6 12 inches of media typically
is sufficient to reegablish permeabilityPumps need
periodic replacement (roughly everydb10 years for
planning purposes), bthey are redily available,
relatively inexpensiveand easy to replace.

3.7.7Review Timeline and
Recommendations

Semiannual Inspection Checklist (2

This is an established technology, and Iitleuld be

times/year)

Inspect the recirculation tank and
pump out excess solids.

Inspect and service the filter dosing
pumps and controls.

Inspect and calibrate the dosing
frequency, volume, and recirculation
ratio (RR).

Maintain the filter surface. (Finer
media units can require extra
maintenance to keep media surfaces
clean.)

Check operating pressure for
distribution system and flush system.
Reset head as needed. Complete
other generic O&M procedures
(measure sludge/scum levels in septic
tank, pump septic tank as needed,
clean effluent screenffilter, walk
drainfield, etc.).

gained fronfurther research reviews. However, additional performance data is always valuable
if it can be obtained wittminimal effort The OWTS Expert Panel recommendsaew

timeline of 5 years.
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3.8 ANNEARUNDEICOUNTYFAS

3.8.1Detailed Definition of Practice

Aerobic treatment unitsNTUs) refer to a broad category of wastewater treatment devices for
residental and commercial us&ost commercial ATUsisecompressors or other types of
aerators to oxygenate and mix the wastewater. The historical dependence of ATUs using
suspended growth (activated sludge) processes is diminisitinthe development afiore

reliable fixedfilm systems. More recently, hybrid systems have been developed that use high
specific surface area plastic media submerged in an aerobic unit to promote attached or fixed
bacterial growth. These units &meownas integrated fixedil m activated sludgélFAS)
systemsTheseprocesseare very effective at oxidizing organics amddizing ammonium to
nitrates Nitrates can be convertéato nitrogen gas by incorporating an anoxic denitrification
step in the treatment train.

Examples oplans for IFAS designs approved by Anne Arundel Couvieryland,for various
situations are summarized beldvigure 36 providesan example of a plan developedthg

Anne Arundel County Health Department showing how to convert an existingampartment

septic tank into a nitrogereducing tank. The type of plastic media shown can be installed
through the typical access openings of both new and existing tanks. Note that in this design, the
air lift pump not only returns flow tthefirst compatment but also lifts forward flow into an

outlet standpipe. The standpipe does not allow backflowtltank and the air lift slowly

feeds the final disposal system.
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Alt ummmmmmml. Products May Be Substituted
Item Item = Contact Info Item Item # Contact Info
FlexAlr tube 62-610 :T'?“”*"S‘;’;"‘:;:fgi’; Needle Valve: 2318 United States Plastic Corp
diffuser: polyurethane e Kormen (573) (800) 8094217
www . wastewater.com 2 Adapters 62014 wiiw uisplastics.com
wwew diffuserexpress.com 12" x1/4": o 2
Alr Pump: Hi Blow HP-80 Plastic Media
3.57 Blo Ring ”
Ak Pump Septic Solutions, Inc. Floaters: Jaeger Environmental
Houging: SSCOMBO40 (877) 925-5132 20 Cublc Feet Christopher Harden
A www septicsolutions.net Plastic Media (540) 862-8426
Alarm and Rk:}nﬁoalsu: (Request Mounted 3;:;::("5
Ar Pump Housng Control Panel: Alarm) :
ad Cortroks
Alym A U /4" Exterslon
!
Inket 2 i Outiet
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ater i b |
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e N (s X ﬂ 7 Plastic Meda
|
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ANNE |
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e COUNTY

MARYLAND
Department of Health

~ =% Ar Diffuser
Erwircrmental Health Bureay
Lty 25, 2013

Ar Lift Purg
(smplistic view)

Not to Scale

Source: Anne Arundel County Health Department
Figure 3-6. Example Two-Compartment Tank Conversion Profile.

The type of plastic media used in the theeepartment tank plan figure 37 can only be

installed with the top of the tank off. Although the specifications requiretarlycompartments,

if there are three compartments, flow between the first and second anoxic compartments should
be through a submerged slot to improve mixing and contact with settled sludge, provided that
minimum design standards for the aerated tank eandb by the remaining compartment.
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Materials List for Aerobic System
Alternative Products May Be Substituted
Item Item # Contact Info Item Item # Contact Info
FlexAir tube 62-610 E""':""‘*’“" W"ﬁ"’fj):"‘ Needle Valve: 22318 United States Plastic Corp
diffuser: polyurethane Mike Korman (573) 474-9456 (800) 809-4217
wWww. wastewater.com 2 Adapters 62014 www . usplastics.com
www. diffuserexpress.com 12" x 14" . d
Air Pump: Hi Blow HP-80 Septic Salutions, 1nc.
N (877) 925-5132
A% Lump SSCOMBO40 wwiw.septicsolutions.net PVC CF51900-24", 12" Drentwoad Incesies
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ng Sheet Media: Gauge 10 Brertwoodind st
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Source: Anne Arundel County Health Department
Figure 3-7. Example Three-Compartment Tank Conversion Profile.

Fiberglass and plastic tanks can be used for sites wabheess isestricted and installing

concrete tanks difficult. The round shape of the fiberglass tank showfigare 38 and Figure
3-9 shouldpromote better air and water circulation.
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Materials List for Aerobic System
Alternative Products May Be Substituted
Item ltem # Contact Info Item Item 2 Contact Info
Environmental Dynamics Inc . =
FlexAir wube 62-610 ; Needle Valve: 22318 United States Plastic Corp
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Source: Anne Arundel County Health Department
Figure 3-8. Example Plastic Tank Conversion Profile.

Source: Anne Arundel County Health Department
Figure 3-9. Plastic Tank Cutaway Photographs.
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3.8.2Nitrogen Loa®eductiorand Recommended Credit

The OWTSExpertPanel recommends that IFAS systems designed, installed, operated and
maintained in accordance with this sectiorabsigned 50 percent TN reductigrfor anex situ
effluent concentration 080 mg/L TN or an effluent load of 2.%.g/person/year going intie
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drainfield Table 33 summarizes net TN reductions for various combinatiorex&fituandin
situBMPs

The National Association of Home Buildgi$AHB) Research Center (2004) avitest Virginia
University (Vandivort and SolomoB010)performed thirdparty research and fourldat the
IFAS systemsusedin Anne Arundel County reduce nitrogen levels bypéécentand 68percent
respectively.

These IFASsystems have an anoxic zone thsds influent carbon for denitrificatiomndan
aerobic zone for nitrification. Some of the nitrified effluent from the aerobic zaetuisied to

the anoxic zone to promote TN reductidme proportion of the flow returned to a location
closerto the beginning of theystem for denitrification compared to the quantity of flow that
leaves the system ¢alledtherecirculation ratiqdRR). For example, if a system recirculates 200
gpd and discharges 100 gpd, it would have a 2:1 RR.

Knowing the RR allows the user testimatehe percentage dGfN removal that a system can
achievebased orthe followingassumedatonditions:

All of the nitrogen in the nitrification zone has been converted to nitrates.

All of the nitrates that are recirculated back to the denitrificatime are converted to
nitrogengas and leave the system.

1 The carbon and energy sources required for denitrification are present in the wastewater
in the denitrification zone

1
1

A simplistic equation to describe the estimadptimumpercentreduction inTN based on the
RR is:% reduction of Total Nitrogen = RR / (1 + RR)

1:1Y 1/2,0r 50% 4:1Y 4/5,0r 80%
2:1Y 2/3,0r 66% 5:1Y 5/6,0r 83%
3:1Y 3/4,0r 75% 20:1Y 20/21, or 95%

As illustrated increasing th&R mightincrease the perceregmoval of nitrogenbut with
diminishing returnsAdditionally, increasing the RR has the negative effect of increasing the
flow of oxygenated effluent into the denitrification zaared reducing thelRT in the system
High RRs can destroy the anoxic emvimentneededor denitrification and reduce the
reduction ofTN removal For ths reasonthe OWTS Expert Panel does not recommaRMR
above5:1.

In the NAHBResearch Centé2004)study, researchers tookastewater samples evetyeeks
for a year. Initial sampling aftémstallation of the systershowed positive results. Nitrification
occurred in the aerobic tank as intended, and denitrification was evident from the effiapld s
test results. Based on fh#nths of sampling dat&jte 2 showed an averagé percenteduction
in TN compared to samples taken from the septic tank prior to the installationlbAtBe
system Other parametedsalkalinity, BOD, TSS, ammonia, phosphorpasd TKNS also
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showed significant reductions. Fecaliform testing showed little or no reduction between the
septic and aerobic targfluents There was also a high level of homeowereptance for the
system at Site 2. The air blower made very little noise and odors were not an issue. The only
system component installed above grade was the blower.

Vandivort and Solomon (2018judiednutrientreducingon-site or decentralized wastevea
treatment system&esearchenslentified and monitoredlr residentialon-sitewastewater
treatment systems in Anne Arundel County, Maryldadtheir ability to reduce nutrients. Three
systems were monitored for nitrogen reduction amel for phosporus reduction. Oldesingle
compartment septic tanks sites experiencing malfunctiongre replaced with
multicompartment (eithexwo or threecompartmentsgoncrete or fiberglass septic tanks. Plastic
mediafor secondary treatmentas added to eadystem with blowers to oxygenate the
compartmentAir lift pumps recirculated effluent from treerateccompartment back into the
first compartment.

The researchers monitorelll @ur systems weekly fayear.Theycollected24-hour composite
sampledor 52 weeks. The samples collectechssesaitrogen reduction were analyzed for
nitrate/nitrite (NQ/NO,) and TKN TN wascalculatedas thesumof these fractionsResults
showedthat when théFAS systemsperatedroperly with recirculation, averageN reductions
of approximately 6§ercentwere obtainedwith effluent TN concentrations less than 14x@/L.

Based on these findings, researchers condltit replacing existing residentiah-site
wastewater treatment systems in the Chesapeake Batheiémgineered design monitored in
this study could, depending on a number of variables, result in acceptaineppd levels of
nitrogen.

Even thoughdata on théAnne Arundel County IFAS systemasulted inTN reductions of 68 to
76 percentn STE, therearefactors that can inhibifN reductionatindividual residences
includinglow temperaturs, low pH, low alkalinity, high BOD,DO problemsand inhibitory
chemicals. Because of these facttine, OWTSExpertPanel recommends that nonproprietary
IFAS systemde creditedvith a 50 percent reduction.

3.8.3Ancillary Issues and Interactions with Other Practices

Anne Arundel County IFAS systems are typically useful for retrofits of malfunctioning systems
and weltsuited for this application, since they canadapted to a variety of existing septic tank
configurationsAs with any of theex situBMPs, this practice may interact with snsitu soil

BMP to qualify for additional TN reductions for the system.

3.8.4Designand Installation Criteria

The most common metld of reducingl'N in wastewater is through tlsequentiabiological
processes of nitrification and denitrificatiofhese biological processes have different
environmental requirementNitrification requres an aerobic environment withw levels of

BOD, whereadO inhibitsdenitrification andequiresBOD as a carbon sourdéurthermore,
nitrification consumes alkalinity which buffers pH within a favorable range, while denitrification
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recovers a portion of the alkalinity lost during nitrification. Theref sufficient influent
alkalinity isnecessaryo affect a high level of nitrification as needed for TN reduction.

The typical septic tank in Maryland has two compartmentf)@pallon first compartment and

a 500gallon second compartmei@ther state and jurisdictionsisesimilar designsTo convert

a two-compartment septic tank into a nitrogeaucing unit, the second compartmisnt

converted t@an aerobic chamber witn aerator anglasticor othermedia, and some of its

effluent is recirculatetdack to the first anoxic compartment for denitrificatibhe second
compartment of the septic tank becomedFAS. The IFAS process is used with two

compartment tanks because it has the advantage of not requiring an additional compartment for
final sedimentation as typically required for suspended grasytems

Anne Arundel County usdhle Pllowing specifications for the approval BfAS systemsgor
singlefamily residential homed he Anne Arundel County Health Department developedé¢he
specifications based on experience with their use in Anne Arundel County and from research
conducted by Brentwood Industries and &HB Research CenteBystems that meet these
minimum specifications are generic, not individually engineered. Thesmumnspecifications

set the basis for the development of enhancements of the sySitrasstates and jurisdictions
that opt tousethese systems shoutdodify the specifications to meet their needs.

Septic (Denitrification/Anoxic) Tank

1 A separate septic tank or a compartment preceding the aerobic sbctidd baused as
a zone for denitrification.

1 Use of an existinghulticompartmenseptic tank will be considered ifhies a volumeof

at least 000 gallongminimum HRT of 2 days for systems with design flows greater

than 500gpdbased on 60 gp¢dThe tank andlapiping and connections to the tank must

be watertight

New septic tanks must meet the design requirements efatemr local jurisdiction

The denitrification compartmemustbe at least , 000 gallons with two, 50@allon

compartments preferreBor systems with design flows greater than §p0based on 60

gpcd the denitrification unit must have a minimum HRT of 2 days.

1 Tanks must be accelke for pumping Lightweight access lids are not allowed unless
some means of providing losigrm securing of the lids can be demonstrated.

= =

Aerobic Chamber

1 The liquid capacity of the aerobic chambaustbe at least 500 gallorfer a minimuml-
dayHRT for systems with design flows greater than 500wgmed on 60 gpgd

1 The minimum surface area of the fixelin media is approximatel@00square feet

based on a 150 nxf/day nitrification capacity at 20C.

The openings within the fixefilm mediamustbe large enough to avoid clogging.

With a proper outlet tee or effluent filten accordance with state or local requirements)

a clarifying chamber is naotecessary

= =

TETRATECH, INC.
] 5



Recommendations of the On-Site Wastewater Treatment Systems
Nitrogen Reduction Technology Expert Review Panel February 2014

1 Tanks must be accessible for pumping. Lightweight access lids are not allolesd
some means of providing lorigrm securing of the lids can be demonstrated.

1 An easily accessible sampling port for thral effluent from the aerobic chamber must
be provided

Aeration Device

1 The aeration devicgypically a blower)must be sizetb maintainDO levels above 3
mg/L in the aerobic chambdfor most singldamily homequp tofour bedroomsr
approximately 500 gpdBO liters of air per minute is adequédter larger facilities, an
engineer should determine the appropriate aeratipadity.

1 Fine bubble tube diffusessich as thoseith polyurethane membranes are the preferred

air injection method.

The aeration devicmotormustbe locatedabovethe 100year flood elevation

The aeationdevice must bequipped with a pressure sensor aadnected to a control

panel that haan alarnto alert home occupants service providersf inappropriate

pressures

1 The aeration deviceustbe on a separate circuiit must be protected from circuits such
as thosdor outdoor electrical outlets because ground fault interceptor circantgasily
trip.

= =

Recirculation Device

1 The system must providecirculaton ofnitrified effluent back to the denitrification
chamber. This is normally achieved with the use of an airlift pump or effluent pump.

1 The RRmustbe between 3:1 and 5:1

1 The RR rate must have a means for control such as adjustable weirs, splitter box with
outlets that can be capped,.etc

Other Design Considerations

1 Designs should seek to minimize electric power consumption.
1 The backwash from water conditionéegy., softenersghould not be discharged into the
units.

3.8.5Temporal Performance

IFAS systemsisemicro-organisms to facilitate the nitrogen removal processuandlly

establish biological populations within 3 to 4 weeks, although it can take longereat low
temperature As long as the systems are properly operated, maintained, and monitored and the
occupants do not use excessive products that inhibit nitrification, the practice will have a useful
life of 20 to 30years However, some parts (e.g., pumps, blowers, diffuseight require
replacement in the interim
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3.8.6Recommended Management Semiannual Inspection Checklist (2
: ti /year)
Requirements Hnestyeal
1 Inspect the aerobic and anoxic
O&M requirements for IFAS systenasesimilar to Zoerl‘lejsforr j"fr'%enac‘i%“nmol;'?;g”’ as
those for RMFs and limited mainly to checking \E,lverationpde?/iceuandlthe return
electrical and mechanical components and ensuring { device.
operation (e.gRR) is consistent with the original § Service the blower in accordance
design. IFASmedia rarelyrequires re@cement, but it with the manufac
should be inspected at each visit to check for signs o recommendation

1 Inspect and service the pumps

degradation or damagBumps need periodic and controls.

replacement (roughly everyté 10 years for planning

. . . 1 Inspect and calibrate the RR.
purposes), buhey arereadily available, relatively f  Inspect the aeration device.
inexpensiveand easy to replace. 1 Conduct other generic O&M

procedures (measure
3.8 7Review TimeIine and sludge/scum levels in septic tank,
U . pump septic tank as needed,
Recommendations clean effluent screenffilter, walk

drainfield, etc.).

Given the somewhat unique nature and currently limited

geographic use of these systems, it is expected that any additional research wilknewelin
states and aredisat use the systembhe OWTS Expert Panel mmmends aeview timeline of
5 years.

3.9 SHALLOWPLACEDPRESSURPOSEDISPERSAL

3.9.1Detailed Definition of Practice

Pressuralosed dispersas anin situ, or soil treatment, process tlaiows for uniform
distribution of effluent across the entire dispersal field. Dosing allowthéocreation of
fluctuating aerobic/anoxic environmemighich sets up the conditions foitrification and
denitrification to occurNumerous research studieslicatethat denitrificationoccursin
pressue-dosed systems and that the highest rates are achiéegdtiae dispersal is into surficial
soil horizons.Dosing also promotes wetting/drying cycles, which improves soil structure,
improves soil permeabijif and enhances lortgrm wastewater disposal at the site.

The OWTS Expert Panel recommentaliw-placed pressuredosed dispersal systems as a
BMP under the Chesapeake Bay Progeamodel for nitrogen reduction capabilities for tme
sitesector.For the purposes of this BMBhallowis defined as no more than 12 inches deep as
measured from the ground surfae®wever, his technology will not achieve full nitrogen
removal potential in areas with samdloamy sandoils where there is little sodrganic content

to fuel the denitrification procesaccordingly, althougkhallow pressureosingcan and should
be used in these aredéise practicewill not be eligible for TN reduction credits

There are two main presstalesed dispersal methodsuse:drip dispersal and low pressure
pipe (LPP), which is sometimes called low pressure distribution (LPD) or low pressure dispersal
These dispersal technologies can be usedSWitaor higher quality effluentBoth of these
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technologies allow for the iform application of wastewater at shallow depths where the most
biologically active zones exist, where oxygen penetratiolefsite and where the underlying
soil horizons will permit dispersal of effluent and conveyancesioéf. Drip dispersal deliver

small doses of effluent uniformly to a soil treatment system under pre$herel.S. has used
this technology since the early 199Dsip dispersal has been used with bSTE and higher
quality effluent.Manufacturers and practitioners recommergfifiration of the effluent so that
the drip emitters do not clog.

Drip tubing istypically 0.5 inches in diameter and has emitters embedded along the length of the
tubing, generallgpaced feet apart. The emitters come in both pressorapensating and nen
pressurecompensating designBressure&compensating emitters provide a steady flow per

emitter once a minimum pressure is reaclaedallow for differences in tubing elevation and
pressure head without affecting the delivery rate from individual esyig@oiding localized
overloading of the soil treatment systédon-compensating emitters provide a steady flow at a
given pressure and require a pressure regulat@dapt to different elevationso bedding is

required and the tubing can be placedinect contact with the soil. However, with no bedding
(e.g.,gravel) to provide storage, small doses are crit@wahsurehe soil is not hydraulically
overloaded.

Drip tubing is generally laid with a chisel or vibratory plow at a shallow depth asiceict

contact with the soil. Drip tubingdelivers effluent to the soil at low application ratesnultiple

doses per dayvhich facilitates oxygen transfer while promoting the formation of
anaerobic/anoxic microsites. This alternating aerobic/anoxica@maent promotes nitrification

and denitrificationThe shallow placement allows for greater contact with organic material along
with the root zone of plants, which promotes N uptake. N uptake can temporarily enhance
nitrogen removal during the active grog seasonHowever, if the plants are not harvested,

most of the nitrogen taken up is reintroduced to the environment during plant senescence.

LPP (also known a4.PD) uses rigid pipe to provide uniform distribution over the dispersal field.
The effluentis dispersedinderrelatively lowpressure heaftjenerally less than 5 feet lnéad of
water)through pecially sized and spaced orificgsslled in the pipe. The system must be fully
pressurized before even distribution occurs. The ddseger and lesfequentthan with drip
tubing.The piping is installed in a trench using either gravel or a gtesseltechnology that
provides effluent storage.

3.9.2Nitrogen Load Reductiand Recommended Credit

The OWTSExpertPanel recommends that shallplaced, pressurdosed dispersal systems
designed, installed, operated and maintained in accordance with this sectssigned 50
percent TN reductigrfor anin situ edgeof-drainfield concentration 80 mg/L TN or TN load

of 2.5kg/person/yeaffor STE).This results in aetTN reduction of 38 percent after accounting
for the baseline BMP of 4 kg TN/persoe#y ((4-2.5)/4 = 0.38)Table 33 summarizes net TN
reductions for various combinationsexX situandin situBMPs.

TN reduction via dnitrification can occur when nitrified effluent is in contact with a sufficient
carbon source in an anoxic environment. StuslesvthatSTE nitrifies in close proximity to the

TETRATECH, INC.
] 5




Recommendations of the On-Site Wastewater Treatment Systems
Nitrogen Reduction Technology Expert Review Panel February 2014

orifice oremitter(Parzen et aR007; Hepner et aP005; Beggs, et a011; Long 1995)Studies
have reportedehitrificationrates for shallowplaced drip systems in organic soil horizons

ranging from 38 to 96 percent for STE, but the performance with nitrified effluents is less clear.
The bulk of the dta comes from Delaware Valley Collggitepner et al. 2005yvhich reported
reductiors of 79 to 96 percent TN based on leachate data from lysimeters at 2 and 4 feet below
the emittersDegen (1992appliedeffluent to columns to simulate daily dosing semnito an

LPD or LPPsystem. Irntheexperimentthe authomppliedboth nitrified and nomitrified

effluent to surface soils and aveeaptal N losses were 54 and 52 percesgpectivelybased on

a mass balance onifich-deep soil cores he laboratoryolumn studies did not consider plant
uptake.

Shallow dispersal of wastewater also allows for greater opportunity for plant uptake during the
growing seasorlJptake by various grasses and other vegetation is fully discusEEPAS
Process Design Manu#&br Land Application of Municipal Wastewat@r981).Long (1995)

reports that up to 4percent of the TN could be removed by plant uptake during the active
growing season when the effluesin close proximity with plant root$iowever, when

evaluated om yearround basis, thaptake is usually less than 10 perc&rasses provide

higher uptake rates than woody plants or wetlands. All plant enhancements are essentially
negated unless harvesting is employed during the growing séggmmdixD providesa more
complete discussion of the research as it pertains to vegetative uptake and evapotranspiration.

Additional relevant literature is summarized below.

Anderson, D., R.J. Otis, J. McNeillie, andARApfel. 1994. InSitu Lysimeter Investigation of
Pollutant Attenuation in the Vadose Zone ¢fiae Sandin On-Ste Wastewater Treatment:
Proceedings of the Seventh International Symposium on Individual and Small Community
Sewage SystemdSmerican Societyf Agricultural and Biological EngineerSt. Joseph, MI.

1 The authors applie8TEloading rates of 0.75 and 1.5 ggittb constructed infiltration
cells in fine sands with a controlled water table elevation at 2 and 4 feet below the trench
bottom.They ®llected Eachatesamples at 2eig and 4 &4 below the application poi.
TKN was reduced by over 97 percenhichis most likely due to nitrification. Nitrate N
was reduced to 2@g/L (mean influent TN of 44.2¢g/L), but the authors suggest that
dilution couldhave been a factor. However, the nitr@laatio was also decreasinphis
suggests thatilution alone was not reducing the TN levétgrcent reduction ranged
from 49 to 6ercentdepending on loading rateédepth of samplingvith the lowest
reduction at 2 feet below the application point at the lower loading rate.

Beggs, R.A., G. Tchobanoglous, D. Hills, and R. Crites. 2004. Modeling Subsurface Drip
Application ofOn-Site Wastewater Treatment System E&hi. ASABE Publication Number
701P0104.

1 The authors founthat the vertical extent of nitrate nitrogen percolation was greatest with
higher loading ratesvhich support the concept that small doses will reduce the nitrate
percolation potential.
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Beggs, R.A D. Hills, G. Tchobanoglous, and J. Hopmans. 2011. Fate of nitrogen from
subsurface drip dispersal of effluent from small wastewater sysieonsial of Contaminant
Hydrology126: 1928.

1 The authors constructed container tegth a total depth of 115emtimeters
(approximately 45 inche®f sandy loam, loamy sand, and silt loawils. They installed
drip lines at 15centimeters (6 inchesjith suction lysimeters 30 and #%tches below the
drip lines.They applied STEt the ratesummarizedn Table 34.

Table 3-4. Loading Rates for Container Tests.
Organic Matter Phase 1 Loading Phase 2 Loading
Container Texture (%) Rate (cm/day) Rate (cm/day)
South Sandy Loam 0.52 0.315 0.239
Middle Loamy sand 0.28 0.529 0.343
North Silt loam 1.33 0.237 0.170

Source: Beggs et al. (2011)

The authors reported removal rates from 63 to §fercent They used the data to
calibrate a HYDRUS model to predict denitrification rates in these soils.

The study concluded thanitrogen removal is especially effective in medium to fine
soils and soils with shallow restrictive or capillary break layers. In these&6ils
percentitrogen removal rate is reasonable to exp@@eggs et al. 2011 he auhors
provided ecommendedesign rates of denitrification based on the model runs of 10
percenfor loamy sand, 3@ercentfor sandy loamand50 percentfor loam or clay loam.

1 This paper supports the exclusion of sands from the ,BiPnot the exclusion of loamy
sandsHowever, the consensus of tB&VTS ExpertPanel is that there aninsufficient
amount ofdirectly measured evidence to support the inclusicgantl and loamy sand
soils in this BMP at this time.

Bohrer, R., and Xonverse2001.Soil Treatment Performance and Cold Weather Operations of
Drip Distribution SystemdJniversity ofWisconsinMadison

1 The study included botBTE and treated effluent with areal loading rates of 0.08 to 0.6
gpdkf. This study was generally inconclusive with respedNoreduction dudo
abnormally highTN values in the background sampleswever the authorslid
conclude that drip systems are functional during cold weather and, based on bacteria
reduction, providedequate treatment.

Degen, M. 1992. Denitrification in Low Pressure DistributiomSite Wastewater Disposal
Systems. PD. diss, Virginia Polytechnic Institute and State UniversiBfacksburg

1 The authors conducted laboratory column studigzing a Groseclose silt loarithey

collected soil cores(inchesdeepand?2 inches indiametey from the surfacép horizon
They collected aecond set of-thch-deep, 2inch-diameter coreffom 45 to 60
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centimeters in the Bt horizoBeventytwo cores received treatment asck cores were
used asontrok. The author applieditnified (27.6mg/L TN) and nonnitrified
wastewater (30./g/L TN) to the soil cores at loading rates of 0.5a1dd 1.5 times the
Virginia regulatory rates for the two soibhzons.The surface horizon received loading
rates of 0.2 gpd/sf, 0.61 gpd/sf, and 0.92 gpd/Bhe subsurface horizon received
loading rates of 0.11, 0.22, and 0.33 gpd/sf. dimkors designed the stuttysimulate
LPD systemsThe study was run at 1€ and 20 C for 4 weeksA mass balance was
doneby measuring all applieditrogen all TN removed in the leachate, aali TN
remaining in the soilAny TN unaccounted for was assumed to have been lost via
denitrification.Table 35 provides a summary ofie results, noting the average TN
removals. Also note that the columns were each 6 inches deep with effluent application at
the surface of each column.

Table 3-5. TN Reduction for Column Studies.
Soil Horizon Wastewater Percent N Lost
Surface Nitrified 54%
Surface Non-nitrified 52%
Subsurface Nitrified 69%
Subsurface Non-nitrified 40%

Source: Degen (1992)

Duncan, C., R.B. Reneau, Jr, and C. Hagedorn. 1994. Impact of Effluent Quality and Soil Depth
on Renovation of Domestic WastewaterPioceedings of Seventh ASAE International
Symposium on Individual and Small Community Sewage Systdamda, GA.

@ TETRATECH, INC.

1 Theauthorsobtainedsoil coredrom a fine loamy, mixed, mesic Typic Hapludult from a
depth of 18 inches hey applied three effluent typ&sthe soilsix times a daySTE,
RMF effluent, and constructed wetland effluefihey alsacollected éachate sampled
6, 12 and 18 inches below the application point over a periahefear.Table 36
summarizes the results

Table 3-6. TN Reduction by Effluent Type.
Effluent TN TN, mg/L @ 6- TN, mg/L @ 12- | TN, mg/L @ 18-

Effluent Type (mg/L) Inch Depth Inch Depth Inch Depth

STE 38.34 19.19 19.74 21.83
(50%) (50%) (43%)

RMF 21.82 14.4 14.21 15.64
(34%) (35%) (28%)

Constructed 28.01 8.38 13.43 11.37

wetlands (70%) (52%) (59%)

Source: Duncan et al. (1994)

1 This study supportthe beliefthat denitrification can occur in the subsurface soil
horizons, but not to the extent that the surface soil horizong bansupports restricting

the BMP to the surface horizons.
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USEPA (U.S. Environmental Protection Agenc3010.Guidance for Federal Land
Management in the Chesapeake Bay WaterdbieA841R-10-002.U.S. Environmental
Protection Agency, Cincinnati, OH.

1 USEPAreferenced.ong (1999 and recognized that tirdosed, pressizeddrip
dispersal in the top 12 inchef soil has been credited with pércentreduction.

Hayes, J.G, and A. Moor2007.Long Term Impacts of Micrdrrigation fiDripo Treatment and
Disposal Systems on Delawé&eévarginal Soilsin Proceedings of EEventh Individual and
Small Communitgewage Systems Confergndarwick, RI.

1 The authors installechallow drip systems (150 20 centimeterdeep) incoarseloamy
soils (see table below) that are somewhat poorly drained, but relatively perriéalyle.
also installed shallow wellst each site to obtain groundwater sampliésll depths were
1.5meterswith screening at 36entimetersTable 37 summarizes the characteristics of
each site and system.

Table 3-7. Site and System Characteristics.
Site Soil Class* Permeability SHWT System Type
1 Aquic Hapludult 30 mpi 50 cm Drip
2 Typic Endoaquult 30 mpi 28 cm Drip
3 Aquic Hapludult 60 mpi 50 cm Drip
4 Typic Umbraquult 60 mpi 0Ocm Drip with ATU

Source: Hayes and Moore (2007)
Coarse-loamy
mpi = minutes per inch

1 The sites receivin§TEaveraged 54ng/L TN applied to the soilThe highest TN
reported from the wells was 11mg/L, which suggests a f&rcentreduction of TN.
The site receiving the treated effluent had an applied TN ofr@g/B, with the highest
reported TN in the wellbeing7.72mg/L or a 62percentreduction in TN.

Hepner, L., D. Linde, C. Weber, and D. SmRR05.Alternative Ofi Lot Technology Researeh
Sal-Based Treatment Systeni3elaware Valley CollegeNew Britain, PA.

1 The authors ran aitiple studies to evaluate different technologiege authors reviewed
studies utilizing drip or LPD in surface soils] of these studiesisedleachate sampge
collected below the effluent application point.

1 The authors applieditrified secondary effluent (428g/L TN) at a rate of 0.056 gpd/sf
to asurface drip system in@oorly drained Chalfont serissil with a restriction at 13
inches and estimated petationrate of 70 to 20@ninutes per inchnipi). They collected
leachate samples from 2 and 4 feet below the drip lines over a period of Dyear88
samples of nitrat®l and ammonidN werecollected.The authors noted @4 percent
reductionat the 2foot depth an 96 percenteduction at the 4oot depth.However, the
samplesnighthave been impacted by dilution due to the distance between the collection
point and the application point.
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1 The authors installedrigh irrigation at an 8nch depth in a woded site with a
Readington series soil that contained a fragipamzonat 25 inches and a reported 20 to
60 mpipermlationrate The application rate was not specifidthe authors applieB8TE
with aTN concentratiorof 42.5mg/L andcollectedleachate samples 1, 2, 3, and 4 feet
below the drip linesOver 55 samples were collected at each depth for amrhbarad
nitrateN, with more samples collected at thdéobt depth (89 samples minimunbata
from the 1 and 2foot depths was evaluatéal this BMP.At afoot, the leachate hadha
84.5percentreduction from th&sTE At the 2foot depth the reduction was calculated as
80 percentThis is a large, robust dasat that spans multiple seasohise lower
reduction at the-2oot depth idikely due to accumulation of effluent at the fragipan
layer.

1 The authors installedPD in a surface gravel bAdoundand disperse8TEto a
Lansdale soil characterized as deep and-@ralined with apercolation ratef 11 to 18
mpi. The lbading rate wasalculated as 0.5 gpd/sf to the mound bR&searchers
collected éachate samples at 1, 2, 3, and 4 feet below the soil suktaéot theTN
reduction was 2@ercent(n = 49) At 2 feet the reduction was 4fercent The fact that
this was a highlpermeable soitouldaccount for the lower reductions BN reported

1 The authors installedrigh irrigation using achisel plow at 9 to 11 inches in &&font
series sojlwith redox at 11 inchesndrock fragments at 25 inche¥hey appliedSTE
(42.5mg/L TN) at a rate of 0.08 gpd/say through November and at 0.04 gpd/sf
December through Aprdnd took éachate samples for ammoiNeand nitrateN at 2 and
4 feet below the drip tubin@.hey reporte®1 percent TNremoval at the 2oot depth
and 93percentremoval at the 4oot depth(n =83). Note that theesultsfor both loading
ratesarecombined.

1 The authors installedrigh irrigation with a chisel plow at 9 to 11 inchesith redox at 11
inches andock fragments at 25 incheshey appliedSTE (42.5mg/L TN) at a rate of
0.08 gpd/sf from May through November and at a rate of 0.04 gpaiisDecember
through April. They injected i through the drip system after the effluent had been
applied.The addition of the air chase differentiates thisigie from the one used in the
studysummaryabove Researchers took&chate samples at 2 and 4 feet below the drip
tubing and analyzethemfor ammoniaN (n =123at2 feet and 6@t4 fed) and nitrate
N (n =118at?2 feet anch =64 at4 fed). At 2 feet, the samples indicated a@&cent
reduction At 4 feet the sanips supported a reduction of 89 percégain the data from
the two loading rates is combined.

1 The authors installedrigh irrigation with a chisel plow at 9 to 11 inchesith redox atl1
inches andock fragments at 25 incheshey appliedSTE (42.5mg/L TN) at a rate of
0.08 gpd/sf from May through November and at a rate of 0.04 dgpaiisDecember
through April. The site wasovered withno-till corn. Researchers tookdchate sampde
at 2 and 4 feet below the drip tubing and analyhedhfor ammoniaN (n =128at 2 feet
ard 90at4 fed) and nitrateN (n = 127at 2 feet and 92t 4 fed). The samplesdicated
a 79percent TNreductionat 2 feetAt 4 feet the samples supported a reduction of 72
percent Again, the data from the two loading rates is combined.

1 The authors installedrigh irrigation with a chisel plow at 9 to 11 inchesith redox at 11
inches and fragments at 25 inchEley appliedSTE (42.5mg/L TN) at a rate of 0.08
gpd/sf from May through November and at a rate of 0.04 gfrafsfDecember through
April. The site was maintained as pastitesearchers took&chate samples at 2 and 4
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feet below the drip tubing and analyzéémfor ammoniaN (n =98 at 2 feet and 84at4
fee)) and nitrateN (n =100at 2 feet and 8&t4 fed). The samples indicated a 96 percent
reduction at 2 feetAt 4 feet the samfes supported a reduction of 96 percégain the
data from the two loading rates is combined.

Hepner L., D. Linde, C. Weber, and D. Smith. 20R€duction of Bacteriologic and Chemical
Constituents of Septic Tank Effluent with Depth Using a Drip Dispersal SybstdPnpceedings
of Eleventh Individueand Small Community Sewage Systems Conferéfemsvick, R.

1 The authorgvaluatedirip dispersal oSTEinstalled 8 to 10 inches deep in a Reading
seriessoll (fine-loamy, mixed, active, mesic Oxyaquic Fragiuda#fith a fragipan and
redoxindicatorsat 25 inches. The applied effluent @ N concentration ¢9.4mg/L
and was applied at a rate of 0.17 gpdrsie authors collected samplasl footbelow
the drip linesandobservedan 85 percenteduction of TN based on leachate samples.

Long, T. 195. Methodology to Predict Nitrogen Loading from-Ste Sewage Treatment
SystemsPresentedt 8th NorthwestOn-Site Wastewater Treatment Sh@durse, SeattlaVA,
September 189, 1995

The authoprovides an extensive review of literature relating to nitrogemisite systems.
Relevant statements are provided below.

1 Denitrification can occur at microsites in aerated soils.

1 AFiner grained soils achieve greater denitrification due to substtptesure to larger
biofilm surface area per unit volume and restricted drainage through smaller pore spaces
that saturate readiby(Long 1995)

Denitrification is limited in deep, very coargeained soils.

Plant uptake can occur if nitrification occurglmienough within the soil columifer

plant roots to reach therdp to 46percentof the applied N was removed by uptake from
onsitesystems in a slowly permeable soil with a Bermuda grass déutient uptake
and storage in hardwogdm the other handlid not occur to significant amounts.

= =4

Parzen, R.E., J. Tomaras, and R.L. Siegrist. 200ntrolled Field Performance Evaluation of a
Drip Dispersal System Used for Wastewater Reclamation in Coldra&ooceedings of
EleventhASAEIndividual and SmalCommunity Sewage Systems Confergiaawick, RI

1 The authors installed a pilot scale drip systeith two zonesdispersing).5 cm/day
(0.122 gpd/sf) or 1.0 cm/day (0.244 gpd/sfBAfE They installed thesystems in a sandy
loamsoil at 0.2 to 0.3 ratersbelow the surface (7 to 12 incheShey took soil cores
through the system after 6 montfiie authors drew no conclusioisit the data indicate
nitrification occurring near the emitter aimtl concentrationslecreasing with distance
from the emitter.
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3.9.3Ancillary Issues and Interactions with Other Practices

In situtreatment BMPs interact wix situtreatments. In the case of this BMP, the OWTS
ExpertPanel recommends a 50 percent TN reduatioamnet TN reduction of 38 percent
regardless of the qualiof effluent being treated in the situ BMP.

3.9.4Designand Installation Criteria

Although the amount of TN removal that occurs with various soil typestig/elldefined the
ability of surface soils to remove TN is established. For this BRIRimum design and
installation criteriancludethe following

1 The drip tubing or LPD piping must be installed inadural surface horizon (e.g. A or
A/B) no deeper than 12 inches from the original soil surface.

1 BMP credits are not provided for instditms where sand or loamy sand soils
predominate within 1206. bel ow effluent disp

1 Soil cover may be needed to protect the shallow installation from physical damage and
freezing. Local regulations with regard to minimum cover requiremenist be
followed.

1 Loading rates must be appropriate (e.g., per state regulpgenreviewed articlesr

manufactureguidance) for the soil hydraulic properties and effluent quality.

The site must have a stable vegetative cover.

For sloping sites, the drigr LPD piping must be placed on contoamd the linear

loading rate across the slope must be minimized.

1 The minimum vertical separation from a restriction will varystate and nothing in this
document is intended to call into questsbaterequiremets. Sufficient unsaturated soll
must exist below the drip tubing or LPD piping to allow for movement of the applied
wastewater from the site.

1 Landscape position is also a necessary consider&ystemsshould not besited within
a closed depressipar where water tends to pond during heavy rainfall events.

1 All drip systemdesigrs shall incorporate the following:

o A vibratory plow, static plowor trencher is most typically uséal install the tubing
and soil moisture must be dry enough so that soil eatiqndoes nobccur.

o Afiltration system shall be provided to protect the emitters from clogging.

o An automatic flush cycle shall provide a minimélonshingvelocity at the ratéhe
tubing manufacturer recommends.

o The effluent is to be equalized and toirdosed over a 2hour period to maximize
the fluctuation between aerated and-a@nated periods. Minimum dose volume shall
be 3.5 times the volume of the drip network or zone as applicable.

0 The system shall be designed to minimize draindown effectsedovlest line in a
zone.

o Air/vacuum release valves shall be provided at the high points of the feed and return
lines to prevent entry of soil particles into emitters.

1 Al LPD or LPP systems shall incorporate the following elements:

o The working pressure headléss than 5 feet
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shielding by gravel.

The dosing volume is 7 to 10 times the volume of the distribution piping.
The piping shall be properly bedded in accordance with state regulations.
LPP/LPD linesshouldbe sleeved in perforated pipe or chamnslierminimize orifice

The system shall be equipped to allsystenflushing as needed for maintenance.
The hole size and spacing shall be designed to produce a maximum flow variation of

no greater thatO percentalong the length of €& pipe.

Shallow dripand LPP/LPDsystems should be effectia¢ reducing TNwvhen properly sited
designedand managedmportant considerationscludethe shallow placement of the
distribution system inraorganierich mineral soil horizon; appropriate loading rates; use of

small, frequent doses of wastewater; and use of
low linear loading rates on sloping sites.

3.9.5Temporal Performance

Drip and LPP/LPD systemsseubiquitous micre
organisms to facilitate the nitrogemnmreval
process. There should be little lag time and
established biological populations should occur
within 3 to 4 weeks.

The duation of denitrification capability is
difficult to determine since the soil organic matte
is continuously depleted owing to the
denitrification demandDecaying vegetative
matter such as roots may provide more continud
fuel for the reactionRobertsorand Cherry (1995)
suggested that even a lafficiency contactor

with 2 percentorganic carbon should last at least
20 years

=

us

Annual Inspection Checklist
1

Inspect the pump chamber and filtration
system for proper function. Confirm that the
dosing volume and dosing frequency comply
with the original design parameters.

Check the pump chamber for solids carryover
and remove the solids if needed.

Verify the LPP/LPD dosing volumes and flush
the LPP/LPD lines and reset the pressure
head if needed.

Verify the drip dosing and flushing volumes
and reset if needed.

Examine the dispersal field for leakage or any
indications of uneven distribution.

Conduct maintenance in accordance with the
manufacturerds or
treatment unit is used prior to the dispersal
field. More frequent visits might be necessary
to maintain proper function.

Conduct other generic O&M procedures
(measure sludge/scum levels in septic tank,
pump septic tank as needed, clean effluent
screenf/filter, walk drainfield, etc.).

3.9.6Recommended Management Requirements

Additional O&M visits might be necessargepending on the complexity of the system.

3.9.7Reviewl imeline and Recommendations

The OWTS Expert Panel recommend®gdew timeline o2 yearsto determine if there is any
additional information that would require a modification of the assigideductions.
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3.10ELEVATEIRANDMOUNDS
3.10.1 Detailed Definition of Rtace

Elevated sand mounds have been in use as a combination wastewater treatment and dispersal
system since the 1970Bhe technology was developed to address sites with shallow depth to
restrictions such as seasonal water tables and beddocikds originated in Wisconsin and the

bulk of the nitrogen removal research is on the effectiveness of mounds designedrdance

with theWisconsin design manuals released in8é0s and 19903 he moundsystem consists

of a septic tanland bottomlssintermittent sand filtemstalled above aarganid rich soil

(Figure 310).
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PVC PIPE

STRAW OR
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ocMi2) T DR R
20CM (8") ﬁ \ " s
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25cM (I07) DEEP

WITH CONTOUR

Source: http://www.engr.wisc.edu/alumni/perspective/02.4/mound.html
Figure 3-10. Elevated Sand Mound Diagram.

The traditional elevated sand mound is comprised of a raised saridtbetifeein depth,

which is overlain by a gravel layer that has pressure distribution piping imbedded in the gravel
The gravels covered with a minimum df footof soil to protect the system from freezing

Grass or other vegetation is establishathe soil to stabilize the surface of the moufide

original systemdesignsappliedSTE, but later design documer{tSorverse and Tyler 2000)
describe applying secondary effluen¢ ( meeting effluent concentrations3ifmg/L BODs and
30mg/L TSS) to a mound as welThewastewater is applied to the sand aitdfied as it passes
through the sand’he sand layeessentlly actsas a singlgass sand filteMhen the nitrified
effluent reaches the solil layer, the effluent tends to pond due to the discontinuity between the
sand and the soil layer creating an anoxic ztiribe soil layer has sufficient organic matter
available, denitrification occurs in the upper horizon.

3.10.2  Nitrogen Load Reductiand Recommended Credit

The OWTSExpertPanel recommends thaelevated sand moundesigned, installed, operated
and maintained in accordance with this sectioasgsgnedh 50percent TN reductio(for all
soils except sands and loamy sanfts) anin situedgeof-drainfield concentration of 30 mg/L
TN or TN load of 2.5 kg/person/year (for STEis results in aetTN reduction of 38 percent
after accounting for the baseliB&MP of 4 kg TN/personka. ((4-2.5)/4 = 0.38)lable 33
summarizes net TN reductions for various combinatiorexituandin situBMPs
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Proper siting, design, and construction are critical to the nitrogen removal effectiveness of
elevated sand moundBhe OWTSExpertPanel expects variatioms TN reductionwith changes

to loading rates, dosing frequency, and receiving soil environment. The sand loading rate and
depth of sand is critical to maximizing nitrification of tB€E so that denitrificationan occur at
the sand/soil interface and below.

The bulk of the data available comes from several extensive statidactedn Wisconsin The
earliest studies indicadghat 44percentof nitrate formed through the mound is denitrifigtie
percentage afitrate formed through theand layer of thenound in the early studies was only
about 5Qpercent These studies had issues with the sand fill material, the loading rate, and
dosing volumeAs the design for mounds was refined, several changes were maadepgroved

the nitrification rate through the mounthese modifications included: reduction of loading rates
to the sand media to 1 ggflbr less; refinement of the specification of the sand media to
eliminate fines and reduce thkC; and an increasa ithe number of doses per day to the sand
with a resulting decrease in volume per dose.

The relevant literature is summarized below.

Charles, K. J., J. F. Schijven, D. Baker, D.J. Roser, D.A. Deere, and N.J. Ashbolt. 2004.
Transport and Fate of Nutrierdad Pathogens During Sewage Treatment in a Mound Sylstem
Proceedings of enth National Symposium on Individual and Small Community Sewage Systems
American Society of Agricultural EngineeiSacramento, CA

The authors constructed two sand mounds recelvirtgfrom four households antivo
public toilet blocks They designed the mountisalternate once every 6 montfitey
modified the mounds bgdding an industrial bproduct to thenediamix to facilitate P
removal (no discussion tfie composition ofhe material) The mounds weranderlain
with a plastic lineland the leachat®ascollected and then distributed to a gravel trench.

The design flow was 5 #1{1,320 gallons) per day, but the actual flows we@n¥/day
(422 gpd) The moundshad a138 nf surfacearea (J485sf) (assume eachJhere is 0
discussion ofoading rates or method of loadirtmut if one assungs m® applied to two
138 nf moundsthen thedesignloading is 0.018 fim? or 0.44 gpdkf.

The authors collected samplesm the drainage trench the bottom ofthe mound that
discharged to a pump statiar from a well in the mound’he TN appliedto the filters

was 83.1Img/L TN (38 samples totaBnd the rean effluentoncentratiorwas 396 mg/L
TN.

The dudy only trackedhe quality of effluent througlhesand layer and not after
interaction with soil where most denitrification occurbe dstract states thaiN

removal averaged L®@rcent but data suggest higher removal$2 percentbased on
average influent of 86g/L and average effluent of 39m6g/L. There does not appear to
be a rationale for th€N removal in the moundt is assumed that the lining produced a
saturated zone near the base of the filter and allowed for deatioficoccur.
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Converse, J.C., NXean, E. Tyler, and. Petersen. 199 Bacterial and Nutrient Removal in
Wisconsin AtGrade OrSite Systemdn Proceeding®f SixthNational Symposium on
Individual and Small Community Sewage Systémerican Society oAgricultural Engineers
Chicago, IL

The authors selected 8iound systems for the studyhe mound systems were of the
Wisconsin design and in accordance with the 18&&onsin Stat€ode All sites
appliedSTEto the mound surface except omdich hal an ATU for pretreatmenthe
design loading rate was 0.6 ggidfive of the sites had bedrock as a limiting condition at
36 or moreinches The remaining sites had high seasonal water table based on redox
indicatorsat 28or moreinches The sites hadilt loam or loam surface horizgnsgith one
sitehaving a sandy loam surface horizdfor sites thatisedpressure distributiorthe
authors collected soil sampleear an orifice in the distribution manifold to a depth of
105centimetersFor gravity disributed systemghey collected sampldseneath a

ponded surfacdf a ponded surface was not found, then no samples were collected.

The averagd@N concentration of th& TE was9 mg/L based on 30 sampleEhe site
using an ATU had an averag®l concentation of 54mg/L based on 21 samplds
should be noted that the ATU produced primarily nitfdievhile the septic effluent had
no reported nitraté\.

For the pressurdosed systems, the soil samples collected beneath the mounds indicated
very high levés of TKN, from 2136 mg/kg at the soil surface to 400 mg/kg at 105
centimeterdelow the soil surfac&hebackground TKN values were just as high
adjacent to the moundayeraging 248 mg/kg at the soil surface and 348 mg/kg at the
90 to 105-centimetedepth AmmoniaN ranged from 29 mg/kg at the soil surface
beneath the mound to 15 mg/kg at thet®@ 05 centimeteidepth Nitrate-N ranged

from 21 mg/kg at the soil surface to 9 mg/kg at thet®A@05-centimetedepth If one
assumes that the ammoiNaand nitrateN can be added to estimate total N and neglect
the organic N component, then the reduction in TN from the soil surface to-ttze 90
105-centimetedepth is ((29+21]15+9)/(29+21)x 100 = 52percentHowever, nitrate

N is mobile in soil andherefore use of nitrate associated with the soil fractiamlikely

to be completelyaccurateignoring organic nitrogen further denigrates these findings

An alternate mechanism is tigenitrate/chloride ratios in the solution fraction. Both
nitrateand chloride move with the soil solution and are subject to the same dilution
effects The authors consideredductionsn the nitrate/chloridéo beindications of

removal of nitrate and not just dilutiofheycalculated the solution concentration for

both nitrateN and chloride based on the soil moisture and the soil fraction concentration
of both constituentAt the soil surface beneath the mound, the average ANrate
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concentration was 6®1g/L and the aveige chloride concentration was 28ig/L. That
results in a nitraté&\/chloride ratio of 0.229The nitrateN concentration at the 9@
105-centimetedepth was 3Bng/L and the chloride concentration was 283/L. The
ratio for that depth is 0.12Zhe calclated reduction in nitratll is therefored6.7
percent((0.2290.122)/.229% 100). The authors cautioned that the higher chloride
concentrations adjacent to the mounds (148 tomi@4) bringthis method int@uestion.

For the two gravityfed systems, #anitrate concentration in the soil solution at theté0
105-centimeterdepth averaged G8g/L. In general the gravitjed systems had higher
ammonia levels at the soil surface and the nitrate formation occurred deeper into the soill
profile with little gpparent denitrification occurring.

The one system that had an ATd pretreatment showed little ammosiibbelow the
mound (4 mg/kg at the soil surface and 1 mg/kg at théa9D05centimetersoil depth.
Nitrate-N was highest at the soil surface atr2§/kg and slowly reduced to 5 mg/kg at
the 90 to 105centimetedepth.

Harkin, J.M. and C. Cheri995. LongTerm Transformation and Fate of Nitrogen in Mound
type Soil Absorption Systems for Septic Tank Efflerapared for thetateof Wisconsin
Departnent of Natural Resources.

The authors studied 12 systems of varying designs receivingTi€geincluded
existing (at least 18 years old) conventional grafety trench systems, pressutesed
trench systems, and elevated sand moufigs of the sitesvere moundsThe influent
TKN was extremely high at each of these sites at 164.48, 65.43, 105.58, Ahd.21
134.2mg/L.

The authorsampledgroundwatemonthly in the vicinity of the systems for 13 months
and analyzethe groundwatefor TN, as summarized ihable3-8. Wells were located
downslopewith the closest well 0.tetershorizontally from the gravel bed in the
mound The second well was 3 meters farther down gradient (approximately toe of
mound) and the third well was 3 metersHartdown gradient

Table 3-8. Nitrogen Species Concentrations versus Horizontal Distance from Mound
Nitrate-N Ammonia-N TKN
Well (mgl/L) (mg/L) (mg/L)
1(0.3m) 18 1.55 21
2(3.3m) 10 15 12
3(6.3m) 2 14 6

Source: Harkin and Chen (1995)

This study did not measure chlorid®, the effect of dilution on the values of nitr&tes
not consideredrhe low ammonia values in the groundwater suggest that the bulk of the
effluent was nitrified going througihe moundThe reduction in nitrate frotwell 1 to
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Well 2 (not accounting for dilutionjas43 percent The reduction in nitrate frowell 1
to Well 3 indicates &0 percentoss again with dilution unaccounted for

Smith, D. P, and R. Otis. 200Florida Passive Nitrogen Removal Study: Literature Review and
DatabasePrepared for Florida Department of Health.

The authorseviewed numerous papers on available technologies that fit within the
studys definition offipassive treatmentA technology couldiseno more than one pump
anduseno active aeration unitsuch as blowers

The authors reviewegichievableN removal in soHbased treatment systef&rI'S as
summarized imable3-9.

Table 3-9. TN Removal for Soil-Based Treatment Systems
N Removals
STS Type Typical Range
Traditional In-Ground 20% 10%i 40%
Mound/Fill 25% 15%i 60%
Systems with Cyclic Loading 50% 30%7i 80%

Source: Smith and Otis (2007)

This study stressed the need for adequate alkalinity to fuel the nitrification process and
recognized that denitrification potential is limited to the amount of available ANrate
Alkalinity is required at a rate of 7.14 mg per mg of ammdia

Harkin,J.M., C. J. Fitzgerald, C. P. Duffy, and D.G. Kroll. 19#9aluation of Mound Systems
for Purification of Septic Tank EffluentechnicakeportWIS WRC 7905. Water Resources
Center, University of WisconsjiMadison,WI.

The authors studied a total of 8&vated sand mounds over-gear periodAll of the
mounds were designed, installadid operated in accordance with state guideliflesee
designs were useBackage 1 wassedfor sites with slowly permeable soils (60 to 120
mpi) with or without high groundwater (within 1 foot of sand fill in mouridjis design
useda trench configuration for the pressurized distribution lines in gravel and not a bed
configuration as used ié other design©ne foot ofsand fillwas usedPackage 2 was
usedfor permeable soils (3 to 60 mpi) overlying pervious bedrock (within 2 fesdse

of mound). The sand fill depth was &df with a gravel bed construction on top of the
sand for the presurized dispersal system. Package 3wsaslon sites with permeable

soils (3 to 60 mpi) with high water table (within 1 foot of sand fill in mound). The sand
fill depth was 1 dot with a gravel bed construction on top of the sand for the pressurized
dispersal system.

The authorglosedSTEto the mounds four to six times a day using a pressurized
distribution systemThey used a medium sand fill and constructed the distribution
network on top of the sand in a gravel laydrey based the designs on a 150
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gpd/bedroom and a sand loading rate of 1.2 gpd/sf. The authors do not discuss the soil
loading rate (basal area).

Of the 33 mounds included in the study, 3 were of the Package 1 design, 6 were of the
Package 2 desigand 24 were of the Package 3 desigme authors sampled systems
bimonthly for a period of 16 month§hey sampledt least 6 times for a total of 347
sampling eventdMonitoring included th&STE concentration, soil samples within and
directly downslope of the mounds, and groundwater wells downslope from the toe of the
mound Nitrogen was one of the parameters studied as TKN, amnhgraad nitrateN
analyses were conductethe authors conductetiditional groundwater monitoring at

four Package 8ites with high groundwater.

The appliedSTEaveraged 82.5g/L TN (165 samples). In general, the mound systems
allow nitrification within the sand fill, denitrification at the natural soil surface, #hére
nitrification or continued denitrification in the natural soil depending upon the uneist
level and texture of the sofDverall, the study found that the effluent nitrifies as it passes
through the mound with denitrification occurringds25 centimetersbelow the mound

44 percenf the nitrified effluent is denitrified on averagéhe average TN removal was
72 percentat the 25centimeterdepth.The authors stated that assuming no further N
transformations occurred below B&ntimetersthe averge TN flux to groundwater is
19.5mg/L. which represents a fercentreduction in TN

The Package 1 design with 1 foot of sand and trench construction did a better job
nitrifying the effluent and achieved almost total nitrification through the mdumas
speculated that the sidewtle trench creategrovided additional treatment zones for
nitrification to occur The Package 2 design showed nitrification occurring to a deeper
depth (15centimeterkinto the soil before denitrification occurrethe designs were
installed inmore permeable soil and thus maingia deeper unsaturated zone.

The study also evaluated the systems on combinations of dosing rate and fill uniformity
The authors identified fougroups of systems (1) high dosing rate addnith high UC;

(2) low dosing rate and fill withigh UC; (3) high dosing rate and low UC; and (4) low
dosing rate and low U@\ high dosing rate was greater than 0.8 gpd/sf/dose and a high
UC was >50f these, the Group dow dosing and low UC3ystemsallowed the

maximum amount ofitrification in the sand fill. 2nitrification begins at the soil surface
and continues with depth to t&ntimeterswith total removals ranging from 17 to 54
percent

The authors recommended that to maximize denitrifinatize system must cycle from
aerobic to anaerobic every 6 to 12 ho&@gstems should be dosed 2 to 4 times daily to
minimize the hydraulic flux pushing the nitrate into the groundwatdralsao

maximize nitrification within the mound he fill materid quality is also of prime
concern and the authors suggest a medium sand, neither toorcwdcgefine An
adequate soil cap reecessaryo avoid freezing of the system.
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Magdoff, F.R., D.R. Keeney, Boumaand W.A. Ziebell1974. Columns representing mound
type disposal systems feeptic tank effluent lhutrienttransformations and bacterial
populationsJournal of Environmental Qualit§:228234.

The authors concluded from column studies that abouttoreeof the nitratdormed in a
mound system was denitrified. (Referenced in Harkin.di%419)

3.10.3  Ancillary Issues and Interactions with Other Practices

In situtreatment BMPs interact wix situtreatments. In the case of this BMP, the OWTS
ExpertPanel recommends a 50 pent TN reductiorfnet38 percent reductiomggardless of the
quality of effluent being treated in thesituBMP.

3.10.4  Desgnand Installation Criteria
Minimum design and installation criteria for this BMP are based on Converse and Tyler (2000).

The mound rast be installé overanatural soil surface horizon (e.g. A or A/B)

No credit is given to mounds installedieresand or loamy sand sojsedominate

within 120 below base of mound

1 Small, frequentimeddoses of efflueninustbe dosed to the sand media through a
pressurized distribution system (i.e., LPP/LPD or drip) with a spacing that provides 4 to 6
sf per orifice (i.e., Bx 260r 20x 36grid).

1 The surface of the soil under the mound must be tilled or scarified to alloennent of
the wastewater into the sollhe surface soil is not to be removed.

T The sand | ayer s houlpdrcebfimes passing #2@0 sisva.nd wi t h
Additional descri pt or s percanbyweight matedaBtiiaMs C3 3 s
greater than 2 in diameter; D10 = 0.15 to@iBimeters UC =4 to 6.

1 The sand depth should beleast 0.%0 2feet, depending on the depth to a restricting
feature underneath and the level of effluent quality applied to the mBan8TE,the
sand should be at least 2 feet deep. A lesser depth ofrsateds tha® inches with the
minimum depth at the discren of the state or local jurisdictipmay be used faa
minimum secondary lev@retreated effluent.

1 The allowable depth to a restriction from the natural ground surface will vary by state
and nothing in this document is intended to infringe on thgs&raeon distances.

Sufficient unsaturated soil must exist below the mound to allow for movement of the
applied wastewater from the site without surfacing. Converse and Tyler (2000)
recommend a minimum of 10 inches of vertical separation from the grotfadesto a
restriction to avoid leakage at the toe of the mound.

1 The sand media loading rate ®FEshould be no greater than 1 ggfdIf the effluent is
pretreated to secondary standards, the loading rate may be increased 8. 2 gpd/

1 Converse and Tytg2000) provide basal area loading rdtes may be used if a state

does not have appropriate basal area loading. rates
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1 The linear loading rate should be limited to 3 to 4 gpd/If on sites with restrictions that
rely on horizontal movement of the wastesraaway from the mound.

1 Mounds should be covered with até 12inch layer of sandy loam, lograr silt loam.
Clay loam, silty clay loanmand clay soils are not acceptabkrausehey retard the
diffusion of oxygen to the sand layer.

1 The site must havesdable vegetative cover.

Under the above design conditions, the sand mshodldnitrify the wastewater adequately
prior to the wastewater reaching the sandistgirface where the potential formation of an
anoxic zone will allow for denitrificatianThe amount of denitrification will vary depending on
the conditions underneath the mound.
Maximum denitrification will occur where
there is sufficient organic matter in the soil| T Inspect the pump for proper function. Confirm

to completethe denitrification process. lngsitidn osilary wElUme eiue iessis); Galiplly
with the original design parameters.

1 Check the pump chamber for solids carryover

Annual Inspection Checklist

Mounds are likely to be viable faiN and remove the solids if needed.
removal in most areas where there is an 1 Flush the LPP/LPD lines and reset the pressure
organic surface horizon. However, the head.

mound height is unsightly and expensive, i Verify the dosing volume and reset if needed.
and homeowners do not generally choose fa For drip, verify that_the flush cycle operates

d wh , q il K properly and reset if needed.
mound when an kground system will wor |1 Visually inspect the mound to ensure that there
Mounds are most often used when there iSa  are no breakouts of wastewater around the

reducedvertical separation to a limiting perimeter of the mound. Examine the mound for
feature which restricts the options for in leakage or any indications of uneven
distribution.

round systems. L .
9 y I Operate and maintain in accordance with the

manufacturer 6s wementsd&a i (

3.10.5 Temporal Performange  pretreatment unit is used prior to the mound.
Additional visits might be necessary to maintain

: ; T function.
Moundsusemicro-organisms to facilitate proper .
9 I Conduct other generic O&M procedures

the nltmg_en _removal procemwever, (measure sludge/scum levels in septic tank,
m_ostmedla filters .have_ egtab|IShed pump septic tank as needed, clean effluent
biological populationsvithin 3 to 4 weeks screenffilter, walk drainfield, etc.).

so there is little lag time

The duration of denitrification capability is difficult to determine since the soil organic matter is
continuously depleted owing to the denitrificatdemand. Robertson and Cherry (1995)
suggested thatven a lowefficiency contactor with percentorganic carbon should last at least
20 years.

3.10.6  Recommended Management Requirements

Additional O&M visits might be necessargepending on the complexity of the syste
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3.10.7 Review Timeline and Recommendations

The OWTS Expert Panel recommends a review timeline of 5 y@determine if there is any
additional information that would require a modification of the assigiNdeductions.
Additional research needs are summedias follows:

1 The criteria for optimizing the nitrification process through the sand mound should be
better developed

Impacts ofvarious soil typesnd site limitationshould be better defined.

Augmentation of the mound with additional carbon soureegineered treatmentedia,
etc.,canhelp to expand the effectiveness and longevity of the mounds.

)l
)l

3.11PERMEABLEEACTIVIBARRIERS

3.11.1 Detailed Definition of Practice

PRBsor denitrification wallsare aremedial process for treating shallow groundwater impacted
with nitrogenrich effluent fromon-sitewastewater systems and other sources where the extent
of the groundwater plume and its flow direction are dellined.

PRBs have historically been used femediating groundwater impacted from mostly industrial
uses. The basic process involves digging a trench of suitable depth and width to intercept th
flow of impacted groundwater. Ideallhe trencrshouldbe dug perpendicular to the
predominangroundvater flow vector Multiple trenchesrerequired in certain areas to fully
intercept plumes. Reactive materials are placed in the trench to treat the groundwater as it flows
through the PRB. In the groundwater remediation field, various electron doreaisadre used

as reactive media depending on the contaminant that is being treated. In these applications,
contaminants of concern are often chlorinated hydrocarbons. Therefore, the concept of using
PRBs to denitrify nitratémpacted groundwater plumesestablished both in concept and in
practice.

More recentlywater quality managers have usg&idB technology to target nitratepacted,
shallow groundwater plumes, such as those associated with agricultucat-sitelwastewater
practices. PRBare usubly relatively easy to implement where known groundwater plumes are
directly impacting nearby surface waters by siting the PRB betweamitige wastewater
system(s) and the receiving water.

PRBs for remediating groundwater impacted from septic systeendenitrification systems
Denitrification can be accomplished at each individual site or with a PRB that intercepts existing
nitrate plumes from multiple sites prior to their transition to local surface waters. Indigidual
sitedenitrification systemsanbe castructed as separate modudgsadding carbon or sulfur
reaction drivesources in the base of the dispersal field with the appropriate reactive mkterial.
nitrate is present in the absencé@, this reactive material intercepsd denitrifes the

effluent.
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3.11.2  Nitrogen Load Reductiand Recommended Credit

PRBs are unique among the recommended practices-&gite wastewater systems because
most are applied outside of the property footprint ofaifrsite systems themselves. Since PRBs
generdl treat effluent plumes from multiplen-site systems, there is no direct way to relate
performance back to individual system baseline lo@idsen the site specificity of PRBEBPO

and the states will have to documghis practice for each individuaiks and jurisdictions will
needto use design and monitoring documentation to provide confident estimates on the flows
andpopulations being treated aadcordingly, TNloadreductionsThe consultant/designer or
other responsible party must justify proposed reductiotiseteatisfaction othe stateregulatory
entity andthe USEPACBPQ

Given the lack of comprehensive information on the logistical challenges associated with siting
PRBs and the lack of stringent regulatory effluent requirements that would justify its application,
the OWTSExpertPanel doesot anticipataenstallation of a large number of PRBsthe

immediate future, although the need @hvesapeakBay TMDL complianceand increasing
familiarity with the approachoulddrive accelerated use of PRBs.

Studies have demonstrated PRBs to be almost 100 percent effective in remediating nitrate in
groundwater plumes provided that they are properly designed, installed, anaimeaii@ne of

the most important factors for success is ensuring that the entire groundwater plume is
intersected and that sufficiecdntact time iprovidedin the PRB to affect complete
denitrification. Before construction can begin on a PRB, groundwater flowsintigatt and

soil studies must be completed to show that the PRB will be able to not only encompass the
horizontal width but also the verticalfté of the plume. The concentratiand loading of the
nitrogenentering the water bodyustbe understood for comparison studies to understand
whether the PRBan meetlesignperformancegoak.

A summary of the relevant literature is provided below.

Vallino, J., and K. Foreman. 200Bffectiveness of Reactive Barriers for Reducingdsddingto
the Coastal ZonéPrepared foNOAA/UNH Cooperative Institute for Coastal and Estuarine
Environmental Technology

1 The authors studieelRB technology in fiekbased, pilot scal@’hey constructed
NI TREXE PRB in the Childs River and Waquoi
Massachusetts. The study found that groundwater nitrate plume concentrations were
nearly depleted after percolating through the PRB. It appears balyciul of systems
have been studied.

USEPA (U.S. Environmental Protection Agency). 19& meable Reactive Barrier
Technologies for Contaminant RemediatiBA/600/R98/125 U.S. Environmental Protection
Agency,WashingtonDC.

1 ThisisUSEPAS s d eptoeesslaral design guidance document on PRigs.
document provides thmost recent information on PRB technology (as of 1998).
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McCray, JE.and K.Heatwole 2009. An Analytical Model for Prediction of Groundwater
Plumes Originating from OBite WastewateTreatment Systems. Proceedings of NOWRA
18th Annual Technical Conference and Expblwaukee, WI.

1 The authors provide a modelpeedict and determine the flow paths and density of
groundwater plumes in an analytical sense with factors of homogenous, isotropic aquifer
medium.

Cardona, M.ENo date Nutrient and Pathogen Contributions to Surface and Subsurface Waters
from On-Site Wastewater SystenisA Review Department of Environment and Natural
Resources, Raleigh, NC.

1 The author presents a reviefstudies conducted in past decades on nutrient and
pathogen contributions to surface and subsurface waters.

Lombardg P., N. Brown, J. Barnes, K. Foreman, and W. Robertson. No Batistic Approach
for Coastal Watershed Nitrogen Management

1 The authors provide an overvieithe Falmouth MassachusettsPRB study from the
private entity perspective.

Robertson, W.D.,rad J.A. Cherry. 1995. In situ Denitrification of SepBgstem Nitrate Using
Reactive Porous Media Barriers: Field Tridlsoundvater 33: 99 111.

1 The authors discuss four field trimlemonstrating two barrier configurations: as a
horizontal layer positioed in the vadose zone below a conventional sepsitem
infiltration bed and as a vertical wall intercepting horizontally flowing dgnadient
plumes.

Tucholke, M.B., J.E. McCray, G.D. Thyne, and R.M. Waskom. 2007. Variability in
Denitrification RatestLiterature Review and Analysis. Proceedings of the 2006 NOWRA
ConferenceDenver, CO

1 The authors performed a rigorous literature reywnmarizing denitrification rates
from past researcfihey ilustratedthe range in denitrification rates based on measuring
methodsThey also showethe variations in rategue to variables including watéted
porosity and carbon content.

Interstate Technology Regulatory Coopera(idiRC) Work Group 1999.Regulatory Gidance
for Permeable Reactive Barriers Designed to Remediate Chlorinated SoRmuisl ITRC
Permeable Barriers Team.

1 The publication providesegulatory guidance for implementation of PRB technology.
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Guvaskar, A., N. Gupta, B. Sass, T. Fox, R. JandsZantrell, and R. Offenbuttel. 1997.
Design Guidance Application of Permeable Reactive Barriers to Remediate Dissolved
Chlorinated SolventsReportAL/EQ-TR-19970014. Prepared for the United States Air Force,
Environics Directorate, Armstrong Laborato

1 The publication providegegulatory guidance for implementation of PRB technology
through théJ.S. Air Force.

Robertson, W.D.G.I. Ford, and P.S. Lombardo. 2005. WeBdased Filter for Nitrate Removal
in Septic Systemd.ransactions of thASAE48(1): 121128.

1 The authors preserdngterm (3 to 5year) monitoring results for four fuficale, orsite
wastewater treatment systems using a novel porous media filter (Nitrex filter) for
enhanced nitrogen removal.

Long, L.M. 2011. Longermnitrateremoval in adenitrificationwall. Agriculture, Ecosystems &
Environmentl40 (34): 514520.

1 ThisNew Zealand study demonstrated nitrate reduction frormg/& to 0.2mg/L of TN
and calculated service life of the PRB to be 14 years

3.11.3  Ancillary Issues anateractions with Other Practices

PRBs are unique among the recommended practices-&ite wastewater systems because
most are applied outside of theopertyfootprint of theon-site systems themselves. Therefore,
there should be virtually no potentiateractions with otheon-site practices They will,

however, impact the attenuation, feaed transport afitrates inon-sitewastewater effluents as
they move from treatment sites toward receiving surface waters and through the PRB trench.

In some caes, changing the oxidation state of the subsurface soils and groundwater can have
unintended effects associated with liberating materials that have previously been bound to the
soils. This can cause groundwater discoloration, odors, and in some casdacahew

dissolved contaminants (e.g., arseffiojn the medianto the groundwater and nearby surface
waters.

Depleting the contaminant to the water badylddisrupt certain ecological speaies
dependency on theontaminantrich effluent Disruptingthe natural barriers and firmness of the
shoreline soilganimpact the erosion contribution to the water body and its tributaries
immediately adjacent to the PRB and the water body.

3.11.4  Desigmnand Installation Criteria
Minimum siting, designand installation requirements for PRBs inclalde following

1 A well-established connection betweammsite systems, a groundwater plupaad a
receiving water impact must be established and understood.
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1 The hydrogeology of the site should be relativelyse and understogdnd the
groundwater plume should be shallow enough to make intercepting it by digging a trench
feasible and costffective.

1 There exists available property with ownership or easements on which to site and
perpetually maintain a PRB.

1 The groundwater plume boundaries determine the length of the .tldreckdepth relates
to the local hydrology and plume deptfite width of the trench is typically 0.6 to 1.5
meters.

1 The media can be sawdust, woodchips, or other available organic nsalg&darchers
have conducted ast researchisingwoodchips and sawdust mixed with other porous
materials to regulate flow flux and other site reaction néags, alkalinity.

PRBs will be a less viable alternative in areas where:

1 Nitrate plumes are nabnfined or are too degegpr there is a high probability of salt water
intrusion

Impacted groundwater flows are deep or highly dispersed across a broad area
Impacted groundwater flow direction is difficult to determine

Connection betweetlheimpacted goundwater plume and surface water is unclear
Saltwaterfrom tidal wateramay negativelympactPRB performance

Access fomaintainingand monitoring?RBs would be difficulfe.g., bw, marshy,
swampy areas along coastline

= =4 -4 -8 A

PRBs are likely most viabla coastal areas and adjacent to tributaries where hydrogeological
conditions are suitable and there is little saltwater intrusiBBs arebestused to intercept
comingled groundwater flows which have high
nitrogen loadings from multiple systems or syste
with extremely high N loadingsear and between f Monitor nitrogen concentrations in
well-established groundwater intrusion sites to groundwater up- and down-
tributary streams, lakeand riversPRBs are gradient of the PRB.

. . . 9 Conduct a visual inspection of the
especially valuable in such places when nitrogen system for physical damage to the
impacts are significant and must be minimized withqut  wall, maintenance of access, etc.
the lergthy delays involved with nitrogen removal at| 1 Replace media when it has been
each sourceThe simplified management requirements ~ exhausted (roughly every 15
of a single PRR:anbe supeior and coseffective years).

: TR 1 Conduct annual inspection of the
compared tahose related toultiple individualon- e e e e e A

Annual Inspection Checklist

sitenitrogen removal systems. damaged or depleted media
sections.
3.11.5 Temporal Performance 1 Conduct annual inspection for
’ ' structural damage to structure of
PRBs can be almost immediately effective at PRB.
remediating groundwater flowing through them. The| T Re-evaluate the monitoring of
lag time in terms of nitrogen loadingsadjacent plume and groundwater flows

. . periodically to ensure flow paths
surface waters is based on the travel time for the have not been affected through

and soil conditions. However, because the PRB wollld  hydrology of the soils.
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be between then-sitesystems and the water body, the tiimranefor surface water lading
improvements will besignificantlyshorter(possiblyby years)than that associated with the
alternative of retrofitting multiplen-site systems with denitrification, which would have longer
groundwater transport times.

Depending on the media choséme release of excess carbon during the startup peaiod
increase the BOD of the PRB effluent, but tkigenerally a shoitved phenomenan

Mediareplenishment and integritas well agshelong-term upper limit orsystemlifespanare
not welkestablishedOperating systems that are still functional are approaching 20 years of
service lifewith the original trench materiglalthoughl5 years i more conservative media
life for planning purposes

3.11.6 Recommended Management Requirements

The requiements for a PRB system are primarily having ownership or access easements along or
in proximity to the impacted shorelines anBME that conducrequiredinspections and

monitoring Since there are no external additive requirements, no mechanical crtgand

PRB media lives are estimated to exceed 15 years, there is not a great operational demand on the
management entity.

3.11.7 Review Timeline and Recommendations

New information on this particular application of PRBs is being generated reglilagl\OWTS
Expert Panel recommends a review timeline gpéars Research needs incluttee following

1 Additionalresearch on the nitrogen reduction capabilities of the PRB and different media
mixtures on performance

1 Research on the econonfiéctors involvel in the design and implementation of the
planning stage, the installation staged the operatioand maintenance stage of a PRB
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4 Examples

The following examplearemeantto illustrate how TN reduction credigse calculatedor
various types of systemstallations.

Example 1.Intermittent sand filter preceding a conventional drainfield.

Intermittent media filters are credited with a 20 percent TN reduction prior to the drainfield.
Conventional drainfields are credited with an additional TN reduction of 20 percent (baseline).
Therefore, thessociatedreditsare

Ex situ 5 kg/person/year (20%)(5 kg/person/year) = 4 kg/person/yeeeffluent

In situ: 4 kg/person/yeair (20%)(4kg/person/year) = 3.2 kg/person/yaaedgeof-
drainfield

Total percent TN reductiommprovement by BMP(4 kg/person/year 3.2 kg/person/year) /
4 kg/person/year = 20% (or u$able3-3)

Example 2 Standard septic tankpreceding ashallow low pressure pipe system

Septic tanks receive N reductioncreditprior to the drainfieldShallow, pressuredosed
drainfieldsare credited with a TN reduction 80 percentTherefore, thassociatedreditsare

Ex situ 5 kg/person/yedibaseline)n effluent

In situ: 5 kg/person/year (50%)( kg/person/year) 2.5 kg/person/yeaat edgeof-

drainfield

Total percent TN reduanimprovement by BMP(4 kg/person/year2.5 kg/person/year) / 4
kg/person/year 38% (or useTable3-3)

Example 3. Recirculating media filter preceding a drip irrigation system.

RMFsare credited with &0 percent TN reduction prior to the drainfieRhallow, pressured
dosed drainfieldare cedited with a TN reduction &0 percentTherefore, thassociated
creditsare

Ex situ 5 kg/person/yeadr (50%)(5 kg/person/year) 2.5kg/person/yeain effluent

In situ 2.5kg/person/year (50%)(2.5kg/person/year) £.25 kg/person/yeaat edgeof-
drainfield

Total percent TN reductiomprovement by BMP(4 kg/person/yedr 1.25kg/person/year) /
4 kg/person/year §9% (or useTable3-3)
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5 Future Research and Management
Recommendations

5.1 ALKALINITYONTROL

Ensuring sufficient alkalinity is critical for nitrification and thus TN reduction. Although it is
frequently monitoredpractitioners have maditle effort to control alkalinity in orsite TN
reduction systems. Additional research and developmenégpensive and simphkalinity
control methods would help optimize the TN removal associated with biological nitrogen
removal systems and, if dely implemented, could allow for higher TN reduction credits to be
justified for BMPs. The critical concern is that alkalinity control be relatively easy to manage
and ideally, not be reliant on the system owner (e.g., homeowner) to be effective.

To ensue adequate buffering for nitrification, alkalinity levels of no less than 50 mg/L as£aCO
should beamaintairedin the final effluent. This could be problematic with water supplies lacking
adequate alkalinity. Where the influent alkalinity is less thann@@. as CaCg) alkalinity feed
should be included in the design or nitrification will be restricted. If nitrification is restricted,
then denitrification is restricted. Supplemental alkalinity can be provided through the drinking
water supply or be added the wastewater system through a dosing system, calcite filter, etc.

5.2 BMPSAMPLING

The OWTS Expert Panel encoura@®dP samplingbut does not recommend that it be
mandatoryfor ongoing BMPverification or used to disqualify credit at individual sit€ke

OWTS Expert Panel believes that the design and installation criteria and management
recommendations provided for individual BMPssattion 3 are sufficient to verify performance

and thamonitoring planshould be left to the discretion of the stafehe proposed TN

reduction creditsire conservative arassume that, of the population of BMPs in operation, there
is an equal level of undgrerformance (i.e., TN reduction less than credited) and over
performance (i.e., TN reduction greater than creditglich balances out on a watersheidle

basis to the TN reductions recommended herein. Nevertheless, installation of BMPs throughout
the watershed offers a good opportunity to collect additional data that could be used to refine TN
reduction performance drsuggest design or operational enhancements. Numerous protocols for
and examples of statistically robust sampling and assessmen(eaxisCape Cod, MDEand
interested parties can use them as models to design their own programs.

5.3 DATASHARING ANBECIPROCITY

The OWTS Expert Panel believes that data sharing and interstate reciprocity should be the focus
of data management efforts to support Chesapeake Bay watershed TMDL implemeStatem

and local jurisdictions lack the resources to ensure petRormance at a high level of

confidence, either through sampling or field inspection. Additionally, duplicative protocols for
technology approval can present logistical and financial obstacles for technology developers.
These obstacles can preclubledeployment opromising TN reduction technologies,

potentially at the expense GhesapeakBaywatershedvater quality. Therefore&Chesapeake

Bay watershedtates and other jurisdictions should share information to the greatest extent
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possi bl e. ficed@ Waswbater Mamagement (OWM) has offereddipfacilitate data
sharing.

At the State Onsite Regulators Alliance (SORA) and National Environmental Health Association
(NEHA) conference in July 2013, state-site systenregulators, environmental health agents,
USEPA and other$ad significant discussion on nutrient contamination frorsitgisystem
wastewaterThe key theme was the need to widely approve and apply current and new advanced
technologies (and their managemt) to address nutrient contaminati@onference attendees
discussed thBIEHA/SORA panel on nutrients and technologaswell as th&ORA business

plan for next year, and four technology themes emefigadvative technologies, state

reciprocity, evalation, and centralized data availabilitfppendixE provides a more complete
summary of these discussions.

5.4 VARIABLEBASELINE ANBMPPERFORMANCE SDILTYPE

The OWTS Expert Panel suggests thmlttype be considered as a potential predictor of TN
redudion performance in future watershed models. The OWTS Expert Panel recognizes that
both baseline and BMP esite system performance is highly influenced by the characteristics of
the soil within the drainfield. Soil texture, in particular, is known tauierfice treatment while

being a relatively easy characteristic to measure. The existing model only allows a single soil
texture to be assigned per county. Al though
would be feasible to assign a predominaiitteature for each countfAppendixF), they
recommendhat the future Attenuation Expert Panel explore this issue further.
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